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The pyrethroid insecticide decamethrin (10 -6 M) caused a frequency-dependent depression of the action po- 
tential in frog myelinated nerve fibres which was associated with a progressive membrane depolarisation brought 
about by summation of depolarising after-potentials. Voltage clamp experiments with single nodes of Ranvier 
showed that this afterpotential was most probably due to a long-lasting prolongation of the transient increase in 
sodium permeability of the membrane. The results indicate that decamethrin, like the other pyrethroids, specific- 
ally affects the sodium channels of the nerve membrane. 
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1. Introduct ion 

In recent years great progress has been 
made in the development  of  synthetic 
pyrethroid insecticides (Elliott, 1977). One of  
the most  promising new compounds  is 
decamethrin (NRDC 161). This compound is 
extremely toxic to insects; it has an LDs0 in 
the order of  0.03 mg/kg and its mammalian 
(oral) to insect (topical) toxicity ratio is 
greater than 2500. Since the symptoms of 
decamethrin poisoning in rats differed signif- 
icantly from those of  other pyrethroids,  it has 
been suggested that  this pyrethroid has a 
novel site of action (Barnes and Verschoyle, 
1974; Elliott et al., 1974). 

It is generally assumed that allethrin, one 
of  the early synthetic pyrethroids,  acts pri- 
marily on the sodium channels of  the nerve 
membrane of  invertebrates as well as of  verte- 
brates causing a prolongation of  the transient 
increase in sodium permeability during excita- 
tion which may result in pronounced repeti- 

tive activity (Narahashi, 1976; Wouters and 
Van den Bercken, 1978). The present results 
clearly indicate that  like allethrin, deca- 
methrin specifically affects the sodium chan- 
nels of  frog myelinated nerve membrane. 

2. Materials and methods 

Compound action potentials of  intact 
sciatic nerves of  the clawed frog, Xenopus 
leavis, were recorded in a moist chamber by  
means of  silver wire electrodes. 

To measure membrane potentials of  single 
nodes of  Ranvier, large myelinated fibres were 
dissected from the sciatic nerve, mounted in a 
Perspex chamber across three partitions and 
sealed with silicone grease. The internodes 
were cut  in isotonic KC1 (120 mM). Ag--AgC1 
electrodes were used for potential  measure- 
ment  and current injection. Membrane poten- 
tials were recorded under current clamp con- 
ditions as originally described by  Franken- 
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haeuser (1957). Additional observations were 
made on voltage-clamped nodes of  Ranvier 
(Dodge and Frankenhaeuser, 1958; Hille, 
1971). 

Decamethrin (OMS-1998; gift from WHO, 
Geneva) was dissolved in acetone as a 10 -2 M 
stock solution. Small amounts of  this solution 
were squirted through a hypodermic needle 
into Ringer solution. The maximum concen- 
tration of  acetone was 0.5% (v/v) which was 
without  significant effect  in control experi- 
ments. The Ringer solution contained (in 
mM): NaC1 116, KCI 2.4, CaC12 2.0, and 
HEPES-buffer 3.0; the pH was adjusted to 
7.3. The experiments on intact nerves were 
carried out  at a room temperature of  20-- 
22°C. Single fibres were cooled to 15 + I°C. 

3. Results 

3.1. Effects on intact nerves 

After exposure of  the sciatic nerve to 
Ringer solution containing 10 -6 M decameth- 
rin for 2 h the amplitude of  the compound 
action potential evoked at a rate of  less than 1 
per 2 sec was only slightly decreased. At 
higher stimulus frequencies, however, the am- 
plitude of  the action potential rapidly 
declined to a plateau level. If the nerve was 
subsequently left unstimulated for a few sec- 
onds the action potential regained its full am- 
plitude. For a given period of  stimulation the 
degree of depression of  the action potential 
and the time required for recovery increased 
with increasing stimulus frequency. This fre- 
quency-dependent  depression, which was 
already apparent after 30 rain of  t reatment 
with 10-6M decamethrin, is illustrated in 
fig. 1A. In some experiments there was a shift 
of  the baseline in the direction of  depolarisa- 
tion during train stimulation. Repetitive activ- 
ity was not  observed in any of the nerves 
treated with decamethrin. 

3.2. Effects on single nodes o f  Ranvier 

After control recordings the normal Ringer 
solution bathing the node was replaced with 
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Fig. 1. A. Tra in  of  c o m p o u n d  ac t ion  po ten t i a l s  
evoked at 100 Hz, followefl  by  a single ac t ion  po ten-  
tial el ici ted 1 sec af te r  t he  end  of  the  t ra in  in a sciatic 
nerve exposed  to  10 -6 M d e c a m e t h r i n  for  105 min.  B. 
Tra in  of  ac t ion  po ten t i a l s  evoked  at  20 Hz in a single 
node  of  Ranvier  t r ea ted  wi th  10 -6 M d e c a m e t h r i n  for  
42 min.  Each ac t ion  po ten t i a l  was fol lowed by a 
depolar is ing a f t e r -po ten t i a l  t h a t  b e c a m e  super im-  
posed  u p o n  the  previous  a f te r -po ten t ia l .  Rest ing po- 
tent ia l  was - -75 m V  (dashed line).  

Ringer containing 10-6M decamethrin. At 
this concentration the pyrethroid did not  sig- 
nificantly affect either the resting potential or 
the shape and amplitude of  the nodal action 
potential evoked at a rate of  less than 1 per 
2 sec. At high amplification a small depolaris- 
ing after-potential was seen following the 
action potential. During stimulation with 
trains of  pulses, however, a progressive 
depolarisation of the nodal membrane devel- 
oped, which returned very slowly to the rest- 
ing potential after the train had ceased (see 
fig. 1B). Apparently, every action potential 
in the train was followed by a small depolar- 
ising after-potential which became super- 
imposed upon the previous after-potential. 
The amplitude of  the action potential 
decreased concomitant ly with the depolarisa- 
tion. The amplitude of  the depolarisation and 
the degree of  depression of  the action poten- 
tial increased with increasing stimulus fre- 
quency. Whether the depression of the action 
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Fig. 2. Inward  sod ium cu r ren t  associated wi th  a s tep 
depo la r i sa t ion  of  60 m V  in a single node  o f  Ranvier  
a f te r  30 rain of  t r e a t m e n t  wi th  5 X 10 -s  M deca- 
me th r in .  The  dashed  line represen ts  the  level to  which  
the  m e m b r a n e  cu r r en t  qu ick ly  r e t u r n e d  af te r  a s tep  
depola r i sa t ion  i n c o n t r o l  expe r imen t s .  Holding po ten-  
t i a l - - 8 4  mV.  

potential was solely due to sodium channel 
inactivation produced by the depolarisation 
or whether an inhibitory action of  decameth- 
rin on membrane sodium permeability was 
also involved is a matter  for further investiga- 
tion. 

Preliminary voltage-clamp experiments 
showed that  after the end of step depolarisa- 
tion which evoked a large inward sodium cur- 
rent, the membrane current did not  return 
rapidly to the holding level as in control 
recordings. Instead, a large inward tail current 
remained (fig. 2) which persisted for more 
than 1 sec. The observation that  a substantial 
inward tail current was already apparent after 
step depolarisations, which evoked no potas- 
sium current (see fig. 2), strongly suggests 
that  the tail current flows through the sodium 
channels of the membrane. 

After t reatment  with 5 X 10 -s M decameth- 
rin the nodal membrane was gradually depo- 
larised by 10 to 20 mV within 1 h. At this 
concentration the frequency-dependent 
effects on the action potential and the inward 
ta i l  currents were qualitatively the same as 
described above. 

4. Discussion 

The results demonstrate that  the decameth- 
rin-induced frequency-dependent depression 
of the action potential in frog nerve fibres is 
associated with a progressive depolarisation of 

the nerve membrane due to summation of 
depolarising after-potentials. The voltage- 
clamp experiments showed that  this depolaris- 
ing after-potential is most probably brought 
about by a long-lasting prolongation of the 
transient increase in sodium permeability of 
the membrane. 

Allethrin, one of the early synthetic pyre- 
throids, also causes a prolongation of the 
transient sodium permeability in frog myelin- 
ated nerve membrane (Vijverberg et al., 
1979). The allethrin-induced sodium tail cur- 
rent, however, decays within 100 msec (at a 
membrane potential of --80 mV), whereas in 
the case of decamethrin it takes more than 
1 sec before the holding current level is 
regained. It appears that,  despite large differ- 
ences in tail current kinetics, both pyrethroids 
affect the sodium channels of frog nerve 
membrane in essentially the same, specific 
w a y .  

Additional experiments showed that  alle- 
thrin, as well as permethrin, did not  induce a 
frequency-dependent depression of the action 
potential in frog nerves as described here for 
decamethrin, even after higher concentrations 
(3 X 10 -s M). On the other hand, cypermeth- 
r i n - - a  pyrethroid with a molecular structure 
identical to that  of permethrin, except for an 
~-cyano group on the 3-phenoxy-benzyl alco- 
hol (Elliott, 1 9 7 7 ) -  also induced a frequen- 
cy-dependent depression of the action poten- 
tial very similar to that  observed after deca- 
methrin (H.P.M. Vijverberg, unpublished ob- 
servations). Decamethrin contains the same 
~-cyano group. Therefore the suggestion is 
that  the dramatic prolongation of the sodium 
permeability in frog nerve membrane by 
decamethrin is related to the presence of this 
~-cyano group. 

Allethrin and permethrin cause pronounced 
repetitive activity in nerve fibres and in sen- 
sory organs of the frog (Van den Bercken et 
al., 1973; Vijverberg, Van der Zalm and Van 
den Bercken, to be published). Such repetitive 
activity was not  observed here in decamethrin 
treated nerve fibres. Very recently, however, 
we have observed that  in the lateral-line sen- 



504 H.P.M. VIJVERBERG, J. VAN DEN BERCKEN 

sory organ of the clawed frog decamethrin 
induced very long trains of impulses which 
may last for up to 15 sec. This type of repeti- 
tive activity is to be expected because of the 
long-lasting prolongation of the sodium per- 
meability induced by this pyrethroid. 
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