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Abstract 

The effect of N,N-dirnethyiaminoethyi esters of fatty acids (DM-n) on pig red błood celi heniolysis and 
erythrocyte nembrane fluidity bas been inyestigated. In the hemolytic experiments the hemoiytic actiyity of the 
compounds studied was determined, aud was found to increase with aikyl cham tength and foiłowed the 
sequence: DM- 15 > DM- 13 > DM- ł 1 > DMDA > DM-9. The fluormmetric studies were done using the 
fłuorescent probe TMA-DPFI, which ałłowed us to caicułate poiarization coefficient P and hence determine 
rełatiye changes in membrane fluidity induced by the iysosomotropic substances. The compounds of highest 
hemołytic actiyity, which haye fifteen- and thirteen-carbon-atom alkyi cham (DM- 15 aud DM.13), significantły 
affect the erythrocyte membrane fiuidity. 
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Introduction 

The term iysosomotropic substances introduced by de 
Duye et ał. [8] denotes weak basic amines which can pass 
through bioiogicał rnembranes and can be concentrated se-
yeral hundred times in łysosomes of mammałian cełis. The 
pKa yałues of such łysosomotropic amines be in the range 
5 to 9. If such amines beat a łong hydrophobic cham, they 
becone detergents upon protonation inside the lysosomes 
and interact witb the membranes causing a change in its 
structure and properties; at higher concentrations, disinteg-
radon of the membrane cnn be expected [2]. Release of 
łysosomał enzymes into cytopiasm could degrade ceiłular 
structure aud resułt in celi death [16]. Tbe biotogical ac-
tiyity of lysosomotropic compounds depends on their basi-
city nnd molecułar structure [6]. Application to tumour 
celłs controł was demonstrated because of łower (about 0.5 
unit) pl-I in tumour cełis than that in normał tissues [20]. 
Some lysosomotropic substances can be appiied as an-
ti-MDR drugs [7, 11]. 

A group of 2-dimethyłaminoethyl esters of fatty acids 
(DM-n) was synthesized in our łaboratory as soft (i.e. easi-
ły degradable) lysosomotropic substances. The compounds 
DM-n inhibit the growth of yeast Sacc/iarornyces cereyi-
siae [14] and yeast-łike organisnis [1]. The inhibition of 
yeast plasma membrane H-ATPase by DM-n compounds 
was also found [21]. 

The aim of the studies undertaken was to determine 
biołogicał actiyity of the sełected łisosomotropic substan-
ces with reference to their molecuiai- structure. Therefore, 
their effect on fluidity of the erythrocyte membrarie, as 
weił as hemolytic actiyity, were inyestigated. The eryth-
rocyte membrane was chosen as a rełatiyely simple and 
yery usefui model of the biołogicał membrane, aithough 
erythrocytes haye no łysosomes and yacuoles. 

Materials aud Methods 

Chemicais 

A sedes of 2-dimethyiaminoethyl esters of saturated fat-
ty acids (structure shown in Fig.1) was synthesized in our 
łaboratory by acyłation of 2-dimethyłaminoethanol with ał-
kanoyl chiorides aud subsequent transformation into their 
hydrochtorides by passing gaseous HO through ethereał 
sołution of free aminoester. The DM-n compounds were 
obtained [1] as white crystais, sotubłe in water and baying 
high purity (>99%). 

N,N-dimethyidodecylamine hydrochłoride (DMDA) 
was prepared from free amine (Aidrich) and gaseous HC1 
in ethereal solution, m.p. (178-180) 0°C. 

The fluorescent probe, l- (4-trimethyiammoniumphe-
nyl)-6-phenyt- 1,3,5-hexatriene (TMA-DPH) was from Mo-
łecułar Probes (Eugene, OR, USA). 
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Hemolytic Studies 

The experiments were conducted on fresh, heparinized 
pig biood. For washing the erythrocytes and in the experi-
ments performed we used an isotonic phosphate solution of 
pH 7.4 (131mM NaCI, 1.79mM KCl, 0.86m1y1 MgCl2, 
11.79mM Na2HPO4 2H20, 1.80mM Na2H2PO4 H20). Upon 
remoyal from plasma, the erythrocytes were washed four 
times in phosphate buffer and then incubated in the same 
solution but containing proper amounts of the compounds 
studied. The modification was conducted at 37°C for 0.5 h, 
each sample containing 10 mi of erythrocyte suspension of 
2%, 4%, 6% and 8% hematocrit, stirred continuously. After 
modification 1 ml samples were taken, centrifuged and the 
supernatant assayed for hemoglobin content using a spect-
rophotometer (Spekol 11,Carl Zeiss, Jena) at 540 nm waye-
length [2, 9]. Hemoglobin concentration in the supernatant, 
expressed as percentage of hemoglobin concentration in the 
supernatant of totaliy hemolyzed cells, was assumed as the 
measure of the extent of hemolysis. 

Fluorimetric Studies 

Erythrocytes were prepared for modification as in the 
hemolytic experiments. The modification with the substan-
ces studied tasted for 0.5 h at 37°C and 2% hematocrit. 
After the end of modification the modifier was remoyed 
and 5 ml samples were prepared for fluorimetric inyestiga-
tions, the hematocrit being 0.05%. The modified erythrocy-
tes in the samples were labelled with the fluorescent probe 
TMA-DPH at 106 M concentration. The measurements 
were performed with a SFM 25 spectrofluorimeter 
(KONTRON). On the basis of fluorescence intensity 
measurements the polarization coefficient was caiculated 
according to the formuła [4, 15]: 

P 

- - 

- III + OJ1 
where 
Li - intensity of fluorescence emitted in direction parallel 

to the polarization piane of the exciting iight, 
- intensity of fluorescence emitted in direction perpen-

dicular to the polarization piane of the exciting iight, 
G - diffraction constant, dependent on wayeiength. 

Resutts 

The studies performed att coneerned with the lysoso-
motropic compounds shown in Fig. 1; a DMDA compound 
was included as a standard one. The effect of those sub-
stances on red biood celi hemolysis and erythrocyte memb-
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Fig. 1. The structure of iysosomotropic substances. 
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Fig. 2. Relation between percent hemolysis and concentration of 
compound DM- 1 Ifor four hematocrits at pH 7.4 and 37°C. 

rane fluidity was inyestigated. In the hemolytic ezperi-
ments the hemoiytic actiyity of the compounds and also 
concentration ranges of their hemolytic actiyity for four 
hematocrits were determined. The hemolytic concentra-
tions were found from the relationship between percentage 
of hemolyzed ceHs and modifier concentration for the fol-
lowing concentrations of erythrocytes in the solution: 2%, 
4%, 6% and 8%. Such relations, in the form of sigmoidai 
curyes, are shown in Fig. 2 for a compound denoted as 
DM- 11. The four hemolytic curyes seen in the figure cor-
respond to four different hematocrits. It is known [13] that 
concentration of the compound that causes hemotysis in-
creases Iineariy with the number of erythrocytes in the 
suspension, and thus with increased hematocrit the curyes 
we get are shifted towards higher concentrations. The re-
sults of the studies can be presented as linear reiations 
between compound and celi concentrations for 50% and 
100% celi hemolysis (as shown in Fig. 2). For 50% berno-
lysis and ali the compounds the dependence is shown in 
Fig. 3A, and for 100% hemolysis in Fig. 3B. From the piots 
one can read the compound concentrations that cause 50% 
and 100% hemolysis for any hematocrit. The bar graphs of 
Figs. 4 (A, B) represent compound concentrations which 
cause 50% (Fig. 4A) and 100% hemolysis (Fig. 48) at unit 
hernatocrit. On the basis of the results shown in Figs. 4A 
and 4B, the sequence of hemolytic actiyity of the permea-
toxins studied was found to be: DM- 15 >DM- 13 >DM- 11 
> DMDA > DM-9. The compound DM- 15 was found to be 
the most actiye, causing 50% and 100% hemoiysis at lo-
west concentrations compared to the rest of the lysosomo-
tropie substances. 

The fluorimetric studies allowed to calculate polariza-
tion coefficients for the erythrocyte membrane modified 
with the compounds studied using the fiuorescent probe 
TMA-DPH. The results represented in Figure 5 indicate 
that compounds DM- 15 and DM- 13 cause a decrease of the 
potarization coefficient in the concentration range 106 
- 105M, with respect to unmodified celis. In addition, the 
polarization coefficient decreases, on the whoie, with in-
creasing eompound concentration. The greatest changes are 
induced by DM-15 compound. The decrease in potarization 
coefficient of erythrocyte membrane induced by com-
pounds DM- 15 and DM- 13 indicates that the red blood celi 
fluidity increases in the concentration range studied. 
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Fig. 3. Relation between cel! concentration and compound concen-
tratinn that causes 50% hemolysis (A) and 100% hemolysis (B), at 
pH 7.4 and 37°C. 

Diseussion 

Studies haye been carried out on the effect of selected 
lysosomotropic substances (DM-n) on red blood celi hemo-
lysis. The purpose of the inyestigations was to determine 
the hemolytic actiyity of the compounds, which is known 
to be in direct correlation with biological actiyity. Various 
biologically actiye substances were tested for biological 
actiyity on the basis of hemolytic inyestigations [3, 12, 13, 
17, 18]. 

The iysosomotropic compounds used in this study cons-
titute a homologous senes of hydrochlorides, which haye 
identical polar heads but different alkyl cham lengths in the 
ester molety (Fig. 1); the compound DMDA has a long 
alkyl substituent instead of ester fragment in DM-li com-
pound, which is closely simiiar in structure. The com-
pounds can exist in a soiution in the charged protonated 
form being in equiiibnium with a free amine depending on 
ph of the milieu. The compounds DM-n haye pK, yalue 
about 6.4 for ali sedes members, determined in 90% 
methanol (Witek et al., date unpublished) so in experimental 
conditions the charged form dominates. 
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The concentrations of the compounds that induce 50% 
and 100% hemolysis at 1% hematocnit (Figs. 4 A and B), 
found in hemoiytic expeniments, haye been assumed as 
a measure of their hemoiytic actiyity. The inyestigation 
resu!ts show that this actiyity is closeiy connected with the 
alkyi cham tength of the compound studied. The most ac-
tiye proyed to be the hydrochionide DM- 15, which caused 
50% and 100% hemolysis at lowest concentrations (0.11 
and 0.21 mM) compared to the other compounds; DM- 15 
has the longest aikyi substituent in the ester fragment. The 
hemoiytic actiyity of the othen compounds decneases with 
decreasing iength of their alkyl chains and foflows the se-
quence: DM- 15 > DM- 13 > DM-11 > DMDA > DM-9. It 
seems that the iength of long hydrophobic substituent piays 
an essential role; the structure of the substituent has a smali 
influence. A similar reiation between hemolytic actiyity 
and alkyl cham length has been found for yarious biologi-
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Fig. 4. CDmpound concentrations causing 50% hemoiysis (A) and 
100% hemolysis, at 1% hematocrite, pH 7.4 and 37°C. 

cafly actiye substances [10, 12, 13]. A similar correiation 
was aiso found for yeast plasma membrane W - ATPase 
inhibitory actiyity of the DM-n compounds [21]. 

The molecu!ar mechanism of the interaction between 
lysosomotnopic substances and the biological membrane is 
flot exactly known. Numenous studies haye, howeyer, 
shown that hydrophobicity of the compound plays an im-
portant role here. If !ysosomotropic substances are cationic, 
they interact electrostatically with negntiyeiy charged 
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membrane components in the hydrophilic region. The 
interaction between the polar heads of the erythrocyte 
membrane and the charged heads of Uie compounds fayour 
incorporation of the aikyl chains into the membrane, 
a process goyerned by hydrophobic interaction which 
increases with inereasing alkyl cham length. Thus, first the 
membrane catches the hydrocbloride molecules from its 
surroundings, which after remaining for some time in the 
poiar region incorporates into the membrane hydrophobic 
core, the incorporation depth depending on the molecule 
hydrophobicity. The quickty progressing hemolysis in the 
presence of hydrochiorides indicates that the substances are 
present mostly in the external layer of the erythrocyte 
membrane, as suggested by Deuticke [5] and Slieetz and 
Singer [19]. The membrane changes its properties as a 
resuit of structural alterations, which at high enough 
modifier concentrations leads to celi lysis. 

The fluorimetric studies showed that lysosomotropic 
substances are present in the membrane eyen when their 
concentration in the erythrocyte suspension is bw and does 
not cause hemolysis, though it alters membrane fluidity. 
Compounds DM- 15 and DM- 13 due to their hydrophobic 
properties may penetrate membrane and easily affect its 
fluidity (Fig. 5). A fluidity change may induce disturbance 
in the membrane transport function and, with inereasing 
moclifier concentration, may lead to destabitization resul-
ting in celi lysis. 
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