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CRAMPTON, G. H. AND N. G. DAUNTON. Systemic naloxone increases the incidence of motion sickness in the cat. 
PHARMACOL BIOCHEM BEHAV 19(5) 827-829, 1983.--Subcutaneous injections of naloxone in a total dose of 0.4 mg 
or greater one hour before a swing stimulus increased the frequency of motion sickness symptoms and shortened the 
latency to retching and vomiting. 

Motion sickness Emesis Naloxone 

ADMINISTRATION of  morphine elicits emesis in man [18], 
dog [8], and cat [6]. The incidence is increased if a person is 
allowed to ambulate [5] or subjected to vestibular stimulation 
[13]. Intracerebroventricular  (ICV) injection of  the opiate 
antagonist naloxone prevents emesis following ICV adminis- 
tration of  morphine in the cat [6], and intravenous (IV) 
naloxone blocks subcutaneous (SC) morphine-induced 
emesis in the dog [8]. Vomiting also follows ICV administra- 
tion of the endogenous opiate met-enkephalin in the dog, and 
further, ICV pretreatment with naloxone protects against 
this enkephalin induced emesis [1]. These results suggest the 
possibility that endogenous opiates could be involved in the 
etiology of  motion sickness, and if so, naloxone might alle- 
viate the malady. Accordingly,  the effects of  systemic 
naloxone on motion sickness were investigated in this study. 

METHOD 

Subjects and Apparatus 

Twenty female cats were tested individually in a clear 
plastic box with inside dimensions of  0.5 x 0.17 x 0.24 m. The 
box was oscillated on a two-pole swing having a radius of 3.7 
m, a vertical displacement of 1.0 m, a frequency of 0.27 Hz, 
and an arc of  1.54 radians. 

Response Measure 

The latencies to the beginning of retching were noted to 
the closest 0.1 min. Latency to retching was selected as the 
dependent variable because the postural and motor re- 
sponses were readily observed. Vomiting nearly always ac- 
companied retching, but at longer latencies. Duration of  the 
swing stimulus was 20.0 min, or time to retching/vomiting 
plus 5.0 min whichever was longer. This timing schedule was 
adopted so that cessation of  swinging would not follow retch- 

ing/vomiting for at least 5.0 rain, thus reducing the possibility 
that animals might learn to retch or vomit in order to termi- 
nate the stimulus. 

Test Schedule 

Cats were tested on eleven occasions; each test separated 
by not fewer than ten intervening days. Each animal was 
tested at each drug level, and every test was preceded and 
followed by a control test. Four different sequences were 
used, as shown below, with five cats assigned to each se- 
quence. Control tests are indicated by " C , "  and the numbers 
indicate the dosage in mg for the drug tests. 

C; 0.2; C; 0.1; C; 0.8; C; 1.6; C; 0.4; C 
C; 0.4; C; 0.2; C; 0.1; C; 0.8; C; 1.6; C 
C; 0.8; C; 1.6; C; 0.4; C; 0.2; C; 0.1; C 
C; 1.6; C; 0.4; C; 0.2; C; 0.1; C; 0.8; C 

Drugs 

For the drug tests, naloxone HC1 (Narcan, Endo Labora- 
tories, Inc., expressed as the weight of  the salt) was adminis- 
tered SC 60 min prior to swinging in total doses of  0.1, 0.2, 
0.4, 0.8 or 1.6 mg. The average weight of the cats was 2.9 
kg. For  control tests, 1.0 ml of physiological saline was ad- 
ministered SC 60 min prior to swinging. 

RESULTS 

Figure 1 shows the mean latencies to vomiting/retching 
within 20.0 min on each trial. Data are plotted in " t r ip le ts"  
with each drug level preceded and followed by the control 
test data. Averaged control data, except for the first and last 
test of the sequence, are therefore shown twice in the graph 
but only once for each triplet. 
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FIG. 1. Mean latency in minutes to vomiting or retching within a 20 
min test period. Each data point represents the average for all 20 
animals. Every drug test (indicated by mg of total dose) was pre- 
ceded and followed by a control test indicated C. 
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FIG. 2. Mean motion sickness scores within a 20 min test period 
plotted as in Fig. 1. 

Tests of significance between latencies were made for 
each triplet and are listed in Table 1. The table shows un- 
equivocally that naloxone in the 0.4--1.6 mg total dose range 
significantly decreased the latency to retching/vomiting. 
There were no significant correlations (p<0.05) between 
latencies and body weights within any of the dose levels. 

In four of the five triplets, the mean latency of the post- 
drug control test was slightly longer than that for the pre- 
drug control test, indicating a modest habituation. Control 
test data were sorted into the order of presentation, and a 
least-squares linear fit confirmed that mean latencies were 
~c~gthened at a rate of 0.64 min per control test. 

Supplementary Observations 

The effects of naloxone were also evaluated using the 
symptom rating scale developed by Suri, Crampton and 
Daunton [IA.]. The scale score is the sum of arbitrarily as- 
signed values for the symptoms of salivation, urination, def- 
ecation and retching/vomiting occurring during the test 
period. These scores, presented in Fig. 2 and Table 2, further 
confirm that naloxone increased the severity of motion sick- 
ness. 

TABLE l 
VALUES OF t FOR DATA SHOWN IN FIG. 1 

Dose 

Pre-test Post-test Pre-test 
vs. drug vs. drug vs. post- 

test test test 

0.1 0.227 1.130 1.363 
0.2 0.740 1.872 0.693 
0,4 3.705* 3.102" 1.062 
0.8 3.594* 4.243* 1.290 
I. 6 3.124* 3,567" 1.774 

*Significant at 0.01 level (two-tailed test). 

TABLE 2 

VALUES OF t FOR DATA SHOWN IN FIG. 2 

Dose 

Pre-test Post-test Pre-test 
vs. drug vs. drug vs. post- 

test test test 

0.1 0.247 1,079 2.039 
0.2 0.529 0.308 0.462 
0.4 2,861t 2.854* 0.034 
0.8 2.725* 2.8735 0.918 
1.6 3.092t 3.910~ 1.929 

*Significant at 0.05 level (two-tailed test). 
*Significant at 0.01 level (two-tailed test). 

DISCUSSION 

There are several possible explanations for the unex- 
pected finding that naloxone exacerbates motion sickness. 
First, this drug is known to increase neural sensory input [3] 
and thus may intensify vestibular and other [7] inputs of 
importance to motion sickness. 

A second possible explanation derives from the fact that 
systemic naloxone in very high doses is an emetic itself, not 
even requiring the chemical trigger zone in the area postrema 
[1,6]. Thus, naloxone may simply provide a chemical emetic 
stimulus that is synergistic with the motion sickness 
stimulus. It has been reported that naloxone alone rarely 
elicits vomiting even with an intraperitoneal dose of 5.0 
mg/kg which is ten times the SC premedication used here [6]. 
By comparison, naloxone does cause emesis 8(YYo of the time 
with ICV doses of 1.0 mg in the cat [6], and always with 0.16 
mg ICV in the dog [1]. Such findings indicate that SC 
naioxone at the levels used in this experiment was substan- 
tially below the systemic threshold dose required to elicit 
vomiting. Emesis did occur three times in these 100 drug 
tests after injection and before vestibular stimulation com- 
menced, and even though vomiting for no apparent reason is 
observed occasionally in cats, the possibility cannot be ex- 
cluded that high motion sickness rates were the result of the 
additive effect of two emetic factors, naloxone and motion. 

Another possibility is that the enkephalins modulate the 
production or reception of a mediator important to motion 
sickness. For example, dopamine (DA) is but one of many 
putative mediators. Intraventricular DA will elicit emesis in 
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dogs [9], and DA antagonists  such as domper idone  re l ieve 
nausea  and vomit ing in pat ients  with Park inson ' s  disease 
receiving l evodopa  therapy [2]. Dopamine  is found in the 
cerebrospinal  fluid [16], and DA receptors  are found in the 
area  pos t rema  (AP) [15]. Al though it has not  been demon-  
strated specifically that the AP  is required for DA-induced  
emesis ,  the AP  has been shown to be necessary  for both 
dopa- induced vomit ing [ 12] and mot ion sickness [ 17]. Impor-  
tant  for the dopamine  media tor  hypothesis  are the facts that 
DA product ion  is modula ted  in part by vest ibular  st imulation 
[10] as well as by the endogenous  opiates [4], and that  the 
respons iveness  of  DA neurons  is increased by na loxone  [ 11]. 

The  fact that latencies to vomit ing increased slightly f rom 
control  trial to control  trial indicates that habi tuat ion was 
taking place o v e r  the course  o f  the exper iment .  This small 
increase does not  negate the results of  the main effect ,  but  is 
interest ing because  a ten-day interval  was  sufficient to pre- 
vent  habi tuat ion in a previous  exper iment  in which 

scopolamine  was adminis tered on al ternate tests [14]. The 
different stimulus, different  sickness rates,  and perhaps sub- 
tle drug effects might account  for the weak trend of  habitua- 
tion found in this exper iment .  

In summary ,  it is clear  that naloxone increases feline sus- 
ceptibil i ty to mot ion sickness.  The  activities and effects of  
na loxone  and the endogenous  opiates are so ubiqui tous as to 
leave the mechan ism a mat ter  o f  speculat ion until further  
clarification of  the effects of  naloxone is available.  
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