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TOWETT, P. K. AND T. I. KANUI. Effects of pethidine, acetylsalicylic acid, and indomethacin on pain and behavior 
in the mole-rat. PHARMACOL BIOCHEM BEHAV 45(1) 153-159, 1993.-The antinociceptive and behavioral effects of 
pethidine (10, 20, or 30 mg/kg), acetylsalicylic acid (200, 400, or 600 mg/kg) and indomethacin (20, 40, or 50 mg/kg) in the 
naked mole-rat was studied in the hot-plate test. Instead of inducing analgesia, pethidine caused a dose-dependent reduction 
in response latency. Sensorimotor impairment and aggressive behavior were also observed following administration of pethi- 
dine (20 or 30 mg/kg). All animals receiving pethidine (30 mg/kg) died following fighting when kept in colony cages. 
Aggressive behavior and death was prevented by naloxone or by keeping animals in single cages. Acetylsalicylic acid (600 
mg/kg) and iudomethacin (40 or 50 mg/kg) caused a significant increase in response latency. It is concluded that in the 
mole-rat pethidine elicits aggression, seusorimotor impairment, and apparent hyperalgesia. 
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ALL animal species down to the protozoan have an ability to 
detect and respond to tissue-damaging and aversive environ- 
mental stimuli (25). The CNS plays a major role in this impor- 
tant function. It is also involved in the regulation of  pain sensi- 
tivity. There is little knowledge of  the anatomy and physiology of 
the CNS of  the naked mole-rat (6,13). Pain perception and regula- 
tion in this fossorial rodent is therefore poorly understood. 

The naked mole-rat is a subterranean rodent that exhibits 
eusociality typical of  termites (12,14,19,30). The colony, 
which consists of  75-80 and sometimes up to 250 individuals 
(30), has one breeding female that maintains her breeding 
status through behavioral and chemical mechanisms (14). Na- 
ked mole-rats inhabit the hot, dry regions of  Kenya, Somalia, 
and Ethiopia. They live in underground burrows where the 
humidity ( +  9007e), temperature (30-32°C), and carbon diox- 
ide concentration (0.5-2070) are high and the oxygen concen- 
tration (15-20070) low (19,28). This rodent has surprisingly 
unusual features. It has a high rate of  thermal conductance, a 
low basal metabolic rate, and the poorest capacity for thermo- 
regulation of  any known mammal (19,28). It has also been 
classified as a poikilotherm (30). In addition, this mole-rat 
lacks the normal mammalian SC fat and sweat glands (13). 
To conserve water, the naked mole-rat excretes dry fecal pel- 
lets and produces scanty, concentrated urine (13). 

In a recent study (22), no analgesia in the hot-plate test 
was demonstrated following IP administration of  morphine 
(10, 20, or 30 mg/kg) in the naked mole-rat. Unexpectedly, 
the authors observed a naloxone-reversible aggressive behav- 
ior and motor hyperactivity after these doses of  morphine. 
Opiates are known to induce potent analgesia in a number of  
species, including mice and rats (2,16), amphibians (31), and 
crocodiles (23). In the naked mole-rat, however, nefopam, 
a centrally acting analgesic with both supraspinal and spi- 
nal sites of  action (11), induced analgesia in the hot-plate 
test (22). The marked reduction in stepping latency observed 
after morphine administration in the naked mole-rat was 
thought to be due to hyperexcitability and motor hyperactiv- 
ity (22). 

In the present study, the antinociceptive effect of  an opioid 
(pethidine) and two nonsteroidal antiinflammatory drugs 
(NSAIDs) (acetylsalicylic acid and indomethacin) were as- 
sessed in the naked mole-rat using a modified hot-plate test 
(22). In preliminary experiments, we observed that animals 
showed aggressive behavior and an impairment of  sensorimo- 
tor function after pethidine administration, and a study of  
these two behaviors was also included. The time course of  the 
effects of  pethidine and indomethacin was also studied using 
the hot-plate test. 

i To whom requests for reprints should be addressed. 
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METHOD 

Animals 

Naked mole-rats were obtained from Kathekani in the Ma- 
chakos district of  Kenya. They were transported to the labora- 
tory in Nairobi and housed in colonies of  10-50 animals in 
plastic cages (45 cm in diameter) covered by nontransparent 
lids to simulate the dark burrows. Paper towels and/or tissue 
paper was used as bedding to provide more warmth and to 
soak urine. The bedding was changed regularly. Animals kept 
on dirty bedding died after a few days. The room temperature 
was kept constant at 28.0-29.0°C and light was also con- 
trolled such that there was 12 D : 12 L cycle. The experiments 
were performed during the light period. Animals were fed 
sweet potatoes and carrots ad lib. No free water was given 
after it was discovered that animals would not take it from 
either bottles or Petri dishes. 

Mole-rats were allowed to adapt to the laboratory for at 
least 1 month before the start of  the experiments. During this 
period, animals were carefully handled by the experimenter 
and were adapted to the nonfunctional analgesiameter. Only 
physically healthy adult male and female animals were used in 
the study. At the time of  the experiments, the weight of  ani- 
mals was 30-50 g. 

Drugs 

Pethidine HCI (Roche, England) and naloxone HCI (Endo 
Laboratories, Garden City, NY) were dissolved in saline 
(0.9% NaCI), while acetylsalicylic acid (Svaneapoteket, Ber- 
gen) and indomethacin (Merck Sharp and Dohme) were dis- 
solved in Tris buffer (0.1 M, pH 7.4-7.5). All drugs were 
dissolved immediately prior to injection. 

Nociceptive Testing 

Nociceptive testing was performed using an ItTC Inc. 
Model 35D Analgesiameter, the temperature set at 60 + 
0.5°C (22). A digital thermometer (Termoektro a/s, Type 
2105; Serial No. 1296; Sensor Cu-CuNi; Range - 1 0 0 / + 4 0 0 ,  
Norway) was used to determine temperature distribution on 
the hot-plate surface. The latencies to "licking of  the toes" 
of the hindpaw and "stepping" latencies (22) were recorded. 
Hindpaw licking latencies were found to be more variable 
than the stepping latency and the data for licking are therefore 
not presented. A cutoff time of  120 s was chosen during the 
experiments (22). Mole-rats that did not respond within 120 s 
were removed from the hot-plate to avoid damage to the foot 
pads. 

To investigate antinociception, pethidine (10, 20, or 30 nag/ 
kg) and/or naloxone (2 mg/kg), acetylsalicylic acid (200, 400, 
or 600 mg/kg), and indomethacin (20, 40, or 50 mg/kg) were 
administered IP 30 min before nociceptive testing on the hot- 
plate. The time course of  effects of  pethidine (20 mg/kg) and 
indomethacin (50 mg/kg) were recorded for 4 or 5 h, respec- 
tively, at 30, 60, 90, 120, 180, 240, or 300 rain after drug 
injection. In control experiments, an equal volume of vehicle 
was used. 

Aggressive Behavior and Excitation 

The effect of  vehicle, pethidine (10, 20, or 30 mg/kg) or 
pethidine (30 mg/kg) plus naloxone (2 mg/kg) on aggressive 
behavior was investigated. In animals receiving the combined 
treatment of  pethidine and naloxone, four more booster doses 
(2 mg/kg) of  the latter were given at intervals of 30 rain. 

Animals were kept in their home cage, 10 in each cage, or in 
single cages as shown in the Results section. Animals were 
keenly observed and their state of excitability scored (see Ta- 
ble 2 below). Assessment of  aggressive behavior and degree of  
excitation was based upon a visual analog scale of  0-3 as 
follows: normal, 0; mildly excited, 1; excited and mildly ag- 
gressive, 2; hyperexcited and severe aggression, 3. Excited and 
aggressive animals showed more activity, open mouth gaping, 
incisor fencing, back treading, batting, and biting. Excitability 
was scored following sound stimulation with a tuning fork. In 
colony-caged animals, the number of mole-rats participating 
in fighting and the wounds on their bodies were counted. The 
number of  dead and live mole-rats was recorded 18 h later. 

Sensorimotor Function 

Immediately after IP administration of  vehicle, pethidine, 
or pethidine plus naloxone, the naked mole-rats were kept in 
single cages (30 x 30 x 30 cm) and observed for 4 h. Booster 
doses of  naloxone were given at intervals of 30 rain for 4 h. 
Assessment of sensorimotor function and activity was based 
upon an arbitrary scale of  0-2 as follows: loss of  balance, 
extensor rigidity, and muscle flaccidity, 0; normal motor ac- 
tivity, 1; hyperactivity, 2. The observations were made be- 
tween 1000 and 1500 h, a period when animals appeared to be 
less active. The presence or not of sensorimotor impairment 
was also recorded. 

Statistical Analysis 

Statistical analysis was performed by analysis of variance 
(ANOVA). When comparisons were restricted to two means, 
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FIG. I. Effect of IP administration of vehicle or pethidine on step- 
ping latency in the hot-plate test (n = 10 in each group). Data given 
as mean + SEM. ***p < 0.001, t-test subsequent to ANOVA. 
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FIG. 2. Effect of IP administration of vehicle, pethidine plus nalox- 
one, or pethidine plus vehicle on stepping latency in the hot-plate test 
(n = 10 in each group). Data given as mean ± SEM. ***p < 0.001, 
t-test subsequent to ANOVA. 

Student's t-test (two tailed) was used. The level of  significance 
was set at 5070 (p < 0.05). The results are presented as mean 
+ SEM. 

RESULTS 

Hot-Plate Test 

Pethidine did not induce analgesia; on the contrary, the 
stepping latency was significantly reduced and in a dose- 
dependent manner [10 mg/kg,  F(I ,  18) = 19.39, p < 0.001; 
20 mg/kg,  F(I ,  18) = 150.87, p < 0.001; 30 mg/kg,  F(1, 18) 
= 366.21, p < 0.001]. The stepping latency in vehicle-treated 
animals was 58.2 + 1.7 s while in animals treated with pethi- 
dine (10, 20, or 30 mg/kg)  the stepping latencies were 42.1 
+ 3.2, 30.2 =t= 1.5, and 20.1 + 1.0 s, respectively (Fig. 1). 
Pethidine (5 mg/kg)  or naloxone (2 mg/kg)  did not signifi- 
cantly influence the stepping latency (data not shown). There 
was no statistically significant change in the stepping latency 
following simultaneous administration of  pethidine (20 rag/ 
kg) and naloxone (2 mg/kg) .  The stepping latency in animals 
receiving the combined treatment was 52.6 + 1.9 s while in 
the vehicle-treated group it was 55.2 + 1.7 s. Injection of  
pethidine together with vehicle, instead of  naloxone, markedly 
reduced the stepping latency to 28.5" =t= 0.2 s, which was statis- 
tic.ally significantly different, F(1, 18) = 139.38, p < 0.001 
(Fig. 2). 

Acetylsalicylic acid at the lowest doses used (200, 400 rag/ 
kg) failed to cause a significant increase in stepping latency. 
However, ASA (600 mg/kg)  caused a statistically significant 

elevation of  the stepping latency, F(1, 18) = 6.59, p < 0.05 
(Fig. 3). Doses of  indomethacin of  40 or 50 mg/kg induced 
significant increases in stepping latency [40 mg/kg,  F(1, 18) 
= 5.23, p < 0.05; 50 mg/kg,  F(I ,  18) = 9.23, p < 0.01] 
(Fig. 4). The time course of  effects of  pethidine (20 mg/kg) 
and indomethacin (50 mg/kg) are summarized in Figs. 5 and 
6, respectively. The reduction in stepping latency was highest 
30 min after injection of  pethidine. This effect markedly 
decreased with time and by 180 min the stepping latency was 
not significantly different from that of  vehicle-treated ani- 
mals. The antinociceptive effect of  indomethacin lasted for 
about 4 h. 

Aggressive Behavior 

The behavioral changes observed after injection of  pethi- 
dine are summarized in Table 1. In the colony cages, all naked 
mole-rats injected with pethidine (20 or 30 mg/kg)  partici- 
pated in fighting. Animals appeared highly excited, most of  
the time opposing each other in a threatening position and 
also infficting small wounds on especially the muzzles and tails 
of  others with their teeth. The number of  wounds recorded 
were dose dependent (Table 1). Eighteen hours after pethidine 
injection, all naked mole-rats in colony cages receiving 30 rag/ 
kg were dead. None died in the group injected with 20 mg/kg 
pethidine. Naloxone (2 mg/kg) clearly reduced the aggressive 
behavior and hyperactivity after pethidine (30 mg/kg).  After 
this combined treatment, none of the animals died during the 
14-day observation period. No fighting or wounds were ob- 
served. Although some of  the animals appeared somewhat 
hyperactive and excited, the general behavior was clearly more 
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FIG. 3. Effect of IP administration of vehicle or acetylsalicylic acid 
on stepping latency in the hot-plate test (n = 10 in each group). Data 
given as mean + SEM. *p < 0.05, t-test subsequent to ANOVA. 
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FIG. 4. Effect of IP administration of vehicle or indomethacin on 
stepping latency in the hot-plate test (n = 10 in each group). Data 
given as mean ± SEM. *p < 0.05, **p < 0.01, t-test subsequent to 
ANOVA. 
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FIG. 5. Time course of the effect of IP pethidine (20 mg/kg) on 
stepping latency in the hot-plate test (n = 14 in each group). Data 
given as mean ± SEM. ***p < 0.001, t-test subsequent to ANOVA. 
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normal than after pethidine only. Naloxone in the absence of 
pethidine did not significantly alter the behavior. 

All naked mole-rats injected with pethidine at 10 mg/kg 
and kept either in single or colony cages were excited and 
hyperactive. A similar behavior was also observed in mole-rats 
injected with pethidine (20 or 30 mg/kg) and kept in single 
cages. None of the animals, however, died during the 14-day 
observation period. 

Sensorimotor Function 

No sensorimotor impairment was observed following ad- 
ministration of pethidine (10 mg/kg). Animals walked nor- 
maily. However, after injection of pethidine (20 or 30 rag/ 
kg) an initial slight depression of motor activity and, later, 
excitation was observed. During the phase of depression, there 
was hypoactivity and sensorimotor impairment. The latter was 
characterized by loss of balance, extensor rigidity, and muscle 
flaccidity. Muscle tremors were also observed in affected ani- 
mals. Sensorimotor impairment occurred 4-10 min after drug 
injection and lasted for 3-8 min depending upon the dose. 
After the motor disturbance, animals became highly excited 
and hyperactive. Animals appeared normal 3 h after drug 
administration. 

Naloxone (2 mg/kg) completely prevented the sensorimo- 
tor effects caused by pethidine. Animals appeared more nor- 
mal after the combined treatment. Table 2 is a summary of 
motor behavior observed after injection of pethidine or pethi- 
dine plus naloxone. 

DISCUSSION 

Pethidine had no antinociceptive effect in the mole-rat. 
Morphine has been reported to have an effect similar to this 
in the hot-plate test in the same rodent (22). Opioid antinoci- 
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TABLE 1 
EFFECT OF VEHICLE, PETHIDINE, OR PETHIDINE PLUS NALOXONE ON MORTALITY AND 

BEHAVIOR IN THE NAKED MOLE-RAT 

No. Mole-Rats 

Treatment (mg/kg) n Cage Fighting Wounded Dead 

Vehicle 30 Colony 0 0 0 
Pethidine 10 10 Colony 0 0 0 
Pethidine 10 10 Single 0 0 0 
Pethidine 20 10 Colony 10 10 (9.2 + 0.6) 0 
Pethidine 20 10 Single 0 0 0 
Pethidine 30 10 Colony 10 10 (41.4 ± 2.0) 10 
Pethidine 30 l0 Single 0 0 0 
Pethidine 30 plus naloxone 2 10 Colony 0 0 0 

Mean number of skin wounds in parentheses. 

ception has been demonstrated in a wide range of animal spe- 
cies (25,31). Thus, the present finding and the previous report 
(22) suggest that opioids do not always decrease nociception 
in animals, as observed in the naked mole-rat. Perhaps this 
rodent has a peculiar CNS. 

An increase in response latency was noted after administra- 
tion of acetylsalicylic acid (600 mg/kg) or indomethacin (40 
or 50 mg/kg). Lower doses of ASA did not have an antinoci- 
ceptive effect. This is similar to what has been reported in 
other rodents (2,16,17). This is usually attributed to the insen- 
sitivity of the pain test used. It was surprising to demonstrate 
the antinociceptive effect of indomethacin in this study. Many 
researchers have failed to demonstrate the antinociceptive ef- 
fect of this NSAID except in nociceptiv¢ tests involving in- 
flammation (17,18). These findings suggest that the naked 
mole-rat has a nonopioid antinociceptive system sensitive to 
indomethacin. 

Instead of antinociception, pethidine caused a dose- 
dependent reduction of the stepping latency in the hot-plate 
test. A similar finding has been reported in the same rodent 
after morphine administration (22). In the current and previ- 
ous reports (22), the reduction in stepping latency was clearly 
naloxone reversible, suggesting that it was mediated via opioid 
receptors. This reduction in response latency may not neces- 
sarily be a sign of hyperalgesia. A hyperalgesic response to 
opiates occurs after chronic administration (1,27). In this 

study, animals used were given a single dose of pethidine and 
had not been previously exposed to any other opioid. An ani- 
mal's experience on the nociceptive test may result in hyperre- 
sponsiveness to noxious stimulation (26,27). Prior to the ex- 
periments, animals used in the study had not been exposed to 
a functional hot-plate. 

The cause for the hyperresponsiveness to noxious heat fol- 
lowing pethidine administration is not known. This may per- 
haps be accounted, in part, by hyperexcitability and hyperac- 
tivity, which were observed in treated animals. In rats, an 
increase in pain sensitivity has been observed in those animals 
with signs of emotional disturbance, such as increased agita- 
tion and vocalization (21,33). Perhaps the analgesic effect of 
pethidine is masked by hyperexcitability in the naked mole- 
rat. This is an area that requires further investigation. 

In the naked mole-rat, doses of pethidine lower than that 
reported to cause no CNS stimulation in other animals (15) 
caused marked hyperexcitability and hyperactivity. Hyperex- 
citability and hyperactivity were even more prominent when 
lower doses were used. When higher doses were used, a char- 
acteristic biphasic response consisting of motor depression fol- 
lowed by motor excitation was observed. This has been re- 
ported in other animals also (3,4,20,29,32). It has been 
suggested that dopaminergic and serotonergic mechanisms are 
involved in the initiation of the biphasic response in other 
rodents (7,8,29). Because the opioid system influences behav- 

TABLE 2 
EFFECT OF IP ADMINISTRATION OF VEHICLE, PETHIDINE, OR 
PETHIDINE PLUS NALOXONE ON SENSORIMOTOR ACTIVITY IN 

NAKED MOLE-RATS KEPT IN SINGLE CAGES 

Treatment (mg/kg) 

Motor Behavior 

n Motor Impairment Motor Excitation 

Vehicle 

Pethidine 10 

Pethidine 20 

Pethidine 30 

Pethidine 30 plus naloxone 2 

30 None None 

10 None Minor activity, mildly ex- 
cited 

10 Loss of balance, extensor Hyperactivity and hyperex- 
rigidity/muscle flaccidity citability 

10 Loss of balance, extensor Hyperactivity and hyperex- 
rigidity/muscle flaccidity citability 

10 None Clearly more normal 
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ior through interaction with other neurotransmitter systems 
in the CNS (9), it is possible that the biphasic motor response 
observed in the naked mole-rat was due to the activation of 
these systems. 

Pethidine also caused a transient motor dysfunction in the 
naked mole-rat. It has been reported that/~-agonists, even at 
doses 50 times higher than the analgesic ED~0, do not produce 
detectable motor dysfunction in animals (34). Muscle rigidity 
and tremors or convulsions have only been reported in mice 
when large doses of morphine (300 mg/kg) or pethidine (>  56 
mg/kg) were administered (29). Thus, because low doses of 
pethidine, a/~-agonist, were used the motor dysfunction ob- 
served was unexpected, suggesting that the motor system of 
the naked mole-rat is readily impaired by pethidine. Nalox- 
one, a blocker for/z-receptors, completely prevented motor 
dysfunction in the naked mole-rat, suggesting that opioid re- 
ceptors were involved, A similar motor dysfunction to that 
induced by pethidine has been reported following exposure of 
the naked mole-rat to cold (13). 

Aggressive behavior was also induced by pethidine in the 
naked mole-rat. This behavior was due to stimulation of opi- 
oid receptors because the blocker for/~-opioid receptors, that 
is, naloxone, almost completely prevented aggression. These 
findings together with an earlier study (22) indicate that opioid 
systems have an important function in the regulation of ag- 

gressive behavior in the naked mole-rat. Aggressive behavior 
in the cat has been reported after morphine administration 
(5,15). Studies in other rodents and in the cat suggest the 
involvement of dopaminergic and cholinergic systems in the 
initiation of aggression (10,24). Perhaps these systems are also 
involved in the opioid-induced aggression observed in the na- 
ked mole-rat. Impairment of memory by pethidine may also 
partly account for this behavior in the naked mole-rat (9). 
This is an area that needs further investigation. 

Pethidine (30 mg/kg) caused 100 or 0% mortality in naked 
mole-rats kept in colony or single cages, respectively. Absence 
of deaths in mole-rats kept in single cages suggests that mole- 
rats kept in colony cages did not die of toxic side effects 
caused by pethidine. Further, the number of wounds on the 
skin of dead animals was very high. Animals died probably 
following suffocation and hemorrhage. 

In conclusion, in the mole-rat and using the hot-plate test 
stimulation of opioid systems does not cause antinociception 
but induces sensorimotor impairment and aggressive behav- 
ior. The naked mole-rat, however, has an antinociceptive sys- 
tem that can be stimulated by NSAIDs. 
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