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Abstract-The fluorescent probe, _ 7-p-toluiditlylnaphthalene-6-sulfonate (TNS), was used to study the in- 
teraction of various anesthetics with human erythrocyte nlenlb~n~s. The enhancement of the fluoresence 
of membrane-bound TNS produced by the drugs was compared with that produced by Ca”. Titrations 
were performed to determine whether the observed modifications were due to changes in binding, quan- 
tum yield. or both. Chlorpromazine (0.1 mM) and promazine (0.1 mM) decreased by 60 per cent the fluores- 
cence of bound TNS (quantum yield). whereas CaCl, (I.0 mM) had no eftect. However, both phenothia- 
zincs increased the number of TNS binding sites 7-fold, as compared to only a 2-fold increase for CaC12. 
Fromazine and CaClz produced small increases (< 30 per cent) in the affinity (K,,,,,) of TNS for the mem- 
branes, whereas chlorpromazine doubled K,),,. Results showed that while TNS is useful in the qualitative 
assessment of the membrane expansion and charge-shielding effects of certain drugs capable of hydro- 
phobic interaction with membranes. its fluorescence is insensitive to other agents such as diethyl ether, 
procaine and n-butanol 

The “critical volume” hypothesis for the mechanism of 
anesthetic action states that anesthesia occurs when 
the volume of hydrophobic regions of membranes 
reaches a certain critical value by the absorption of 
drug molecules [I]. Anesthetic action appears to be 
mediated by an increase in the disorder of lipid mole- 
cules and an expansion of the lipid portion of the mem- 
brane [I.]. Studies on the effect of anesthetics on the 
freedom of motion of lipids in erythrocytes, synapto- 
somes, myelin and vagus nerve membranes [3,4] and 
on the cation permeability of artificially prepared 
phospholipid vesicles [S] are all indicative of a site of 
interaction within the hydrophobic regions of the lipid 
component of the membrane. Seeman et al. [6] have 
shown the iilteraction of the local anesthetic, chlorpro- 
mazine, with erythrocyte membranes to be hydro- 
phobic in nature and to result in a membrane volume 
expansion of 2-6 per cent [7, S]. Further elucidation of 
the sites and modes of interaction of anesthetics with 
membranes is thus of considerable interest. 

Fluorescent dyes have been used recently as spectro- 
scopic probes of the hydrophobic regions of mem- 
branes [9]. 2-p-Toluidinylnaphthalene-6-sulfonate 
(TNS) is such a probe that binds non-specifically to 
membranes and whose fluorescence is greatly 
enhanced by interaction at sites of low dielectric con- 
stant. It thus seemed reasonable to suppose that in- 
creased lipid bilayer fluidity, volume expansion and 
perhaps protein conformational changes that occur 

when chlorpromazine and other anesthetic agents in- 
teract with erythrocyte membranes might produce 
alterations in the fluorescence ofTNS. Preliminary evi- 
dence in support of such an effect has been presented 
by Keeler and Sharma [lO]. who found that pro- 
mazine produced enhanced fluorescence emission 
from I-anilinonaphthalene-8-sulfonate (ANS) in the 
presence of rabbit erythrocyte membranes. The present 
study was undertaken to verify by this technique past 
observations of membrane expansion by chlorproma- 
zine, to determine the relative contribution of quantum 
yield and binding parameters in the fluorescent enhan- 
cements produced by the phenothiazines, and to assess 
the applicability of fluorescent probe techniques to the 
study of drug-membrane interactions in general. 

MATERIAIS AND METHODS 

Materials 

Chlorpromazine HCI and trimeprazine tartrate were 
gifts from Smith, Kline & French Laboratories. Meth- 
apyrilene HCl was obtained from Abbott Laboratories, 
lidocaine HCl monohydrate from Astra Pharmaceuti- 
cal Products, Inc., promazine HCl from Wyeth Labor- 
atories, histamine from Schwartz/Mann and procaine 
HCl from Mallin~krodt. 2-~~-Toluidinylnaphthaiene-6- 
sulfonate was obtained as the potassium salt from 
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Sigma Chemical Co. and was used without further pur- 
ification. All other chemicals were analytical grade rea- 
gents. Water was deionized and doubly distilled from 
an all-glass system. 

Human erythrocyte membranes were prepared from 
fresh blood collected over EDTA (1 mgiml). All of the 
blood used in this investigation was obtained from one 
of the authors (P. A. K.) in order to minimize the varia- 
bility in membrane preparations. Blood was washed 
three times with 8 vol. normal saline, and the “huffy 
coat” was removed. The cells were collected by centri- 
fugation. at 3020~ for 5 min in a Sorvall model RC2-B 
refrigerated centrifuge, after each wash. The ceils were 
then lysed at 4” for 30 min in 8 vol. of 15 mM Tris-HC1 
buffer. pH 7.5. This concentration of buffer was 
employed because it has recently been shown that the 
general permeability and integrity of erythrocyte mem- 
branes are impaired when the membranes are stored in 
solutions which are below 15 mosM [ll]. Membranes 
were collected by centrifugation at 22,000 9 for 15 min 
and washed five times with 8 vol. of I5 mM Tris-HCl 
buffer, pH 75. After the final wash and ~ntrifugation, 
the membranes were faintly pink in color. 

Membranes were stored in 15 mM Tris at 4” before 
use, but never for more than 12 hr. When studies were 
performed in 5 mM Tris-HCI buffer, the membrane 
suspension was dialyzed against 30 vol. of this buffer 
for 1 hr immediately before use. Membranes were 
never stored in 5 mM Tris. The protein content of the 
membrane suspension was determined by the method 
of Lowry er ul. [I>]. using bovine serum albumin as 
the standard. 

Titrations of fixed amounts of membranes with TNS 
were performed in a total volume of 3.0 ml at 25”. The 
membrane suspension and the drugs to be studied 
were added to a fluorescence cuvette and thoroughly 
stirred. The background fluorescence of this mixture in 
the absence of TNS was negligible. Additions of micro- 
liter aliquots of methanol (MeOH) produced negligible 
changes in fluorescence under the conditions of this 
study. Titration of 0.1 mM chlorpromazine or 1 mM 
CaC1, with TNS in the absence of membrane also pro- 
duced negligible fluorescence. Microliter aliquots of a 
2 x low3 M TNS solution in methanol were then 
added. and the fluorescence emission was recorded 
after 3 min with an Aminco-Bowman spectrophoto- 
fluorometer equipped with a ~ewlett~packard model 
703% x-y recorder.Three min ofequilibration time was 
allowed between TNS additions. An excitation wave- 
length of 366nm and an emission wavelength of 
450nm, determined as maximal for our instrument, 
were used througl~out this study. All measurements in 
the presence of drug were referenced to a control 
cuvette run identically in the absence of drug. 

The fluorescence of a fixed concentration of TNS, 
when all the probe molecules were bound (F,,,,), was 

determined by measuring the fluorescence emission of 
a solution of TNS (or TNS plus drug) at different 
membrane concentrations and extrapolating a plot of 
l/relative fluorescence vs limembranu concentration 
to the y-axis. F,,,,, was determined at found diKerent 
TNS concentrations ranging from I.5 x IO- ’ to I.0 x 
10e4M and was found to be linearly related to TNS 
concentration. 

The titrations described above were used to deter- 
mine the fraction of probe molecules bound at various 
probe concentrations in the presence and abscncc of 
drugs. This value was taken to be the ratio of the 
observed fluorescence at a given membrane con- 
centration to that at infinite membrane concentration 
(F,,,,). The data were then plotted according to tht: 
equation developed by Klotz [Ii] to describe the bind- 
ing of dye molecules to independent sites on proteins: 

PO/X& = l/r1 + [r< ,,,),, I?( 1 - r)D,,] - ’ (1) 

where P, is the total protein concentration. DiI is the 
total dye con~ntration. x is the fraction of the dye 
bound. IZ is the number of independent binding sites, 

and K,,, is the average apparent affinity constant for 
the binding of the dye. For individual membrane prep- 
arations, the data obtained fit this equation extremely 
well. The degree of variation from preparation to prep- 
aration is illustrated in Fig. 2. 

RESULTS 

A number of “membrane-active” agents, including 
several anesthetics, were examined for their effect on 
TNS fluorescence in the presence of human erythro- 
cyte membranes. Each agent was added to a suspen- 
sion of erythrocyte ghosts in 5 mM Tris-HCl buffer. 
pH 7.5, and the suspension titrated with a 2 x IO-” M 
solution of TNS in methanol. Figure I shows typical 
titration curves in the presence of CaCl, and chlorpro- 
mazine. The plateau value for the hyperbolic rclation- 
ship observed between fluorescence and TNS con- 
centration was taken as a relative measure of the maxi- 
mal fluorescence of a ternary mixture of TNS, crythro- 
cyte membrane and “drug” for that concentration of 
membrane and “drug” examined. Mixtures of TNS 
and 5 mM Tris buffer alone exhibited negligible fluor- 
escence as did also mixtures of TNS and membranes 
when suspended in distilled water. Table I lists the 
relative plateau fluorescence values obtained for Tris. 
Ca2+, chlorpromazine and the other agents examined. 
A wide variation in the enhancement of TNS fluores- 
cence was observed. Inorganic cations such as Ca’+ 
and A13’ produced large increases in TNS emission. 
while such potent allesthetics as diethyl ether and lido- 
Caine had little or no effect. Tris-HCl and NaCl were 
only weakly effective, and concentrations of these 
monovalent cations nearly 100 times greater than that 
of calcium were required to produce the same degree 
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Fig. I. Titration of human erythrocyte membrane suspen- 
sions with 2-~-tol~~idi~~yinapht~lene-6-suifonat~ (TNS). 
Microliter quantities of a 2 x 10m3 M solution of TNS in 
methanol were added to 3 mi membrane suspension 
(@I2 mg protein/ml in 5 mM Tris-HCI buffer. pH 7-5) in a 
fluorescence cuvette with thorough stirring. Samples were 
equilibrated for 3 min before reading Key: 0 buffer alone; 
Q 0.1 mM chlorpromazine; and 0 I mM CaC12. T = 25’; 
excitation wavelength = 366 nm; emission wavelength = 

450 nm; and methanol = O-33 to 33”,;,. 

ofenhancement. Chlorpromazine at a concentration of 
@I mM produced a large enhancement of TNS fluores- 
cence in the presence of membranes suspended in 
5 mM TrissHCl buffer. Increasing the ionic strength 
with NaCl swamped out this effect, and the Buores- 
cence in isotonic Tris-HCl buffer was increased less 
than 10 per cent by the addition of 0.1 mM chlorpro- 
mazine, presumably because the high Na’ con- 
centration had already increased the number of TNS 
binding sites that would otherwise have been produced 
by the addition of the drug. 

The fluorescence enhancements could have been 
produced by either increasing the number of TNS 
binding sites or by increasing the quantum yield of 
TNS in the presence of these agents. Because of the 
large effects produced by CaCl, and chlorpromazine 
on TNS fluorescence and the documented effects of 
both of these agents on erythrocytes 17,143, the 
mechanism of enhancement by these ~o~npo~lnds was 
investigated further. 

The titrations with TNS described above were plot- 
ted according to the equation developed by Klotz [ 131 
for evaluating the binding of dye molecules to proteins 
which assumes no interactions between sites (Fig. 2). 
Table 2 lists the average values of K ,/,,, and fr obtained 
from such plots for the binding of TNS to human 
erythrocyte ghosts in the presence of 5 mh4 Tris-HCl, 

Table I. Maximum fluorescence for a fixed concentration of 
erythrocyte membranes titrated with TNS in the presence of 

various drugs* 

Drug 

Reiative maximLlm 
emission at 

450 nm 

Tris- HCI 
NaCl 
BaCl, 
CaC.12 
AICI, 
Tris-HCI 
NaCl 
0Butanol 
Dicthpl ether 
Methapyrilene 
Lidocaine 
Procaine 
Chlorpromazine 
Chlorpromazine 

(5 mM) 

(1 mM) 
( 1 mM) 
(I mM) 
(I mM) 
(25 mM) 
(25 mM) 
(100 mM) 
(100 mM) 

(I mM) 
(1 mM) 
(1OmM) 
(0.1 mM) 
(0.1 mM) + 

CaC12 (1 mM) 

I 4 
I.0 
3.1 
3.0 

x.9 
2.0 
2.1 
I.0 
0.96 
I.1 
1.2 
1.5 
2.9 

4.3 

* Five mM Tris--HCl buffer (pH 7.5); MeOH = 0.33 to 
33”,,: protein concentration = 0.17 mg’ml; and excitation 
wavelength = 366 nm. 

I 
OO I 2 3 

HI-x)41- x IO-’ 

Fig. 2. Binding of 2-l’-toluidinylnaphthalene-6-sulfonatc 
(TNS) to human erythrocyte membranes. Data of Fig. I and 
replicates were plotted according to method of Klotz (equa- 
tion 1) [13]. Top: Tris-HCI buffer alone; middle: 1 mM 
CaCl, ; and bottom: 0.1 mM chlorpromazine. Symbols 
represent different experiments. Conditions are the same as 

in Fig. 1. 
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Table 2. Effect of various drugs on the binding oi”TNS to human erythrocyte mcmhrancs* 

Additions to crythrocyte membranes in K l/,l. 
5 mM Tris-HCI bufkr (pH 7.5) (M-’ x IO-‘) (moiew;;g x 10”) 

N0nc 3.7 f 0.9 (6)T I .7 f 0.3 (6) 
CaClz (I mMI 4.8 f 1,0(3) 3.x * 09 (-3) 
Chlorpromat.ine (@I mM) 6.6 k 0.4 (5) 1 I.2 * 2-2 (6) 
PromnLinc (0.25 n&I) 3.6: 13.0: 

* Condltlons are the same as in Fig. I : T = 3, 
+ \‘alues glKn for K,,,,, and II are the mean :t I S. D. for the number ofcxperiments indicated in the brackets. 
s Avcragc value from two dctcrminations. 

pH 7.5, and the efkcts of adding chlorpromazine. pro- 
mahe and calcium. It can be seen that both the 
altinity of TNS for the membrane (K,,,,,) and the 
number of TNS binding sites on the membrane (II) in- 
crease in the presence of these agents. Chlorprolil~inc 
products greater effects than &Cl, and at a much 
lower concentration. Promazine although somewhat 
less effective than chlorpromazine, behaves similarly. 
The results obtained with CaCl, compare favorably 
with those reported by Rubalcava et al. [9] for the 
binding of ANS to hemoglobin-free rabbit erythrocyte 
membranes: in 30 mosM Tris-HCl, pH 7.4, the 
allinity constant they reported was 2.3 x IO’ Me ’ and 
II was I .52 x IO- * molesimg. When 1 mM CaCl, was 
added. the atfinity constant increased 60 per cent to 
3.7 x 10” M- ‘. while !Z increased 270 per cent to 4.1 x 
IO-” molesimg. Our observations were a 30 per cent 
increase in the affinity constant and a 220 per cent in- 
crease in 11 with the addition of I mM C&Cl,. 

In the course of compiling data for the Klotz plots, 
information was obtained on the Ruoresccnce of a 
fixed concentration ofTNS under conditions where all 
of the dye molecules were bound. This parameter, F,,,,,,, 
is a relative measure of the average quantum yield of 
the bound molecules. Table 3 lists the values of F,,,:,, 
obtained. Diethyl ether had no effect of F,,,,,,, showing 
that its failure to enhance TNS fluorescence was not 
due to an alteration in the number of TNS binding 
sites which w-as exactly compensated by a change in 

Table 3. Effect of additions on the flUOreSCellCC or B fixed 
c(~ncel~tr~lt~on of totally bound TNS molecules* 

~.__._.._ __~ 

Additrons to erqthrocyte 
membranes in 5 mM Tris-HCI Ratio F,,,,, (Additive) -- 

buiTer (pH 73) F,,,,,, (Tris) 

Chlorpromazine (0.1 mM) 0.39 i 007t (6) 
CaCl, (0.3 mM) 
CaClz (I ;M) 

I 43 
I.0 & 0.1 (3) 

Proma/ine (0.1 mM) 0.44 & 0.06 (3) 
Dicthyl ether (I I? mM) I ~0: 
- 

* Protein concentration = 0.15 to I.3 m&/ml; TNS 
concentration = 2.47 x lo-‘M: T = 25’; and MeOH = 
1.15” 

i- &ndard deviation. 
$ Average value from two dctern~inations. 

F,,,,,,. Chlorpromazine and promazine decreased the 
F,,,,,, while Ca ‘+ had no effect at the concentrations 
employed. The 3On per cent net increase in TNS pla- 
teau fluorescence observed when 0.1 mM chlorproma- 
zine was added to human erythrocyte ghosts is thus 
due to the 700 per cent increase in the number of TNS 
binding sites occupied which more than compcnsatc 
for the 60 per cent decrease in F ,,,,,,_ 

Attempts to determine the aflinity of chlorproma- 
zine for the membrane by measuring the dcpendencc 
of the TNS fluorescence enhancement on chlorproma- 
zine concentrations were not successful. A linear rela- 
tionship between relative plate,lu fluorescence and 
drug concentration was observed for anesthetic con- 
centrations between 0.05 and 5 mM rather than the hy- 
perbolic relationship expected if a single type of chlor- 
promazine binding site wcrc involved. This result is in 
accord with a report by Kwnnt and Serman [7] that 
clilol-promaz~n~ binding involves milltiple sites at con- 
centrations above 2 x 10.. ’ M. LotFIcr conccntr~~ti~~ns 
were not investigated because the fluorescence enhan- 
cements produced were too small to he quantified. 

DISCUSSIO?. 

The observation that TNS fluoresence is greatly 
enhanced in the presence of phenothiazincs is in 
accord with the results of Keeler and Sharmd [IO], 
who found enhanced emission of membrane-bound 
ANS in the presence of promazinc. As shown by our 
data. phenothiazines alter not only the binding para- 
meters n and K,,,,, for the intcr~~ction of TNS with 
membranes but also the F,,,,,, of the rne~nbr~~~~e-boL~nd 
TNS. rfmemb~dne expansion and increased fluidity of 
hydrophobic regions of the membrane wcrc the only 
bases for these effects. one would expect diethyl ether, 
rl-butanol and other anesthetic compounds to produce 
similar effects on TNS tluorescence. No such effect was 
evident in the present study (Table I). 

The enhancement of TNS fluorescence produced by 
chlorpromazine could be due to cationic shielding of 
anionic membrane constituents such as phospholipid 
phosphates, which would Facilitate the penetration of 
the anionic TNS probe into the hydrophobic regions 
of the membrane 191. This hypothesis is supported by 
the large enhancelnents observed with such inorganic 
cations as Cal+ and A13.‘. The order of effectiveness, 
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A13* > C‘a’+ > Na+, also previously reported by 
Gomperts or (I/. [ 151. would seem to implicate a highly 
polarizable anion. such as phosphate, as the shielded 
moiety. but cat-boxy] groups of proteins might also be 
considered because of the observation of Kwant and 
Sccman 1161 that Ca’+ bound to erythrocyte mem- 
branes could not be extracted bith chloroform meth- 
anol. Further support for a shielding effect is provided 
by our ohscrvation that the enhancement of TNS 
Iluoresccncc produced by chlorpromazine was ahol- 
ishcd b\ raising the ionic strength of the medium to 
iuotonicity with sodium chloride. 

An organic cation such as chlorpromazine might 
also bc capable of interacting with hydrophobic 
regions of membrancn Fernandey and Cerbon [ 171 
have found that such molecules will more effectively 
compete bith polyvalcnt cations for phospholipid 
phosphate groups. Kunnt and Seeman [7] have shown 
the interaction of chlorpromazine with erythrocyte 
membranes to hc h\drophohic. Presumably these 
forces can enhance the binding of organic cations and 
magnify their charge-shielding effects on TNS fluores- 
ccncc. Such an cl&t is manifested in our study by the 
larger increases in both I\: ,,,,, and II produced bq chlor- 
promazine rclativc to those produced by CaCII. Thus, 
chlorpromazine is more effective in enhancing TNS 
binding than would he expected from ionic effects 
alone. Moreover. chlorpromaTinc also diffcrcd mark- 
cdly from Ca’+ in that it reduced the F,,,.,, of mem- 
branc-bound TNS. whereas Ca’+ had no effect on this 
parameter. 

membrane. However. the likelihood that such change 
in the dielectric constant at the sites of TNS binding 
is responsible for the lower quantum yield is reduced 
by the observation of Feinstein c’t rll. [1X] that the 
quantum yield of membrane-bound ANS is not 
affected by the cation butacaine. The results of Koblin 
er ~1. [ 191 have suggested that quenching may he re- 
sponsible for the lowcrcd F,,,,,, in the presence of chlor- 
promazine. They found that p-alkoxylhenzoate anes- 
thetics labeled with nitroxide radicals wcrc capable of 
quenching ANS fluorescence in the presence of bovine 
erythrocytcs and. since the quenching process involved 
an interaction distance of only 4 6 A. the! concluded 
that the local anesthetic must be in very close proxim- 
ity to the dye on the memhranc. If a similar proximity 
relationship exists for chlorpromazine and TNS. the 
quenching of TNS fluorescence by chlorproma,Gnc 
may account for the observed decrease in F,,, ,,. Proma- 
zinc produced effects qualitatively similar to those of 
chlorpromazine. also reducing F,,, ,; and increasing, II. 

By use of procaine and its analogs, several authors 
have concluded that there is a requirement for both a 
positive charge and hydrophohicity in the enhance- 
ment of ANS fluorescence. Procaine itself has been 
shown by Fcrnander and Ccrbon [ 171 to be incapable 
of hydrophobic interaction with liposomal mem- 
branes. and our results show that on a molar basis it 
produces only a small fraction of the fluorescence cn- 
hancement observed for chlorpromazine at pH values 
where it is cationic. Feinstein c’t nl. [IX] have found 
that butacaine enhanced ANS RuorCscence in bovine 
crythrocytcs, but it has a hydrocarbon tail presumably 
capable of hydrophobically interacting with mem- 
brane lipids. Kohlin c’r cl/. [ 191 have shown that 2- 
(n’..~-dicthylarnino)-ethyl-p-alkoxylbctizo~~te analogs 
ofprocaine enhance ANS fluorescence in bovine eryth- 
rocytes in a manner related to the length of their 
hydrophobic tail. 

Several authors have reported that phenothia7me 
anesthetics and Ca’+ compete for membrane-binding 
sites. Kwant and Seeman [ 161 found that bound Ca’ ’ 
is released by chlorpromazine in human crythrocytc 
membrane systems with two molecules of anesthetic 
being required to displace each Ca'- Keelcr and 
Sharma [lo] reported that promazine decreased the 
Ca’ +-enhanced ANS fluorescence in rabbit erythro- 
cytes, suggesting a possible competition between the 
two agents. In our study. the enhanced TNS Iluorcs- 
ccnce emission produced by the addition of CaC12 

(I.0 mM) was not measurably affected by the addition 
of chlorpromazine (0.1 mM). The cnhancemcnt was 
not decreased by the phenothiazine as in the cast of 
ANS and promazine. nor was it increased by an 
amount equal to the chlorpromazine cnhanccment. In 
a mixed system where both species contribute to the 
fluorescence enhancement and produce similar values 

of Fn,.,, and 11 for TNS binding. we were not able to 
determine using our fluorescent probe methods 
whether or not competition was occurring with the 
human erythrocytes. The presence or absence of alter- 
ations in the observed fluorcscencc enhancements is 
not in itself indicative of competition unless accom- 
panied by a comparison of F,,,,,, and II values in the 
mixed system relative to those in the presence of the 
individual components. In our case. difierences in these 
values were not large enough to allow LIS to draw a 
valid conclusion. 

The ability of chloropromazine to increase the Several conclusions can be drawn concerning the 
number of availahlc TNS binding sites (II) by 7-fold usefulness of TNS for assessing membrane effects of 
over that for Tris- HCI would seem to provide con- anesthetics. The quantum yield of this anionic probe is 
firmatory evidcncc for the membrane expansion effects insensitive to both ether and rl-butanol which expand 
of chlorpromazine reported by Sccman or trl. [6]. Un- the membrane and to Ca’- which contracts it. prcsum- 
like the sites made available by Cal’. these sites have ably because the hydrophobic environment of the 
a lower average quantum yield for lluorescence (F,,,,,,) bound TNS molecules is not altered by these agents. 
than that observed in buffer alone or in buffer contain- 
ing Ca’+. One explanation for this phenomenon might 

Furthermore, TNS fluorescence is only very slightly 
altered by organic cationic anesthetic agents such as 

be that the sites made available by chlorpromazine are procaine and lidocaine which do not interact strongly 
less hydrophobic than those present in the unexpanded with the hydrophobic regions of membranes [ 171. 
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Apparently, substantial enhancement requires the abil- 
ity to hydrophobically interact with the membrane at 
or near locations involved in TNS binding so that 
charge shielding can occur. The phenothiazines have 
such a capability, and the TNS probe is sensitive to 
this interaction with the erythrocyte membranes. Fur- 
thermore, the results suggest that anionic probes might 
be most useful for studying the membrane effects of 
cationic drugs, cationic probes for anionic drugs and 
neutral probes for neutral drugs. Studies are currently 
being conducted to further examine this hypothesis. 

The present study also shows that a decrease in 
Ca”-enhanced TNS fluorescence in the presence of a 
drug is not necessarily indicative of a displacement of 
Ca” from the membrane by the drug. The drug could 
be altering the quantum yield of TNS fluorescence 
rather than the number of binding sites for TNS or 
Ca”. It becomes clear that any observed effect on 
fluorescence that seems to be due to competition for 
binding sites on the membrane must be analyzed so as 
to determine effects on both binding and quantum 
yield. 
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