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Abstract: Experiments were performed in order to check whether biological
activity of some organophosphorous compounds widely applied as herbicides:
2,4-dichlorophenoxyacetic acid (1) and its sodium sat (2), N-
phosphonomethylglycine acid (3) and its sodium salt (4), diethyl 1-butylamino-
1-cyclohexanephosphonate (5) and diethyl 9-butylamino-9-fluorenephosphonate
(6) followed from their oxidative activity. The compounds studied differed in
their polarity and hydrophobicity. On the contrary, it was found that all
herbicides protected erythrocyte membranes against partial peroxidation induced
by UV irradiation. The effect was somewhat differentiated and followed the
sequence: 5>1>2>6>3>4.

The observed differences between the antioxidative activities of the compounds
are probably related to differences in their ability to incorporate into the lipid
phase of the erythrocyte membrane. Once incorporated, they change fluidity of
the membranes. The extent of the changes was determined in fluorescence
measurements. Polarization and anisotropy coefficients of erythrocyte
membranes modified by micromolar concentrations of herbicides at different
temperatures were measured for that purpose. Generaly, they followed the
sequence found for antioxidative activity of the herbicides studied, which
confirms the assumption of close correlation between the depth of incorporation
of a herbicide into the erythrocyte membrane and its protective efficiency.
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INTRODUCTION

Many organophosphorous and phenoxy compounds are known for their
biological activity and are widely used as potent herbicides. Perhaps the best
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known of them are 2,4-D (2,4-dichlorophenoxyacetic acid) and its derivatives
[1-3], dlyphosate (N-phosphonomethylglycine) [4], Trakephon (diethyl 1-
butylamino-1-cyclohexanephosphonate) [5], and aminophosphonic acid
derivatives of fluorene [6, 7]. It is understood that pesticide activity of
organophosphorous compounds, also those studied in this work, is connected
with their lipophilicity, which enables them to incorporate into membranes.
Therefore, it is reasonable to expect that the primary pesticide effects are the
result of perturbations in physicochemical properties of biological membranes
[1, 8]. This may lead to the destruction of the membrane when the concentration
of the lipophilic compound is high enough. On the other hand, the presence of
various compounds in membranes at low concentrations was shown to stabilize
the membranes [9, 10]. It is also possible that some compounds applied at low
concentrations may exhibit other useful features. Indeed, it has been shown that
some compounds, also organophosphorous, when incorporated into erythrocyte
membranes, can protect them against oxidation [11-13].

In thiswork we tried to find whether the oxidative effect, if present, is connected
with the incorporation of the mentioned pesticides into erythrocyte membranes
(RBC) irradiated with UV. They were used at sublytic concentrations so as not
to break membrane integrity. This was checked by fluorometric measurements
that show the membrane fluidity changes induced by the compounds studied.
The measured parameters were polarization and anisotropy coefficients.

MATERIALSAND METHODS

The compounds studied were synthesized in the Department of Organic
Chemistry, Biochemistry and Biotechnology of the Technica University of
Wroctaw. The purity was checked by H-NMR and *P-NMR spectra. The
general structure of the organophosphorous and phenoxy compounds studied and

particular substituents are presented below. OCH,COONa
OCH,COOH
cl cl Cl Cl

2,4-dichlorophenoxyacetic acid (1) 2,4-dichlorophenoxyacetic acid sodium salt (2)

VAN
(HO),(O)P NH COOH (HO),(O)P  NH COONa
N-(phosphonomethyl)glycine (3) N-(phosphonomethyl)glycine sodium salt (4)

C,HgHN P(0)(OC;Hs), CaHoNH  P(O)(OC,H),

diethyl 1-butylamino-1-cyclohexane- diethyl 9-butylamino-9-fluorene-
phosphonate (5) phosphonate ( 6)
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The oxidation studies were performed on erythrocyte membranes from fresh
heparinized pig blood, prepared according to Dodge et al. [14]. Erythrocyte
ghosts were suspended in phosphate solution (131 mM NaCl, 1.80 mM KCl,
0.85 mM MgCl,, 11.80 mM NaHPO,2H,0, 1.80 mM Na,H,PO,H,0) of pH
7.4 a protein concentration ca. 1mg/ml. Lipid peroxidation in the RBC
membrane was induced by UV irradiation (a low-pressure bactericidal lamp,
BakMed, 1.6dz, Poland, 95% energy emitted at wavelengths 253.7 nm, with an
intensity of 3.5 uW/cm?) for 1 hour. The degree of lipid peroxidation was
determined spectrophotometrically by measuring the concentration of malonic
dialdehyde (MDA) released in the samples. MDA is one of the end products of
lipid peroxidation and gives colour reaction with thiobarbituric acid. Further
details were given elsewhere [11]. The fluidity experiments were performed on
erythrocyte ghosts, which were subjected to the action of the compounds
studied. Two fluorescent probes were used at 1 mM concentration. They were
DPH (1.6-diphenyl-1,3,5-hexatriene) and TMA-DPH [(1-(4-
trimethylammoni umphenyl)-6-phenyl-1,3,5-hexatriene p-toluenesulfonate],
purchased from Molecular Probes Inc. (Eugene, USA). The measurements were
performed with an SFM 25 spectrofluorometer (KONTRON, Zurich,
Switzerland) at 25°C and 37°C. The excitation and emission wavelengths were
354 nm and 429 nm, respectively. The polarization (P) and anisotropy
coefficients (A) were cal culated according to the following formulas [15-17]:

P=(li- Gl)/(ly + Glr); A =(ly- Gl )I(In + 2GI») (1)

where |, is the intensity of fluorescence emitted in the direction parallel to the
polarization plane of the exciting light, |~ isthe intensity of fluorescence emitted
in the perpendicular direction, and G is the diffraction constant used to correct
for the inability of the instrument to transmit differently polarized light equally.

RESULTS AND DISCUSSION

The results of antioxidation studies are shown in Table 1. It can be seen that al
the compounds protected lipids of erythrocyte membranes against oxidation by
UV irradiation and that efficiency of this protection increased with the
compounds concentration. Generally, the sequence of the protective ability of
the compounds studied was as follows. 5> 1 > 2 > 6 > 3 > 4. However, it must
be noted that for the concentration of 1 mM compound 4 protected membrane
li pids better than compounds 3 and 6.

The results of membrane fluidity measurements are shown in Figure 1 as the
dependencies of polarization (P) and anisotropy (A) coefficients on
concentrations of compounds 5 and 6, respectively. Both compounds influenced
membrane fluidity in a smilar way, athough compound 6 seems to exert a
dlightly stronger effect.
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Tab. 1. Percentage of oxidation inhibition of erythrocyte membrane lipids vs.

concentration of compounds.

Compound Concentration  Oxidation inhibition [%]
[mM]
1 2,4-dichlorophe-phenoxyacetic 0.5 21.5
acid 1.0 42.2
3.0 70.1
2 2,4-dichlorophe-phenoxyacetic 0.5 19.0
acid sodium salt 1.0 40.3
3.0 66.4
3 N-(phosphono-methyl)glycine 0.5 16.2
1.0 24.3
3.0 60.0
4 N-(phosphono-methyl)glycine 0.5 155
sodium salt 1.0 30.1
3.0 56.2
5 Diethyl 1-butyl-amino-1- 0.5 28.4
cyclohexa-nephosphonate 10 53.5
3.0 721
6 Diethyl 9-butyl-amino-9- 0.5 18.0
fluorene-phosphonate 10 28.5
3.0 65.2

Standard deviation did not exceed 4%.
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Fig. 1. Polarization and anisotropy coefficients versus concentration of compound 5
(left) and 6 (right) with fluorescent probe DPH at 37°C.

Table 2 contains the values of P obtained for two probes (DPH and TMA-DPH)
used at 10 mM concentrations and at different temperatures (25°C and 37°C). As
expected, fluidity was found to be higher at elevated temperatures. Different
values of polarization coefficients indicate a different localization of both the
probes used in the lipid bilayer of the RBC membrane. No significant difference
in sensitivity of both probes to fluidity changes inside the membrane was

detected.
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Tab. 2. Polarization coefficients for compounds studied used at concentration 10 mM at
25°C and at 37°C with fluorescent probes DPH and TMA-DPH.

Compounds Polarization coefficient P
DPH probe TMA-DPH probe

25°C 37°C 25°C 37°C

1 0.304 0.267 0.349 0.263

2 0.320 0.284 0.357 0.323

3 0.278 0.240 0.353 0.327

4 0.298 0.266 0.361 0.320

5 0.333 0.258 0.365 0.304

6 0.366 0.274 0.373 0.321
Control 0.330 0.280 0.345 0.302

Figure 2 presents the concentration of compounds that inhibit UV caused
oxidation by 50% of membrane lipids. In order to do that, all the compounds,
with the exclusion of 6, were used in concentrations higher than those given in
Table 1. The sequence of efficiency of antioxidative protection was the same as
that mentioned above for the highest concentration used in oxidation
experiments.
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Fig. 2. Compound concentrations causing 50% oxidation inhibition.

The general conclusion emerging from the results obtained is that the
organophosphorous and phenoxy pesticides studied may act as moderate
antioxidative agents. Perhaps this is the reason why no increased activity of
some antioxidant enzymes was observed during studies on oxidative stress in
tilapia liver exposed to compound 1 [18]. The antioxidative efficiency of the
compounds studied followed their efficiency to modify fluidity of erythrocyte
membranes. Since that effect depends on the localization of the compounds in
the membrane, the obvious conclusion is that aso the antioxidative action is
governed by the possibility of incorporation of the compounds into the
membranes and the concurrent change in their physicochemical properties. The
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same conclusion was already formulated in the case of studies on the antioxidant
activity of various bifunctional surfactants [19, 20] or toxicity of some
organophosphorous insecticides [8].
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