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Arginine has a morphine-like action in insects
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Summary. Injections of arginine and morphine increased the voltage of electric shocks necessary to induce a defensive reaction in
the Praying Mantis. The effect of both was inhibited by naloxone.

Recently it has been shown that morphine has an antinoxious
action in 2 arthropods: the mantis shrimp? and the honey bee’.
Morphine increases the threshold for behavioral responses to
electric shocks, i.e. the violent flexure of the body of the
shrimp and the extrusion of the sting in the bee; and naloxone,
if it is injected together with morphine, inhibits this action. It is
also known that morphine and endorphines affect memory for-
mation in vertebrates*, but no report is known for arthropods.
In the praying mantis (Stagmatoptera biocellata) it has been
shown that the levels of arginine in the cerebral ganglia in-
creased in those insects which learned not to attack a moving
star or not to display a defensive reaction (the deimatic reac-
tion®). This increase in the level of arginine was not due to the
training activity in itself but appeared only in those animals
which later retained the learned task®. Injections of arginine
before training induced in this insect consolidation of long
term memory in training situations in which otherwise forma-
tion of long term memory never have occurred’. Therefore, in
this work we compare the antinoxious effect of arginine to that
of morphine in the praying mantis, in order to prepare for
future investigation of the relation between morphine and
memory.

. Praying mantises display a defensive response, i.e. a deimatic
reaction’® when they are touched, presented to a bird, or sub-
mitted to electric shocks on their legs, abdomen, thorax or
head. Electric shocks of increasing voltage were given until the
mantises displayed a full deimatic reaction®. For this purpose,
96 female mantises (12 for each dose tested), were fixed on a
mantis holder, and a teflon cannula was implanted chronically
into the thoracic cavity in order to make the injections’. The
injected volume was always 50 pl. Two stainless steel electrodes

were implanted chronically into the epicranial sklerite to the
extent just necessary to perforate the cuticle. Through them,
square bimodal electric pulses (1 msec duration and 100 Hz) of
increasing voltage were applied until a full deimatic reaction
was observed®. 1 min after measuring this first threshold, the
insects were injected with the drug to be tested, and the voltage
threshold was again measured at 1, 2 and 4 h after the injec-
tion of the drug. This new voltage could be either 0, 25, 75 or
100% higher than the voltage threshold measured before the
injection. If no response was elicited with a 100% voltage in-

Percentage of stimulus threshold increase necessary to produce a full
deimatic reaction after various types of injections

Amount injected
(mg/g of insect)

Stimulus threshold (%) after injection
Median (range) n = 12 :

after 1 h 2h 4h
Arginine +Naloxone
0 0 0( 0-25° 0( 0257 0 (0-25°
35 0 25( 25~ 75)° 25( 0- 50)® 0 (0-25)
5.0 0 100 ( 0-100)° 50 (25-100)° 25 (0-50)°
6.5 0 100 (100-100)° 87 (75-100)¢ 50 (0-75)®
5.0 0.032 37 (25~ 75)° 25( 0- 50)*® 0 (0-25)
Morphine  +Naloxone
0.35 0 100 ( 0-100)° 50 ( 0-100)° 0 (0-75)°
0.35 0.032 25 ( 0-100)° 0 ( 0-100)*° 12 (0-25)*
0 0.032 12( 0~ 75*° 25 ( 0- 50)*° 25 (0-25)*
Analysis of variance H 49.80 37.12 25.56
(Kruskal-Wallis) p < 0.001 < 0.001 < 0.001

25 and 9 indicate statistically different medians for each column given

by the Mann-Whitney U test, « = 0.05.
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crease, this was also computed as 100%, as no higher voltages
were tested to avoid damaging the insects.

The effect of injections of arginine, morphine, naloxone and
mixtures of them on the voltage threshold was studied (table).
We confirmed our earlier results® showing that the dose of
morphine which produced an increase of 50% in the stimulus
threshold 2 h after injection (EDs,) was 0.35 mg/g of insect.
Arginine also inhibited the deimatic reaction in a dose depen-
dent manner, increasing the stimulus threshold. The same con-
centration of naloxone antagonised the effect of morphine and
arginine at their EDy, Naloxone injected alone had no signif-
icant effect on the stimulus threshold until concentrations of
64 ng/g or more were injected®.

These results show that arginine exerts an action in the praying
mantis similar to that of morphine. The fact that arginine also
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affects memory consolidation suggests some similarity to the
effect that opiates have in vertebrates’, indicating that this
amino acid could have a neural activity in insects like that of
endorphines and other opiates in vertebrates, although the ef-
fect of opioids on memory in insects is not yet known. The
concentration of arginine that facilitates memory consolidation
in the praying mantis’ is the same as the ED,, found here. The
actual amount reaching the nervous tissue is unknown, since
the substances were injected into the thoracic cavity of the in-
sects. This fact could explain the need for high doses of these
drugs in our experiments and in those with shrimps and bees,
although other explanations are also possible>*® These find-
ings taken together suggest a neuro-modulator role for ar-
ginine which was formerly unexpected.
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