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molecule  should  be  t a k e n  in to  account ,  such  as bulkiness ,  
r ig id i ty  and  t he  ab i l i ty  to  fo rm h y d r o g e n  bonds  w i t h  t he  
p h o s p h a t e  oxygen  of t h e  phosphol ip ids .  

The  presence  of a ne t  charge  on t h e  m e m b r a n e  surface 
does no t  q u a l i t a t i v e l y  change  t he  ac t ion  of t e t r a c a i n e  and  
h e x o b a r b i t a l ,  b u t  inf luences  t he  increase  of res i s tance  
p roduced  b y  a g iven  dose of a n e s t h e t i c  (PS bi layers ,  
Tab le  I). A -158 m V  surface p o t e n t i a l  has  been  r epo r t ed  
for t he  P S  m e m b r a n e s  a t  p H  7.2 t2 a n d  can  be a s sumed  
to  be  p re sen t  a t  t he  surface of P S  b i layers  in  t he  p H  range  
of our  expe r imen t s  1~. This  nega t ive  surface p o t e n t i a l  
could mod i fy  t h e  c o n c e n t r a t i o n  of t he  anes the t i c  in  a 
region nea r  to  t h e  in terface .  H e x o b a r b i t a l ,  wh ich  disso- 
c ia tes  as a n  anion,  shou ld  be  d i lu ted  a n d  t e t r aca ine ,  
wh ich  dissociates  as a cat ion,  shou ld  be c o n c e n t r a t e d  w i th  
respec t  to  t he  b u l k  aqueous  solut ion.  I n  fact ,  h e x o b a r b i t a l  
a t  0.1 m M  increase  40 t imes  t he  res i s tance  of t he  n e u t r a l  
P E  a t  p H  6.4 a n d  on ly  28 t imes  t he  res i s t ance  of t he  
s t rong ly  charged  P S  a t  p H  6.4. T he  oppos i te  is va l id  
for  t e t r a c a i n e :  t he  more  dense  t he  sur tace  charge,  t h e  
more  effect ive t he  drug.  

I t  can  be  s t a t e d  t h a t  t he  c o n c e n t r a t i o n  of t he  d rug  in 
t h e  m e m b r a n e  phase  is d e t e r m i n e d  b y  t h e  p a r t i t i o n  coeffi- 
c ient  and  the  in te r rac ia l  concen t r a t i on .  The  l a t t e r  depends  
on t he  sign a n d  dens i ty  of t h e  surface charge  of t he  m e m -  
b r a n e  and  on  t he  sign of t he  ionized form of t he  d rugs  in 
solut ion.  B o t h  fac tors  are af fected b y  t he  d issoc ia t ion  of 

16 M. I). BARRAT, D. K. GREEN and D. CHAPMAN, Chem. Phys. Lipids 
3, 14o (1969). 

17 D. PAPAIIADJOP01JLOS, S. NIR and S. OHKI, Biochim. biophys. 
Acta 266, 561 (1972). 

18 The authors are especially indebited to Dr. C. GALLI who generously 
devoted considerable time in helping them separate the phospho- 
lipids. 

t h e  drug. However ,  t he  effect  on  t he  p a r t i t i o n  coeff icient  
is t he  m o s t  i m p o r t a n t ,  as can  be  seen in t he  e x p e r i m e n t s  
w i t h  t e t r a c a i n e  on  t h e  P S  m e m b r a n e ,  where  t he  p H  
change  inf luences  on ly  t he  d issoc ia t ion  of t he  d rug  and  
no t  t he  surface cha rge  of the  m e m b r a n e .  T e t r a c a i n e  is 
more  ac t ive  a t  p H  8.4, w h e n  t he  p a r t i t i o n  coeff icient  is 
h igher  and  t h e  ionized f r ac t ion  is lower. 

A t  c o n c e n t r a t i o n s  nea r  1 m M ,  b o t h  drugs  caused a 
large decrease  of t he  res i s t ance  va lues  (below those  of the  
in t r ins ic  bi layers)  and  f ina l ly  (over 2-3  raM)  t he  f i lms 
t e n d e d  to  b r e a k  in to  t h e  solut ion.  The  drop  in res i s tance  
was p r o b a b l y  due  to  coarse  r e a r r a n g e m e n t  of t h e  double  
l ayer  s t ruc tu re ,  such  as local  nl icel l izat ions.  

The  molecu la r  m e c h a n i s m  b y  wh ich  the  presence  of the  
anes the t i c  in t he  b i l aye r  p roduces  an  increase  of res is tance,  
is s t i l l  no t  unde r s tood .  W e  sugges t  t h a t  t he  inse r t ion  of 
r e l a t ive ly  r igid s t ruc tu re s  l ike t he  a n e s t h e t i c  molecules  in  
t he  b i l ayer  can  reduce  t he  f lu id i ty  of the  f i rs t  c a rbons  of 
t he  f a t t y  acids. I t  is well  k n o w n  t h a t  cholesterol ,  wh ich  
decreases  t he  f lu id i ty  of ar t i f ic ia l  m e m b r a n e s  16, also 
reduces  t he i r  p e r m e a b i l i t y  ~7. Local  anes the t ics ,  wh ich  
increase  b i l aye r  r ig id i ty ,  m a y  t h e r e b y  also increase  t he  
b i l aye r  res is tance.  

Riassunto. Viene  s tud i a to  l ' e f fe t to  del la  ca r ies  e le t t r i ca  
su l l ' i n t e raz ione  t r a  f a rmac i  ad  az ione anes t e t i ca  locale e 
fosfolipidi  di m e m b r a n a .  Viene  messa  in ev idenza  la 
n a t u r a  p r i n c i p a l m e n t e  idrofobica  di q u e s t a  in teraz ione .  
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Modi f i ca t ion  of D i u r e s i s  in the  Rat  by  C h l o r p r o p a m i d e ,  G l i b e n c l a m i d e  and T o l b u t a m i d e  

Oral  hypog lycaemic  drugs  are of increas ing  i m p o r t a n c e  
in the  m a n a g e m e n t  of m a t u r i t y  onse t  d iabetes .  Some of 
these  drugs  h a v e  been  impl i ca t ed  in disorders  of w a t e r  and  
e lec t ro ly te  ba lance .  Fo r  i n s t ance  severa l  workers  h a v e  
r epo r t ed  an  an t id iu re t i c  ac t ion  of ch l o r p r opamide  in 
w a t e r  loaded  n o r m a l  subjects1,  2 w a t e r  loaded  sub jec t s  
w i t h  d iabetes ,  mel l i tus  a a n d  in p a t i e n t s  wi th  d iabe tes  
ins ip idus  ~, 2, 4-6. Severa l  m e c h a n i s m s  h a v e  been  suggested.  
One t h a t  ha s  received mos t  s u p p o r t  is t h a t  of EARLEY 7 
who sugges ted  t h a t  ch l o r p r opam i de  p o t e n t i a t e d  t he  effect 
of ADH.  Such  a m e c h a n i s m  would  be  expec ted  to resu l t  in 
h y p o n a t r a e m i a  and  se rum hypoosmola r i t y ,  s y m p t o m s  
d e m o n s t r a t e d  b y  W e i s s m a n  et  al. in  f ive d iabe t ics  
t r e a t e d  w i t h  ch lo rp ropamide .  A clinical  s u r v e y  showed 
t h a t  a b o u t  4 %  of p a t i e n t s  t r e a t e d  w i t h  ch l o r p r opamide  
developed these  s y m p t o m s .  WEISSMAN S suggested  t h a t  in 
these  4 %  the  cessa t ion  of A D H  secre t ion  in response  to 
deve lop ing  h y p o n a t r a e m i a  was incomple t e  so a l lowing 
A D H  p o t e n t i a t i o n  to con t inue  and  resu l t  in more  pro-  
n o u n c e d  s y m p t o m s .  

F u r t h e r  mechan i s t i c  i nves t iga t ions  us ing  e x p e r i m e n t a l  
a n i m a l  p r e p a r a t i o n s  h a v e  shown,  for ins tance ,  t h a t  us ing  
t he  t o a d  b l adde r  9 ch l o r p r opam i de  ha s  no  effect alone, 
p o t e n t i a t e s  smal l  A D H  levels b u t  ha s  no  such  effect  on  
large doses of ADH.  Simi lar  resul t s  h a v e  been  ob t a ined  in 
v ivo  us ing  a s t r a in  of r a t s  w i t h  genet ic  h y p o t h a l a m i c  
d iabe tes  ins ip idus  1~ T he  same  s t u d y  showed no an t i -  
d iu re t i c  effect  of c h l o r p r opam i de  in n o r m a l  r a t s  p e r h a p s  
because  these  an ima l s  c o m p e n s a t e d  for t he  increased  

effect iveness  of t h e i r  A D H  b y  reduc ing  A D H  ou tpu t .  In  
b o t h  u n t r e a t e d  ra t s  w i t h  d iabe tes  ins ip idus  a n d  n o r m a l  
r a t s  sod ium excre t ion  was s ign i f i can t ly  increased  du r ing  
ch lo rp ropamide  t r e a t m e n t  which  in t he  d iabe t i c  r a t s  led 
to  a n  increase  in ur ine  volume.  This  effect  of chlor-  
p r o p a m i d e  m a y  be  sepa ra t e  f rom a n y  effect  on  ADH.  

Gl ibenc lamide  in c o n t r a s t  to  c h l o r p r o p a m i d e  has  been  
r epo r t ed  to enhance  diuresis  in  n o r m a l  subjects ,  p a t i e n t s  
w i t h  d iabe tes  melli~us a and  those  w i t h  d iabe tes  ins ip idus  11. 
MosEs  et  al. a h a v e  sugges ted  t h a t  t h i s  effect  is due  to t he  
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doer. Metab. 28, 332 (1968). 

3 A. M. MOSES, J. HOWANITZ and A. M. MILLER, Ann. intern. Med. 
78, 541 (1973). 

4 KOPAJTIC, t~OZENA and ZDRAVKA I{OLACIO, Medieina, Rijeka 9, 
135 (1972). 
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drug ei ther  increasing glomerular  f i l t ra t ion ra te  or 
inhibi t ing sodium reabsorpt ion  in the  p rox imal  tubule.  
E i the r  effect would increase bo th  sodium and water  
del ivery  to the  loop of Henl6, the  sodiunl then  being 
absorbed and the  water  excreted.  

The purpose of the  present  s tudy  was to fur ther  
inves t igate  the  effect of ch lorpropamide  in bo th  normal  
and exper imenta l ly  diabet ic  rats  and to determine  the  
ex ten t  to which gl ibenclamide 's  clinical effects could be 
dupl ica ted  in rats.  To lbu tamide  was also included in the  
s tudy.  

If  ch lorpropamide  does act  by  po ten t ia t ing  A D H  then  
its effect m a y  best  be demons t ra ted  by acute  tests  of 
diuresis which allow less t ime  for a compensa to ry  reduc- 
t ion in A D H  levels. Chronic adminis t ra t ion  migh t  be 
expected to have  l i t t le  A D H  media ted  effect on the  
ma jo r i t y  of rats. Both  chronic and acute  adminis t ra t ion  
schedules were therefore  used for bo th  chlorporpamide  
and gl ibenclamide.  Acute  tests only  were carried out  using 
to lbutamide .  

Methods. Male C F E  rats  180-200 g were d is t r ibuted  
into groups of 6 and assigned to drug or control  t r ea tment .  
Animals  were s tarved 18-20 h before tests bu t  allowed free 
access to water .  

In  acute  tests drugs were suspended in 5% acacia and 
adminis tered orally via  s tomach tube  at  the  dose indicated 
in 50 ml /kg  suspension. Control  animals  received 50 ml /kg  
of 5% acacia only. Each  ra t  was then  placed on a wire 
mesh p la t fo rm in a large plast ic funnel. Ur ine  was 
collected for 3 h, vo lume  being noted each hour. Af ter  3 h 
de te rmina t ions  were made  of urine Na+ and K+ (Eel f lame 
photometer) ,  osmolar i ty  (Osmette) and pH.  

Expe r imen ta l ly  diabet ic  animals  were obta ined by  
dosing wi th  s t reptozotocin  (40 mg/kg  i.v.) 7 days prior  to 
the  test.  Only animals  exhibi t ing glycosuria  (Ames 
Clinistix) were considered diabetic.  

Chronic dosing wi th  chlorpropamide  (50 mg/kg/day)  
and gl ibenclamide (5 mg/kg/day)  was carried out  for 
7 days pr ior  to the test,  doses being adminis tered  oral ly 
via  s tomach  tube  in 1/2 ml  5 %  acac ia / ra t /day .  Control  rats  
received med ium only. The last  dose was given 18 h 
before test  a t  which t ime bo th  control  and drug t rea ted  

groups received 50 ml /kg  water  load. Stat is t ical  signifi- 
cance was assessed using Students  t-test a p -va lue  of 0.05 
or less being assumed to indicate  significance. 

Results. Urine volumes. Chlorpropamide  (300 mg/kg) 
s ignif icant ly increased the  1, 2 and 3 h cummula t i ve  
urine volumes  in normal  rats. The increased values  of the  
tes t  group t rea ted  wi th  100 mg/kg  chlorpropamide  were 
not  s ta t is t ical ly  significant  (Figure A). Larger  mean  values 
t h a n  controls were also obta ined f rom the  diabet ic  groups 
t rea ted  wi th  100 and 300 mg/kg  chlorpropamide  but  
these differences were not  significant  (Figure D). The 
group t rea ted  chronical ly wi th  50 mg /kg /day  chlor- 
p ropamide  showed a s ignif icantly lower 1 h vo lume than  
thei r  controls (Figure F). 

Gl ibenclamide (5 mg/kg) like chlorpropamide  signifi- 
can t ly  increased the  1, 2 and 3 h cummula t i ve  vo lumes  
in normal  rats  (Figure B). Mean volumes  were also 
s ignif icant ly increased in diabetic  rats  (Figure E). Again 
as wi th  chlorpropamide,  chronic t r e a t m e n t  wi th  gli- 
benc lamide  resulted in reduced volumes  being excreted,  
the reduct ion  at  1 h being significant  (Figure F). Acute  
to lbu tamide  500 mg/kg  reduced the  vo lume excreted,  the  
effect being significant  at  1 h only (Figure C). 

Sodium and potassium excretion. Acute  chlorpropamide  
(300 mg/kg) s ignif icant ly increased Na+ excret ion in 
bo th  normal  and diabet ic  rats, the  percentage increase 
being greater  t han  tile increases in urine volumes  in bo th  
cases. In  the normal  rats  this was accompanied by  a 
significant decrease ill K+ excretion,  K+ excret ion by tile 
diabetic  rats  receiving chlorpropamide  remained similar  
to t ha t  of the  control  diabet ic  a n i m a l s  (Table I). Af ter  
chronic t r e a t m e n t  the  apparen t  decreases in Na+ and K+ 
excret ion were not  significant  (Table II).  Gl ibenclamide 
(5 mg/kg) increased Na+ excret ion s ignif icant ly ill normal  
rats. K+ excret ion was not  s ignif icant ly changed in these 
rats. '  No significant  change was seen in the  excret ion of 
ei ther  ion in the  diabet ic  groups t rea ted  wi th  gliben- 
c lamide (Table I). Ra t s  t rea ted  chronical ly wi th  gli- 
benclamide  (5 mg/kg/day)  had reduced mean  Na + and K+ 
excrekion bu t  only in the  case of K+ was the  reduct ion  
shown to be s ta t is t ical ly  significant  (Table II) .  Acute  
to lbu tamide  (500 mg/kg) significantly reduced K+ 
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Fig. A-C. The effect of 3 orally administered hypoglyeaemic drugs on the urine out put of normal rats. The abscissa represents hours from 
administration of either the water load alone (50 mg/kg) with or without drug. 
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Fig. D and E. The effect of chlorpropamide and glibenclamide on the urine output of rats made diabetic with streptozotocin. 

Fig. F, The effect of 'chronic' administration (daily dose Ior 7 days) of chlorpropamide and glibenclamide on the urine output of normal rats. 

Table I. The Effect of acute oral administration of the 3 hypogly- 
caemic drugs on sodium and potassium excretion 

[xEq. excreted4- S.E. 

Dose 
(mg/kg) Na + K + 

Chlorpropamide Normalrats Controls (6) 26 4- 4 77 4- 8 
100 (6) 39 4- 11 6 6 i l l  
300 (6) 82 4- 11 o 54zL 4 ~ 

Diabetic rats Controls (7) 8 4- 2 48 4- 6 
100 (6) 15 4- 6 47 4- 7 
300 (6) 56 4- 15~ 48 4- 6 

Glibenclamide Normalrats Controls (12) 26 4- 3 71 4- 9 
0.5 (6) 22 4- 11 54 4- 11 
1.5 (6) 35~  7 4 9 i  8 
5.0 (6) 35 4- 2a 88 4- 2 

Diabetic rats Controls (6) 7 4- 1 54 4- 6 
1.5 (6) 64- 2 49 4- 6 
5.0 (6) 64- 1 592~ 6 

Tolbutamide Normalrats Controls (6) 31 4- 5 68 4- 7 
100 (6) 20 4- 5 49 4- 9 
500 (6) 34 4- 6 34 4- 2 c 

Significance of difference from control group given by: ~p < 0.05; 
bp < 0.01 and cp < 0.001. Numbers of animals per group are given 
in parentheses. S.E. denotes standard error of the mean. 

Table II. The effect of chronic oral administration of the 3 bypo- 
glycaemi c drugs on sodium and potassium excretion 

DEq. excreted :j: S.E. 

Na+ K+ 

Controls (6) 41 4- 13 88 4- 19 
Chlorpropamide (50 mg/kg/day) (6) 21 4- 7 50 4- 3 
Glibenclamide (5 mg/kg/day) (6) 20 4- 7 40 4- 10 a 

The last dose was given 18-20 h before water loading. Significance 
and number per group are indicated as in Table I. 

excre t ion  hav ing  l i t t le  or no effect  on Na+ excre t ion  
(Table I). 

If  the  d iabet ic  cont ro l  groups are compared  to normal  
ra t s  it  can be seen t h a t  s t rep tozo toc in  d iabetes  resul ted in 
s ignif icant ly  reduced  Na+ excret ion,  no change being 
seen in K+ excre t ion  (Table I). 

Osmolarity. The only changes  in to ta l  urine osmolar i ty  
found to be s ignif icant  were an increase in t he  diabet ic  
controls  compared  to  normal  ra ts  (from 645 i 52 to  
794 4- 84 [msmols/100 g body  weight)  and  a decrease in 
the  group chronical ly t r ea t ed  wi th  gl ibenclamide compared  
to the i r  controls  (from 737 4- 72 to  505 4- 69 bosmols/100 g 
b o d y  weight) .  

Urinary pH. The only p H  changes  found to  be signif icant  
were increases in the  d iabet ic  groups t r ea t ed  wi th  b o t h  
doses of ch lo rpropamide  compared  to  t he  d iabet ic  
cont ro l  group. The mean  p H  • S.E. of the  controls  was 
6.7 4- 0.1 and those  of the  groups t r ea ted  wi th  100 and 
300 mg/kg  ch lo rpropamide  were 7.7 :L 0.4 (p < 0.05) and 
7.6 4- 0.2 (p < 0.01) respect ively .  

Discussion. The doses of t he  3 hypoglycaemic  drugs 
required to  s ignif icant ly  affect  diuresis are in the  region 
of 50 • normal  clinical doses. This re la t ively  low p o t e n c y  
is also indica ted  by  the  doses of ch lo rp ropamide  used by  
MOSES and MILLER 10. An exp lana t ion  for th is  m a y  lie in 
the  fact  t h a t  diuret ic  drugs themse lves  are general ly  less 
p o t e n t  in the  rat .  The p a t t e r n  of changes  in wa te r  diuresis 
caused by  acute  ch lo rp ropamide  was no t  indica t ive  of 
A D H  poten t ia t ion .  Ur ine  vo lume was increased signifi- 
cant ly,  the  grea tes t  increase being wi th in  t he  f i rs t  hour  of 
collection when  A D H  migh t  have  been  expec ted  to  be 
avai lable for po ten t ia t ion .  Maximal  A D H  levels in these  
animals  were no t  expec ted  since up unt i l  the  t ime  of t e s t  
t h e y  were allowed free access to  water .  I t  therefore  appears  
t h a t  only ve ry  small  A D H  levels are p o t e n t i a t e d  by  
ch lorpropamide ,  larger bu t  still submax ima l  levels no t  
being po ten t i a ted .  This is in ag reemen t  wi th  the  f indings 
of MosEs and  MILLER 1~ whose  chronic ch lo rp ropamide  
dosed normal  ra t s  showed no ant idiures is  a l though  t h e y  
also had  free access to  wa te r  and would therefore  be 
expec ted  to  have  submax ima l ly  effect ive blood levels of 
ADH.  

The mos t  s t r iking effect  of acute  ch lo rpropamide  on 
diuresis was the  increase in Na+ excre t ion  (24 -+ 82 txEq/ 
100 g a t  the  300 mg/kg  dose in normal  rats).  This  effect  
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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 .  

J. M. FoY and P. D. LUCAS 

School o/ Studies in Pharmacology, University o] 
Brad/oral, Brad/oral BD7 1DP (England), 
73 January 7975. 

12 V. HOFTIEZER and A. M. CARPENTER, Diabetologia 9, 178 (1973). 

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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2 A. S. BANNER, Am. Rev. Resp. Dis. 708, 851 (1973). 
3 A. M. GLAUERT and R. H. GLAUERT, J. biophys,  biochem. Cytol. 
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