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The  Effect of Shor t  T e r m  E x p o s u r e s  to 100% O x y g e n  on the  Fine  S t r u c t u r e  of P r o x i m a l  C o n v o l u t e d  
T u b u l e s  

The effect of short  t e rm exposures to pure  oxygen  on 
a va r i e ty  of ra t  tissues has been described. SCI~AFFNER 
and FELm 1 and F~LIG ~ repor ted  loss of glycogen and 
mi tochondr ia l  enlargements  and ple iomorphism in hepat ic  
cells following exposure to oxygen  for 3 days a t  258 m m  
Hg, 1 day at  760 m m  Hg and 3 h at  2280 m m  Hg. These 
changes were followed by  increased numbers  of auto-  
phagic vacuoles,  polyr ibosomal  clusters and mi tochon-  
drial  cristae. Af te r  2 weeks a t  258 m m  Hg  the  al terat ions 
described had begun to regress, a l though numerous  mito-  
chondria l  myel in  figures were apparent .  By  90 days a t  
258 m m  Hg  the  l iver  cells appeared essentially normal.  
MAUTNER ~ similar ly repor ted  t h a t  af ter  exposure to oxy- 
gen at  760 m m  Hg for 1 day  kidney tissue exhibi ted mi to-  
chondrial  changes. PHILPOTT et al. ~ described me mbrane  
vesiculat ion in tissues of rats  b rea th ing  100% oxygen  at  
l/a, ~/s and 1 a tmosphere  pressure for periods of t ime  up 
to 1 month.  As HAIJGAARD 5 has po in ted  ou t  when  the  
oxygen tension in the  a tmosphere  is e levated there  is 
an increase in the  amoun t  of cellular oxygen,  accom- 
panied by  unrecognizable  metabol ic  changes and adapta-  
tions. Since the  ceils of the  k idney  cor tex have  the  highest  
oxygen consumpt ion  and the  lowest  respi ra tory  quot ien t  
of any tissue in the  body,  i t  was expected  t h a t  h igh 
oxygen  tensions could be to lera ted  by  this  organ. This  
hypothesis  was explored, using a defined diet  ~ to e l iminate  
any possible a l te ra t ion  under  oxygen  tha t  m a y  be due 
to unrecognizable  metabol i te  deficiencies or excesses. 
Sprague-Dawley rats  (47-58 g) were exposed to 100% 
oxygen  a t  600 m m  Hg cont inuously  as described by 
SHAWL Animals  exposed to oxygen  had pair-fed, air- 
exposed mates.  Ad l ib i tum air animals  were also main-  
tained.  Samples  f rom the  k idney  cor tex  were obta ined 
at  3 and 7 days, f ixed in Millonig's phosphate-buffered,  
1% osmium te t roxide  (pH 7.2) for 2 h and embedded  
in Epon.  Sections were s tained wi th  saturated,  aqueous  
u rany l  ace ta te  followed by  Reynolds '  lead c i t ra te  and 
examined  in a RCA E M U  3F electron microscope. 

The  p rox imal  tubu la r  cells of animals  exposed to 100% 
o x y g e n  at  600 m m  Hg for 3 days were essential ly normal  
u l t ras t ruc tura l ly  as were thei r  pair-fed mates  and the  
ad l ib i tum controls. No differences in the  f requency of 
individual  cell organelles were noted be tween  the  groups 
which could not  be accounted for by  normal  factors such 
as depth  of the  tubules  in the  cor tex  and re la t ive  dis tance 
from the glomerulus.  Some sl ight  a l tera t ions  were noted 
in the  oxygen-exposed animals  and thei r  air-exposed, 
pair-fed mates  af ter  7 days. In  the  pair-fed air animals  
the membranous  spaces wi th in  the  mi tochondr ia  cristae, 
Golgi, smooth  endoplasmic ret icutum, pa ramembranous  
tubular  sys tem and nuclear  envelope appeared to have  
more of a t endency  to di late  than  those spaces in the  
ad l ib i tum air animals.  The mi tochondr ia l  cristae of 
7-day oxygen-exposed animal  were def ini te ly  di la ted 
(compare Figures 1 and 2). Mitochondria l  ma t r ix  granules 
present  decreased in frequency,  size and electron density.  
Large deposits  of smooth  endoplasmic  re t icu lum were 
also noted in this  group. At  7 days a defini te  increase in 
the  number  of l ipid bodies was observed, however,  o ther  
cell organelle frequencies in the  p rox imal  convoluted  
tubules  were about  the  same. 

The  fine s t ructure  of the  p rox imal  convolu ted  tubules  
of ra t  k idney  appeared largely unaffected by  short  t e r m  
exposures to 100% oxygen  at  close to a tmospher ic  pres- 
sures. Since oxygen-exposure  produces anorexia  and/or  
depresses metabol ism,  the reby  reducing food intake, the  
slight u l t ras t ruc tura l  changes observed in the  7-day-air- 

animals  which were pair  fed to oxygen mates  can probably  
be a t t r ibu ted  to the  l imi ted  diets. The more not ieable  
changes  observed in animals  exposed to oxygen for 7 days 
can be considered an addi t ive  effect of lowered food 
in take  and oxygen  toxici ty .  

Da ta  compiled by JORDAN et al. 8 suggested tha t  oxygen  
exposure decreases to ta l  f a t ty  acid synthesis  in the  k idney 
and reduces the  catabolic  ra te  wi th  an increase in to ta l  
tissue lipid. The  increased lipid bodies observed at  seven 
days in oxygen-exposed animals  m a y  therefore ref lect  
th is  increase in to ta l  t issue lipids. 

The  proximal  convoluted  tubule  ceils ac t ive ly  and pas- 
sively resorb more than  80% of the  glomerular  f i l t ra te  
including lipids or l ipoproteins.  The energy for this is 
supplied pr incipal ly  by  the  oxidat ion  of f a t ty  acids by  

Fig.  1. Mi tochond r i a  f rom 7 d a y  ad  l i b i t um a i r -con t ro l  a n i m a l  are  
shown  f rom the  basa l  p o r t i o n  of a p r o x i m a l  convo lu t ed  t ubu l e  cell. 
• 35,000. 
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the  mi tochondr ia ,  a l though  a l t e rna t ive  subs t ra tes  includ-  
ing glucose, fructose,  mannose ,  p y r u v a t e  and ace ta te  
can be utilized. JOANNY et al. 9 r epor t  an inh ib i t ion  of 
t issue oxida t ive  react ions  and  an increase of lipid peroxides  
in cerebral  cor tex slices exposed to hyperbar ic  oxygen.  
Al tered  mi tochondr ia l  me tabo l i sm caused by  oxygen  
exposure  a t  600 m m  Hg  theore t ica l ly  should account  for 
the  changes  observed in mi tochondr ia l  u l t r a s t ruc tu re  TM. 

~dsumd. Des ra ts  on t  6t6 ma in t enus  dans  une a thmos -  
ph~re d 'oxyggne  pur  sous une press ion de 600 m m  de 
mercure  d u ran t  des p6riodes de 3 et  7 jours.  Les observa-  
t ions fai tes au microscope 61ectronique sur les t issus pr6- 
lev6s darts le rein on t  mont r6  qu 'apr~s  7 jours  de t ra i te -  
m e n t  les mi tochondr ies  et  les par t icules  de corps gras on t  
subi  dans  la cellule d ' i m p o r t a n t e s  modif icat ions .  Aprgs 
3 jours seulement ,  on n ' obse rva i t  accun c h a n g e m e n t  de 
l 'u l t ras t ruc ture .  
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Fig. 2. Mitoehondria from an animal exposed for 7 days to 100% 
oxygen at 600 mm Hg are shown. • 35,000. 
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Monoamine-Containing Structures in the Nerve 

The f luorescence h is tochemica l  m e t h o d  developed by  
IFALCK and  HILLARP 1' 2 has  made  possible the  s t u d y  of 
the  cellular local izat ion of some biogenic monoamines .  
The first  pos i t ive  results  in cer ta in  represen ta t ives  of the  
class of insects  by  th is  m e t h o d  were ob ta ined  by  FRON- 
TALI and  ~NToRB]ERG 3, 1DLOTNIKOVA and GOVYRIN 4, ~G't~ON- 
TALI 5, KLEMM 6, ~, CI~ANIJSSOT et al. s. If there  is no doub t  
abou t  t he  presence  of ca techolamines  in the  bra in  and 
the  s tomatogas t r i c  nervous  sys t em in insects,  the  same 
canno t  be said, for the  t ime  being, abou t  the  nerve  cord 
ganglia. The expe r imen t s  pe r fo rmed  by  the  au thors  ci ted 
above  have  no t  yie lded any  answer  to th is  quest ion.  
Tha t  is w h y  we have  t r ied  to a u g m e n t  our knowledge in 
th is  field. The h is tochemica l  demons t r a t i on  of catechol-  
amines  was pe r fo rmed  pa r t l y  on whole  m o u n t s  of the  
ven t ra l  nerve  cords, pa r t l y  on serial sect ions f rom lyo- 
phy l ized  individuals .  

Our observa t ions  were made  on larvae of the  same 
deve lopmenta l  s tage - before the  pupa t i on  - of 2 represen-  
t a t ives  of d ip terous  insects,  i.e. Simulium argyreatum 
(Simuliidae) and  Ptyehoptera eontaminata (P tychop te -  
ridae), b o t h  f rom the  suborder  of Nematocera .  

In  the  p repa ra t ion  of whole moun t s  of t he  ven t ra l  
nerve  cords for the  r e l evan t  studies,  we proceeded so as 
to observe the  condi t ions  r e c o m m e n d e d  by  MAL•FORS 9. 
The actual  p repa ra t ion  of nerve  cords was pe r fo rmed  wi th  
the  aid of a dissect ing microscope and  never  las ted longer 
t h a n  10 min.  The isolated cords were mel ted  onto  d ry  
glass slides and dried for 1 h in a v a c u u m  over phos-  
phorus  pen tox ide .  The dried nerve  c o r d s  were t r e a t ed  

Cord of Some Representatives of Diptera (Insecta) 

with  d ry  fo rma ldehyde  gas (pa ra formaldehyde  store a t  
70% humidi ty )  for 1 h. Af te r  t h e y  had  been m o u n t e d  
in l iquid paraff in,  t hey  were eva lua ted  in a f luorescence 
microscope wi th  Scho t t  BG 12 and  OG 4 filters. The 

Fig. 1. 3 fluorescent regions in the first abdominal ganglion of the 
nerve cord of P. contaminata, a whole mount. 


