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bodies  indica t ing  the  ear ly  signs of damage  (Figures 
3-6). Deple t ion  in the  level of amino  acids have  a bear ing  
on the  s t ruc tura l  changes  of t he  ceils observed  unde r  
l ight  microscope and electron microscope.  Whi le  no rma l  
cells car ry  a h ighly  developed endoplasmic  re t iculum,  
the  same in the  ceils of the  po isoned  an imal  largely  
d isappears  and  presen ts  a vacuo la ted  condi t ion  (details 
in COHEN et al. 1~, 1,). 

Zusammen/assung.  AuI die H a u t  von  Meerschweinchen  
appl iz ier tes  D D T  bewi rk t  eine V e r m i n d e r u n g  im Amino-  
sguregehal t  des Hautgewebes .  H i s topa tho log i sch  wurden  
Ver / inderungen im Bereich des Gewebes und  der Zellen 
festgestel l t .  

P. P. EAR and T. S. S. DIKSHITH 

Figs. 3-6. Effect of DDT on the skin. 3, 4a and 4b showing the nor- 
mal ceils. 5 and 6, vacuulization and degeneration of cells (DDT- 
painted). 
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glu tamine  of brain.  D D T  when appl ied dermal ly  to  
female guinea-pigs did, however ,  show cer ta in  in teres t ing  
f indings which included the  deple t ion in the  leveIs of 
d i f ferent  amino acids of t he  bra in  and k idney  12. ROBERTS 
and TISHKOFF 14 repor ted  a fall in the  level of free amino  
acids of the  tumors .  These workers  advoca ted  t h a t  the  
pa t t e rn  of free amino  acids m a y  be used as an appropr i a t e  
tool in the  ident i f ica t ion  of carc inomas  f rom the  non- 
ma l ignan t  epidermis.  

His topathologica l  f indings also show t h a t  a cons t an t  
appl ica t ion  of DDT on the  skin of guinea-pigs induces 
cer tain changes  in the  cell s t ruc ture  of the  tissue. Thus, 
in compar ison wi th  the  skin of control  animals,  DDT- 
pa in ted  skin showed the  prol i ferat ion of hair  follicles and 
increased degree of kera t in izat ion.  Cytological observa-  
t ions also showed features  of d is rupt ion  and degenera t ion  
in the  ceils of the  basa l  layer. Cells of the  s t r a t u m  
malpighi  carr ied vacuola ted  nuclei and 1-2 eosinophilic 

1 1,1,1-Triehloro-2,2-bis(P-chlorophenyl ethane) (P-P'DDT). P-P', 
isomer of 99.8% purity was generously supplied to us by J. R. 
Geigy & Co., Basle, and their help is gratefully acknowledged by 
the authors. 
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Inf luence  of S o d i u m  on the Abi l i ty  of T y r a m i n e  to 
Left A t r i u m  ~ 

I t  has  been suggested t h a t  cer ta in  drugs are capable  of 
enhanc ing  the  effects  of norep inephr ine  and  decreas ing 
the  effects of t y r amine  by  blocking the  up take  of b o t h  
amines  into adrenergic  nerve  endings  (TRENDELENBURG 2; 
FURCHGOTT et al.a; JOHNSON and KAHN4). More recent ly  
COMMARATO et al. 5 have  p resen ted  evidence which  sup- 
por t s  the  hypo thes i s  t h a t  norep inephr ine  and  t y r a m i n e  
are t aken  up by  adrenergic  nerve  te rmina ls  t h rough  the  
same up take  sys tem.  If  th is  were indeed the  case one 
would expect  t h a t  sod ium depr ivat ion,  which  has been 
shown to  block the  up t ake  of norep inephr ine  (IVERSEN 
and KRAVITZ6; GILLIS and  PATON~; HORST et al.S; 
BOGDANSKY and BRODIE9), would also block the  release of 
ca techolamines  induced by  ty ramine .  The presen t  experi-  
men t s  were unde r t aken  in order  to tes t  th is  possibil i ty.  

2llethods. Left  atr ia  f rom guinea-pigs were p repared  and 
mounted ,  as previously  descr ihed by FrSRCHGOrX et  al. a. 
In  each expe r imen t  one half  of the  a t r ium served as a 
control.  The ba th ing  solut ion was Krebs  b ica rbona te  con- 

Release  N o r e p i n e p h r i n e  in I s o l a t e d  G u i n e a - P i g  

t a in ing  10 m b l  glucose and  10 -5 g/ml  of e thy lened iamine-  
t e t raace t ic  acid (EDTA).  A mix tu re  of 95% O~ and  5% 
CO 2 was bubb led  th rough  the  b a t h i n g  solution.  All pre-  
pa ra t ions  were electr ical ly d r iven  a t  a f requency  of 
30 beats / ra in .  Atr ia  were a t t a ch ed  to  fo rce -d i spacement  
t r ansduce r s  (Grass, Model FT.03) and  mechanica l  ac t iv i ty  
was  recorded by  means  of a Grass Po lygraph .  W h e n  low- 
sodium solution was used, the  osmot ic  pressure  of the  
solut ion was ma in t a ined  wi th  equ iva len t  a m o u n t s  of 
sucrose. 

The ca techolamines  analysis  was pe r fo rmed  according 
to the  me t h o d  of ANTON and SAYRE 10. Resu l t s  are ex- 
pressed as ag of norep inephr ine  base  per  g of t issue. All 
values  r epor ted  in th is  pape r  are cor rec ted  for the  degree 
of recovery.  

The doses of drugs used ( Iproniazid  phospha te ,  nor-  
ep inephr ine  b i t a r t r a t e  and  t y r a m i n e  hydrochlor ide)  are 
expressed  in t e rms  of g of salts  per  lnl of med i u m in the 
muscle  chamber .  
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Table I. Release of norepinephrine (NE) by tyramine on isolated 
guineapig left atrium 

N" Exposure to NE (~xg/g) in tissue Difference 
tyramine 10 min after wash- 
(g/ml) out of tyramine ~ 

10 none 4.249 ~_ 0.289 0.625 
10 .5 3.624 • 0.294 ( P <  0.02) 
(for 10 rain) 

Number of experiments, b Mean ~ standard deviation. 

norep inephr ine  in the  cy top lasm could explain  the  in- 
creased release of norep inephr ine  by  ty ramine .  

The resul ts  of the  p resen t  expe r imen t s  also show t h a t  
the  norep inephr ine  releasing abi l i ty  of t y r ami n e  de- 
creases when  the  p repa ra t ions  were suspended  in a low- 
sodium medium.  Moreover,  t he  norep inephr ine  con ten t  
of b o t h  low-sodium t y r ami n e  t r ea t ed  and  low-sodium 
control  p repa ra t ions  is not  s ignif icant ly  different ,  even  
though  in bo th  cases i t  is lower t h a n  t h a t  found in control ,  
n o n - t y r a m i n e - t r e a t e d  p repara t ions  washed wi th  regular  
Krebs .  

These resul ts  could be in t e rp re t ed  in two possible ways.  
First ,  as mean ing  t h a t  sodium is requi red  for the  up take  

Table II. Effect of a sodium-deficient medium (25 mM Na) on the catecholamine content and on the release of norepinephrine (NE) by 
tyramine, in guinea-pig left atria pretreated with Iproniazid (5 • 10 -4, for 30 min) and incubated with NE 

N �9 State of MAO NE present during Washout after Tyramine (g/ml) NE (Exg/g) in tissue Difference 
incubation (gflnl) NE incubation added 15 min after 45 min after 

NE incubation washout of NE b 

15 Inhibited 10 -~ (for 30 nfin) Normal Krebs 10 -5 (for 10 min) 7.761 =E 0.735 2.436 
Inhibited 10 -5 (for 30 rain) Normal Krebs none 10.197 -1- 0.590 (P < 0.01) 

11 Inhibited 10 -5 (for 30 rain) Low-Na-Krebs 10 -5 (for 10 min) 7.744 ~ 0.680 0.536 
Inhibited 10 -5 (for 30 rain) Low-Na-Krebs none 8.280 • 0.651 ( P >  0.3) 

6 Inhibited 10 -~ (for 30 rain) Low-Na-Krebs none 7.881 • 0.642 1.584 
Inhibited 10 -5 (for 30 rain) Normal Krebs none 9.465 -4- 0.783 ( P <  0.01) 

Number of experiments, b Mean j_ standard deviation. 

S ta t i s t ica l  significance of the  difference be tween  means  
was de t e rmined  by  the  t - tes t  for pai red data .  

Results. Pre l imina ry  exper imen t s  showed t h a t  exposure  
of one hal f  of an a t r i um to t y r a m i n e  (10 .5 for 10 min) 
causes a small  b u t  s ignif icant  release of norep inephr ine  
(Table I). W h e n  the  p repara t ions  are f i rs t  t r e a t ed  wi th  a 
m o n o a m i n e  oxidase inhib i tor  (Iproniazid,  5 X 10 .4 for 30 
min) and  t h e n  incuba ted  wi th  norep inephr ine  (10 .5 for 
30 rain), t he  releasing abi l i ty  of t y r a m i n e  grea t ly  in- 
creases (Table II) .  Therefore  all expe r imen t s  repor ted  in 
th is  pape r  were pe r fo rmed  in monoamine  oxidase  inh ib i ted  
p repa ra t ions  incuba ted  wi th  norepinephr ine .  

In  a group of exper iments ,  a t  the  end of norep inephr ine  
incuba t ion  b o t h  halves  were washed  wi th  low-sodium 
Krebs  (25 m M  Na) and  15-20 min  la ter  one p repa ra t ion  
was exposed  to  tyrami l le  (10 .5 for 10 min).  As shown in 
Table  II ,  no s ignif icant  difference was found be tween  the  
norep inephr ine  con t en t  of t y r a m i n e - t r e a t e d  and  contro l  
p repa ra t ions ;  however ,  in b o t h  cases the  norep inephr ine  
con ten t  was lower t h a n  t h a t  found in control ,  non-  
t y r a m i n e - t r e a t e d  atria,  washed  wi th  regular  Krebs .  

In  ano the r  set  of exper iments ,  a t  the  end of norepine-  
phr ine  incuba t ion  one half  was washed  wi th  low-sodium 
Krebs  and  the  o the r  wi th  regular  Krebs.  As shown in 
Table  II ,  t he  norep inephr ine  con ten t  was s ignif icant ly  
lower in t he  p repa ra t ion  washed  wi th  low-sodium Krebs  
as compared  wi th  the  contro l  washed  wi th  regular  Krebs .  

Discussion. The norep inephr ine  releasing abi l i ty  of 
t y r a m i n e  on isolated guinea-pig lef t  a t r i um grea t ly  in- 
creases when  the  p repara t ions  are p re t r ea t ed  w i t h  a mono-  
amine  oxidase  inh ib i to r  and  subsequen t ly  i ncuba ted  wi th  
norepinephr ine .  In  a previous  pape r  FUgCHGOTT and  
SKNCHEZ-GARCfA 11 showed t h a t  in no rma l  m o n o a m i n e  
oxidase  inh ib i ted  atr ia l  p repara t ions  t he  r e t en t ion  of nor-  
ep inephr ine  grea t ly  increases ; t h e y  suggested t h a t  th is  in- 
crease p r o b a b l y  represen ts  b o t h  the  free and  bound  nor- 
ep inephr ine  effect ively re ta ined  in the  cy top l a sm because 
of p ro t ec t ion  f rom in t raneurona l  deamina t ion .  In  our  
expe r imen ta l  s i tuat ion,  the  p ro tec t ion  of t y r a m i n e  f rom 
deamina t i on  and  the  presence  of free and  loosely bound  

of t y r a m i n e  by  adrenergic  nerve  te rmina ls  and  therefore  
for the  subsequen t  release of norepinephr ine .  A second 
possibi l i ty  is t h a t  t y r a m i n e  and  the  sodium-def ic ient  
med i u m could release norep inephr ine  f rom a c o m m o n  
pool. Which  one of these  two possibil i t ies is correct  canno t  
be decided a t  p resen t .  

Resumen. E1 conten ido  de ca tecolaminas  de la auricula 
de cobayos  t r a t a d a  con Ip ron iaz ida  e i ncubada  con nor-  
epinefr ina  d i sminuye  s igni f ica t ivamente  cuando se sus- 
p en d en  en un medio  def iciente  en sodio (25 mM).  E n  
estas condiciones el efecto l iberador  de norep inephr ine  
inducido por  t i r amina  desaparece.  
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