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When a danger stimulus (a passing shadow) is presented to the crab Chasmagnathus granulatus, an escape response is elicited that 
habituates after repeated stimulation. Results from previous work suggest that this habituation might be mediated by endogenous 
opiates and, thus, that after an habituation session an analgesic effect on the response to a painful stimulus should be found. The pur- 
pose here was to test this contention. Each crab was lodged in an actometer where two 2-trial sessions with electrical shock stimulation 
were given (SS1, SS2), the intersession interval being 60 or 105 min, and the response activity recorded. In some experiments, repeat- 
ed shadow stimulation was inserted during the interval, and the response activity also recorded. In Expt. 1, shadow sessions of 15 and 
30 trials were tested and a significant decrease of the reactivity to the shock was only shown with 30 trials. In Expt. 2, crabs were im- 
mediately injected after SS1 with distilled water (d.w.) or naloxone (NX) (3.2/~g/g), and a shadow session of 30 trials was given to half 
of the d.w. animals and to half of the NX ones. NX injected crabs showed an increased responsiveness to the danger stimulus during 
the shadow session but no inhibitory effect on pain reactivity to the subsequent painful stimulus. Issues concerning dependence of the 
analgesia on danger stimulus iteration and on stimulus controllability, as well as the opioid nature of the analgesia, are discussed. 

INTRODUCTION MATERIALS AND METHODS 

On the sudden presentat ion of a passing shadow (a 

danger  stimulus),  the crab Chasmagnathus granula- 

tus reacts with an escape response that  habi tuates  af- 

ter repea ted  st imulation t. Romano  et al. 9 demon- 

strated that crabs injected with naloxone before a 

shadow habi tuat ion session show a higher response 

level than controls,  and that this enhancing effect ap- 

pears  over  trials. Accordingly,  they advanced the hy- 

pothesis that this habi tuat ion process might be me- 

diated,  at least part ial ly,  by an endogenous  opioid 

mechanism. Should such an explanat ion prove via- 

ble, an i terated st imulat ion with the shadow would be 

expected to induce an analgesic naloxone-reversible  

effect. Analgesia  following non-painful stimulus has 

been widely repor ted  (e.g. refs. 2, 4, 5, 10), so that a 

danger stimulus could conceivably have analgesic ef- 

fects on the response to a painful one. The purpose  of 

the present  paper  is to test such a hypothesis.  

Animals 
The animals used were adult  male Chasmagnathus 

granulatus crabs 2 .8 -3 .0  cm across the carapace,  col- 

lected from water  less than 1 m deep in the ' r ias '  (nar- 

row coastal inlets) of San Clemente  del Tuyu, Argen-  

tina, and t ranspor ted  to the laboratory ,  where they 

were lodged in glass tanks (35 x 48 x 27 cm) with 

walls painted black and with a 1 -2  cm depth  of water,  

brought  from the same place where the animals had 

been captured.  The mean wet weight was initially de- 

termined (17.3 g, S.E. = 0.2, n = 60) and, in experi- 

ments where a certain drug dose (/xg/g) was adminis- 

tered,  the absolute drug amount  to be injected was 

calculated according to this mean.  Both holding 

room and exper imental  room were kept  at a constant 

t empera ture  (18-20 °C). Exper iments  were con- 

ducted 1, 2 or  3 days after arrival of the animals. 

Each crab was used in one exper iment  only. 
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Apparatus 
The apparatus used is described in detail else- 

where 9. Briefly, the experimental unit was the ac- 
tometer: a plastic container suspended by 3 strings 
from an upper wooden framework (23 × 23 × 30 

cm), illuminated through a translucent paper lid by a 
10 W lamp, and its bottom in contact with a phono- 
graph needle. The crab was lodged in the container, 
whose floor was covered to a depth of I cm in water 

and had two stainless steel electrodes connected to 
the output of an electric stimulator. A motor dis- 
placed an opaque screen that shed a neat shadow on 

the translucent lid, thus eliciting an escape response 
from the crab. Container movements caused by the 
crab's reaction to a shadow or to an electrical shock 
induced voltage changes in the piezoelectric element 
of the phonograph needle, which were amplified, in- 
tegrated and translated into arbitrary numerical units 

ranging from zero to 510 ( 1 unit = 0.02 V). Amplifi- 
cation was chosen in such a way that the maximum 
score remained below 510 units, which were pro- 
cessed by a computer. A clasp was fixed on the wood- 
en framework in order to support a syringe and a Tef- 
lon tube through which the crab could be injected. 

The experimental room had 40 actometers quite 
isolated from each other by lateral partitions and a 

frontal wall. 

Procedure 
Each crab was moved from the holding room to the 

experimental room, where a stainless steel needle 
was implanted 3 mm deep through a specific point on 
its carapace a. The needle was connected by a Teflon 
tube to a syringe previously filled with the required 
solution. The crab was lodged in the container of the 
actometer and the syringe fixed by the clasp. 

(a) First shock session SS1. After 30 min adapta- 
tion, crabs received one 2-trial session, called here- 
inafter the first shock session (SS1). Trial time was 9 s 
and the intertrial interval 3 min. Each trial consisted 
of 2 electrical shocks, 50 Hz, 6 V, 0.2 s: one at the 
first trial second and the other at the fifth second. 
Each crab's activity was recorded during the entire 
trial time. The addition of the recorded activity dur- 
ing the two trials was considered as the first level of  
response to the electrical shock (R1). 

(b) Inter-shock session interval SS1-2. Immedi- 
ately after the last trial of SS1, the crab was injected 
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(100/zl) with distilled water (d.w.) or with a solution 

of naloxone-HC1 (Sigma, U.S.A.). Previous work 

has demonstrated that an injection of 100/~1 d.w. pro- 
duces no detectable alteration in the crab's perfor- 
mance 1'6, a finding in agreement with those reported 

for other euryhaline arthropods. The time interval 
SS1-2 was 60 or 105 min. Some groups of animals 
had no further treatment during SS1-2, but other 
groups received a session of stimulation with the pas- 

sing shadow, i.e. the shadow session. This shadow 

session included 15 trials (45 min) or 30 trials (90 

min), and each trial consisted of passing the opaque 
screen 4 times over the actometer. Trial time was 9 s 
and the intertrial interval 3 min. Each crab's activity 

was recorded during the entire trial time, but in order 
to simplify the data treatment, scores for blocks of 3 

consecutive trials were added. 
(c) Second shock session SS2. After the SS1-2 in- 

terval, animals received the second shock session 
(SS2). This session was identical to SS1. Total re- 
corded activity during the two trials was considered 

as the second level of response to the electrical shock 
(R2). 

Experimental design 
Forty animals were used in each group. Pertinent 

details on experimental group formation and treat- 
ment are given under each heading in Results and 
Discussion. 

In order to estimate the effect of a shadow session 
on R2, the percentage of  response decrease for each 
animal was calculated, i.e. (R1-R2/R1) x 100. 

RESULTS AND DISCUSSION 

Experiment 1 

Eighty crabs were randomly distributed in two 
groups: a 60min-H20-CONTROL group and a 
60min-H20-SHADOW group. The 60min-H20- 
CONTROL group were injected with d.w. immedi- 
ately after SS1 and had no shadow presentation dur- 

ing the 60 min, SS1-2 interval. The 60min-H20- 
SHADOW group were d.w. injected immediately af- 
ter SS1 but 15 min after the injection a 15-trial shad- 
ow session was given, so that the SS1-2 interval was 
60 min. Both groups were run together. 

Means of response decrease (%) for these groups 
are shown in Fig. 1A. No significant intergroup dif- 
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Fig. 1. Mean decrease in percentage of response level to elec- 
trical shock (SS) when a shadow session was not inserted during 
the SS1-2 interval (white bars) and when it was (hatched bars). 
A: 15-trial shadow session. B: 30-trial shadow session. 

ference was found (tTs= 0.58). 

Eighty crabs were randomly assigned to two 

groups: a 105min-H20-CONTROL group and a 

105min-H20-SHADOW group. The design for these 

groups was similar to the 60min groups, except that 

the SS1-2 interval was 105 rain and the 105min-HzO- 
S H A D O W  group had a 30-trial shadow session. 

A t-test performed on the mean response decrease 

(%) of these groups (Fig. 1B) showed a significant in- 

tergroup difference (t78 = 2.7, P < 0.01). 

Fig. 2 presents the performance of both S H A D O W  

groups with the shadow stimulus. The fall in the re- 
sponse scores is very similar for both groups during 

the first 15 trials, tending to decrease to a total of 

100-120 units for the 5th block of 3 trials, i.e. a very 

low value since it represents roughly 35 units per tri- 

al. When 15 extra trials were added (105min-HzO- 
S H A D O W ) ,  the response level kept the asymptotic 
low value reached during the first 15 trials. 

These findings suggest the following conclusions: 

(1) Neither a d.w. injection after SS1 nor 60-105 
min of SS1-2 interval, nor even a 15-trial shadow ses- 

sion inserted during the SS1-2 interval, produce a 

decrease in the response level to shock. However,  
when 30 trials with the shadow stimulus are given 
during the SS1-2 interval, a significant decrease in 
shock response is recorded. 

(2) The second 15 trials in the 30-trial shadow ses- 
sion (105min-HzO-SHADOW) induce a low number 
of responses. This finding hints that the inhibitory ef- 
fect of the shadow presentations on the reactivity to 
shock correlates more closely with the number  of 
stimulations than with the number of responses. 
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Fig. 2. Mean response scores to the shadow stimulus. Dashed 
line: 15-trial shadow session; uninterrupted-line: 30-trial shad- 
ow session. 

Experiment 2 
One hundred and sixty animals were randomly 

assigned to 4 groups: a HzO-CONTROL,  a H20- 

S H A D O W ,  a NX-CONTROL and a N X - S H A D O W  
group, all of them with a 105 min SS1-2 interval. The 

H e O - C O N T R O L  group was injected with d.w. im- 

mediately after SS1 and had no shadow presentation 

during the SS1-2 interval; the H 2 0 - S H A D O W  
group was also d.w. injected but 15 min after the in- 

jection a 30-trial shadow session was given; the NX- 

C O N T R O L  group received a 3.2/~g/g dosis of nalox- 
one and had no shadow presentation during the 

SS1-2 interval; the N X - S H A D O W  group was also 

naloxone injected but 15 min after injection a 30-trial 
shadow session was given. The 4 groups were run to- 

gether. 
Fig. 3 depicts the mean response decrease (%) for 

the 4 groups. Inspection of this bar-chart suggests 

that the decrease in reactivity to shock caused by 30 

presentations of a passing shadow is abrogated by na- 
loxone pretreatment,  and that this pretreatment per 

se has no influence on the response level. This im- 
pression was confirmed when a Duncan multiple 
range test was performed for intergroup compari- 
sons. Differences between the mean response de- 
crease (%) of the H 2 0 - S H A D O W  and each of the 
other 3 groups were significant at the P < 0.01 level 

(protection level: 97.0%). Comparisons of H20-  
C O N T R O L ,  N X - C O N T R O L  and N X - S H A D O W  
inter se, showed no significant differences even at P 
< 0.05, i.e. even when the protection level was low- 
ered to 85.7%. It must be pointed out, besides, that 
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Fig. 3. Mean decrease in percentage of response level to elec- 
trical shock (SS). Control groups: no shadow session was in- 
serted during the SS1-2 interval; shadow groups: a 30-trial 
shadow session was inserted during the SS1-2 interval. 

only the mean response decrease % of the H20-  
S H A D O W  was significantly different from zero (t38 

= 6.9, P < 0.001). 
Fig. 4 shows mean scores of response to the shad- 

ow stimulus vs consecutive blocks of 3 trials for both 
the N X - S H A D O W  (dashed line) and the H20-  
S H A D O W  (full line). An A N O V A  (mixed repeat-  

ed-measures,  2 x 5) per formed on data correspond- 
ing to the first 5 blocks (15 trials) disclosed a signifi- 

cant effect of the trial blocks (F4,312 = 27.7, P < 
0.005) and significant drug x trial blocks interaction 

(F4,312 = 6.2, P < 0.005), although the main drug ef- 
fect failed to reach significance (F1,TS = 1.3). A simi- 
lar A N O V A  per formed only on data from blocks 
2 - 5  (2 x 4), confirmed the reliability of the main ef- 

fect of trial blocks (F3,234 = 4.5, P < 0.005), but here 
a significant drug action was patent  (F1,78 = 4.2, P < 
0.05), although interaction proved non-significant 

(F3,234 = 0 . 7 ) .  This analysis indicates that in a shadow 
session, naloxone had a reliable enhancing effect ap- 
pearing over  trials, thus confirming previous results 9. 
However ,  after 15 trials such an effect seems to dis- 
appear.  

To  sum up, 4 conclusions stem from results of 
Expt.  2: 

(1) Neither  a d.w. injection after SS1 nor 105 min 
of SS1-2 interval produce a decrease in the response 
level to the shock, but if a 30-trial shadow session is 
inserted during the SS1-2  interval a sharp fall in the 
response level occurs. These results are consistent 
with those obtained in Expt.  1. 
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Fig. 4. Mean response scores to the shadow stimulus during the 
30-trial session. Dashed line: d.w.-injected animals; uninter- 
rupted line: naloxone-injected animals. 

(2) A naloxone injection after SS1 produces no 

change in the response level to the shock. 
(3) A naloxone injection after SS1 prevents a 30- 

trial shadow session from producing its recorded de- 

pressing effect on R2. 
(4) Naloxone pre t rea tment  has an enhancing ef- 

fect on the response to the shadow stimulus that ap- 
pears over  trials and tends to disappear after 15 tri- 
als, i.e. 1 h after the injection. The former  finding is 
consistent with that of a previous report  9, and regard- 

ing the latter, it might reflect a decline in naloxone ef- 
fect with time. Besides, it is worthwhile stressing 
that, when the scores for the 30 trials are considered 
together,  the N X - S H A D O W  group presents a higher 

response level to the shadow stimulus than the HzO- 
S H A D O W  group, although no inhibitory effect on 

R2 could be shown in the N X - S H A D O W  group. This 
result supports the suggestion put forward in Expt. 1, 

namely,  that the inhibitory effect of shadow presen- 
tation on R2 fails to correlate with the level of re- 
sponse to the shadow stimulus but rather with the 
number  of times the stimulus was presented.  

DISCUSSION 

The prime conclusion from this paper  is that a 30- 
trial session with a passing shadow, induces opioid 
analgesia, tested by an electrical shock. This finding 
is closely related to results from other experiments 
conducted in our laboratory: firstly, those reporting 
an enhancing effect of naloxone pre t rea tment  on the 
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response level to the danger stimulus (ref. 9; see also 

Expt. 2, Fig. 4, in the present paper); and secondly, 

those reporting that morphine administration pro- 

duces an inhibitory effect, naloxone reversible, on 

both the reactivity to an electrical shock 6 and to a 

passing shadow s . Taking these results into account, 

the following general conclusion seems reasonable: 

repeated presentation of a passing shadow induces in 

the crab an endogenous opiate release, which re- 

duces the response level to the danger stimulus 

(short-term habituation to an iterated danger) and to a 

subsequent painful stimulus (iterated danger-induced 

analgesia). Two issues related to this conclusion de- 
serve consideration. 

The first concerns the danger stimulus iteration 

necessary to induce analgesia as well as the opioid or 

non-opioid nature of this analgesia. Apparently,  this 

query is answered in Expt. 1 :30 but not 15 trials ev- 

ery 3 rain are able to reduce the reactivity to a painful 

stimulus and the analgesia seems to be opioid in na- 

ture. However,  we cannot dismiss the possibility that 

by using lower voltage electrical shocks during test- 

ing, a lower number  of danger stimulus presentations 

would be necessary, perhaps disclosing a non-opioid 

analgesia. Actually, the enhancing effect of naloxone 

pretreatment appears after the first block of trials 

(Fig. 4, Expt. 2), suggesting that a non-opioid stage 

may be preceding the opioid one (an issue widely dis- 
cussed in ref. 9). 

The second question concerns the relation be- 

tween analgesia and stimulus controllability. The 

danger stimulus used as inductor in the present ex- 

periments has been uncontrollable, but so far it is un- 

known whether uncontrollability proves crucial for 
analgesia here. 

These two questions were specially addressed in 
several studies on rats (e.g. ref. 3, 7). However,  

there is a sharp difference in the type of stimulus used 

for inducing analgesia. Whereas in rat experiments 

the stimulus was painful, here crabs were exposed to 

a non-painful stimulus. Thus, further work on these 

issues using a danger stimulus as analgesia inductor 
seems promising. 
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