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Summary 
A series of cyclic and acyclic aminophosphonates was synthesized for agrochemical application. The 
compounds differed in the substituents at the carbon, nitrogen and phosphorus atoms. Their potential 
biological activity was checked by studying their hemolytic potency, since hemolysis of erythrocytes 
by various compounds was found earlier to be a good indicator of their pesticidal efficiency. A 
series of hemolytic experiments permitted us to check the pesticidal efficiency of 
aminophosphonates and to determine what structural features of aminophosphonates are responsible 
for it.  

Parallelly, we studied the hemolytic efficiency of binary mixtures of the aminophosphonates with 
the well-known herbicide 2,4-dichlorophenoxyacetic acid (2,4-D... The aim was to check if potential 
biological efficiencies could be enhanced in comparison with those found for individual components 
due to interactions between aminophosphonates and 2,4-D. An analysis of the effects binary 
mixtures was carried out by constructing graphs for both components of binary mixtures that give 
the same hemolysis (the isobole method).  
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INTRODUCTION 
 

Aminophosphonates belong to a group of 
compounds some of which   are well-known and 
widely used because of their biological activity. 
They were found to influence biochemical processes 
in plant cells, modifying or inhibiting them (Forlani 
et al. 1997, Öruç and Űner 1999, Agrawal et al. 
1995). This is the reason why new compounds of 
this group are synthesized and checked for potential 
bioactivity. This is a rather long and tedious 
procedure and to  accelerate it and eliminate 
compounds of little biological usefulness, different 
approaches to the problem can be applied. One of 
these  is to use biological or model lipid membranes 
like erythrocytes, liposomes or planar lipid 
membranes, especially when the compounds, 
because of their structural lipophilicity, easily 
interact with the membranes and thus affect their 
toxicity (Suwalsky et al. 1996, 1999, 2000). The 
aminophosphonates studied in this work belong to 
such lipophilic compounds and this was the reason 

why hemolysis of erythrocytes was chosen as a 
preliminary technique to check their potential 
biological activity. It must be noted that hemolytic 
experiments with a large spectrum of different 
compounds, aminophosphonates including, have 
shown that, indeed, hemolysis of erythrocytes is a 
good measure of biological activity of these 
compounds (Ponder 1948, Kleszczyńska et al. 2001, 
Trela et al. 2001).  

Mixtures of two or more bioactive compounds 
are nowadays  used for various reasons,  the most 
important being to widen the spectrum of biological 
activity and, in some cases, to reduce the 
concentrations of mixture components without loss 
of activity (Gisi 1996). This may occur when, due to 
the possible interaction between compounds used in 
mixtures, their individual activity may be enhanced - 
the so-called synergistic type interaction (Tripathi 
and Agarwal 1997). It is also possible that 
biological activity may be diminished – the 
antagonistic type interaction (Mora and Earle 2001) 
– or no interaction between the mixture components 



  Sarapuk et al. 
 

170 

is observed – the additive type of interaction 
(Kortenkamp and Altenburger 1998). In the present 
case we wanted  to check if there were any 
interactions between 2,4-dichlorophenoxyacetic acid 
(2,4-D) and aminophosphonates that increased the 
overall activity while the concentrations of the 
components could be reduced, i. e., if the most 
desired synergistic interactions occurred.  

Phenoxyacetic herbicide 2,4-D was chosen as a 
second binary mixtures component, since it is one of 
the most common and widely used biologically 
active compounds (Suwalsky et al. 1996, Öruç and 
Űner 1999, 2000) and may cause toxic effects by 
inducing changes in cell membrane organization 
(Duchnowicz et al. 2002, Duchnowicz and Koter 
2003, Suwalsky et al. 1999). Recently, we have 
studied its binary mixtures with a few other phenoxy 
and organophosphorous compounds, however, non 
of those produced  a synergistic effect 
(Kleszczyńska et al. 2003).   
 

MATERIAL AND METHODS 
 
All the pesticides studied were synthesized in the 
Department of Organic Chemistry, Biochemistry and 
Biotechnology of the Technical University of 
Wrocław. The purity was checked by 1H-NMR and 
31P-NMR spectra. Their general structure is shown 
in Table 1. 

Pig erythrocytes were used in the hemolytic 
experiments. Erythrocytes (RBC) were washed four 
times in isotonic phosphate buffer (pH 7.4) and 
incubated in the same buffer with the addition of 
chosen concentrations of aminophosphonates or 
equimolar mixture of two pesticides for 1 hour at 
37°C. After the modification, samples were taken at 
10 min intervals, centrifuged and hemoglobin 
content in supernatant measured with Specol 11 
spectrophotometer at 540 nm. Hematocrite was 2%. 
The hemolytic curves obtained permitted us to 
determine the concentrations of the compounds 
causing 50% hemolysis (C50). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Isobole obtained for equimolar binary mixture of compound 1 with dichlorophenoxyacetic acid 
(2,4-D) 
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Table 1. The structure and substituent groups of the aminophosphonate 
 
 
 
 
 
 
 

 
 

 
R1 

 
R2 

 
R3 

 
R4 

 
 

1 
 

2 
 

3 
 

4 
 

5 
 

 
           CH3                          CH3                                   n–C8H17                                n–C4H9 

 
                         –C4H8–                                    n–C4H9                     n–C4H9 
 
                 –C2H4C(t–C4H9)C2H4–                        n–C4H9                     n–C4H9 
 
                       –C5H10–                                     n–C8H17                    n–C4H9 
 
                       –C5H10–                                     n–C14H29                   n–C4H9 
 

 
 
 

To evaluate the binary mixture effects, the 
isobole method was used (Kortenkamp and 
Altenburger 1998). The values of C50 obtained for 
particular components were marked on X and Y axis 
and connected wth straight lines. The points on the 
line predicted the combinations of both components 
that yield the same effect (50% hemolysis). If binary 

mixtures gave a point that belonged to this line, the 
interaction between the components was defined as 
additive. In such cases the components can be 
viewed as behaving like dilutions of each other. 
Experimental points above or below the isobole may 
be defined as antagonistic and synergistic 
interaction, respectively. 

 
 
 

Table 2. The concentrations of compounds studied and their binary mixtures with dichlorophenoxyacetic acid (2,4-D) 
inducing 50%  hemolysis of erythrocytes (C50). 
    

 
Compound 

 
C50 for individual compound [mM] 

 
C50 for binary mixtures of compounds 

with 2,4-D [mM] 
 

 
1 
 

2 
 

3 
 

4 
 

5 
 

 
0.081 

 
0.86 

 
0.77 

 
0.42 

 
0.83 

 
0.095 

 
0.35 

 
0.40 

 
0.10 

 
0.30 

 
 
 
 
RESULTS AND DISCUSSION 
 
The results of the hemolytic experiments are 
collected in Table 2, which contains the values of 
concentrations of particular compounds and their 

binary mixtures with 2,4-D that cause 50% 
hemolysis of erythrocyte membranes (C50). The table 
shows that the ability of the compounds to influence 
RBC membranes differed. The best was found for 
acyclic compound. Hemolytic efficiencies of cyclic 

R1 R2

R3NH P(O)(OR4)2
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compounds were worse but, generally, all 
aminophosphonates were found to exhibit a good 
hemolytic potency and are thus expected to have 
good potential biological activity. These results 
confirm obtained earlier and show that 
aminophosphates studied may be included into 
membrane-active compounds (Trela et al. 2001, 
Grzyś et al. 2001). Hemolytic curves obtained for 
binary mixtures of aminophosphonates with 2,4-D 
enabled us to determine their hemolytic efficiencies 

and the kind of  interaction between mixture 
compounds. As in  experiments with individual 
compounds, the hemolytic efficiencies of binary 
mixtures were quite good. However, the binary 
mixture of acyclic aminophosphonate with 2,4-D 
hemolyzed erythrocytes was significantly weaker 
than the compound alone. It suggested that those 
compounds compete for the same binding sites or a 
different kind of interaction with 2,4-D, than that for 
cyclic compounds may occur. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Isobole obtained for equimolar binary mixture of compound 5 with dichlorophenoxyacetic acid (2,4-D) 
 
 
 

There are different approaches to determine 
those interactions (Gisi 1996, Pape-Lindstrom and 
Lydy 1997, Kortenkamp and Altenburger 1998). We 
have used the isobole method for that purpose. The 
results are shown in Figs. 1 and 2. All cyclic 
compounds were found to interact synergistically 
with 2,4-D herbicide. Fig. 1 presents isobole for the 
interaction between compound B and 2,4-D. Similar 
results were obtained for binary mixtures of this 
herbicide with other cyclic aminophosphonates. The 

isobole constructed for a 2,4-D-acyclic 
aminophosphonate shows that there is antagonism 
between the compounds (Fig. 2). These results seem 
to classify the cyclic aminophosphonates studied for 
agrochemical application both individually and in 
the mentioned mixtures. The same is valid for the 
acyclic compound when used individually. Its 
antagonistic interaction with 2,4-D excludes the 
possibility of using the compound in binary mixtures 
with 2,4-D. 
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