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SPRAGUE, J. E., M. A. SUCKOW, A. L. FITZGERALD, C. F. GRIGDESBY, R. L. UETRECHT AND R. P. 
MAICKEL. Pharmacological studies of centr~ugation-induced analgesia. PHARMACOL BIOCHEM BEHAV 46(4) 911- 
915, 1993.--Subjecting rats to a brief period of centrifugal rotation produces a brief analgesia (1-2 rain) that is similar to that 
produced by pretreatment with morphine. The effect of the morphine is blocked by naloxone, while that of the centrifugal 
rotation is only partially blocked by the same dose of naloxone. Cholinergic blocking agents such as scopolamine are also 
capable of partially blocking the rotational-induced analgesia. The combination of pretreatment with scopolamine plus 
naloxone is capable of completely blocking the rotational-induced analgesia, suggesting the involvement of both central 
cholinergic and endogenous opioid components. 

Rotation-induced analgesia Cholinergic factors Endogenous opioids 

A BROAD range of  stressful and other environmental stimuli 
have been associated with endogenous analgesic responses (3). 
For example, stress-induced analgesia has been observed in 
laboratory rodents exposed to foot shock (14), warm and cold 
water swim (23), and centrifugational rotation (7,27,28). 

Spragne-Dawley rats subjected to 5 rain of  manual hori- 
zontal rotation in a cloth sack demonstrated significant inhibi- 
tion of  the tail-flick response (16). Female F344 rats showed 
rotation-induced analgesia prevented by pretreatment with the 
opioid antagonist naloxone when a rotation rate of  110 RPM 
was used, but not at a higher rate (7). In another study de- 
signed to avoid the confounding effect of  restraint during 
rotation, mice were allowed to roam freely in a clear, rotating 
Plexiglas chamber, then were tested for the latency of  a foot- 
licking response on a hot plate apparatus; the resultant analge- 
sic effect appeared to wear off  in less than 30 min (27). In a 
related study (28), a significant analgesic effect was noted in 
rotated mice compared with sham-rotated mice. The effect 
was reversible with naloxone, an indication that rotation- 
induced analgesia in mice is opioid mediated. 

Centrifugation has been found to produce motion sickness 
in a variety of  animals (6,13,17,24-26,29). Indicators of  cen- 
trifugation-induced motion sickness include the production of  
a conditioned taste aversion (24) and an increase in defecation 
levels (26). 

The present investigations were designed to further charac- 
terize centrifugation-induced analgesia. The results indicate 

that the analgesia produced is a blend of  endogenous opioid 
effects and vestibular effects of  cholinergic nature. 

METHOD 

All use of  animals was in accordance with protocols 
approved by the Institutional Animal Care and Use Commit- 
tee. Virus-antibody-free male Spragne-Dawley rats (Harlan 
Sprague-Dawley, Inc., Indianapolis, IN), weighing 240-300 g, 
underwent a 7-day quarantine/acclimation period before use. 
The animals were housed in groups of  four in suspended wire 
cages in a facility accredited by the American Association for 
the Accreditation of  Laboratory Animal Care (AAALAC).  
Animal room temperature was maintained at 22.2 + 1.1 °C. 
The room was ventilated with 100e/e fresh air at a rate of  10- 
15 room air changes per hour. The rats were provided with 
food (Purina Rodent Laboratory Chow 5001) and tap water 
ad lib, and maintained on a 14 L : l0 D cycle. All testing was 
performed between the third and sixth hours of  the lights-on 
period. The following drugs were kindly supplied by their 
respective manufacturers: cyclizine (Burroughs Wellcome), 
methylscopolamine (Upjohn), metoclopramide (A. H. Rob- 
ins), naloxone (DuPont), and prochlorperazine (Smith Kline 
Beecham). Other drugs were purchased from commercial 
sources. All drugs were dissolved in deionized water except 
prochlorperazine, which was suspended in distilled water with 
5 drops of  Tween 80. Solutions were prepared so that the 
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TABLE 1 
PRODUCTION OF ANALGESIA IN RATS BY 

BODY ROTATION OR MORPHINE SULFATE (n = 24) 

Treatment Analgesia* 

Vehicle 6.6 + 0.4 (1)  
Vehicle + rotation 10.2 + 0.5t (9)  
Morphine sulfate (5.0 mg/kg) 10.0 ± 0.4t (6)  
Morphine sulfate (10.0 mg/kg) 10.7 ± 0.4t (14) 

*Duration (mean + SEM) of tail-flick latency measured in 
seconds. Numbers in parenthesis are numbers of animals reaching 
the 12 s cutoff. 

tSignificantly greater than vehicle (p < 0.0001); post hoc 
analysis. 

desired doses could be administered in a volume of 0.1 ml/  
100 g body weight; all injections were by the intraperitoneal 
(IP) route. Control animals were given a similar volume of 
the appropriate vehicle. 

In Experiment 1, rats were randomly assigned to four test 
groups with six animals per group. In a 4 × 4 Latin square 
design, rats were pretreated with one of the following: mor- 
phine sulfate, 5 mg/kg; morphine sulfate, 10 mg/kg; vehicle, 
30 mln prior to testing for analgesia. Rotated rats were placed 
in a Plexigias restraint device and swung in a head out orienta- 
tion at arms length in a vertical plane (radius of the circle = 
65 cm) by the same person each time for 20 revolutions over 
15-20 s (60-80 rpm) and tested for analgesia within less than 
I min, using the standard tall-flick apparatus, which automat- 
ically measures the latency of a rat withdrawing its tail from a 
radiant heat source. The time limit for exposure of the ani- 
mal's tall to the heat source was established at 12 s to prevent 
tissue damage. Confinement in the restraint device was neces- 
sary to immobilize rats for the tall-flick test. Rotated rats 
usually became temporarily immobile. However, for consis- 
tency, all animals were placed in the restraint device. Rats 
were retested at intervals of not less than 3 days. 

In Experiment 2, four groups of six rats each pretreated 
with vehicle were subjected to manual rotation in the manner 
described above. The resultant degree of analgesia was mea- 
sured immediately after rotation and at 1, 2, and 5 min after 
rotation. 

In Experiment 3, rats were randomly assigned to three 
groups of six each. In a crossover testing design, treatments 
prior to measuring analgesia consisted of morphine (10 mg/ 
kg), naloxone (1 mg/kg) followed by morphine (10 mg/kg), or 

vehicle, given 30 rain before testing. Rotation was performed as 
described previously, immediately before testing for analgesia. 
Rats were tested at intervals of no less than 3 days. 

In Experiment 4, rats were randomly assigned to five 
groups of six each. In a crossover testing design, treatment 
prior to measuring analgesia consisted of metoclopramide (0.5 
mg/kg), prochiorperazine (8.0 mg/kg), scopolamine (2 rag/ 
kg), methylscopolamine (1.0 mg/kg), or vehicle. Injections, 
rotations, and testing intervals were as described previously. 
All treatments were given with and without rotation. 

In Experiment 5, rats were randomly assigned to four 
groups of six each. In a crossover testing design, treatments 
prior to measuring analgesia consisted of cyclizine (20 rag/ 
kg), atropine (5 mg/kg), naloxone (1 mg/kg) plus scopolamine 
(20 mg/kg), or vehicle. All treatments were given with and 
without rotation. 

All measurements were made in seconds and are reported 
as mean ± SEM. Data was processed using a two-way 
ANOVA with Scbeffe post hoc analysis (30). Post hoc com- 
parisons were made only when a significant overall drug effect 
was observed in the initial ANOVA. 

RESULTS 

In Experiment l (Table 1), the mean tail-flick latency in 
control (vehicle-injected, nonrotated) animals was 6.6 + 0.4 
s. The tall-flick latencies of vehicle-injected, rotated rats, and 
rats treated with either a low dose or a high dose of morphine 
did not differ significantly from one another (10.2 + 0.5, 
10.0 + 0.4, and 10.7 + 0.4 s, respectively) but were signifi- 
cantly higher than controls (/7 < 0.0001). While the degree of 
analgesia provided by the high dose (10 mg/kg) of morphine 
may have been greater than that provided by the low dose (5 
mg/kg), this was not detected due to the temporal limit (12.0 
s) set to prevent damage to the rats' tails. 

In Experiment 2 (Table 2), vehicle-injected rats tested im- 
mediately and at 1 rain postrotation had similar tall-flick la- 
tencies (10.5 + 1.0 and 10.4 + 1.0 s, respectively). These 
latencies were significantly greater than those of control (vehi- 
cle-injected, nourotated) rats (p < 0.01). Rats tested 2 and 5 
rain postrotation had tall-flick latencies that did not differ 
significantly from controls. 

In Experiment 3 (Table 3), morphine-injected rats and ve- 
hicle-injected, rotated rats had significantly greater (/7 < 
0.001) tail-flick latencies (10.3 + 0.7 and 10.0 + 0.6 s, re- 
spectively) than vehicle-injected nonrotated rats (5.8 ± 0.5 s), 
confirming the findings of Experiment 1. Rats injected with 
naloxone plus morphine had latencies less than rats injected 
with morphine alone (6.8 ± 0.7 vs. 10.3 ± 0.7 s respectively, 

TABLE 2 
DURATION OF POSTROTATIONAL ANALGESIA IN VEHICLE-INJECTED RATS (n = 6) 

Analgesia* 
Time of Test (Minutes Postrotation) 

Vehicle/No Rotation 0 1 2 5 

6.8 + 1.2 10.5 + 1.0t -- -- -- 
7.3 + 0.7 9.8 + 0.9t 10.4 ± 1.01" -- -- 
7.2 ± 1.2 10.4 + 1.0t -- 7.9 + 1.4 -- 
6.1 + 0.5 10.5 ± l . l t  -- -- 7.4 ± 1.4 

*Duration (mean ± SEM) of tail-flick latency measured in seconds. 
tSignifieantly greater than vehicle (p < 0.01); post hoc analysis. 
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TABLE 3 
EFFECTS OF NALOXONE HYDROCHLORIDE ON ANALGESIA 
PRODUCED BY BODY ROTATION OR MORPHINE SULFATE 

Treatment n Analgesia* 

Vehicle 18 5.8 + 0.5 (0 )  
Vehicle + rotation 18 10.0 + 0.6t (11) 
Naloxone (1 mg/kg) 12 4.9 + 0.7 (0 )  
Naloxone + rotation 12 7.4 + 0.8~ (0 )  
Morphine (10 mg/kg) 12 10.3 + 0.Tt (9 )  
Naloxone + morphine 18 6.8 + 0.7§ (4 )  

*Duration (mean + SEM) of tail-flick latency measured in sec- 
onds. Numbers in parenthesis are numbers of animals reaching the 12 
s cutoff. 

tSignificantly greater than vehicle (p < 0.0001); post hoc anal- 
ysis. 

~:Significantly less than vehicle + rotation 07 < 0.005), but sig- 
nificantly greater than naloxone without rotation 07 < 0.005); post 
hoc analysis. 

§Significantly less than morphine 07 < 0.0001); post hoc analysis. 

p < 0.0001), demonstrating that the naloxone treatment par- 
tially reversed the effects of  an exogenous opioid. Naloxone- 
injected rotated rats had significantly shorter latencies than 
vehicle-injected rotated rats (7.4 + 0.8 vs. 10.0 + 0.6 s, re- 
spectively, p < 0.005), indicating that pretreatment with nal- 
oxone partially reversed postrotational analgesia. 

In Experiment 4 (Table 4), the antiemetic agents metoclo- 
pramide (dopamine antagonist) and prochlorperazine (dopa- 
mine/norepinephrine antagonist) were ineffective in attenuat- 
ing rotational-induced analgesia, while the antimotion-sickness 
agent, scopolamine, significantly decreased (p < 0.01) the 
analgesia from 9.3 + 0.3 s (vehicle-swung) to 7.0 + 0.9 s. 
The quaternary amine, methylscopolamine, was ineffective, 
suggesting that a central anticholinergic agent can partially 
antagonize centrifugation-induced analgesia. 

In Experiment 5 (Table 5), atropine (cholinergic antago- 
nist) produced a nonsignificant decrease in tall flick latency, 
while cyclizine (histaminergic/cholinergic antagonist) signifi- 
cantly reduced (p < 0.005) the tail flick latency to 7.1 ± 0.7 
s. The combination of  naloxone + scopolamine significantly 
decreased (p < 0.005) the centrifugation-induced analgesia to 
6.5 ± 1.0 s. A comparison of  nonswung to swung (naloxone 

+ scopolamine) indicates virtually no change in tall-flick la- 
tency, demonstrating that the combination of  an opiate antag- 
onist with a cholinergic antagonist completely blocks centrifu- 
gation-induced analgesia. 

DISCUSSION 

The results provide evidence that centrifugation of  rats for 
a brief period of  time does, indeed, induce analgesia, compar- 
able in magnitude but not duration, to that produced by 5-10 
mg/kg of  morphine sulfate. This analgesic effect is short 
lived, lasting 1 min or less; this duration was less than that 
(30 rain) previously reported in mice after a longer period of  
centrifugation (27). 

Rats pretreated with drug vehicle and rotated had signifi- 
canOy longer tall-flick latencies than rats pretreated with nal- 
oxone and rotated, evidence that naloxone (an opioid antago- 
nist) decreased postrotational analgesia. Thus, the analgesia 
appears to be mediated, at least in part,  by endogenous opi- 
oids in rats. In meadow voles, postrotational analgesia was 
blocked by naloxone and also with the mu opioid antagonist 
beta-funaltrexamine (21), suggesting that rotation-induced an- 
algesia is mediated at mu opioid receptors. 

Some manipulations that produce analgesia also produce 
visceral upset. One example is the administration of  mor- 
phine, the prototypical opioid, which is associated with the 
undesirable side effect of  nausea in humans and which will 
support conditioned flavor aversion in rats (4). Centrifugal 
rotation is also well known to cause nausea in humans and 
has been shown to produce conditioned flavor aversion in 
animals (10,12,19,24). The similarities in the effects of  the two 
manipulations are intriguing, leading investigators to question 
whether analgesia and visceral upset are attributable to the 
same or separate mechanisms. To investigate the possibility 
of  an interaction between the two systems, we tested agents 
used in the therapeutic treatment of  visceral upset, namely 
metoclopramide (dopamine antagonist) and prochlorperazine 
(dopamine/norepinephrine antagonist). Metoclopramide was 
ineffective at blocking centrifugation-induced analgesia. Pro- 
chlorperazine produced a significant analgesia in both the 
nonswung test group and in the swung test group; this may be 
an artifact attributed to the sedative effects of  the drug. Thus, 
the dopaminergic and noradrenergic systems do not appear to 
contribute to the rotation-induced analgesia. 

Naloxone has been reported to block the analgesic effect 
of  rotation-induced analgesia but to enhance postrotational 

TABLE 4 
PRODUCTION OF ANALGESIA BY BODY ROTATION IN RATS: 

PHARMACOLOGICAL MODIFICATION I 

Treatment n N o n s w u n g  Analgesia* Swung 

Vehicle 30 7.0 + 0.5 (1) 9.3 + 0.3t (6) 
Metoclopramide (0.5 mg/kg) 12 6.6 + 0.7 (0) 9.8 + 0.5f (2) 
Prochlorperazine(8.0mg/kg) 12 9.5 + 0.6~ (4) 11.8 + 0.2t,§ (9) 
Scopolamine (2.0mg/kg) 12 5.5 + 0.8 (1) 7.0 + 0.9 m (1) 
Methylscopolamine (1.0 mg/kg) 12 6.6 + 0.6 (0) 9.9 + 0.Tt (3) 

*Duration (mean + SEM) of tail-flick latency measured in seconds. Numbers in parenthesis are numbers 
of animals reaching the 12 s cutoff. 

tSignificantly greater than vehicle 07 < 0.01); post hoc analysis. 
~;Significantly greater than vehicle/non-swung 07 < 0.01); post hoc analysis. 
§Significantly greater than vehicle/swung 07 < 0.05); post hoc analysis. 
mSignificantiy less than vehicle/swung 07 < 0.01); post hoc analysis. 
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TABLE 5 
PRODUCTION OF ANALGESIA BY BODY ROTATION IN RATS: 

PHARAMACOLOGICAL MODIFICATION II 

Treatment n N o n s w u n g  Analgesia* Swung 

Vehicle 21 5.0 ± 0.5 (1) 9.7 ± 0.5"]" (3) 
Atropine (5.0 mg/kg) 12 4.1 ± 0.4 (0) 7.8 ± 0.9t (1) 
Cyclizine(20.0mg/kg) 12 4.8 ± 0.6 (0) 7.1 ± 0.7t,~ (0) 
Naloxone (1.0 mg/kg) 

+ 12 6.1 ± 0.9 (0) 6.5 ± 1.0~ (2) 
Scopolamine (2.0 mg/kg) 

*Duration (mean + SEIVD of tail-flick latency measured in seconds. Numbers in parenthesis 
are numbers of animals reaching the 12 s cutoff. 

tSignificantiy greater than vehicle (p < 0.01); post hoo analysis. 
~;Sigulficantly less than vehicle/swung (p < 0.005); post hoo analysis. 

anorexia (a sign of visceral upset), leading to the conclusion 
that the mechanisms for the two phenomena are not the same 
(28). In addition, visceral upset and some postrotational anal- 
gesia have been attributed to activity at histamine receptors, 
because rotation-induced analgesia, but not conditioned fla- 
vor aversion, was blocked by cimetidine, an H2 receptor 
blocker (19). This is consistent with the finding that cimetidine 
attenuated nonopioid foot shock-induced analgesia (11). Thus, 
postrotational analgesia may be attributed to both opioid (mu- 
receptor) and nonopioid (H2 receptor) mechanisms. 

To test the possible role oftbe vestibular system, agents com- 
mon to the treatment of motion sickness were also tested. Sco- 
polamine (cholinergic antagonist) significantly attenuated the 
rotational-induced analgesia, while methylscopolamine, which 
does not cross the blood-brain barrier, was ineffective, indicat- 
ing a central mechanism for the effects of scopolamine. Cycli- 
zine (histaminergic/cholinergic antagonist) also significantly 
reduced the rotational-induced analgesia, suggesting that the 
analgesia is partially mediated by cholinergic vestibular effects. 

While it may be argued that restraint alone is capable of 
inducing analgesia (stress-induced), confinement stress has 
been reported to play little or no part in rotation-ioduced 
analgesia (12). Further, animal models of restraint-induced 
analgesia require very close confinement (e.g., restraint by 
rolling the animal up in wire mesh) for relatively long periods, 
e.g., 30 to 60 min (1-3,14,18). In the present experiments, 
animals were loosely confined for a maximum of 3-5 rain. 
Subjecting rats to IP injection may also cause a degree 
of stress-induced analgesia; however, the stress of an IP injec- 
tion given 30 rain (as in the present experiments) or longer, 
before manipulation, does not potentiate the resultant anal- 
gesia (11). 

The results presented herein suggest that centrifugation- 
induced analgesia is produced by a blend of endogenous opi- 
old effects and vestibular effects of a cholinergic nature; this 
is supported by the virtually complete blockade of rotation- 
induced analgesia produced by pretreatment with the combi- 
nation of scopolamine and naloxone. 
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