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Abstract. Nonytphenyl-ethyleneoxide polymers containing 5, 9 and 30 ethyleneoxide groups per molecule 
build into the hydrophobic fatty acid chains of  the cell membrane phospholipid dipalmitoyl-phosphatidyl- 
choline (DPPC) resulting in a decreased main transition temperature, a decreased enthalpy of the main 
transition and in enhanced potassium permeability of DPPC liposomes. The or-, /3- and y-cyclodextfins 
form inclusion complexes with the tenzides lowering their free concentration. The complex formation 
lessens or sometimes totally prevents the membrane damaging effect of tensides. The effectivity order 
ofcyclodextrins is flCD > yCD > ~CD. 
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1. Introduction 

Pesticide formulations generally contain nonionic tensides that improve the technical 
parameters (lower drop volume, higher suspension or emulsion stability, better 
spreading on the leaf surface etc.) of  formulations [1]. Besides these effects the non- 
ionic tensides can modify the biological efficiency of an active ingredient [2, 3] 
and even its selectivity [4]. Sometimes they themselves show marked microbicidal 
effect [5, 6] and enhance the phytotoxicity [7, 8, 9]. The mode of action of non- 
ionic tensides has been explained by the fact that they interact with the membrane 
phospholipids [10] and increase the membrane permeability [ l l] .  This effect 
depends on the lipophilicity and on the structural characteristics of the hydrophobic 
part [12]. Due to their capacity to form inclusion complexes with a large number of 
organic compounds cyclodextrins are finding growing acceptance and application 
in human therapy and in agrochemistry [13, 14]. As they form complexes also with 
tensides [15, 16, 17] it was assumed that the interaction between nonionic tensides 
and cyclodextrins car) be used to lessen or to prevent the membrane damaging effect 
of tensides. The non-methylated cyclodextrins themselves exert only a negligible 
effect on membranes, however, the methylated derivatives show marked membrane 
damaging activity [18]. 

* Author for correspondence. 

Presented at the Fourth International Symposium on Inclusion Phenomena and the Third 
International Symposium on Cyclodextrins, Lancaster, U.K., 20-25 July 1986. 



434 M. SZOGYI ET AL. 

2. Materials and Methods 

The nonylphenyl-polyethyleneoxide nonionic tensides (Hoechst FRG) contain 5, 
9 and 30 ethyleneoxide groups per molecule on average (abbreviated to Ts, T9 and 
T30 respectively). The cyclodextrins: alpha-(0~CD), beta-(/3CD) and gamma-cyclo- 
dextrin (TCD) are produced by Chinoin (Hungary). ,Dipalmitoyl-phosphatidyl- 
choline (DPPC) was used as purchased from the Sigma Chemical Co. 

Differential Scanning Calorimetry (DSC) studies and the determination of the 
permeability of DPPC liposomes were carried out as described in [18] and [19]. 
The molar ratio of samples varied in the range DPPC:tenside:cyclodextrin 
100:0-1:0-5.  The main transition temperature (Tm ~ and the enthalpy of the 
main transition (AH mJ/mg) was determined from the DSC data. The permeability 
time constant (Pt s-l) was calculated according to [20]. 

3. Results and Discussion 

The results of DSC measurements are compiled in Figures 1 and 2. Each tenside 
considerably lessens the main transition temperature of DPPC (Figure 1). This obser- 
vation suggests that the tensides - after binding to the bitayer surface - penetrate 
among the hydrocarbon chains of lipid molecules. This intercalation depends on 
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Fig. 1. Effect of tensides (T 5, T 9 and T30) as a function of the flCD molar ratio on the main transition 
temperature (Tm) and enthalpy (AH) of DPPC. The DPPC: tenside molar ratio was 100: 1. 
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Fig. 2. Effect of T 9 in the presence of cyclodextrins on the main transition temperature (T,n) and 
enthalpy (AH) of DPPC. The DPPC: tenside molar ratio 100: 1. 

the ratio of hydrophobic and hydrophilic parts within the tenside molecule. The 
modifying molecules act as structural defects loosening the lipid packing density 
and lowering the transition temperature and enthalpy (Figure 1). flCD lessens or even 
annuls these effects in each case. The interaction between DPPC and the tensides 
decreases nonlinearly with the increasing molar ratio of flCD:tenside, indicating 
the formation of fairly stable inclusion complexes between tensides and flCD. 

The fact that at higher /3CD molar ratios the differences between the effects of 
the different tensides becomes rather small suggests that the bulky hydrophobic part 
of tensides (identical in each tenside) is responsible for the complex formation and 
the length of the hydrophilic ethyleneoxide chain (different in each tenside) has a 
negligible effect on the complex formation. 

The various cyclodextrins exert different effects on the interaction between the 
T 9 tenside and DPPC (Figure 2). flCD exerts the highest and eCD the lowest 
preventive effect. This finding indicates that the dimensions of the flCD and 7CD 
cavities are nearly equally adequate for the hydrophobic nonylphenyl moiety of 
the tensides. The lower effect of o~CD is due to the smaller cavity. 

The results of permeability determinations on liposomes support the conclusions 
formulated above (Figure 3). The intercalated tenside molecules disturb the organiza- 
tion of lipid bilayers. The efflux of potassium ions is higher through the partially 
disorganized, more loosely packed lipid layers. The cyclodextrins counteract the 
permeability increasing effect of T 9 and this effect increases with increasing C D : T  9 
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Fig. 3. Effect of T 9 in the presence of cyclodextrins on the 42K efflux of DPPC liposomes. 1. DPPC; 
2. DPPC:T9:/3CD 100:1:5; 3. DPPC:T9:f lCD 100:1:2; 4. DPPC:T9:flCD 100:1:1; 5. DPPC:T  9 
100: 1 ; 6. DPPC: T 9 : ~zCD 100: 1 : 5; 7. DPPC: T 9 : ~CD 100: 1 : 1; 8. DPPC: T 9 100: I. 

molar ratio. ~CD exhibits also in this case a lower preventive effect than /3CD 
proving again the poorer stability of its inclusion complex with T 9. The permeability 
constant changes nonlinearly with the cyclodextrin:T9 molar ratio (Figure 4). At 
higher cyclodextrin-tenside molar ratios the permeability increase caused by tenside 
is nearly completely supressed. The effectivity order of cyclodextrins is the same 
as in the DSC measurements:/3CD > yCD > ~zCD. 

Under such conditions in aqueous solutions, the majority of the tenside molecules 
are in the complexed form. The membrane damaging effect of free tenside at 
reduced concentration is of course lower. 

Our data do not exclude the possibility that the cyclodextrin-tenside complexes 
may interact with the DPPC. However, the facts that the cyclodextrins do not 
show any membrane damaging effect and the tenside-cyclodextrin complex is 
highly hydrophilic and has considerable dimensions contradict this supposition. 

References 

1. W. Van Valkenburg: Pesticide Formulations, Marcel Dekker Inc., New York (1973). 
2. P.J. Dunleavy, A.H.  Cobb, K.E. Pallett, and L.G. Davies: Proc. 1982 British Crop. Prot. Conf. 

Weeds 1,187 (1982). 
3. R. A. Spotts and B. B. Peters: Plant Disease 6, 725 (1982). 
4. R. Miiller and U. Bueth: Abhandlungen der Akademie der Wissenshaften der DDR. Abteilung 

Mathematik, Naturwissenschaften. Technik N1. Jahrgang 1982.1, 315 (1983). 



MEMBRANE DAMAGE OF NONIONIC TENSIDES 

-4-1 
Pt.lO s 

0 1 2 3 4 5 

Fig. 4. 

437 

CD:tenzide moLer rat io 

Effect o fT  9 in the presence ofcyclodextrins on the permeability time constant ofDPPC liposomes. 

5. D. R. Clifford and E. C. Hislop: Pestic. Sci. 6,409 (1975). 
6. T. Baicu and A. Jilaveau: Acta Horticult. 58,453 (1977). 
7. A. G. T. Babiker and H. J. Duncan: Pestic. Sci. 6, 655 (1975). 
8. J.V. Parochetti, H.D.  Wilson, and C.A. Beste: Proc. Northeastern Weed Sci. Soc. Baltimore, 31, 

105 (1977). 
9. G. D. Leroux and R. G. Harvey: Proc. North Central Weed Control Conf. 36, 40 (1981). 

10. T. Cserhfiti, M. Sz6"gyi, and L. Gy6"rfi: J. Chromatogr. 349,295 (1985). 
11. M. Sz6"gyi, F. T/Slgyesi, and T. Cserh~iti in: Physical Chemistry of Transmembrane Ion Motions. 

(ed.: G. Spach) pp. 29-34. Elsevier Sci. Publishers B.V., Amsterdam (1983). 
12. T. Cserh~iti, M. Sz~yi,  B. Bordfis, and A. Dobrovolszky: Quant. Struct. Act. Relat. 3, 56 (1984). 
13. J. Szejtli: Inclusion Compounds, Volume 3 (Eds: J. L. Atwood, J. E. D. Davies, and D. D. MacNicol). 

Academic Press, London (1984). 
14. J. Szejtli: Cyclodextrins and their Inclusion Complexes. Akad6miai Kiad6, Budapest (1982). 
15. J. Koch in: Proc. of the First Int. Symp. on Cyclodextrins (Ed.: J. Szejtli) p. 487. Akad6miai Kiad6, 

Budapest and D. Reidel, Holland (1982). 
16. K. Krfilovfi and L. Mitterhauszovfi in: Proc. of the First Int. Syrup. on Cyclodextrins (Ed.: J. Szejtli). 

p. 217. Akaddmiai Kiad6, Budapest and D. Reidel, Holland (1982). 
17. K. Kr~ilovfi, L. Mitterhauszov/L, and J. Szejtli: Tenside Detergents 20, 37 (1983). 


