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Abstract--The binding of chlorpromazine and its quaternary analogue chlorpromazine methoiodidc 
to open and resealed human erythrocyte ghost membranes was studied. The results were compared 
with binding to iiposomes of phosphatidylcholine or phosphatidylcholine with phosphatidylserine. The 
results Indicate that the quaternary compound is confined to the outside face of the membrane. For 
both compounds two classes of binding sites are available. The strongest binding sites are mamly 
located on the inner surface of the membrane. The binding data suggest an asymmetric distribution 
of chlorpromazine in the membrane. 

There is increasing evidence that the erythrocyte 
membrane is asymmetric with regard to proteins as 
well as to phospholipids. In the erythrocyte mem- 
brane the neutral phospholipids phosphatidylcholine 
and sphingomyelin appear to be concentrated in the 
outer half of the lipid bilayer, whereas phosphatidyl- 
ethanolamine and phosphatidylserine are mainly 
present in the inner half [l-4]. 

The asymmetry structure of the membrane may 
play an important role in the mechanism of action 
of several membrane-active drugs. Sheetz and Singer 
[S] have recently proposed that the two halves of 
an asymmetric membrane can respond differently to 
a perturbation and thus act as bilayer couples. They 
attributed the different effects of amphipatic drugs on 
erythrocyte morphology to a differ~tial distribution 
of the drugs in the erythrocyte membrane as a conse- 
quence of the presence of phosphatidylserine in the 
inner half of the membrane. 

The hypothesis may be applicable in other cases. 
In the present investigation some quantitative aspects 
of drug binding in connection with membrane asym- 
metry will be considered. The binding of a tertiary 
amine (chlorpromazine HCI) and the corresponding 
quatemary ammonium compound (chlorpromazine 
methoiodide) to open and resealed human erythrocyte 
ghost membranes were compared. The tertiary amine 
and the quatemary ammonium compound show only 
small differences in molecular geometry but their abi- 
lity to diffuse aCross the membrane is very different. 
The tertiary amine can be discharged and diffuses 
easily across the membrane; the quaternary com- 

CH,-CW,--CH,-N - H 

I@ CL” 

CH3 

Chlorpromazine - HCC 

pound cannot be discharged. Apart from experiments 
with ghost membranes model experiments with lipo- 
somes were undertaken. To evaluate the role of phos- 
phatidylserine the binding of chlorpromazine and 
chlorpromazine methoiodide to liposomes consisting 
of phosphatidylcholine. with and without phosphati- 
dylserine, were compared. 

MATERIALS AND METHODS 

Ghosts. Resealed ghosts were prepared from human 
erythrocytes according to the method of Schwoch and 
Passow [6,7]. Before iesealing a concentrated NaCl 
solution was added to the final hemolysate in order 
to estabtish an intraceliular concentration of 3Xm 
Osm. Open ghosts were prepared from resealed 
ghosts by lysis in 20m Osm phosphate buffer and 
washing four times with this buffer. The cell suspen- 
sions were diluted in order to obtain a stock suspen- 
sion of 2 x 10’ cells ml-‘. Experiments with ghosts 
were carried out in phosphate-buffered saline (PBS). 

~eug~~r~. Chlorpromazine-Hal was obtained from 
SPECIA. Chlorproma~ne methoiodide was a gift 
from Smith, Kline and French Laboratories. Com- 
mercial egg phosphatidylcholine was purified by 
column chromatography; phosphatidylserine was 
obtained from K and K Laboratories and was used 
without further purification. Other chemicals were of 
the highest purity co~erc~a~ly available. 

~~~0~~~s. Liposomes were prepared from phos- 
phatidylcholine or a mixture of phosphatidylcholine 
and phosphatidylserine (4:l by weight). The lipids 
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were dissolved in chloroform methanol and evapor- 
ated to dryness under nitrogen, formmg a lipid film 
on the wall of the glass vessel. Then PBS was added 
and the mixture incubated at 40 for 30 min. The sus- 
pension was agitated with a Vortex mixer for 2 min 
and then sonicated (30 min ror phosphatidylcholine 
liposomes. 15 min for phosphatidylcholinc + phos- 
phatidylserine liposomes) under a nitrogen atmos- 
phere while cooling with ice. This procedure leads 
to the formation of unilamellar liposomes IX]. 

B~~7~~~7g ~J.~~~rjrn~i~~t~s. Binding iti’ drugs to ghosts was 
determined by adding the drug to a ghost suspension 
in PBS. Equilibrium was reached rapidi! and after 
10 min the suspension was centrifuged and m the 
supernatant the drug concentration was dctermmed 
by measuring the absorbance at 26Onm. This value 
was corrected for leakage of material from ghosts, 
which also gave an absorbance at ZhOnm. The value 
obtained was compared with that of a reference drug 
solution. Drug binding to liposomes was determined 
by equilibrium dialysis with a Dianorm apparatus. 
Llposomes in PBS. with or wlthout drug. were dia- 
lyzed against PBS. After 3 hr the drug concentration 
in the outer compartment wx measured. The dues 

obtained were compared with those of refcrencc drug 
solutions, dialyzed in the same way. This was necess- 
ary because there is considerable adsorption of the 
drug to the dialysis cell. All binding expcrimonts wert 
carried out at 22 

The bound quantity was expressed as a function 
of total concentration. The resulting curve was used 
to construct a Scatchard plot. from which K,,. and 
II were derived 19. IO]. 

Mcasurrmrnt of’ prufwriorl ugai17s1 l7pt0mc 1ysi.s. 

The protective action of the drugs with regard to 
hypotonic lysis of human erythrocytes was measured 
by adding 0.5 ml of a washed erythrocyte suspension 
to 4.5 ml of phosphate-buffered saline solution in 
which the drug was present. The final erythrocyte 
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concentration was 2 x IO’ cells ml- ‘. The tomcltv 
of the mixture was such that about 50 per cent df 
the erythrocytes were lysed after IO min at room tem- 
perature in the absence of the drug (148 m Osm). 
After a fixed time-10 min or 2 hr----the mixture was 
centrifuged and the absorbance of the supernatant 
was measured at 540 nm and expressed as a percent- 
age of complete hemolysis. 

Drfrrmination 91’ purtition co&ici~~icil’r7t,s. Two ml ol 
tt-octanol was vigorously shaken with drug containing 
buffer (2 ml 2 x 10 ̂  ’ M chforpromazin~ methoiodid~ 
or IOmi 10m3 M ~hlorpro~zine). The buffer con- 
sistcd of 280 m Osm NaCl and 40 m Osm phosphate 
pH 7.4. After centrifugation the absorbance of the 
drug in the aqueous phase was measured and cor- 

rected for the blanco (octanol with buffer without 
drug). The partition coefficient was calculated as 
P = cOjc,,,, where L’~ is the concentration of the drug 
in the organic phase and c, is the concentration ol 
the drug in the aqueous phase. The reported value 
is the mean value of six determinations. 

REWLTS 

Some preliminary experiments were carried out to 
compare a few relevant properties of chlorpromazine 
and chlorpromazine methoiodide, especially with 
regard to their ability to diffuse across the membrane. 
The octanol-buffer partition coefficient was deter- 
mined; this value was 1400 & 200 for chlorpromazine 
and 6 _t 2 for chlorpromazine methoiodide. The 
action of the drugs with respect to hypotonic lysis 
of intact erythrocytes was determined for different in- 
cubation times to find out whether the action of the 
quatemary compound-as compared to chlorproma- 
zine-is time dependent as a consequence of a slow 
penetration of the drug through the membrane. As 
can be seen in Fig. I, the lytic action of chlorproma- 
zine me~oiodide as a function of incubation time is 

Total drug concentration i M 1 

Fig. I. Effect of chlorpromazine and chlorpromazine methoiodide on the hypotonic lysis ol’ human 
erythrocytes. for different Incubation times with drug before centrifugation. --C+ chlororomazine, 
after 10 min: ----t chlorpromazine. 2 hr; CL chlorpromazine methaiodide. 10 min: -I-- chlor- 

promazine methoiodide. 2 hr. 
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Fig. 2. Scatchard plots for the binding of the drugs to open and resealed ghosts. -- chlorpromazine. 
open ghosts; -_c chlorpromazine. resealed ghosts; -A- chlorpromazine methoiodide, open ghosts; 
-A- chlorpromazine methoiodide. resealed ghosts. r = c&,,., where cb = concentration of bound 

drug and c,,,~~ = the number of ghosts per liter; cJ = concentration of free drug. 

not different from that of chlorpromazine. This was 
consistent with the finding that for a given drug con- 
centration (2 x 10m5 M, for both drugs) no increase 
of drug uptake by ghosts can be observed after 2 hr 
of incubation as compared to 10min of incubation. 

From Fig. 1 it also appears that for the same pro- 
tective effect a different amount of quaternary drug 
bound is required as compared to chlorpromazine in 
the curve for 10min: the protective action of a 
2.5 x 10m5 M chlorpromazine solution corresponds 
with that of a 6.3 x 10m5 chlorpromazine metho- 
iodide solution. The binding percentage at these con- 

centrations for resealed ghosts-as determined from 
a plot of total drug concentration versus binding per- 
centage-are 33.5 per cent and 3.7 per cent respect- 
ively. 

The binding experiments with ghosts gave data 
which were used to construct Scatchard plots (Figs. 
2, 3). These plots are nearly equal for chlorpromazine 
bound to open and resealed ghosts. The quaternary 
compound behaves very differently with the two types 
of ghosts. The binding to ghosts (2 x 10’ cells ner 
ml)at 2 x 1O-5 M may be used as an illustration : 
the binding percentage bound vs total is 34 per cent 
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Fig. 3. Scatchard plot for the binding of chlorpromazine methoiodide to resealed ghosts. 
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Table I. Associatton constants (K) and number of binding sites per cell (II) for the btnding o( chlorpromazine and 
chlorpromazine methotodide to open and resealed ghosts* 

- 

K, x 10-4(M~‘) ,I, x IO ’ K:, x 10~J(M~ ‘I Hz x 10 q 

Chlorpromazine Open ghosts 4.0 * 0.5t 3.3 rt_ 0.x I. I 2 0.3 9.6 * 2 4 
Resealed ghosts 3.8 + 0.3 3. I ?_ 0.7 I I to’ 93 f72 

Chlorpromazine Open ghosts 3.3 & 0.5 2.0 i 0.4 0.35 * 0.06 Il.0 I 4.2 
methoiodide Resealed ghosts 3.6 .f 0.4 0.35 + ct.15 0.12 + 0.05 72 _t 5 6 

* For every combination of drugs and ghosts three separate series of bindmg data were determmcd The bindmg 
data were converted into Scatchard plots from which the I< and the n wcrc determined. The binding parameters. 
given in the table, are thus the mean of three values. 

t The K value for chlorpromazine binding to open ghosts has been detcrmmed before. There 1s constdcrablc dtffcrence 
between the K-values, reported in literature for chlorpromazine binding to ghosts as well as for the values for chlorpro- 
mazine binding to albumin [I I- 161. It is probable. as suggested by Sharpless 1161. that the dctermmation of the 
K-value is strongly affected by small variations in experimental conditions. e.g. temperature 

for chlorpromazine to both types of ghosts whereas 
for chlorpromazine methoiodide this is I5 per cent 
to open ghosts and 4 per cent to resealed ghosts. 

The Scatchard plots show two classes of binding 
sites. The difference between these classes is more pro- 
nounced for the quatemary compound than for chlor- 
promazine. Binding parameters from the Scatchard 
plots are represented in Table 1. For chlorpromazine 
the association constants and number of binding sites 
are about the same for open and resealed ghosts. For $ 
the quatemary compound the K, is equal to the K, 
of chlorpromazine, for both types of ghosts; JI, is very 
low for resealed ghosts and much higher for open 
ghosts, though still lower than for chlorpromazine. 
K 2 is lower for chlorpromazine methoiodide than for 
chlorpromazine. The smallest association constant is 
in all cases paralleled by a high binding capacity. 

It proved to be difficult to derive reliable binding 
parameters from the Scatchard plots, constructed on 
the base of binding data of the drugs to liposomes. 
The first part of the plot showed comparative binding, 
in all cases. However, as a whole the plots were not 
suited for deriving binding parameters. In Fig. 4 the 
binding of the drugs to liposomes has been repre- 
sented. Assuming impermeability for charged sub- 
stances the concentration of hposomes for chlorpro- 
mazine methoiodide binding was made twice as high 
as for chlorpromazine. to compare the drug binding 
to a comparable amount of liposome surface. As can 
be seen in Fig. 4. binding was significantly lower for 
the quatemary compound as compared to chlorpro- 
mazine, for a comparable amount of liposome surface. 
As compared to resealed ghosts, there is a consider- 
able binding of drugs to phosphatidylcholine hpo- 
somes. The introduction of the negatively charged 
phosphatidylserine into hposomes causes an increase 
in drug binding; this applies to both drugs. 

DlSCUSSION 

The biological actions of tertiary amines like chlor- 
promazine differ from those of quatemary com- 
pounds like chlorpromazine methoiodide [ 17-201. 
The hypothesis has been presented that this may be 
ascribed to the fact that amines in the discharged 
form can pass the membrane easily. Therefore they 
can be bound to both faces of the membrane, con- 
trary to the quaternary analogues which are pre- 
sumed to be bound only to the outer layer of the 

membrane [Zl, 271. However. besides a permanent 
positive charge chlorpromazine methoiodide also pos- 
sesses an extensive hydrophobic part in its molecule 
as is evident from a rather high octanol-buffer parti- 
tion coefficient. This causes a degree of uncertainty 
with regard to the statement that charged compounds 
like chlorpromazine methoiodide cannot pass the 
membrane. The experiments in this investigation were 
intended to evaluate this hypothesis and to study the 
influence of membrane asymmetry on the location of 
these types of drugs in the membrane. 

Erythrocyte ghost membranes, under specific con- 
ditions. are able to reseal themselves, forming resealed 
ghosts with properties which resemble those of intact 
erythrocytes [6.7]. Therefore these structures are very 
suited for this investigation because it might be 
expected that a difference in drug permeability will 
be reflected as a difference in drug binding to the 
membrane. The binding experiments show that the 
quatemary compound is bound to a much larger 
extent to open ghosts than to resealed ghosts. With 
chlorpromazine the difference between open and 

Fig. 4. Binding of the drugs to hposomes of phosphatidyl- 
choline or phosphatidylcholine with phosphatidylserine. 
Lipid concentration in liposomes: 5M fig lipid/S ml for 
chlorpromazine and 1000 peg lipid./5 ml for the quaternary 
compound. (lo9 human erythrocyte ghosts contain about 
500 pg lipid [26,27]. +- chlorpromazine. liposomes of 
phosphatidylcholine: -+ chlorpromazine. liposomes of 
phosphatidylchohne with phosphatidylserine; ---D 
chlorpromazine methoiodide, liposomes of phosphatidyl- 
choline; A- chlorpromazine methoiodide. liposomes of 

phosphatidylcholine with phosphatidylserine 
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resealed ghosts is negligible. Obviously in open ghosts 
a larger quantity of binding sites is accessible than 
in resealed ghosts. On this basis we may tentatively 
corxiude that the quaternary compound does not 
pass the membrane despite the presence of a hydro- 
phobic moiety in the molecule. The results, repre 
sented in Fig. 1. are consistent with this view. 

Both drugs have two classes of binding sites. The 
affinity for the strongest binding sites is equal for both 
drugs in open and resealed ghosts (Table 1). The 
number of sites for chlorpromazine metho~od~dc in 
resealed ghosts is very low. The number of sires for 
this compound in open ghosts is much larger. Evi- 
dently many sites are located on the inner face ol 
the membrane. 

With regard to the second class of binding sites 
there is a considerable difference between the associ- 
ation constants: K Z being smaller for chIorpromazin~ 
methoiodrde than for chlorpromazine. This suggests 
a difference in either the binding site or the naturc 
of the interaction. Studies concerning the interaction 
of yuatemary ammonium compounds and lipid 
bilayers have shown. that thr geometry of the cationic 
group has an important influence on the way of bind- 
ing [2X]. It may bt that in crytbrocyte membranes 
too the geometry of the ammonium group is of 
crucial importance for the interaction with the bind- 
ing sites corresponding with K2. A change of the qua- 
ternary compound m the polar headgroup. though 
of little importance for the geometry of the whole 
molecule, may result in a diffttrent mteraction with 
the binding sites. The same phenomenon may play 
a role in the interaction of drugs with liposomes. As 
can be seen in Fig. 4. the binding of chlorpromazine 
to liposomes is more than that of chlorpromazine 

methoiodide. Unfortunately it was not possible to 
find out. whether this was due to a change in K or 
in number of hinding sites. However. it is quite well 
possible that the dXerence in binding to hposomes 
has the same cause as the difference in K, for ghost 
membranes. 

Sheetz and Singer [5] have stressed the importance 
of the negatively charged phospholipid phosphatidyl- 
serine in drug action They suggested that phosphati- 
dytset-ine in the cytoptasmic half of the membrane 
couid provide a negative fiefd. attracting cationic 
amphipatic drugs into the cytop$a:mic half. The ex- 
periments with liposomes indeed show, that the pres- 
ence of phosphatidylserine enhances drug binding. In 
the asymmetric erythrocyte membrane this phospho- 
lipid may contribute to a preferential binding of 
chtorpromazinc to the inside face. However, the mcm- 
brane is asymmetric both with regard to the tipid 
and the protein phase_ most protein being located rn 
the inner half of the membrane. In a previous study 
we have shown that chlorpromazine is bound to the 
protein as well as to lipid of the membrane 1241. 
Studying the interaction of spin-labeled anesthetics 
with the erythrocyte membrane Kobfin and Wang 
[3] similarly reached the concfusion that these drugs 
were strongly bound to proteins located at the cyto- 
plasmic surface. Therefore it seems likely that the pro- 
teins too may contribute to an asymmetric distribu- 
tion of drugs over the two halves of the membrane. 

From the preceding considerations it is obvious 
that the different effects of chlorpromazine and chlor- 

promazine methoiodide on intact crythrocytes and 
perhaps other systems may be due to: 

(a) A difference in the total number of molecules 
bound at a given drug concentration. This is mainly 
due to a great number of binding sites which are 
attainable for chlorpromazine but not For the qua- 
ternary compound. 

(b) An asymmetric distribution of the drug over 
the both halves of the membrane. Chlorpromazine 
methoiodide is corrfined to the outside face of the 
membrane. The results of the binding experiments for 
chlorpromazine and chlorpromazine methoiodide 
suggest that chlorpromazine is preferentially bound 
to the inside face of the membrane The greater 
number of binding sites on the inside face is associ- 
ated with the presence of phosphatidylserine in that 
side of the membrane and possibly with the presence 
of more protein binding sites on the inner half as 
compared to the outer half of the membrane. The 
asymmetric distribution is probably the cause of the 
difference in action between permanently charged 
compounds on one side. and tertiary amines and 
organic acids on the other, with regard to erythrocyte 
morphology [S, f ?f. 

(cf A different binding to one of the both classes 
of binding sites. This supposition is based on the dif- 
ference in EC, for the two drugs, and the difference 
in binding to liposomes. 

From the preceding reasoning it is obvious that 
a certain quantity chlorpromazine or chlorpromazine 
methoiod~de, bound to the membrane, may result in 
a diRerent bio,fogicaI effect for the two compounds, 
The findings. represented in Fig. t. are in accordance 
with this condition. because here for the same protec- 
tive effect less chlorpromazine methoiodide bound is 
required, as compared to chlorpromazine. 
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