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The pathogenests  of motion s ickness  (MS) is complex and has not been fully studied. In par t icular ,  the 
role of the var ious  neurochemical  sys tems  of the body in the genesis  of MS is not quite clear.  It has recent ly  
been shown that the endogenous opioid system par t ic ipates  in the genesis  of several  pathological p roces se s  
[2, 6, 9 ,13 ,  14]. This was the motivation for  the study of the possible role of endogenous opioids in the patho- 
genesis  of MS. 

E X P E R I M E N T A L  M E T H O D  

The investigation was conducted on 19 clinically healthy male volunteers  with initial low vest[bulo-auto-  
nomic res is tance  (VAR), aged f rom 24 to 47 years ,  and weighing f rom 59 to 94 kg. MS was modeled by cumu- 
lative exposure to Coriolis  and precess ional  a c c e l e r a t i o n s -  Bryanov ' s  PKUK test  [1], while the subjects were 
rotated in a VU-4m chair  at a speed of 30 rpm. The blood p re s su re  (BP; by Korotkov 's  method), pulse rate 
(PR), respi ra t ion rate (RR), intensity of vest ibulo-autonomic react ions  (the following basic symptoms of MS 
were taken into account: dizziness,  i l lusory sensations of movement,  perspirat ion,  pallor,  nausea, vomiting, 
and so on), and the duration of to lerance of the PKUK test. The investigation comprised  not more  than 10 ro-  
tation sess ions  (the f i rs t  rotation session lasted 1 rain), but if vest ibulo-autonomic react ions  of the II-III  de- 
gree (according to Khilov 's  classif icat ion [5]) developed during rotation, the tes t  was immediately stopped. 
Investigations of ability to tolerate the PKUK test  were conducted at intervals  of not less  than 10-14 days. 

The specific antagonist of opiates and opioids, naloxone, was used as pharmacologic  indicator for in- 
d i rec t  determination of the role of endogenous morphine- l ike  substances in the genesis  of MS. Naloxone hy- 
drochloride ("Narcan") was injected intravenously in a dose of 0.4 mg before rotation and during rotation. 
The effect iveness of naloxone was est imated by compar ison  with the action of isotonic NaC1 solution (placebo). 
Scopolamine, which is used for  the prevention of MS, also was used in the investigations as a standard prep-  
aratton. Scopolamine in a dose of 0.6 mg, and also the placebo, were taken internally 1.5 h before rotation. 
All drugs were used in accordance with the double blind control method. 

To obtain direct  proof of the part icipat ion of endogenous opioid peptides in the genesis  of MS, the sub- 
j ec t s '  blood plasma was tested for  fi-endorphin before and after  the PKUK test. Blood from the cubital vein 
of six subjects was collected in plastic test  tubes containing EDTA (7.5 mg per  5 ml of blood). After centr i -  
fugation, the p lasma was frozen and kept at - 70~ until required for use. The plasma fl-endorphin level was 
determined by radioimmunoassay,  using a kit (intended for  assay of fi-endorphin in blood plasma) from Im- 
muno Nuclear  Corporat ion (USA). 

EXPERIMENTAL RESULTS 

All 19 subjects were charac te r ized  by a low vest[bulo-autonomic index (VAI) with a duration of to lerance 
of the PKUK test  in the control  f rom 1 to 6 min (average 3.9~0.4 min). F rom 6 to 10 rain (on average (8=~lmin) 
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TABLE 1. Effect of Naloxone, Taken 6-10 rain 
before Rotation and during Rotation, on Subjects '  
Ability to Tolerate PKUK test  ( M ' m )  

Series of investigation Ability to tolerate 
PKUK test, rain 

Control (n : II) 
Placebo (n = 11) 
Naloxone 6- I0 rain before rOtation 
(n=ll) 
Control (n = 6) 
Placebo (n = 6) 
Naloxone during rOtation (n = 6) 

3,8+__0,5 
4,1• 

5,8• 
4,6• 
5,1• 
7,8• 

Legend. n) Number of subjects tested. 

before exposure to accelerat ion,  11 volunteers  were given naloxone. Naloxone did not change {in three sub- 
jects) or  raised (in eight) the VAI. The duration of tolerance of the PKUK test  was significantly increased 
(:P < 0.01 by Wilcoxon's  paired cri ter ion) by naloxone by 1.7:~0.6 rain, or  by 55~21%, compared with the value 
obtained when the placebo was used (Table 1). Naloxone, which blocks opiate receptors ,  thus has a definite 
protect ive effect against MS. 

The next se r ies  of investigations was undertaken to show whether naloxone posses ses  therapeutic prop-  
e r t ies  in MS. Six volunteers  were given naloxone during rotation (after exposure to accelerat ion for 1-3 rain). 
The therapeutic effect of naloxone was found to be comparable with its prophylact ic  effect. For  instance, in 
one subject naloxone did not change VAI, whereas  in five subjects it increased VAI. The duration of to lerance 
of the PKUK test  after  administrat ion of naloxone was significantly (P < 0.05, Wilcoxon's  paired cri terion),  
increased by 2.7~1.0 rain, or  by 60::24% relative to that under the influence of the placebo (Table 1). No stat-  
is t ical ly significant dif ferences  in the effect of naloxone and the placebo on BP, PR, and RR were obtained 
during rotation (Tables 2 and 3), although during the action of naloxone a tendency was observed toward sta- 
bilization of BF (Table 3). 

The fact  will be noted that, despite the use of naloxone, in some cases  (when the drug was given both 
before and during rotation) the subjects vomited. This may be evidence ei ther  that the dose of the drug was 
too small to block the opiate receptors ,  and in par t icular ,  those located in the chemorecep tor  t r igger  zone of 
the vomiting center  [7, 8], or  that naloxone has low affinity for these receptors .  We know, for example, that 
naloxone is predominantly a blocker  of p-opiate r ecep to r s  [11, 12], and besides them, other  types of opiate 
r ecep to r s  (a- ,  5-, and ~+receptors) ,  for which the affinity of the antagonist is 10-30 t imes weaker [11, 12], 
may also be present  in this zone. Most probably, however, many neurochemical  sys tems  part icipate in the 
genesis  of vomiting during MS [3] and the use of one drug with a ra ther  selective type of action may probably 
therefore  not prevent  it. 

The standard drug scopolamine, under the conditions of these investigations, was less  effective than 
nMoxone. Of 16 subjects tested, in five it did not change VAI, and in 11 it raised it. The duration of tolerance 
of the PKUK test  was significantly (P < 0.01, Wileoxon's  paired cri ter ion) increased by 1.3~0.3 rain (from 
4 .0 ,0 .5  to 5.3=0.8 rain) under the influence of scopolamine, or  by 29~7g~ compared with the effect of the 
placebo. 

Considering the positive prophylact ic  and therapeutic effect of naloxone against MS it can be postulated 
that endogenous opioid pepttdes part ic ipate  in the genesis  of the vest ibulo-autonomic d i so rders  in MS. This 
hypothesis  was confirmed by the resul ts  of biochemical  investigation of human blood plasma in o rder  to de- 
termine the concentrat ion of the opioid pepttde #-endorphin. 

The subjects '  initial p lasma fl-endorphin level was 8.3:L2.9 femtomoles /ml .  Immediately after the PKUK 
test  a significant (P < 0.05, Student 's test) increase  in the concentration of this peptide to 52.4~ 16.9 femto-  
moles /ml ,  or  by 891~333%, was observed.  The #-endorphin level 1 h after rotation was 11.3~3.0 femto-  
moles /ml ,  falling after  3 h to 3.3~0.7, and after  5 h to 3.0~1.4 f emtomoles /ml .  
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Consider ing the r e s u l t s  of this  invest igat ion and also data published previous ly ,  indicating that endogen- 
ous optoid pept ides  cause  vomit ing and changes in var ious  autonomic p a r a m e t e r s  in an imals  {BP, PR, RR, 
etc.5 [2, 4, 7, 10], it can be postulated that endogenous opiotd pept ides  (and ~-endorphin,  tn pa r t i cu la r )  a re  di- 
r ec t ly  involved in the genes i s  of the ves t ibu to-autonomic  d i s o r d e r s  in motion s ickness .  
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[a p rev ious  inves t igat ions  the w r i t e r s  showed that repeated  exposure  to s t r e s s  {sublethal hypertherm'~a, 
hypoxia, and fixation in the supine posit ion, five t imes)  causes  act ivat ion of cell  division and DNA and RNA 
synthes is  in the corneal  epithel ium of albino r a t s  [1]. 

In this  investigation the effect  of chronic  immobi l iza t ion s t r e s s  on the k ine t ics  of cornea l  epithelial  ce i l s  
f rom the basa l  l aye r  into higher  l a y e r s  was studied. 

E X P E R I M E N T A L  M E T H O D  

Expe r imen t s  were  ca r r i ed  out on 49 male  albino r a t s  weighing 160-190 g. The an imals  were  exposed 
fo r  1 h daily to f ixation in the supine posit ion for  5 days.  After  the final exposure  to s t r e s s  the an imals  were  
given an tn t raper t tonea l  injection of aH-thymtdine (0.6 #Ci /g  body weight). Because  the cornea  has  no blood 
supply, an additional application of 5 pC[ of 3H-thymtdtne was  made to i ts  surface .  

The an ima l s  were  killed and the cornea  removed  fo r  investigation f rom the an ima l s  of group 1 one hour 
a f te r  the end of the final fixation and injection of aH-thymtdine,  f rom the an imals  of group 2 a f te r  24 h, and of 
group 3 a f te r  72 h. Fo r  each exper imenta l  group the re  was a cor responding  control  group of intact  animals .  
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