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Discussion. The  e x p e r i m e n t a l  t e r a togen ic  effects  of cer- 
t a i n  me ta l s  h a v e  been  d e m o n s t r a t e d  in t he  golden h a m -  
s te r  3-5, a n d  t he  tox ic  p roper t i e s  of i n d i u m  h a v e  been  
s tud ied  in t he  r a b b i t  6 a n d  r a t L  The  p r o t e c t i v e  effect  of 
ferric d e x t r a n  on  t he  hepa t i c  lesions i nduced  b y  i n d i u m  
alone led to  t he  sugges t ion  t h a t  ferric d e x t r a n  s t imu la t e s  
t he  f o r m a t i o n  of a P A S - s t a i n a b l e  m a t e r i a l  whe reve r  ferr ic  
d e x t r a n  is depos i t ed  in t issues 1. This  m a t e r i a l  m i g h t  
a c c o u n t  for  t h i s  p r o t e c t i v e  effect  aga in s t  i nd ium-caused  
l iver  damage .  The  t e r a togen ic  p r o t e c t i o n  af forded b y  
ferric d e x t r a n  m i g h t  be  qu i t e  specific for i t  is t he  on ly  
a g e n t  ou t  of severa l  inves t iga ted ,  wh ich  p ro t ec t s  aga ins t  
i n d i u m - i n d u c e d  l iver  damage1.  

The  p ro t ec t i ve  effect  oI ce r t a in  subs t ances  aga ins t  t h e  
k n o w n  t e ra togen ic  a c t i v i t y  of o the r  subs t ances  has  been  
d o c u m e n t e d  previous ly .  Thus ,  LANDAUER a n d  CLARK s 
h a v e  shown  t h a t  m a l f o r m a t i o n s  in chicks p roduced  b y  
t r e a t m e n t  w i t h  6 - a m i n o n i c o t i n a m i d e  can  be  p r e v e n t e d  
w i t h  the  s i m u l t a n e o u s  a d m i n i s t r a t i o n  of 3-acety lpyr id ine .  
As far  as me ta l s  are concerned ,  zinc p ro tec t s  aga ins t  t h e  
t e r a togen ic  ac t ion  of c a d m i u m  in h a m s t e r s  4, a n d  se len ium 
p ro t ec t s  aga in s t  t he  t e r a togen ic  effects of b o t h  c a d m i u m  
and  arsenic  9. These  obse rva t ions  sugges t  t h a t  f u r t h e r  
i n t ens ive  i nves t i ga t i ons  conce rn ing  t he  i n t e r ac t i ons  of 
va r ious  molecu la r  t e r a t o g e n s  will y ie ld  i n t e r e s t i ng  an d  

v a l u a b l e  i n f o r m a t i o n  concern ing  t h e  morphogenes i s  of 
congen i t a l  m a l f o r m a t i o n s  10. 

Zusammen/assung. N a c h  I n d i u m n i t r a t i n j e k t i o n  be i  
G o l d h a m s t e r n  m i t  8-t/igiger Schwange r scha f t  wi rd  eine er- 
h 6 h t e  Mor ta l i t / i t  der  E m b r y o n e n  sowie Gl iedmassen-  
anomal i e  gefunden .  Bei  gle ichzei t iger  V e r a b r e i c h u n g  yon  
E i s e n d e x t r a n  ( Imferon)  werden  die Embryona l sch~ tden  
w e i t g e h e n d  un te rd r i i ck t .  
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D e r m a l  T o x i c i t y  of  D D T  1 

Var ious  a u t h o r s  2-9 in r ecen t  years  h a v e  r epo r t ed  t h a t  
t he  occupa t iona l  po i son ing  b y  ag r i cu l tu ra l  chemica ls  is 
more  due to  d e r m a l  a b s o r p t i o n  of t he  chemica ls  t h a n  to 
exposure  b y  o the r  routes .  Th i s  ind ica tes  t he  degree of 
i m p o r t a n c e  of the  d e r m a l  t ox i c i ty  s tud ies  and  t h e  a m o u n t  
of care a n d  p r ecau t i ons  needed  in h a n d l i n g  these  
chemicals .  A m o n g  d i f f e ren t  insect icides,  D D T  p e r h a p s  
r a n k s  as t h e  mos t  ex t ens ive ly  used a n d  s tud ied  insect i -  
cide. I t s  app l i ca t ion  is d iverse  a n d  well known.  I t  is t h e  
be s t  known,  t he  cheapes t  a n d  one of t he  mos t  effect ive  
of t he  s y n t h e t i c  ch lo r i na t ed  h y d r o c a r b o n  insect ic ides  10. 

The  p r e sen t  s t u d y  has  been  m a d e  to  show th e  bio-  
chemica l  a l t e r a t i ons  and  t h e  m a n n e r  of d a m a g e  t h a t  i t  
m a y  inf l ic t  on  t h e  cells of t he  skin  t i ssue  of guinea-pigs  
w h e n  appl ied  dermal ly .  The re  appea r s  to  be  no  l i t e r a tu re  
on  th i s  poin t .  

Materials and methods. I T R C  b r e d  guinea-pigs  (body 
we igh t  350-400 g) were used t h r o u g h o u t  t he  expe r i men t .  
The  ha i r  was  r e m o v e d  on  t he  l a t e r o - a b d o m i n a l  areas.  
D D T  dissolved in abso lu t e  ace tone  was p a i n t e d  on  those  
areas  for a per iod  of 3 weeks and  5 days  in a week. T h e  
appl ied  dosage of D D T  r a n g e d  f rom 322 m g / k g  to  400 
m g / k g  - a dosage 8-6 t i m e s  less t h a n  t he  k n o w n  acu te  
d e r m a l  LDs0 va lues  for t he  female  r a t s  (Dermal  LDa0 
va lues  of D D T  to  female  r a t s  is 2,510 mg/kg) .  The  an ima l s  
of t he  con t ro l  g roup  rece ived  on ly  t h e  ace tone  p a i n t i n g  
for t he  same  l e n g t h  of per iod.  At  t h e  end  of t he  experi-  
m e n t  the  an ima l s  were sacr i f iced a n d  skin  of t he  p a i n t e d  
regions  was r e m o v e d  and  processed for t he  q u a l i t a t i v e  
e s t i m a t i o n  of free a m i n o  acids accord ing  to t he  m e t h o d s  
of AWAPARA 11. Deta i l s  of p a p e r  p a r t i t i o n  c h r o m a t o g r a p h y  
for t he  iden t i f i ca t ion  of free a m i n o  acids are r epo r t ed  
e l sewhere lL  H i s topa tho log i ca l  obse rva t ions  of t he  skin  
t i ssue  were also m a d e  w i t h  t he  he lp  of pa ra f f in  sect ions,  
s t a ined  w i t h  i ron h a e m a t o x y l i n  and  eosin. 

N o r m a l  skin  of female  guinea-pigs  c o n t a i n e d  t h e  
fol lowing free a m i n o  ac ids :  a lan ine ,  a spa r t i c  acid, 
cyste ic  acid, glycine, g lu t amic  acid, L/n-leucine, lysine, 

p h en y l a l an i n e ,  proline,  serine, th reon ine ,  ty ros ine  a n d  
val ine .  Of these,  leucine, prol ine,  serine, th reon ine ,  
ty ros ine  a n d  va l ine  were p re sen t  in  ' t r ace '  levels while  t h e  
levels of t h e  r e m a i n i n g  a m i n o  acids were above  normal .  
T h e  s ign i f ican t  changes  in t h e  re la t ive  c o n c e n t r a t i o n  of 
t h e  n i n h y d r i n  r eac t ing  c o n s t i t u e n t s  of the  skin  of t h e  
con t ro l  a n d  D D T - p a i n t e d  female  guinea-pigs  were v e r y  
c lear ly  d e t e c t a b l e  on  t h e  c h r o m a t o g r a m s  (Figures 1 a n d  
2). A t r e m e n d o u s  decrease  in the  level of a l m o s t  all  
a m i n o  acids of the  sk in  was wi tnessed  in t h e  D D T -  
p a i n t e d  guinea-pigs .  

WITTER a n d  FARRIER 13 r epo r t ed  t h a t  DDT,  w h e n  
a d m i n i s t e r e d  ora l ly  to  a lb ino  rats ,  d id  n o t  show a n y  
s ign i f ican t  ef fec t  on  levels  of g lu t amic  acid, a l an ine  a n d  

Figs. 1 and 2, Effect of DDT on free amino acids of guinea-pig skin; 
(1) eontrol, (2) DDT-painted. A, alanine; Asp, aspartie acid; Cy, 
eysteie acid; G, glycine; Ga, glutamic acid; L, lencine; Ly, lysine; 
Ph, phenylalanine; P, proline; S, serine; Th, threonine; Ty, tyrosine; 
and V, valine. 
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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 .  


