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pneumoni t i s  following chronic ganglionic b lockade ~, 
oxygen  toxicityV, s, ep inephr ine- induced  in jury  ~, des- 
quama t ive  in ters t i t ia l  pneumon ia  ~0 p u l m o n a r y  alveolar  
proteinosis  ~, monocro ta l ine - induced  p u l m o n a r y  lesions ~, 
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etc. Never the less  the  combina t ion  of fea tures  appears  to  
be qui te  charac ter i s t ic  of a d rug- induced  disorder  of l ipid 
metabol i sm,  as i t  can be seen in anorogenic  d rug- induced  
lipidosis 18-15. 

Before a pa thogene t i c  mechan i sm can be p roposed  for 
the  lesions observed by  us, some po in t s  have  to  be referred 
to:  a) i t  has  been  found t h a t  ra t  lung t issue is capable  of 
comple te ly  oxidizing alcohol and uti l izing alcohol in the  
syn thes i s  of f a t t y  acids ~6 ; b) s tudies  on the  fa te  of alcohol 
in the  organism have  shown t h a t  alcohol metabo l i t es  in t he  
fo rm of to ta l  l ipids and f a t t y  acids accumula te  in the  
lungXT; c) alcohol has a l ipolytic ac t ion by  mobil izing the  
fa t  deposi ts  of t he  b o d y  ~s, 19, p ro b ab l y  due to  its sympa-  
t h o m i m e t i c  propere ies2~ d) i t  is well known  t h a t  
alcoholism is associa ted wi th  hyperlipidemia23-26; and  e) 
the  lungs are an i m p o r t a n t  rou te  of excre t ion  of l ipids in 
ra t s  27, 28. 

According to  these  facts,  it  seems likely t h a t  alcohol- 
d e p e n d e n t  metabol ic  de r angemen t s  m a y  well be the  basic 
mechan i sm of the  p u l m o n a r y  pa thologica l  changes  
men t ioned  above.  I t  is clear t h a t  fu r the r  s tudies  are 
needed  before these  observa t ions  can be fully unders tood,  
which  m a y  also con t r ibu te  to  the  u n d e r s t an d i n g  of cer ta in  
aspects  of cellular func t ion  in the  lung. 

Zusammen/assung.  Bet normale r  Ern~ihrung und. th~gli- 
chem Tr inken  yon  bel iebigen Mengen 40%igem Zucker- 
roh r schnaps  wurden  bet weissen L a b o r a t o r i u m s r a t t e n  
diverse  ana tomische  und u l t ras t ruk ture l le  Lungenver~tn- 
de rungen  nachgewiesen:  H y p e r t r o p h i e  und  Hyperp las ie  
der  P n e u m o c y t e n  v o m  Typ  2, Anh~tufung in t raalveols  
Ma.krophagen und  Verdickung der  Alveolarwgnde.  
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Motion-Modulated Vestibular Neurons: Central versus Peripheral Effects of Cholinergic 
Blocking Agents  

Studies  in m a n y  laborator ies  have  ind ica ted  the  
effect iveness  of the  be l ladonna  alkaloids, scopolamine  
and a t ropine  1, 2 and the  an t ih i s taminics ,  d i p h e n h y d r a m i n e  
and  d i m e n h y d r i n a t e  a, in the  p reven t ion  of mo t ion  
sickness. Some recent  s tudies  have  ind ica ted  t h a t  the  
effect iveness  of these  drugs in t r ea t ing  mo t ion  sickness is 
due to  the i r  ant ichol inergic  act ion poss ibly  med ia t ed  
t h rough  a locus in the  b r a i n s t e m  4, r a the r  t h a n  at  the  
ves t ibu la r  end organs.  

However ,  several  recen t  repor t s  suggest  t h a t  acetyl-  
choline is the  n e u r o t r a n s m i t t e r  a t  efferent  nerve  fibres 
inne rva t ing  the  hai r  cells of the  inner  ear. Bo th  acetyI- 
choline esterase and choline ace ty l t rans fe rase  have  been  
localized at  these  ef ferent  synapses  and  inh ib i to ry  pos t  
synap t i c  po ten t ia l s  recorded in hai r  cells can be blocked 
by  D-tubocurar ine  5. The exis tence  of an efferent  com- 
ponen t  of t he  ves t ibu la r  n e r v e  med ia t ed  by  acetylchol ine  
indicates  t h a t  the  site of ac t ion of ant ichol inergic  agents  
used clinically for t he  p reven t ion  of mot ion  sickness m a y  
be per iphera l  r a the r  t h a n  central .  

The purpose  of t he  work p resen ted  here was to  assess 
the  effect iveness  of scopolamine  me thy l  b romide  and  o ther  
q u a t e r n a r y  compounds  wi th  muscar in ic  b locking ac t iv i ty  
in the  ves t ibu la r  nuclei  and compare  i t  w i t h  t h a t  of 
scopolamine  hydrochlor ide .  Because of the  lack of access 

of q u a t e r n a r y  a m m o n i u m  compounds  to  the  CNS, th is  
compar i son  should dis t inguish be tween  possible cent ra l  
or per iphera l  modes  of action.  

Materials and methods. 12 cats  (3.5 to 4.5 kg) oI e i ther  
sex were anes the t i zed  wi th  ha lo thane .  Cannulae were 
inser ted  in the  t rachea ,  femora l  vein  and  a r t e ry  for  
adequa te  vent i la t ion ,  i.v. in ject ions  and  recording 
ar ter ia l  blood pressure,  respect ively .  Af ter  the  animal ' s  
head  was f ixed in a s te reotaxic  appara tus ,  a midcoll icular  
decerebra t ion  was performed.  The lower bra in  s t em was 
exposed  by  an occipital  c r an io tomy  and  the  cerebel lum 
was left  in tact .  Body  t e m p e r a t u r e  was ma in t a ined  a t  
37 ~= 1.0~ 

A p la t inum- i r id ium microelect rode was advanced  
t h r o u g h  the  cerebel lum and  into the  ves t ibu la r  nucleus 
accord ing  to  the  s te reo tax ic  coordina tes  of Ba rman  s. 
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Controlled s t imulat ion of the  ves t ibular  appara tus  was 
produced by  sinusoidal accelerat ion of the animal  in a 
horizontal  plane as previously  reported~. S t imula t ion  of 
the otol i th  organs of the  utr icle by  accela tory  mot ion 
proved a ve ry  effect ive physiological  procedure for 
ac t iva t ion  and modula t ion  of afferent  impulses to the  
ves t ibular  nucleus. Hence,  a funct ional ly  homogeneous  
popula t ion  of ves t ibular  neurons responding to accelatory 
mot ion were selected for pharmacologica l  testing. The 
moni tor ing and processing of uni t  ac t iv i ty  have  previ-  
ously been described 4. 

Results and discussion. Adminis t ra t ion  of scopolamine 
me thy l  bromide  (100 vg/kg, i.v.) in 3 exper iments  had no 
effect on the  spontaneous discharge rate  of ves t ibular  
neurons as i l lustrated in Figure  1. Other  qua te rna ry  
compounds  exhibi t ing ant imuscar inic  act ivi ty ,  including 
a t ropine  me thy l  n i t ra te  (500 ~g/kg) and lachesine chloride s 
(5 mg/kg) were tes ted ill 5 exper iments  and also proved 
ineffect ive in al ter ing ves t ibular  uni t  discharge. In  some 
exper iments  neuronal  discharge was moni tored  for 
30-60 min  af ter  drug inject ion wi thou t  any depression of 
discharge. Subsequent  adminis t ra t ions  of scopolamine 
(100 vg/kg) always depressed neuronal  ac t iv i ty  as shown 
in Figure  1. As in earlier investigations% the  discharge 
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Fig. 1. Lack of effect of scopolamine methyl bromide (100 [zg/kg i.v.) 
on the spontaneous discharge rate of a vestibular neuron. Scopol- 
amine hydrochloride (100 ~zg/kg i.v.) produces a rapid decline in 
spike discharge from a rate of 8 spikes/sec to 4 spikes/see. Each point 
represents summated activity for a 10 sec period. 

ra te  was reduced following scopolamine to a new stable 
level at  app rox ima te ly  50% of control.  In  no exper iments  
did the  qua te rna ry  compound  combined wi th  scopolamine 
even comple te ly  block neuronal  act ivi ty .  

Because of the repor ted  effectiveness of the nicotinic 
antagonis t  D-tubocurarine in blocking efferent ves t ibular  
impulses ~, we per formed several  studies wi th  dihydro-fl- 
e ry throidine  9 to de termine  possible centra l  or per ipheral  
actions. The  nicotinic blocking agent  dihydro-f l-erythroi-  
dine (300 vg/kg) was s tudied in 4 exper iments  and found 
to produce no exci ta t ion  or inhibi t ion of ves t ibular  units 
when followed up to 40 rain (Figure 2). Scopolamine was 
subsequent ly  injected and, regardless of the  t ime  af ter  
dihydro-fl-erythroidine,  scopolamine always produced a 
significant  depression of the discharge rate.  This decrease 
was rapid in onse t  and its dura t ion  was no tab ly  prolonged. 

These observat ions  indicate  a general  ineffectiveness of 
muscarinic  cholinergic antagonis ts  which, because of 
qua te rna ry  a m m o n i u m  subst i tuents ,  do not  have  access to 
pu t a t i ve  central  sites of action. However ,  in every  case 
i t  was found tha t  scopolamine,  a po ten t  ant imuscar in ic  
agent,  caused depression of the  same ves t ibular  units. 
Scopolamine appears  to e levate  the threshold for neuronal  
exci ta t ion produced by  na tura l  ac t iva t ion  of the peripheral  
end organ, t ha t  is, a greater  s t imulus of the end organ is 
required to produce an equ iva len t  response in the  ves t ibular  
nucleus. The effect of scopolamine seems to be l imited to a 
central  neuronal  mechanism wi th  l i t t le  or no invo lvemen t  
of muscarinic  cholinergic receptors in the ves t ibular  
apparatus .  

Spontaneous  efferent  ac t iv i ty  exists ill the  ves t ibular  
nerve 10, n and probably  acts to inhibi t  afferent  discharge 12. 
Dihydro-f l-erythroidine,  a nicot inic  blocking agent  wi th  
access to bo th  peripheral  and central  synapses, had no 
effect on afferent  ac t iv i ty  as reflected by moni tor ing  
central  ves t ibular  discharge. This ineffect iveness of 
dihydro-f i -erythroidine m a y  be due to the  small  number  
of efferent  fibres influencing afferent  discharge 1~ 
Based on pharmacologica l  in te rvent ion  studies, i t  would 
appear  t ha t  the exc i ta tory  synapt ic  modula t ion  governing 
the  discharge of centra l  ves t ibular  neurons is a t  least  
pa r t ly  muscarinic- 13. 

Zusammen/assung. Die Akt iv i t~ t  der Vest ibular-  
Neurone  in der decerebral is ier ten Katze  wird durch 
Scopolamin,  nicht  aber  durch Scopolamin-Methylbromid  
oder andere quaternAre Ammoniumana loga  des Sco- 
polamins mi t  muscar inar t igem Effekt ,  gehemmt.  Es 
scheint,  dass nur  zentra langreifende ant imuscar ine  Sub- 
s tanzen bei der Behandlung  der <~Bewegungskrankheit>> 
(motion sickness) wirksam sind. 
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Fig. 2. Comparison of the response of a vestibular neuron to dihydro- 
fi-erythroidine (300 ~g/kg i.v.) with that of scopolamine hydrochloride 
(100 ~g/kg i.v.). Dihydro-~-erythroidine has no effect on the spon- 
taneously discharging neuron while scopolamine produces a 50% 
depression of discharge rate. 
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