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Abstract: A series of ten aminophosphonate derivatives were assayed for their
hemolytic activity as a preliminary screening for the detection of herbicides.
The data obtained indicate:
1. A clear correlation between the hemolytic capacity of the test compounds and
their plant growth inhibition and an increase in membrane fluidity was
demonstrated.
2. It was found that the most active compounds revealed at least one of the
following structural features: an iso-propyl substituent at the phosphorus atom,
a tert-butyl group attached to their hexane ring or a long hydrocarbon chain.
3. Ring substituents at the phosphorus (phenyl ring), carbon or nitrogen atoms
(hexane) removed the hemolytic activity of compounds.
4. It may be concluded that the hemolytic toxicity of the aminophosphonates
studied is related to their ability to incorporate and fuse into the lipid phase of
the erythrocyte membrane.
The general conclusion is that both stereochemistry and hydrophobicity are
deciding factors for the efficiency of the interaction of the studied compounds
studied with erythrocytes, and that the most possible location of the
aminophosphonates is in the lipid phase of the RBC membrane.
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INTRODUCTION

Many organophosphorous compounds exhibit pesticidal capacity. This is the
reason why new compounds belonging to this group are still synthesized. In this
study such new compounds were tested for their hemolytic toxicity. It was
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already shown [1-5] that erythrocytes are a convenient tool to study various
membranous effects induced by biologically active compounds such as
aminophosphonates. Thus, the present study was motivated and directed by the
previously established consideration [1, 2] that the hemolytic activity of
aminophosphonates may represent their herbicidal potencies. Some authors
suggested that the biological activity of aminophosphonates is correlated to
their lipophilicity [6]. Hemolysis is commonly regarded to occur due to an
effect on the lipid phase of the erythrocytes, which justifies the use of RBC in
preliminary determination studies of the potential herbicidal activity of different
compounds. It must be noted that the mechanism of the biological activity of
aminophosphonates has not been completely resolved [7].
The newly-synthesized aminophosphonates studied in this work, both acyclic
and cyclic, differed in the structural substituents at their nitrogen, carbon and
phosphorus atoms. In addition to elaborating on the pesticidal properties of
aminophosphonates, such an approach may further contribute to our knowledge
of the structure Ń  function relationships of such compounds.

MATERIALS AND METHODS

The aminophosphonates studied were synthesized in the Department of Organic
Chemistry, Biochemistry and Biotechnology, Wroc”aw University of
Technology. The synthesis protocol and the spectral data of the
aminophosphonates was given earlier [8, 9]. The general structure of the
aminophosphonates studied and particular substituents are collected in Table 1.
Fresh heparinized pig blood was used in the hemolytic experiments. The
erythrocytes (RBC) were washed four times in a phosphate buffer of pH 7.4,
then incubated in it after the addition of aminophosphonates, at 37°C for 4
hours. The hematocrit was 2%. The percentage of hemolysis was measured for
1 ml samples taken after 0.5 h of incubation. They were centrifuged and the
hemoglobin content in the supernatant was measured with a Specol 11
spectrophotometer (Carl Zeiss, Jena, Germany) at 540 nm. The concentrations
of aminophosphonates causing 100% hemolysis were determined (C100).
Fluidity experiments were done on erythrocyte ghosts, prepared according to
[10]. They were subjected to the action of the compounds studied at
concentration of 20 µM. The fluorescent probe was TMA-DPH {[1-(4-
trimethylammoniumphenyl)-6-phenyl-1,3,5-hexatriene] p-toluenesulfonate} at
1 µM concentrations. The measurements were performed with a SFM 25
spectrofluorometer (KONTRON).
The anisotropy coefficient (A) was calculated according to the formula [11-13]:

A = (III - GI⊥ )/(III + 2GI⊥)                                                 (1)
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where III Ń  the intensity of fluorescence emitted in a direction parallel to the
polarization plane of the exciting light, I⊥ - the intensity of fluorescence emitted
in a direction perpendicular to the same, and G Ń  a factor used to correct for the
inability of the instrument to transmit differently polarized light equally.
All the reagents used were of analytical grade. The fluorescent probe TMA-
DPH was purchased from Molecular Probes Inc. (Eugene, USA).

Tab. 1. The general structure and substituent groups of the aminophosphonates studied.

Compound
     no.

     R1       R2         R3         R4

         1     n-C4H9      C2H5       CH3       CH3
         2     n-C4H9       CH3       CH3       CH3
         3     n-C4H9     i-C3H7       CH3       CH3
         4     n-C4H9      C2H5       C2H5       CH3

5  n-C4H9 n-C4H9 CH3 CH3
6 n-C4H9 n-C4H9 Sec-t-C4H9
7 n-C4H9 n-C4H9 -C6H12-
8 -C6H12- C2H5 n-C4H9 CH3
9 n-C4H9 -C6H5- CH3 CH3

       10     n-C10H21 i-C3H7               -C5H10-

RESULTS AND DISCUSSION

The results of studies on the hemolysis of erythrocytes and the fluidization of
erythrocyte ghost membranes by aminophosphonates are collected in Table 2.
The fluidization studies were performed at aminophosphonate concentrations
far below potentially hemolysing ones (20 µM). The anisotropy changes (∆A)
relative to the control were determined. Note that the majority of the
aminophosphonates studied did not hemolyze erythrocytes at concentrations of
up to 0.01 M.
It was found that the most active compounds had at least one of the following
features: an iso-propyl substituent at the phosphorus atom (compounds 3 and
10), a tert-butyl group attached at hexane ring (compound 6) and a long
hydrocarbon chain (C10H21) substituted at the nitrogen atom (compound 10).
The best effects were observed for compound 10 which combined two of the
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mentioned features, namely a long chain and an iso-propyl group. Those
findings concur with previous conclusions concerning the structural features of
aminophosphonates related to their herbicidal action [12, 13]. Generally, the
cyclic compounds (6 and 10) hemolyzed RBC more efficiently than acyclic
ones, but it seems that their hemolytic activity is due to the mentioned
substituents. Such a conclusion does not concern compound 7, the low activity
of which is probably due to the large heptane ring substituted at its carbon atom.
Since hemolytic activity or a lack of it should be the result of the interaction
between aminophosphonates and the lipid phase of the RBC membrane, it was
reasonable to perform additional experiments concerning the fluidization of this
membrane by the aminophosphonates studied. The results of the fluidization
experiments, presented as the change of anisotropy of the TMA-DPH probe
incorporated into ghost erythrocyte membranes in relation to the control sample
(untreated with aminophosphonates), are also collected in Table 2. The data
clearly indicate a direct correlation between increased hemolytic activity and
increased fluidity. As shown (Tab. 2), a small change in anisotropies was
observed for non- or weakly hemolyzing aminophosphonates, while those
efficiently hemolyzing also significantly changed the fluidity of the ghost
membranes (compounds 3, 6 and 10, Tab. 2). The results obtained show that
lipophilicity, i.e. the ability to incorporate into the lipid phase of RBC
membranes, was the deciding factor for the potential usefulness of the
aminophosphonates. However, shorter but branched substituents (iso-propyl)
also rendered the aminophosphonates more efficient. It may be speculated that
„bulk„ lipophilicity is as important as that connected with hydrocarbon chain
length (n-butyl).

Tab. 2. Concentrations of aminophosphonates causing 100% hemolysis of erythrocytes
(C100) and anisotropy coefficients (A) for TMA-DPH probe.

Compound
no.

   1     2     3    4    5     6    7    8    9   10

C100 [mM] > 10 > 10 0.25 > 10 2.80 0.75 > 10 > 10 > 10 0.60

∆A   [%]   3.9    2.0 15.7    5.1 10.9 12.2   5.5   4.7   2.0 15.0

Standard deviation for C100 determination did not exceed 4%.

The results presented agree quite well with those obtained for the same
aminophosphonates in biological tests we perfomed on the retardation of the
growth of the aquatic plant Spirodela oligorrhiza [8, 9], which proved that the
methods described here may be satisfactory for the preliminary estimation and
screening of compounds for herbicidal activity.
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