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Fig. 4. Regression lines demonstrating the relationships between 
total and neutral chloride and the hydrogen ion concentration in 
gastric juice following graded insulin dosage. Each point represents 

the mean value of I0 rats. 
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Fig. 5. Regression line demonstrating the relationship between the 
total acidity and the volume of gastric secretion following graded 
insulin dosage, Each point represents the mean value of 10 rats. 

of po tass ium ions into the  gastr ic  juice was re la ted to the  
v o l u m e  ra te  of secretion.  F r o m  Figure  4, which represents  
the  re la t ionship  be tween  ac id i ty  and  the  to t a l  and  
neut ra l  chloride in the  5 groups of ra ts  receiving insulin, 
i t  can be seen t h a t  as the  ac id i ty  increases the  concent ra -  
t ion of to ta l  chloride increases also, whereas  the  concen- 
t r a t ion  of neut ra l  chlor ide decreases. This  suggests t h a t  
neut rMizat ion-di lu t ion  mechan isms  (i.e. t he  2-component  
hypothes is  of gastr ic  secret ion proposed by  HOLLANDE~ ~2 
in 1932), as well  as exchange  diffusion, m a y  be opera t ing  
to produce  the  rise in gastr ic  ac id i ty  fol lowing insulin 
hypoglycemia .  Final ly ,  the  close re la t ionship  be tween  
to ta l  ac id i ty  and the  ra te  (volume) of gastr ic  secret ion 
following graded insulin dosage is indica ted  in Figure  5. 
This  associat ion is h igh ly  s ignif icant :  r = + 0.95, 
P < 0.001. 

F r o m  the  present  s t udy  i t  appears  t h a t  m a x i m a l  
gastr ic secre tory  response develops wi th  4 U crysta l l ine  
zinc insulin]100 g body  weight  in pylorus- l igated Shay  
rats.  Fu r the rmore ,  unde r  graded insul in  dosage, pa t t e rns  
of gastr ic  juice e lec t ro ly te  changes occurred suppor t ing  
b o t h  neut ra l iza t ion-di lu t ion  and exchange  diffusion mech-  
anisms in the  produc t ion  of gastr ic secretion ~a. 

Zusammen/assung. Die Insu l inwirkung auf  die Magen- 
sAuresekretion wurde  in mAnnlichen Sprague -Dawley  
R a t t e n  untersucht ,  deren Pylorus  2 lx vo rhe r  un t e rbunden  
war. E ine  Dos is -Wirkungskurve  wurde  aufgestel l t .  Maxi- 
male  Sekret ion yon Magensaure  und Magensaf t  wurden  
du tch  s.c. In jek t ion  yon 4 E inhe i t en  krysta l l in ischen 
Zink-Insul ins  per  100 g KOrpergewicht  erzielt .  GrOssere 
Dosen yon  Insul in  unterdr t icken  S~iure- und MagensMt-  
sekret ion.  Das Verhal ten  der  E lek t ro ty te  im Magensaf t  
spr icht  sowohl ftir die Neutra l i s ierungs-Verdt innungs-  
hypothese  als auch far  die Aus tausch-Dif fus ionshypothese  
zur  Erk l~rung  der  Magensaf tprodukt ion .  
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Hyperbaric Oxygen and Testicular 
Damage  and Fertility 

I t  has been repor ted  tha t  male  rats  which survive  af ter  
exposure  to raised pressures of oxygen  deve lop  tes t icular  
a t r o p h y  and signs of defec t ive  spermatogenes is  1-3. I n  
these exper iments  the  diagnosis  of tes t icular  damage  was 
based on macroscopic  and microscopic appearances.  In  
the  repor t  of DE ALMEIDA x, the  exper imenta l  condi t ions  
of exposure  and pressurizat ion of rats  was no t  made  clear. 
I n  the  s tudies of MATTEO and 7NAHAS 3, ra ts  were kep t  
cont inuous ly  for per iods of  up to  4 weeks enclosed in 
a q u a r i u m  tanks  t h rough  which 98% oxygen  a t  ambien t  
pressure was circulated,  the  CO2 produced being absorbed.  

This  t r e a t m e n t  caused the  dea th  of mos t  ra ts  wi th in  the  
first  5 days,  tesLicular a t rophy  being seen in survivors .  
The  au thors  r igh t ly  suggest  t h a t  tes t icular  damage  by  
oxygen  m a y  be of impor tance  in the  the rapeu t i c  applica-  
t ions of inhal ing enriched oxygen  mix tures  a t  ambien t  or  
hyperbar ic  pressures in man.  

1 A.O. DE ALME1DA, C. r. Soc. Biol. 116, 1225 (1934). 
R. GERSC~MAN, A. E. ARGU~LLES arid D. I. I~EAS, Int. Conga'. 
physiol. Sci. 22nd Proc., Vol. 2, Abstract No. 357 (1952). 

a R. S. MATTEO and G. G. NAttAS, Science 141, 719 (1963). 
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Group Treatment in HPO Acute effect of treatment Testes and sperm Fertility 

L 24 rats 1 h in 4-5 atm Convulsions in all rats dur- No abnormality seen in 14 Not tested 
(50-200 g ing exposure. Dyspnoea, animals dying in HPO nor 
body weight) lung damage and death in in 10 survivors killed 1-6 

14 rats weeks after HPO 

II, 6 rats 
(130-170 g) 

30 min at 4 arm followed 
by i h at 3 arm repeated 6 
times over 3 weeks 

3 rats died from HPO toxi- 
city during treatment 

III. 10 rats 3 h at 3 atm on first day and (a) 2 rats died during treat- 
(67 :t: 3 g) lx]~ h at 3 atm on 2nd and ment in HPO 

3rd days respectiveIy (b) 8 rats survived and 
gained weight 

6 rats Not exposed to HPO Surived 
(65-100 g) 

IV. 8 rats 30 min at 4 atm first day, 6 rats convulsed during first 
(180-250 g) 15 rain at 4 atm on 2nd, exposure, 1 died after first 

3rd, 4th, 5th and 8th days exposure 

No abnormalities in rats Not tested 
dying from HPO toxicity or 
in survivors 6 weeks after HPO 

(a) Normal testes and 
sperm 
(b) 2 rats killed on 28th and 
31st day; normal testis and 
sperm 

Normal testis and sperm in 
non-survivors and in 3 rats 
sacrificed after 3rd expo- 
sure and 2 and 4 weeks after 
HPO 

(a) - 

(b) 5 weeks after HPO, 6 
rats mated ~ with 12 normal 
fertile females --~ 12 litters 
(7.3 normal offspring/litter) 

6 unexposed rats mated~ 
with 12 normal fertile fe- 
males --> 12 litters (5.7 nor- 
real offspring/litter) 

4 rats mated ~ 4 weeks after 
HPO with fertile females. 
All females produced nor- 
mal litters 

Each treated nmle rat mated with 2 fertile unexposed female rats. 

To p rov ide  f u r t h e r  d a t a  concern ing  the  possible  dam a g -  
ing effects  of acu te  and  subacu te  exposures  to  h y p e r b a r i c  
oxygen  on the  tes t is  and  i ts  funct ion ,  r a t s  have  been sub-  
jec ted  to  single or r epea t ed  t r e a t m e n t s  w i t h  h y p e r b a r i c  
oxygen  (HPO) a t  3-5 a t m o s p h e r e s  abso lu te  pressure.  
E v i d e n c e  of t e s t i cu la r  d a m a g e  was  d e t e r m i n e d  b y  
(1) his tological  s tud ies  a t  var ious  t imes  up  to  6 weeks  
af ter  exposure  of ra t s  to  H P O ,  (2) e x a m i n a t i o n  of t he  
spe rm by  phase  c o n t r a s t  mic roscopy  for mot i l i ty  and  
viabi l i ty ,  and  (3) b y  m a t i n g  I I P O  exposed  male  ra t s  w i t h  
non-exposed  fer t i le  n o rma l  females,  to  assess t he i r  fer-  
t i l i ty  and  w h e t h e r  abnormal i t i e s  are p roduced  in a n y  of 
the  offspring.  The animals  were d iv ided  in to  4 t r e a t m e n t  
groups.  The resul ts  are  shown  in  t h e  Table.  

In  these  exper imen t s ,  single or  r e p e a t e d  exposures  to  
H P O  were  used which  p roduced  a s igni f icant  inc idence  of 
oxygen  tox ic i ty  in respec t  to  p u l m o n a r y  damage  and  
convulsions,  and  even  dea th .  However ,  no s igni f icant  
his tological  changes  were  p roduced  in t he  tes tes  of these  
an imals ;  also, t he  fe r t i l i ty  of su rv ivors  was  un impa i r ed  
and  the  offspr ing appea red  no rma l  and  h e a l t h y  a t  b i r t h  
and  dur ing  s u b s e q u e n t  pos t -na t a l  deve lopmen t .  These 
f indings  are cons idered  of suff ic ient  s ignif icance to  reduce  
anxie t ies  wh ich  m a y  be en t e r t a ined  as to  defec t ive  
spe rmatogenes i s  resu l t ing  f rom the  use of single or  re-  
p e a t e d  acute exposures  to  H P O  of shor t  d u r a t i o n  as a 
t he r apeu t i c  measure  in man.  

Some au tho r s  * have  c la imed t h a t  a t  cellular and  sub-  
cellular levels t h e  biological ac t ions  of ra ised oxyg e n  
pressure  resemble  those  of ionizing radia t ions .  However ,  
s tudies  in th is  l abo ra to ry  s,6 have  failed to  s u b s t a n t i a t e  
such hypo theses .  There  is no evidence  t h a t  the  t y p e s  of 
cellular lesions p r imar i ly  p roduced  b y  ionizing rad ia t ions  
(i.e. c h r o m o s o m a l  damage ,  changes  in D N A  and  i ts  syn-  
thesis,  and  defec t ive  cell division) are also p r imar i ly  pro-  
duced by  raised oxygen  pressure  s-v or p r e d o m i n a t e  in 
causing cellular and  t issue damage  b y  th is  moda l i ty .  
Indeed ,  t he  c l in ico-pathological  changes  resul t ing  f rom 
oxygen  poisoning in m a m m a l s  largely  differ  f rom those  

p r o d u c e d  by  ionizing radia t ions .  The  res i s tance  of t es t i s  
to  d a m a g e  b y  H P O  is a f u r t h e r  e x a mp l e  of th i s  dis-  
s imilar i ty ,  and  the  re la t ive  ineff ic iency of ra ised oxygen  
pressure  in p roduc ing  ch romosoma l  d a ma g e  and  abnor -  
mal i t ies  of cell d iv is ion in  vivo and  in vi t ro .  

The  t e s t i cu la r  a t r o p h y  obse rved  to  occur  in  r a t s  ex-  
posed  con t inuous ly  to  98% oxygen  a t  a m b i e n t  p ressure  
in the  e x p e r i m e n t s  of MATTEO and  NAHAS 3 would  seem 
to be an  abscopa l  effect ,  no t  p r imar i ly  re la ted  to  acu te  
oxygen  tox ic i ty  and  the  d a ma g e  p roduced  a t  a cellular 
level b y  raised o x y g e n  pressure  in t i ssues  such  as lung 
and  in t he  cen t ra l  ne rvous  sys tem.  This  view is also sup- 
po r t ed  by  the i r  obse rva t ions  s t h a t  t r e a t m e n t  of r a t s  wi th  
sod ium b i ca rbona t e  before exposure  to  o x y g e n  reduced  
m o r t a l i t y  and  p u l m o n a r y  damage ,  whi l s t  t he  tes t i cu la r  
a t r o p h y  was  n o t  a f fec ted  b y  th is  increase  in t he  basic  
c o n t e n t  of t he  b o d y  t issues.  

Zusammen/assung. M/innliche R a t t e n  zeigen n a c h  ein- 
mal iger  oder  wiede rho l t e r  s t a rk  e r h 6 h t e r  O~-Zufuhr (3-5 
at) K r ~mp f e  und  L u n g e n s c h ~d e n  u n d  zum Tell  Ab- 
s te rben .  Sch/ idigungen der  Spe rma togenese  oder  der  
Fer t i l i t / i t  t r a t e n  n i ch t  auf. 
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