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PREFACE

The Fifth International Congress of Pesticide Chemistry, sponsored by the International
Union of Pure and Applied Chemistry, and organized jointly by the National Science Council
of Japan, Pesticide Science Society of Japan and Japan Plant Protection Association, was
held at Kyoto International Conference Hall in Kyoto, Japan, 29 August - 4 September
1982.. The opening of the Congress culminated four years of intensive planning by the
Scientific Programme Committee, the Organizing Committee, and a host of internationally
recognized scientists dedicated to pesticide chemistry. The main theme of the Congress,
Human Welfare -- Environment -- Pesticides, was intended to encompass current research
topics in pesticide chemistry, not only for increased agricultural production, but also
for public health purposes. Xenobiotics other than pesticides were also included. One
thousand, six hundred scientists from 55 countries attended the Congress.

Two distinguished scientists, Professor Dr. K. H. Blichel, Bayer AG, Leverkusen, FRG, and
Dr. I. J. Graham-Bryce, East Malling Research Station, UK, presented plenary lectures
dealing with political, economic and philosophical aspects of pesticide use, as well as
future pesticide research for improving human welfare. A number of distinguished invitees
also addressed the Congress participants, including the President of IUPAC, Professor

S. Nagakura.

Eight main topics were selected as the subjects of the Congress, either because of their
timely nature or because the area needs critical review. They included: Synthesis of
Pesticides and Growth Regulators; Chemical Structure and Biological Activity; Bioactive
Natural Products: Chemistry, Biochemistry and Physiology; Biochemistry of Pests and Mode
of Action of Pesticides (including Mechanism of Resistance and Phytotoxicity); Metabolism
and Degradation of Pesticides and Xenobiotics; Toxicology of Pesticides and Xenobiotics;
Pesticide Residues and Methodology; and Formulation Chemistry. Each main topic included
one symposium and several poster-discussion sessions.

Each symposium consisted of several invited presentations, providing the participants with
current and provocative overviews on important aspects of the respective topics.
Poster-discussion sessions constituted the main body of presentations to the Congress and
were intended to cover a wide variety of areas. Each included a few invited papers in
addition to the contributed papers. Invited scientists served as leaders during the
follow-up discussion after the poster presentations. Overall the Congress was organized
into 49 sessions under the eight main topics with 694 submitted papers, including 236
invited papers.

In addition to the eight main topics encompassed by the Congress, three complementary
symposia dealing with related subjects were held simultaneously, with 31 invited
presentations: Pyrethroid Insecticides -- Biological Activity, Mode of Action, Metabolism
and Toxicology; Antibiotics for Agricultural Use; and Herbicides and Plant ‘Growth
Regulators for Rice Culture.

The proceedings of the Congress, entitled Pesticide Chemistry: Human Welfare and the
Environment, comprise four volumes containing over 250 invited papers presented at the
symposia, complementary symposia, and poster-discussion sessions. Specifically, the
contents are: Volume 1: plenary lectures, synthesis, structure-activity; Volume 2: natural
products, complementary symposia; Volume 3: mode of action, metabolism and degradation,
toxicology; and Volume 4: residue analysis, formulation chemistry. It is sincerely hoped,
by this overview of the present status of chemical and biochemical pest control, that
readers gain an appreciation of how pesticide science continues to contribute to human
welfare.

Junshi Miyamoto

Philip C. Kearney

#i
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Biochemical Systems as Possible Targets for Pesticides

INFLUENCE OF CHLORINATED AND
PYRETHROID INSECTICIDES ON CELLULAR
CALCIUM REGULATORY MECHANISMS

Fumio Matsumura
Pesticide Research Center, Michigan State University, East Lansing, Michigan 48824, USA

Abstract - Chlorinated and pyrethroid insecticides have been found to inhibit various Ca-
stimulated ATPases in the nerve. Two ATPases that were found to be particularly sensitive
to these insecticides were Ca-ATPase and Ca-Mg ATPase. The prgposed functions of these
enzymes are reduction of intracellular Ca  and regulation of Ca = permeability across the
nerve plasma membrane for the fg;mer enzyme, and Ca  pumping and Ca  sequesteration
to keep the intracellular free Ca  concentration low for the latter. The former is mainly
inhibited by DDT, and the latter is particularly sensitive to heptachlor epoxide and other
cyclodiene insecticides. Though pyrethroids affect both enzymes, pyrethrin and its closely
related analog allethrin selectively inhibit Ca-ATPase, and cypermethrin and decamethrin
have more profound effects on Ca-Mg ATPase. Permethrin, on the other hand, affected both
enzymes. Two most likely consequences of inhibition of these enzymes are membrane
destabilization and synaptic facilitation due to increased transmitter release, respectively.

\

INTRODUCTION

Regulation of calcium is viewed as a vital function of the nerve cells in maintaining gxcitability. Recent
reports indicate that in the_gquid giant axon, the intracellular concentration of Ca  (free calecipm) is
maintained at about 2 X M while its extracellular concentration stays in the order of 2 X 10 "M (1).
Therefore, there is a 10"-fold gradient of calcium across the nerve membrane. Reduction of this
gradient either by lowering the external caleium (2) or increasing the internal calcium (3) results in a
destabilization of the axon.

In 1969 it was found by two groups of scientists that nerve ATPases are sensitive to chlorinated
hydrocarbon insecticides (4,5). Subsequent research works have shown that two types of ATPases,
mitochondrial (6) and Ca-stimulated ATPases (7), are particularly sensitive to these insecticides. The
funetion of the former ATPase is known to be coupled to energy production, and indeed in vivo the
system works to synthesize ATP from ADP and inorganic phosphate. The functions of the latter ATPases
have not been known until recently. However, there has been a tremendous progress made in this regard
recently, and we know now much more about the meaning of the presence of these ATPases in the
nervous system.

In this paper I have made an attempt to summarize our work in the past 10 years on the inhibitory action
mechanisms of chlorinated and pyrethroid insecticides on nerve ATPases. As will be shown, we have
found that these insecticides have profound effects on the enzymes involved in caleium regulation. Such
actions could explain at least some of the symptoms these chemieals induce.

GENERAL MECHANISMS OF CALCIUM REGULATION

The general scheme of caleium regulation in a cell is illustrated in Fig. 1. The major machineries
eliminating intracellular calcium and thereby maintaining a low intracellular concentration are (a) Ca-
Mg ATPase which is generally considered to be responsible for Ca-pump and (b) Na/Ca exchange which
will be explained later. Contractile proteins usually constitute an inner cell membrane network which
acts as a supporting layer to the cell membrane such as axolemma. They consist of actin-myosin type
proteins which bind with caleium though it is not a caleium-regulating component per se. In addition
there is an ecto ATPase which is activated by Ca and Mn ~ (8) at the surface of the cell. This overall
scheme is generally applicable to the axonic system.

In the case of synaptic system (Fig. 2), however, there are some specific modifications of this general
scheme. The major function of the synaptic organization is to regulate synthesis, loading and release of
transmitters. Though there are a member of theories as to how this is done, there appears to be general
agreement on the role of calcium being the vital link to a_H synaptic transmitter releasing processes.
Here an increase in the intracellular concentration of Ca ~ at the presynaptic terminal triggers the
process leading to the release of transmitter. It is known that influx of caleium in the presynaptic region
is stimulated by depolarization. Within the synapse, however, Ca  is sequestered by two distinetly
different organelles, endoplasmic reticulum and by mitochondria. There have been heated debates as to

3



4 F. Matsumura

which of these organelles seem to be more important in controlling ca™. Recent studies, however,
clearly show that the former is much more important in this regard (10). M jtochondria, though they hgve
high caleium capacities, do not seem to be sensitive enough at low Ca to be the Ca  regulating
organelle at the normal physiological condition. cé"’
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Fig. 1. Diagramatic sketch showing the regulation of ca’" and the interrelationships gmong
the levels of extra- and intra-cellular Ca , the Ca-pump gnd Na;gump of nerves. Ca may
enter the nerve cells and axons via passive influx or Na - Ca  exchange diffusion. The
concentration of Ca  bound to the outer surface of the membraqﬁ is prggably controlled by
ecto-ATPase and its gptimum concentration is in mM range (10 “ - 10 "M). The levels of
mintragllular_ a  coming to the inner surface of the membrane is in the range of uM
levels (10 ° - 10 "M). The levels of free intracellular Ca  are dependent on the balance of
influx and efflux, and equilibrium reached by the interaction of Ca ~ binding proteins. (The
role of mitochondria is omitted from this figure for simplification.) The Ca-pump and Na-
pump are the functigg of the membrane-bound ATPase while the ecto-Ca-ATPase work to
keep the level of Ca  at the outer surface of the membrane. Inhibition of this enzyme leads
to a decrease in the level of surface bound Ca ~ and results in destabilization of the nerve

cell,
[ Sketeh modified from Vineenzi and Hinds (10).]

Regulation of calcium within the synaptosome is viewed as homologous to the one found in the muscle,
where caleium is stored in the intracellular lumen, sarcoplasmie reticulum of w}gch lining is loaded with
Ca-Mg ATPase. The function of this Ca-Mg ATPase is apparently to pump Ca from the intracellular
sites into the lumen where the binding proteins (e.g., calsequestrin) can tie up the bulk of calecium.

DDT INHIBITION OF Na-Ca ATPASE

Figure 3 shows the effect of different concentrations of Ca'" on lobster nerve ATPase activity under the
standard assay condition.

It can be seen that Ca' ' stimulates the total ATPase activity in lobster nerves both in control and nerves
treated with DDT. The optimum concentration of Ca  which produces maximum stimulation in the
ATPase activity was found to be 0.3 mM. The total percent increase at this concentration over the base
value was found to be around 94%.



Insecticides and Calcium Regulatory Mechanisms

It must be noted here that not all of the Ca-stimulated ATPase activity was inhibited by DDT under this
experimental condition. For the sake of clarity here Ca-stimulated ATPase activities are divided into
two groups: DDT-sensitive and DDT-insensitive Ca-ATPases. The activity due to the DDT-sensitive
ATPase may be obtained by subtracting the value for control by that for DDT-treated (i.e., "difference").
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Fig. 2. Schematic illustration of the overall effects of heptachlor epoxide on the processes of
transmitter release. Arrows represented by solid lines show that the process is stimulated by
heptachlor epoxide. Those represented by dotted lines show its inhjhitory effects, The
overall effect of heptachlor epoxide is the increase of interpal free Ca  which triggers the
release of the transmitter. The role of mitochondria in Ca  regulation was not examined in
this work.

The percent DDT inhibition, shown as the "difference" between control and control + DDT, was found to
be between 30-40% under the present conditions.

To study the nature of this enzyme, using the standard assay conflition, t_pe effeets of monovalent cations
(Na and K ') were studied. The optimum concentrations of Na' and K for DDT-sensitive Ca-ATPases
were found to be 60 mM, The values were lower, than those for DDT-insensitive Ca-ATPases. In another
set of experiments, Na was replaced with Li . Under such conditions, the DDT sensitivity of the
ATPase activity was s_;ill observed, suggesting thereby that, unlike Na-K ATPase, Na ions could be
partially replaced by Li for the maintenance of the activity of this enzyme.

The effect of incubation temperature on the levels of DDT inhibition also was studied. It was found that
DDT inhibition was more pronounced at low temperature. The DDT-sensitive ATPase has a lower
temperature quotient (Qm=1.26) than the insensitive one (Q10=1.70).

To study the nature of this DDT-sensitive ATPase, we have also examined the effect of various inhibitors
and neuroactive agents (Table 1). It was found to be sensitive to lanthanum (I,,=1 mM) and Ruthenium
red (I., = 10 uM). The high potency and specificity of Ruthenium red as an inhibitor of Ca-ATPase as
opposgg to Mg-ATPase is well documented by Watson et al. (11). Also it is clear that the concentration
of Ruthenium red needed to inhibit Ca-Mg ATPase was much higher the)n that known to inhibit

mitochondrial Ca-ATPase which has been documented to be in the order of 10 ‘M.

The sensitivities to ojﬁner neuroactive agents which have similar mode _%(' action as DDT were: veratrine
37%, inhibition at 10 ~ g/ml and D-trans-allethrin 41% inhibition at 10 "M. Cyanide ion had little effect
up to 10 mM. Likewise iodide ion had little or no effect. However, fluoride and mersalyl acid (12) seem



