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Table I. Effect of Sulpiride on oxygen uptake by brain slices in vitro 

Drug Potassium Calcium Oxygen uptake 
concentration concentration concentration (~,i/100 mg 

(aM) (aM) wet tissue/h) 

Control 5 2.5 64.56 ~ 3.61 (10) 
100 2.5 78.21 :k 2.76 (12) o 

5 0 69.50 :k 4.68 (9) 
1 • 10 -2 M 5 2.5 53.62 :~- 4.41 (10) ~ 

100 2.5 47.10 ~ 3.19 (12) b 
5 0 52.49 ~- 3.13 (9) ~ 

1 • 10 -a M 5 2.5 69.40 :~ 7.17 (11) 
100 2.5 69.95 :J: 3.11 (12) 

5 0 70.08 :j= 4.68 (9) 
1 • 10 -4 M 5 2.5 61.40 ~ 6.53 (8) 

100 2.5 78.65 ~_ 3.76 (10) 
5 0 68.09 :~ 6.83 (9) 

P < 0.02; ~ P < 0.001;. P < 0.01. The figures are means • SEM. 
In brackets the number of slices. 

Table II. Effect of Sulpiride on oxygen utilization by brain homog- 
enates 

Drug concentration No. of experiments Oxygen 
uptake 
([xI/100 mg 
wet tissue/h) 

Control 12 54.77 j= 3.14 
1 x 10 -e M 8 43.91 i 1.99 ~ 
1 • 10 -a M 7 52.77 ~= 4.49 
I • 10 -~ M 8 53.61 2t= 4.81 

P < 0.025. The figures are means ~= SEM. 

Results. The da t a  on the  oxygen  up take  by  bra in  slices 
are shown in Table I and  shows tha t ,  unde r  contro l  
condit ions,  in Krebs -R inge r  p h o s p h a t e  m e d i u m  wi th  h igh  
concen t ra t ion  of po ta s s ium (100 mM),  t he  oxygen  up take  
is increased up to  21.1%. The absence of calc ium in tile 
m e d i u m  does no t  change  s ignif icant ly  the  oxygen  con- 
sumpt ion .  

Sulpiride, a t  h igh  concen t ra t ions  (10-2), inhib i t s  
s ignif icant ly  the  oxygen  up t ake  a t  60 min  of incuba t ion ;  
th is  inh ib i t ion  appears  grea te r  when  the  m e d i u m  con- 
t a ined  high po t a s s ium concent ra t ions .  

The da t a  on the  oxygen  u p t ak e  by  b ra in  homogena te s  
are shown in Table  I I ;  the  results  show t h a t  Sulpir ide a t  
h ighes t  concen t r a t ion  (10 .= ) s ignif icant ly  inhib i t s  the  
oxygen  ut i l izat ion.  Lower  doses of salpir ide (10 -a and  
10 .4 ) do no t  have  any  s ignif icant  inh ib i to ry  ac t ion  on t h e  
oxygen  uptake ,  e i ther  by  bra in  slices or b y  bra in  homo-  
genates .  

Discussion. The excess of po ta s s ium in the  incuba t ion  
m e d i u m  increases t he  oxygen  up take  in r a t ' s  b ra in  slices. 
These d a t a  agree wi th  those  of ASHFORD and  DIXON 11 and  
DICKENS and GREVILLE 1~. According  to  our data ,  t he  
absence of calcium in t he  med ium,  using air as gas phase,  
did no t  enhance  tile oxygen  ut i l izat ion.  These resul ts  are 
in d i sagreement  w i th  13UCHEL'S da t a  ~, b u t  th is  au tho r  
used O~ as gas phase.  

Sulpir ide appears  to  have  a depressor  effect  on the  
oxygen  up take  in v i t ro  only a t  ve ry  m u c h  h igher  concen- 
t r a t ions  t h a n  those  which  m i g h t  be considered p h a r m a -  
cologically active.  For  t h a t  reason, we canno t  suppose  
t h a t  the  inh ib i t ion  of oxygen  up take  induced  by  Sulpiride 
will be the  mechan i sm of i ts  ac t ion on the  cent ra l  nervous  
sys tem.  This inh ib i t ing  effect  appears  more  ev iden t  when  
the  oxygen  up take  was previous ly  s t imula ted  by  h igher  
po ta s s ium concen t ra t ions  in t he  medium,  in such m a n n e r  
as occurs w i th  several  cent ra l  nervous  sys t em depressors  
in the  same expe r imen ta l  condi t ions  b, ~. However ,  t he  
presence  or the  absence of calc ium in t he  m e d i u m  did no t  
inf luence the  depressor  effect  of Sulpiride on the  oxygen  
up take  in vi tro.  

Resumen. E1 Sulpir ide in v i t ro  a la concent rac i6n  de 
1 • 10 .3 M d i sminuye  el consumo de OMgeno en cor tes  de 
cerebro de ra ta .  E1 exceso de p0tas io  o ausencia  de calcio 
en el med ic  de incubacidn,  no modi f i can  este  efecto. E n  
homogene izado  de cerebro total ,  un i camen te  a la concen-  
t rac idn  de 1 • 10 .3 M depr ime  el consumo de oxlgeno. A 
las concent rac iones  1 • 10 -a y 1 • 10 .4 M no modi f i e s  el 
consumo de oxfgeno en cortes ni  homogene izados  de 
cerebro.  
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Ultrastructure of Renal Collecting Tubules Following Ingestion of a Bipyridinium 
Herbicide (Morfamquat)  

M o r f a m q u a t  dichlor ide (MFQ), 1, l"-bis(3,5-dimethyl- 
m o r p h o l i n o c a r b a m y h n e t h y l )  4,4' b ipy r idy l ium dichloride 
d ihydra te ,  is a herbic ide  for fa rm and  garden  1. Similar  to  
o the r  b ipy r id in ium compounds  i t  reac ts  w i th  t he  a tmos-  
pher ic  O 3 to  form labile hydroperox ides ,  which  in t u r n  
give off  ac t iva t ed  oxygen.  

High  tox ic  doses of MFQ produce  degenera t ive  changes  
and  necrosis of the  p rox ima l  convolu ted  tubules  in the  kid- 
neys  of ra t s  and  dogs, whereas  a low d ie ta ry  concen t ra t ion  
(0.015%) has been repor ted  by  FEI~GUSON et al. = to  cause 
a ma rked  increase in the  n u m b e r  of m i tochondr i a  in the  
epi thel ia l  ceils of t he  collecting ducts  of Alder ley  P a r k  
s t ra in  rats .  

A p h e n o m e n a l  increase in mi tochondr i a  is the  ha l lmark  
of t he  oncocyte ,  a pecul iar  epi thel ia l  cell t ype  seen in 

var ious  h u m a n  organs a. Since the  factors  leading to  t he  
deve lopmen t  of oncocytes  are no t  knov~n and  animal  mo-  
dels for t h e m  have  no t  ye t  been  found,  the  expe r imen ta l  
p roduc t ion  of oncocyte- l ike cells appeared  to  poss ibly  offer 
ins ight  in to  t he  u l t r a s t ruc tu ra l  changes  p reced ing  or 
a c c o m p a n y i n g  the i r  deve lopment .  The  p resen t  communi -  
ca t ion repor t s  t he  resul ts  of an  a t t e m p t  to  induce  mi to-  
chondr ia l  prol i fera t ion in collecting duc t  cells by  feeding 
low d ie ta ry  concen t ra t ions  of MFQ. 
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(1969). 
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Fig.  1. Cross sect ion of a col lect ing d u c t  f rom the  k i d n e y  of a r a t  fed M o r f a m q u a t  d ie t  for  24 weeks.  M a n y  e lec t ron  dense  bodies  (some 
p a r t l y  ex t r ac t ed )  a re  f o u n d  in the  c y t o p l a s m  of cells l in ing  the  due t .  A cons iderab le  q u a n t i t y  of ce l lu lar  debr is  is p r e sen t  in the  lumen.  
X 4,100. 

Fig.  2. Col lect ing duc t  f rom a r a t  on the con t ro l  diet .  A few e lec t ron  dense  bodies  c a n  be  obse rved  in  the  c y t o p l a s m .  No debr is  is seen in  
the  lumen.  • 3,700. 

Figs.  3, 4 a n d  5. Deta i led  views of dense  bodies  w i th in  the  c y t o p l a s m  of d u c t  cells f rom e x p e r i m e n t a l  an imals .  Vesicular  inclus ions  (Figures  
3 a n d  4) a n d  whor l s  of p a c k e d  'mye l in '  m e m b r a n e s  (Figures  4 a n d  5), exbPoit ing e lec t ron  dense  a n d  l ucen t  b a n d s  2 5 A  wide,  a re  f o u n d  
wi th in  some of the  bodies.  Fig.  3. x 68,000;  Fig.  4. • 80,000; Fig.  5. • 112,000. 
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Fig. 6. Cellular debris, which has 
been proximally discharged into the 
nephron of an experimental rat, is 
observed adjacent to the luminal 
surface of a collecting duct cell. 
Remnants of a nuclear envelope 
and adhering chromatin is seen as 
well as mitochondria and a multi- 
vesicular body. • 29,000. 

E i g h t e e n  2 -mon th -o ld  ma le  Sp rague -Dawley  r a t s  were 
m a i n t a i n e d  on  a special  d ie t  cons i s t ing  of 5.75 kg  r a t  chow 
meal ,  1.35 kg  g r o u n d  m a l t  a n d  375 cm 3 corn  oil m ixed  w i t h  
7,500 cm s of bo i l ing  w a t e r  c o n t a i n i n g  225 g agar.  The  
a b o v e  ing red i en t s  were b l e n d e d  in to  a un i fo rm  m a s h  b y  
m e a n s  of a h e a v y  d u t y  m e c h a n i c a l  mixer .  To m a k e  t h e  
e x p e r i m e n t a l  diet ,  1.384 g m o r f a m q u a t  d ich lor ide  sa l t  
(1.25 g free cat ion)  was  d issolved in  w a t e r  a n d  was t ho r -  
ough ly  m i x e d  in to  t h e  m a s h  a f t e r  i t  h a d  cooled to  45 ~ 
(final c o n c e n t r a t i o n  of he rb ic ide  = 0.015% W / W ) .  Con- 
t ro l  a n d  e x p e r i m e n t a l  d ie t  was  p ressed  in to  cubes  w h i c h  
h a r d e n e d  u p o n  a i r  d r y i n g  a t  r o o m  t e m p e r a t u r e .  The  ani-  
ma l s  h a d  free access to  t he  d ie t  a n d  to  water .  

Th ree  r a t s  m a i n t a i n e d  on  t he  e x p e r i m e n t a l  d i e t  an d  3 
r a t s  on  t he  con t ro l  d i e t  were  sacr i f iced b y  d e c a p i t a t i o n  a t  
6, 12 and  24 weeks a f t e r  i n i t i a t i on  of t he  expe r imen t s .  
Samples  f rom p a r o t i d  gland,  t hy ro id ,  l iver  a n d  r ena l  pa-  
p i l la  were f ixed for e lec t ron  mic roscopy  b y  i m m e r s i o n  in 
p h o s p h a t e  buf fe red  g l n t a r a l d e h y d e  for  21/2 h. Fo l lowing  a 
buf fe red  rinse,  t he  t i ssues  were f ixed for 4 h in  cold phos-  
p h a t e  buf fe red  2% osmic acid a n d  were d e h y d r a t e d  in a n  
a scend ing  e t h a n o l  series. The  spec imens  were e m b e d d e d  in 
E p o n  812, sec t ioned  on  a n  LIKB u l t r a m i c r o t o m e ,  and  a f te r  
s equen t i a l  s t a in ing  w i t h  u r a n y l  a ce t a t e  a n d  lead c i t r a t e  
were e x a m i n e d  w i t h  a Ph i l i p s  300 e lec t ron  microscope.  

No s ign i f i can t  u l t r a s t r u c t u r a l  changes  were n o t e d  in t h e  
a b o v e  m e n t i o n e d  t issues,  excep t  t h e  k i d n e y  where  our  
s t u d y  was l im i t ed  to  t h e  col lec t ing ducts .  Changes  were  
m o s t  a p p a r e n t  in  t h e  24 week  e x p e r i m e n t a l  an ima l s  a n d  
were c o n s t a n t .  W h e n  t he  ep i the l i a l  cells, l i n ing  t he  duc t s  
of t h e  e x p e r i m e n t a l  an ima l s  (Figure  1) were  c o m p a r e d  w i t h  
those  of con t ro l  an ima l s  (Figure  2) a n  overa l l  increase  in 
lysosomal  bod ies  was no ted .  These  lysosomes,  wh ich  
a p p e a r e d  s imi la r  to  t he  e lec t ron  dense  bodies  r epo r t ed  b y  
MILLER a n d  PALADE a, r a n g e d  f rom a p p r o x i m a t e l y  
0.2-1,2 a m  in d iamete r .  T h e y  were b o u n d e d  b y  single u n i t  
m e m b r a n e s  a n d  of ten  c o n t a i n e d  sma l l  ves icu la r  inc lus ions  
(Figure  3) or wh@rls of p a c k e d  m e m b r a n e s  (Figures  4 a n d  
5). Based  on  morpho log ica l  criteria., t h e  s t r u c t u r e s  should  
be  classif ied as mu l t i ve s i cu l a r  or  res idua l  bodies  ~. T h e  
lysosomes wh ich  we h a v e  found  in  t he  col lect ing d u c t  cells 
closely r e semble  t h e  cy tosomes  r epo r t ed  b y  FOWLER an d  
BROOKS 6 in p r o x i m a l  t ubu l e s  of mouse  k idneys  fol lowing 
t he  feeding of P a r a q u a t ,  a n o t h e r  b i p y r i d i n i u m  herbic ide .  

In  add i t i on  we obse rved  cons iderab le  q u a n t i t i e s  of cellu- 
lar  debr i s  w i t h i n  t h e  l u m i n a  of t h e  col lec t ing ducts .  A l th -  
ough  e r y t h r o c y t e s  were occas ional ly  noted ,  cell organel les  
inc lud ing  p y k n o t i e  nuclei ,  m i t o c h o n d r i a  a n d  lysosomes 
a p p e a r e d  more  f r e q u e n t l y  (Figure 6). T h e  n u m b e r s  a n d  
size of m i t o c h o n d r i a  w i t h i n  t h e  d u c t  cells were n o t  signif- 
i c an t l y  d i f fe ren t  f rom t h a t  of t h e  cont ro l s ;  n o r  was  t h e r e  
a n y  ev idence  of i n t r a m i t o c h o n d r i a l  changes .  

A l t h o u g h  t h e  d ie t  used in our  e x p e r i m e n t  was  s imi la r  
to  t h e  one used  b y  FERGUSON et  al. ~ a n d  t h e  d u r a t i o n  of 
our  e x p e r i m e n t  was  greater ,  we could n o t  obse rve  t h e  mi-  
t o c h o n d r i a l  p ro l i f e ra t ion  r e p o r t e d  b y  t h e m .  T h e  reasons  
for t h i s  d i s c r ep an cy  are n o t  c lear ;  p e r h a p s  t h e  s t r a i n  dif- 
ference m a y  be  s igni f icant .  Since we obse rved  no cel lular  
d i s rup t io  n a t  t h e  level  of t h e  col lec t ing duc t s  in  t h e  r ena l  
papi l lae ,  we h a v e  conc luded  t h a t  t h e  d i scharge  of debr i s  
h a s  occur red  more  p r o x i m a l l y  in  t h e  n e p h r o n .  Indeed ,  ex- 
t r u s i o n  of celI s t r u c t u r e s  in to  t h e  l u m e n  b y  p r o x i m a l  tu -  
bule  cells h a s  b e e n  r epo r t ed  6 u n d e r  s imi la r  c i rcumstances .  

Zusammen/assung. R a t t e n ,  d e n e n  eine D i i t  m i t  n iedr i -  
gem G e h a l t  y o n  M o r f a m q u a t  gef i i t te r t  wurde ,  ze ig ten  
n a c h  6-24  W o c h e n  eine e rh 6 h t e  A n z a h l  v o n  L y s o s o m e n  in  
den  Ep i the l ze l l en  de r  N i e r e n s a m m e l r 6 h r e n .  I m  L u m e n  wa-  
t e n  Ze l l t r i immer  zu sehen,  die a u f e i n e  Zel lnekrose  im pro-  
x i m a l e n  N e p h r o n  schl iessen liessen. Die M i t o c h o n d r i e n  
wiesen weder  q u a n t i t a t i v e  noch  q u a l i t a t i v e  Ver~inderun-  
gen auf. 
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