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was p resumab ly  the  cause of the  increase in urine volume.  
I t  was accompanied  by  a smaller  bu t  a t  the  higher  dose 
still s ignif icant  reduct ion  in K+ ou tpu t  and therefore 
suggests an inhibi t ion of the  ou tpu t  or effectiveness of 
mineralcort icoids.  Mineralcort icoid levels migh t  be 
expected  to be higher  in the  diabet ic  rats  due to a probable  
reduct ion  in blood vo lume  caused by pers is tent  glycosurea 
and hyperka laemia  due to cellular damage  (/~-cell destruc- 
t ion caused by  such low doses of s t reptozotocin  is a slow 
process and would be expected  to be cont inuing af ter  
7 days 1~. High mineralcor t icoid  levels are indmated  by the  
fact  t h a t  the  N a + : K +  rat io  was much  reduced in the  
control  diabet ic  animals  compared  to the  normal  controls, 
mean  ur inary  p H  also being lower bu t  not  s ignif icant ly  so. 
Af te r  the  larger ch lorpropamide  dose the  N a + : K  + rat io 
was grea t ly  increased, p H  values  were also s ignif icant ly  
increased bo th  effects fur ther  indicat ing ei ther  an 
inhibi t ion of mineralcor t icoid  effectiveness or ou tpu t  by 
chlorpropamide.  

W a t e r  diuresis following chronic chlorpropamide  dosing 
showed s ignif icant ly  reduced wate r  output .  This is the  
opposi te  of the acute  response and probably  represents  a 
compensa to ry  effect occuring at  a t ime  when blood 
chlorpropamide  levels were re la t ive ly  low (last dose of 
ch lorpropamide  was given 18 h before the  test). 

The diuret ic  effect of gl ibenclamide in bo th  normal  and 
diabet ic  rats  is in agreement  wi th  the  clinical findings 9, 3 
and the  hypothes is  t ha t  this drug increases sodium and 
water  de l ivery  to the  loop of Henl6 by e i ther  increasing 
glomerular  f i l t ra t ion ra te  or inhibi t ing sodium reabsorp- 
t ion in the  proximal  tubule  a. As wi th  chlorpropamide  the  
s i tuat ion w a s  reversed after  chronic dosing p resumably  
for the  same reason, i.e. a compensa to ry  effect occurring 

dur ing re la t ive ly  low blood levels of the  drug. Acute  tol- 
bu t amide  in contras t  to  the  o ther  two agents reduced 
urine volume.  The reduct ion  in K + excret ion was signifi- 
can t  (p < 0.001) a t  the  higher  dose and since Na + 
excret ion was re la t ively  unaffected the  Na+ : K+ excret ion 
rat io  was s ignif icant ly  raised suggest ing as wt ih  chlor- 
p ropamide  minera lcor t icoid  antagonisms.  Such an effect 
however  could be expected to increase ur inary  vo lume  
and if i t  does occur then  it  m a y  not  be the  only mechanisms 
by which to lbu tamide  affects the  pa t t e rn  of water  
diuresis. 

The quest ion as to whether  chlorpropamide  and possibly 
to lbu tamide  reduce mineralcor t icoid ac t iv i ty  by  reducing 
ou tpu t  or  inhibi t ing  the i r  effectiveness on the  k idney  
could be resolved only by de termining  mineralcor t icoid 
excret ion under  the  influence of the  drugs. Increased 
levels of the  hormones  would be expected,  due to a 
compensa to ry  increase in secret ion if the  effect of chlor- 
p ropamide  is at  the  level of the  kidney.  

Zusammen/assung. Es wurden  die Wirkungen  yon 
Chlorpropamid,  Gl ibenclamid und To lbu tamid  auf die 
Nieren wasserbelas te ter  normaler  und diabet ischer  R a t t e n  
untersucht .  
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Alcohol-Induced Pulmonary Changes in Rats 

A relat ionship be tween  excessive chronic alcohol 
in take  and lung disease has been suspected for m a n y  
years. Severe and somet imes  fatal  episodes of pneumonia ,  
pu lmona ry  emphysema,  pu lmona ry  fibrosis, and/or  
bronchiectasis  are f requen t ly  associated with chronic 
alcoholism. BURCH and DEPasQUALE 1 suspected t h a t  
these changes are due, at  least in part ,  to direct  damage  
of lung tissue by alcohol, and suggested the  existence of an 
alcoholic lung disease. Recen t ly  BANNER 2 s tudied the  
pu lmonary  funct ion in 30 alcoholic pa t ien ts  and found 
tha t  diffusion impa i rmen t  and mild  obs t ruc t ion  are 
character is t ics  of chronic alcoholism. The purpose of the  
present  paper  is to describe the effects of prolonged 
alcohol consumpt ion  on the morphology  of ra t  lungs. 

Materials and methods. 12 Wis ta r  s t rain male rats  
(body weight  130-150 g) were al lowed to dr ink only white  
rum (40% alcohol) for 4 months.  6 animals  f rom the  same 
s tock were kep t  as controls and given no alcohol. All 
animals  were fed on a balanced commerc ia l  r a t  food ad 
l ibi tum. The dai ly  a m o u n t  of whi te  rum consumed dur ing 
the  exper iment  was 4.9 ml/100 g of body  weight.  

Tissue samples of the  lungs were minced,  f ixed in cold 
1.5% glu ta ra ldehyde  (in 0.1 M cacodyla te  bufter, p H  7.4, 
Containing 3% sucrose) for 2 h, and postf ixed in buffered 
1% osmium te t rox ide  for 1 h. The t issue blocks were 
dehydra ted  wi th  acetone and embedded  in araldi te  3. 
Thick sections used for l ight  microscopy were stained with  
toluidine blue; u l t ra th in  sections cut  on a Por te r  B lum 
micro tome were stained wi th  uranyl  ace ta te  and lead 
citrate.  E lec t ron  micrographs  were t aken  on a A E I - E M 6 B  
electron microscope. 

Results. Minor signs of chronic murine  pneumonia  were 
seen in both  control  and exper imenta l  animals.  This will 
not  be considered further.  The  lungs of the  animals  af ter  
long- term adminis t ra t ion  of alcohol showed a prol i ferat ion 
of a lveolar  cells and th ickening of a lveolar  walls (Figure 
1). The alveolar  cells were found in increased number  and 
size bo th  as l ining cells and free wi th in  the  alveolar  
spaces  The in t raa lveolar  cells were large mononuclear  
macrophages  of var ious  sizes, which tended  to be ovoid in 
shape, and had a foamy appearance  due to numerous  
in t raey toplasmic  vacuoles.  Their  cy toplasm contained 
also dark small  round inclusions in the  toluidine blue- 
s tained th ick  sections. These free ceils were no t  evenly  
dis t r ibuted th roughout  the  whole pu lmona ry  tissue, bu t  
groups of atveoli  were heavi ly  affected, while others were 
empty .  Hyperp las ia  and hype r t rophy  of granular  ( type 2) 
pneumocytes  wi th  a vesicular  cy top lasm could be also 
seen where the  foam cells were present.  Similar  patholog-  
ical changes could not  be observed in the  lungs of control  
animals.  

Wi th  electron microscopy, the  changes consisted of 
hyperplas ia  and hype r t rophy  of type  2 pneumocytes ,  
in t raa lveolar  accumula t ion  of macrophages  and alveolar  
wall  th ickening  due to increase in collagen conten t  
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(Figures 2, 3, and 4). The hyper las ia  of granular  pneu-  
mocy tes  was indica ted  by  the  locat ion of these  ceils nex t  
to  each  other.  They  were marked  enlarged and con ta ined  
1 or 2 nuclei (Figure 3). The electron dens i ty  of the  
secre tory  vacuoles in t y p e  2 p n e u m o c y t e s  was altered.  
Some vacuoles conta ined  loosely packed  concentr ic  
material ,  bu t  the  ma jo r i t y  conta ined  a modera te ly  
e lec t ron-opaque lipid mater ia l .  The secretory vacuoles in 
control  ra t s  were smaller  and  their  con ten t  lamel la ted  
and more  osmiophilic.  The macrophages  were numerous  
and  the i r  cy top la sm was filled wi th  fagocyt ized concentr ic  
secretions.  They  showed character is t ic  cy toplasmic  
processes and  lacked microvilli,  which were p resen t  in the  
granular  pneumocy te s  (Figure 4). The intercel lular  spaces 
of the  alveolar  sep ta  were modera t e ly  th ickened  by  
increased number s  of ma tu re  collagen fibres (Figure 2). 

Discussion. Our exper imen ta l  da t a  indica te  t h a t  pro- 
longed consumpt ion  of whi te  rum (40% alcohol) induces  

changes  of the  lungs in rats.  Granular  ( type 2) pneumo-  
cytes  became hyperp las t i c  and hyper t roph ic ,  wi th  enlarged 
and tess osmioplailic secre tory  vacuoles.  The pu lmona ry  
alveoli  conta ined modera t e  number s  of large f o a m y  cells. 
The s t ruc tura l  fea tures  of these  in t raa lveolar  cells 
suggested t h a t  t h e y  correspond to aIveolar macrophages  
filled wi th  lipid material .  I t  is general ly accepted  t h a t  the  
alveolar  macrophages  are der ived f rom ci rcula t ing 
precursors  of bone  mar row origin and  developed by  
mitosis  and  m a t u r a t i o n  wi th in  the  lung 4. In  our experi-  
ment ,  mild in ters t i t ia l  p u l m o n a r y  fibrosis has been  also 
observed.  

Various changes  similar  to those seen in our s tudies  
have  been repor ted  in chronic p u l m o n a r y  edema s , 
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Fig. 1. HyperpIasia and hyper- 
trophy of granular (type 2) pneu- 
mocytes (at the arrows), numerous 
intraalveolar macrophages and 
thickened alveolar septae in a lung 
from rat that drank only white rum 
(40% alcohol) for 4 months. 
Toluidine blue stain, 1 ~xm thick 
section. • 320. Inset, • 600. 

Fig. 2. Portion of 2 alveoli from a 
test rat. Thickened alveolar septae. 
Portions of 2 granular pneu- 
mocytes and ol a maerophage in 
alveolar space are seen. Electron 
micrograph (EM). Uranyl acetate 
and lead citrate (UA, LC). • 7500. 

Fig. 3. Hypertrophic granular 
pneumocyte showing two nuclei 
from a test rat. The electron density 
of the secretory vacuoles is altered 
EM, UA, LC. • 7500. 

Fig. 4. Portion of 2 macrophages 
from an alveolus of a test rat. The 
cytoplasm is filled with fagocytized 
secretions. EM. UA, LC. x 7500. 
ALV, alveolar space; IS, intersti- 
tial space; EP1, membranous 
(type 1) pneumocyte; EP2, gran- 
ular {type 2) pneumocyte; lV[C, 
intraalveolar macrophage; V, se- 
cretory vacuole; LB, lamellated 
body; MI, mitochondria; N, nu- 
cleus; ER, erythroeyte; END, 
endothelium. 
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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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