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KAMEYAMA, T., T. NABESHIMA AND K. YAMADA. Differences of alteration in opioid systems induced by con- 
ditioned suppression and electric footshock in mice. PHARMACOL BIOCHEM BEHAV 22(2) 249.-254, 1985.--The 
motility, pain-threshold and opioid receptor activities of the synaptic membrane in mice showing conditioned suppression 
of motility were compared with those in mice given only electric footshock. Electric footshock caused analgesia and a 
decrease in motility, both of which were partially reversed by administration of high doses of naloxone. In contrast, mice 
exhibited a marked suppression of motility (conditioned suppression) but not analgesia when placed in the same environ- 
ment 24 hr after the electric footshock in which the animals received the electric footshock. In the electric footshock group, 
the PHl-naloxone binding capacity at low affinity site was increased. These results suggest that the increase in [aH]- 
naloxone binding capacity may play an important role in the behavioral changes of electric footshock group, but not 
conditioned suppression group. 

Conditioned suppression Electric footshock Motility Opioid activity Pain-threshold 

RATS and mice subjected to electric footshock exhibit a 
marked suppression of motility when placed in the same en- 
vironment in which they received the electric footshock. 
This suppression is a stable response and a conditioned 
emotional response to the environment (conditioned sup- 
pression) [1, 15, 16, 17, 18, 25, 26]. FurthermOre, it has been 
reported that this conditioned suppression is attenuated by 
the pretreatment of morphine and cyclazocine [16,25] and 
that the effect of  morphine is antagonized by naloxone [16]. 
Thus, endorphinergic neuronal activity may be altered in 
mice showing a conditioned suppression of  motility. On the 
other hand, accumulated evidence indicates that electric 
footshock produces analgesia and a decreased motility, and 
these responses induced by electric footshock may be 
mediated by the endogenous opioid systems since they were 
totally or partially antagonized by naloxone [6, 11, 24]. Fur- 
thermore, the decreases in exogenous opiate binding, 
presumably due to  an increased release of  endogenous 
opioids, occur in cases of  stress-induced analgesia [7, 10, 
22]. We attempted to determine whether endogenous opioid 
neuronal activity (as evidenced by [SH]-naloxone's binding 
capacity to synaptic membrane of  mice showing conditioned 
suppression of motility) is altered, and to compare the motil- 
ity, pain-threshold and opioid binding activity to synaptic 
membrane of mice showing conditioned suppression with 
those of mice given electrical footshock. 

METHOD 

Subjects 

Male ddY mice, 8 weeks of age, were housed in groups of 

10 in a controlled environment (22+_I°C, 50+_5%) and pro- 
vided food and water ad lib. The room lights were off be- 
tween 8:00 p.m. and 8:00 a.m. 

Apparatus 

Experiments were carried out using a transparent acrylic 
rectangular cage (23x28x 12 cm) with a metal wire floor. The 
apparatus was located in a sound-proof room lit with a 20 W 
bulb. Electric shock (0.1 Hz, 200 msec, 300 VDC) was deliv- 
ered through an isolated stimulater (Nihon Koden, Tokyo,  
Japan). The resistance, when an animal was placed in a test 
cage, varied between 100 and 250 kl). Therefore, an animal 
received electric shocks in the range of  1.2-3 mA. 

Test Procedure 

Behavioral testing was done between 9:00 a.m. and 4:00 
p.m. A mouse was left in the experimental apparatus for 6 
min, given electric footshock and then placed in one of  three 
groups of 10 mice. Each mouse of  electric shock groups was 
tested for pain-threshold and motility immediately (ES0 
group) or 24 hr (ES24 group) after the shock treatment.  Each 
mouse in a third group was again placed in the same appara- 
tus 24 hr after the shock treatment,  but this time no electric 
footshock was given (conditioned suppression (CS) group). 
Corresponding control groups not given electric shock were 
also run. 

Measurement of  Motility and Pain-Threshold 

Pain-threshold was measured by the method of D 'Amour  
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TABLE 1 
COMPARISON OF MOTILITY AND PAIN-THRESHOLD OF MICE BETWEEN ELECTRIC FOOTSHOCK AND 

CONDITIONED SUPPRESSION GROUPS 

Motility Pain-threshold (sec) 

Motility meter median (range) N % of control median (range) N 

Automex 3.0 (1.7-4.6) 8 
5.2 ( 1.8-15.0)~ 27 
3.0 (2.2-6.6) 12 

3.6 2.4-4.0) 

Control 203 (70-257) I I 100.0 
ES,, 28.5 (0-73)* 10 14.0 
ES:,, 151 (40-235) II 74.4 
Control Opto-Varimex 2789 (1662-3730) I I I I)0.0 
CS 528 (6--I 196)t 9 18.9 

Motility of mice in conditioned suppression (CS) and electric footshock (ES,. and ES:.~) groups was recorded as 
described in the Method section by an Opto-Varimex and Automex for 6 min, respectively. Pain-threshold of 
mice was measured by the method of D'Amour and Smith. Values are the median and range. N: number of 
animals. *p<0.01 compared to the control (Automex) group, fp<0.01 compared to the control (Opto-Varimex) 
group, l:p<0.01 compared to the control group. 

and Smith [91. Tail-flick latency in the electric footshock 
groups was measured immediately or 24 hr after the shock 
treatment. Motility of the electric footshock groups was 
measured in a different cage from the shock treatment appa- 
ratus using an Automex (Columbus Instruments, OH) for 6 
min immediately after the measurement of pain-threshold. 
The motility of the conditioned suppression group was 
measured for 6 rain in the shock treatment apparatus sur- 
rounded by an Opto-Varimex (Columbus Instruments, OH), 
a locomotor activity meter. Immediately "after the measure- 
ment of motility, the pain-threshold was measured. 

Drugs 

Naloxone HCI (Endo Laboratories, Inc., Garden City, 
NY) was dissolved in saline and administered intraperitone- 
ally at the indicated doses 15 min prior to measurement of 
the pain-threshold and motility. The doses refer to the indi- 
cated salt forms. [aH]-naloxone (specific activity: 70 
Ci/mmol) was obtained from New England Nuclear. Its 
radiochemical purity was verified by thin-layer chromatog- 
raphy in an appropriate solvent system. 

Preparation of  Synaptic Membrane 

In the electric footshock groups, the mice were sacrificed 
by decapitation immediately or 24 hr after the shock treat- 
ment. In the conditioned suppression group, the mice were 
sacrificed 6 min after being returned to the shock treatment 
apparatus. The mice of the corresponding control groups 
were also sacrificed and the whole brains were rapidly taken 
out. The whole brains, excluding the cerebellum, were 
rapidly removed and used for synaptic membrane prepara- 
tion following the methods of Gray and Whittaker [131 and 
Terenius [301. Briefly, about 4.5 g of pooled brains was 
homogenized and centrifuged at 1,000 g for 10 rain. The 
supernatant fraction was collected and centrifuged at 20,000 g 
for 20 min to obtain a pellet containing the crude 
mitochondrial fraction (P., fraction). The Pz fraction was sub- 
jected to osmotic shock by adding 10 ml of deionized- 
distilled water. The suspension was centrifuged at 12,000 g 
for 20 rain. The carefully decanted supernatant, suitably di- 
vided, was layered over a discontinuous gradient consisting 
of 0.6 M and I M sucrose in 5 mM Tris-HCl buffer (pH 7.4), 
and centrifuged in a Beckman SW-27 rotor at 100,000 g for 60 

min (Beckman L8-80 ultracentrifuge). The band between 0.6 
and l M sucrose (P2B fraction) was collected. The pooled 
PzB fraction was divided into suitable aliquots and stored at 
-60°C. Storing of the membrane in this fashion for 8 weeks 
did not significantly alter the binding activity. Before the 
binding assay, the aliquots were diluted with l0 volumes of 
25 mM Tris buffer (pH 7.4), incubated at 37°C for 30 min to 
remove endogenous opioids and then centrifuged at 25,000 g 
for 20 min. giving a pellet [291. This pellet was re- 
homogenized with a suitable volume of the Tris buffer to 
obtain the final membrane preparation for assay; this con- 
tained 0.15-0.25 mg/ml protein. 

Binding Assay 

Opioid receptor binding was initiated by the addition of 
0.2 ml of the membrane preparation to a mixture containing 
the required final concentration of ['~H]-naloxone in a total 
volume of 1.0 ml. Incubation was carried out at 25°C for 30 
min. The binding reaction was stopped rapidly by filtering 
through a Whatman GF/B filter, The filter was washed twice 
with 5 ml of ice-cold 25 mM Tris buffer (pH 7.4). The condi- 
tions adopted here for the binding assay were derived from 
preliminary studies and were found to be optimum 129]. The 
filters were transferred to scintillation counting vials contain- 
ing 10 ml of ACS II (Amersham Co., Arlington Heights, IL). 
The vials were shaken for 60 min and the radioactivity was 
measured using a Model 3255 Tri-Carb Liquid Scintillation 
Spectrometer System at a counting efficiency of 31'%. Spe- 
cific binding was defined as the difference in amount of 
[:'H]-naloxone bound to the membrane in the presence or 
absence of 5/xM non-radioactive naloxone. In experiments, 
8 concentrations of [:'HJ-naloxone ranging from 0.2 to 20 nM 
were used. The protein concentration was determined by the 
method of Lowry et al. 121]. 

Statistics 

The analysis of biphasic Scatchard plots was performed 
by the method of Rosenthal [281 using computer program to 
obtain the dissociation constant (Kd) and the maximum bind- 
ing capacity (Bmax). When applicable, statistical signifi- 
cances were analyzed by a one-way-analysis of variance fol- 
lowed by a Dunnett 's  t for biochemical data or Mann- 
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TABLE 2 

EFFECT OF NALOXONE ON MOTILITY AND PAIN-THRESHOLD OF MICE IMMEDIATELY AFTER SHOCK TREATMENT (ESo) 

Dose Control ES. 
(mg/kg, 

Behavior IP) median (range) N % of control median (range) N % of control 

Motility 
Naloxone 

Pain-threshold 
(sec) 

Naloxone 

0 162 (58-325) 27 100.0 46 (0-139) + 34 28.4 
1 148 (62-363) 10 91.4 62 ( 3--118)t 10 38.3 

10 150 (107-241) 8 92.6 67 (21-166)t~: 16 41.4 
30 196 (51-253) 10 121.0 86 (50--128)*$ 10 53.1 

0 2.7 (1.5--4.6) 27 5.2 (2.0-15.0)t 34 
I 3.0 (2.1-4.3) 10 12.0 (4.5-15.0)t 10 

10 2.9 (2.1-3.5) 8 4.2 (3.5- 5.0)t§ 16 
30 2.5 (1.7-3.4) 10 3.7 (3.0- 7.8)'r~t 10 

Naloxone was administered I P 15 min prior to the measurement of pain-threshold and motility. Motility and pain-threshold 
were measured as described in the Method section. Values are the median and range. N: number of animals. *p<0.05, tO<0.01 
compared to control group of naloxone 0 mg/kg. ~:p<0.05, §p<0.01 compared to electric shock group of naloxone 0 mg/kg. 

TABLE 3 

EFFECT OF NALOXONE ON MOTILITY OF MICE IN CONDITIONED SUPPRESSION (CS) GROUP 

Dose Control CS 
(mg/kg, 

Drug IP) median (range) N % of control median (range) N % of control 

Naloxone 0 2789 (1662-3730) 11 100.0 528 ( 6--1196)* 9 18.9 
1 2689 (1150-4026) 9 96.7 295 (26--1246)* 8 10.6 

10 2453 (1046-3209) 8 88.0 356 (38- 747)* 10 12.8 
30 1977 (67%3773) 9 70.9 183 (24--2108)* 10 6.6 

Naloxone was administered IP 15 min prior to the measurement of motility. Values are the median and range. N: number of 
animals. *p<0.01 compared to control group of naloxone 0 mg/kg. 

Whitney's U-test for behavioral data. A p value of 0.05 be- 
tween two means was considered significant. 

RESULTS 

Comparison of  Motility and Pain-Threshold Between 
Electric Footshock and Conditioned Suppression Groups 

The mice given electric footshock showed a significant 
decrease in motility (14.0% of the control) immediately after 
the shock treatment (ES0). The decrease of motility returned 
to the control level 24 hr after the shock treatment (ES24). 
However,  when the mice were returned to the same appara- 
tus in which they had been given electric shock, they exhib- 
ited a marked suppression of motility (18.9% of the control) 
even 24 hr after the shock treatment (conditioned suppres- 
sion group, CS) (Table !). In the pain-threshold test, mice 
given electric footshock showed a significant increase in 
tail-flick latency (5.2 (1.8-15.0) sec) immediately after the 
shock treatment compared with the control value (3.0 (1.7- 
4.6) sec). However,  in the other groups the tail-flick latencies 
were not significantly different from that of the control 
animals (Table 1). 

lzJfects of  Naloxone on Motility and Pain-Threshold in 
Electric Footshock and Conditioned Suppression Groups 

The decrease in motility and the increase in tail-flick la- 
tency of mice immediately after the shock treatment were 
observed again and partially antagonized by high doses of 
naloxone (10 and 30 mg/kg) but not by a low dose (1 mg/kg) 
(Table 2). On the contrary, the marked suppression of motil- 
ity in the conditioned suppression group was resistant even 
to 30 mg/kg of naloxone (Table 3). 

Opioid Binding Activities in Electric Footshock and 
Conditioned Suppression Groups 

To determine the possible functional changes in endoge- 
nous opioid systems, the opioid binding activities of the 
synaptic membranes from the electric footshock and con- 
ditioned suppression groups were compared with those of  
the control groups. As shown in Table 4, the amounts of 
binding of [3H]-naloxone significantly increased in ESo group 
at the concentrations of  i and 10 nM naloxone compared 
with control groups. The increase of naloxone binding at 1 
nM returned into the control level 24 hr after the electric 
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TABLE 4 

[~H]-NALOXONE BINDING ACTIVITY OF BRAIN SYNAPTIC 
MEMBRANE IN CONTROL, ES., ES74 AND CS GROUPS 

Concentration of Specific Binding 
Treatment N [:~Hl-naloxone (nM) (f mole/mg protein) 

Control 3 High (I) 47.7 _+ 1.16 
3 Low (10) 347.0 _+ 8.47 

ES,, 3 High (1) 58.1 _+ 1.68" 
3 Low (10) 427.7 _+ 9.62* 

ES~4 3 High (1) 43.2 _+ 1.52~ 
3 Low (10) 266.8 + 14.2"~t 

CS 3 High (1) 56.6 _+ 1.38"§ 
3 Low (10) 376.7 _+ 12.8t§ 

Fixed concentration of [:~H]-naloxone was assayed with the 
synaptic membrane from control, ES,,, ESz.~ and CS groups as de- 
scribed in Method section. Values are mean ± S.E. N: the number 
of independent experiments, each in triplicate. *p<0.01 compared to 
the control group. ";p<0.05, :l:p<0.01 compared to the ES,, group. 
§p<0.01 compared to the ESz~ group. 

TABLE 5 
THE DISSOCIATION CONSTANTS (Kd) AND THE MAXIMUM 

BINDING CAPACITY (Bmax) OF BRAIN SYNAPTIC MEMBRANE IN 
CONTROL, ES., ES~ AND CS GROUPS 

l m a x  
Kd (f mole/kg 

Treatment N Affinity (nM) protein) 

Control 3 High 0.28 _+ 0.06 16.2 ± 3.3 
Low 21.1 +_ 1.0 818.0_* 85.9 

ES,, 3 High 0.24 _- 0.05 23.1 _+ 4.8 
Low 20.3 _* 0.9 1119.8 _+ 57.0* 

ES~ 3 High 0.28 _+ 0.04 18.8 +- 2.0 
Low 18.5 -+. 5.0 685.0 _+ 102.4, 

CS 3 High 0.25 _+ 0.02 22.2 -_ 5.5 
Low 20.5 _+ 2.9 951.7 -- 239.2 

The Kd and Bmax were determined by the method of Rosenthal 
(1967) using a computer program. Values are mean _ S.E. N: the 
number of independent experiments, each in triplicate. *p<0.05 
compared to the control group. ";'p <0.05 compared to the ES,, group. 

shock (ESz4). [3Hl-naloxone binding in CS group also signifi- 
cantly increased compared with ES24 group at both concen- 
trations of naloxone. To clarify whether affinity and/or 
binding capacity were modified by the electric shock, sat- 
uration curves for [3HJ-naloxone were generated using sev- 
eral concentrations (0.2-20 nM). The Scatchard plots were 
curvilinear, which suggested the presence of at least two 
classes of binding sites, namely high- and low-affinity sites. 
The Kd and Bmax values for high- and low-affinity sites in 
each group are presented in Table 5. The maximum binding 
capacity for low-affinity site of the synaptic membranes in 
creased signficiantly without altering the affinity im- 
mediately after the shock treatment. Similarly, a tendency of 
increase in the number of binding site was also observed in 
the conditioned suppression group, but not significant. 

DISCUSSION 

It has been reported that animals subjected to stressful 
events show a wide range of phenomena such as changes in 
body temperature [2], analgesia [3,24] and catalepsy [19], 
and that these phenomena are mediated by the endogenous 
opioid systems, based on the evidence of the antagonistic 
effect of naloxone and cross-tolerance to morphine. In addi- 
tion, chronic ethylketocyclazocine or pentazocine adminis- 
tration have attenuated electric shock-induced immobiliza- 
tion [24]. In the present experiments, mice, subjected to elec- 
tric footshock, showed a significant increase in the pain- 
threshold and a decrease in the motility immediately after 
shock treatment, both of which were partially antagonized 
by a high dose of naloxone. These results are in agreement 
with the findings of other investigators and us [12, 24, 31 ]. In 
addition, in mice showing a pronounced analgesic effect and 
decreased motility immediately after the shock treatment, 
[3H]-naloxone binding was significantly increased compared 
with the control group, and the increased Bmax was returned 
to the control level 24 hr after the shock treatment. At this 
time, the analgesic effect and decreased motility were no 
longer observed. Thus, it appears that the analgesia and de- 
creased motility induced by electric footshock may be 

mediated in part by the endogenous opioid systems. In addi- 
tion, since it has been reported that acute treatment with 
morphine induces an increase in the number of binding sites 
[27,29], the increased binding capacity induced by electric 
footshock may relate to the increase in endogenous opioid 
activity. Madden et al. [22[ reported a decrease in maximum 
binding due to an increase in receptor occupation by endog- 
enous opioids, presumably caused by increased endogenous 
opioid release in rats with footshock-induced analgesia. 
They also reported that preincubation of whole-brain 
homogenates at 37°C equalized the ['~HJ-naloxone binding 
capacity in the stress and control groups. As described in the 
Method section, the synaptic membrane preparation used in 
this experiment was preincubated at 37°C before the binding 
assay to eliminate endogenous opioids. Therefore, this dis- 
crepancy between Madden et  a l . ' s  and our results may be due 
to the difference in animal species (i.e., rats and mice) or to 
the different conditions under which electrical shock was 
given. 

A marked suppression of motility but not analgesia was 
observed when mice were placed again in the same appara- 
tus in which they had received electric footshock. In contrast 
with the decrease in motility of the electric shock group, this 
response in the conditioned suppression group was resistant 
to the opiate antagonist, naloxone. In addition, there was no 
difference in JaH]-naloxone specific binding to synaptic 
membranes between the conditioned suppression and con- 
trol groups. However, this conditioned suppression is at- 
tenuated by the pretreatment of morphine and cyclazocine as 
described in introduction [16,25]. Therefore, the wide spec- 
trum of responses induced by stress may be due to the con- 
siderable heterogeneity of endogenous opioids. Three types 
of specific receptors in nervous tissue are suggested by Mar- 
tin et  al. [23] to mediate the agonist activity of opioid deriva- 
tives. These receptors are named for prototypic drugs which 
produced distinct patterns of physiological effects in spinal 
dogs: mu for morphine, kappa for ketocyclazocine and sigma 
for SKF-10047. Within this framework, the mu receptors are 
involved in the production of supraspinal analgesia, respira- 
tory depression, euphoria and physical dependence. Some 
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drugs may also relate to the kappa receptors, which when 
activated, induce spinal analgesia, miosis and sedation. Ac- 
tivation of sigma receptors causes dysphoria and hallucina- 
tions, as well as respiratory and vasomotor stimulatory ef- 
fects. In addition, the discovery of the enkephalins [14] has 
led to the fourth classification for peptides: delta [20]. The 
behavioral [8,32] and biochemical [4, 5, 33] actions of 
agonists related to delta, kappa and sigma receptors in rodents 
are reversed hardly by naloxone. Therefore, the doses of 
naloxone required to block the footshock-induced effects 
suggest a contribution of delta, kappa and sigma receptors 
instead of mu receptor. On the other hand, the magnitude of 
analgesia, but not motor suppression of ESo group, is signifi- 
cantly less in morphine-tolerant mice than non-tolerant mice. 
On the contrary, the magnitude of motor suppression, but 
not analgesia, is significantly less in ethylketocyclazocine- 
and pentazocine-tolerant mice than non-tolerant mice [24]. 
Furthermore, the potency of cyclazocine, kappa and/or 
sigma agonist, to reduce the conditioned suppression in mice 
is more than that of morphine [25,34]. Therefore, it is possi- 
ble that the analgesic effect of ES,, group may be mediated in 
part at the mu and/or delta receptors, while the suppression 

of motility in the ESo and CS groups may be mediated at the 
kappa and/or sigma receptors. To clarify this point, the bind- 
ing assay of [aH]-ethylketocyclazocine and [aH]-SKF-10047 
to membrane prepared from CS group should be done. 

In conclusion, an increase in analgesic threshold and a 
decrease in motility were observed in ESo group, and both 
could be partially reversed by naloxone. On the contrary, 
mice in CS group, exhibited a marked suppression of motility 
but not analgesia, and this suppression of motility was resis- 
tant to naloxone. Further, in the synpatic membranes of ES0 
group, there was an increase in the maximum binding site 
although the affinity was not altered. The exact role of the 
endogenous opioid system remains obscure, but these re- 
sults suggest that an involvement of mu and/or delta recep- 
tors may be important in behavioral changes induced by 
electric footshock, but not conditioned suppression. 
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