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C a d m i u m - I n d u c e d  P o t e n t i a t i o n  of  H e x o b a r b i t a l  

I n  r ecen t  years  c a d m i u m  has  become  recognized a s ' a  
toxicological ly  i m p o r t a n t  e n v i r o n m e n t a l  c o n t a m i n a n t .  
I n  addi t ion ,  th i s  m e t a l  has  been  impl i ca t ed  as a n  etiol-  
ogical fac to r  in  va r ious  pa tho log ica l  processes  inc lud ing  
t es t i cu la r  t umors ,  r ena l  dys func t ion ,  hype r t ens ion ,  
a therosclerosis ,  g rowth  inh ib i t ion ,  chronic  diseases of old 
age, and  cancer  ~, 2. There  is also an  increas ing  awareness  
t h a t  some tox ic  effects of m e t a l s  m a y  be  m a n i f e s t e d  in 
v e r y  sub t l e  ways.  I n v e s t i g a t i o n s  in  t h i s  l a b o r a t o r y  h a v e  
shown  t h a t  c a d m i u m  p r e t r e a t m e n t  a l ters  t h e  p h a r m a c o -  
logical  response  to drugs.  Th ree  days  a f te r  a single dose 
of c a d m i u m  ace t a t e  (2 mg/kg ,  i.p.) t h e  d u r a t i o n  of 
h e x o b a r b i t a l - i n d u c e d  sleep t i m e  a n d  zoxazo lamlne  
para lys i s  t imes  were s ign i f i can t ly  pro longed  a. Th i s  s t u d y  
was u n d e r t a k e n  to specif ical ly d e t e r m i n e  t he  m i n i m u m  
effect ive dose of c a d m i u m  requ i red  to  p o t e n t i a t e  d rug  
response  a n d  t h e  p e a k  t i m e  for t h i s  p h e n o m e n o n .  

Methods.  Male, Sp rague -Dawley  der ived  r a t s  (250 
to  300 g) were o b t a i n e d  f rom L a b o r a t o r y  Supp ly  Co., 
Ind ianapo l i s ,  I n d i a n a .  The  an ima l s  were housed  in 
c o m m u n i t y  cages, a l lowed free access to  food and  water ,  
a n d  m a i n t a i n e d  in our  a n i m a l  qua r t e r s  for  7 days  pr io r  
to  use. 

C a d m i u m  was a d m i n i s t e r e d  i.p. as t h e  ace t a t e  salt .  
Cont ro l  r a t s  received a n  e q u i v o l u m e  in jec t ion  of saline.  
Sleep t i m e  was measu red  as t h e  t i m e  i n t e rva l  be tween  
losing and  rega in ing  t h e  r i g h t i n g  ref lex fol lowing t he  
a d m i n i s t r a t i o n  of h e x o b a r b i t a l  N a  (125 m g / k g  i.p.). 
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DAYS A F T E R  CADMLUM T R E A T M E N T  

Peak activity of cadmium-induced potentiation of hexobarbital 
sleep time. Rats were treated with a single dose of cadmium acetate 
(2 mg/kg, i.p.) and hexobarbital sleep times were measured at the 
indicated times (day 1 through 10) thereafter. Each bar represents 
the mean sleep time of 4-6 rats. All mean sleep times in cadmium- 
treated rats differed significantly (p < 0.01; Mann-Whitney U Test) 
from controls. 

S l e e p  T i m e  in  R a t s  

Only  r a t s  losing t he  r i g h t i n g  ref lex w i t h i n  5 m i n  a f te r  t he  
h e x o b a r b i t a l  in jec t ion  were inc luded  in these  expe r imen t s .  
I n  each  expe r imen t ,  sleep t imes  for b o t h  cont ro l  and  
c a d m i u m - t r e a t e d  groups  were d e t e r m i n e d  s imul t ane -  
ously.  

The  d a t a  were ana lyzed  us ing  t he  Kruska l -Wa l l i s  H 
Test .  I n d i v i d u a l  compar i sons  b e t w e e n  groups  were t h e n  
pe r fo rmed  us ing  t he  M a n n - W h i t n e y  U Tes t  ~. 

Results .  I n  t he  f i rs t  expe r imen t ,  g roups  of r a t s  were 
t r e a t e d  w i t h  v a r y i n g  doses of c a d m i u m  ace t a t e  (0.1-2.0 
mg/kg,  i.p.). H e x o b a r b i t u l  sleep t imes  were m e a s u r e d  
3 days  later .  The  d a t a  in t h e  Tab le  show t h a t  t he  m i n i m a l  
effect ive dose of c a d m i u m  ace t a t e  requ i red  to  s ign i f i can t ly  
p ro long  h e x o b a r b i t a l  sleep t i m e  was 2.0 mg/kg.  Th i s  
cor responds  to a dose of 840 ~g/kg c a d m i u m  ion. 

In  t he  second expe r imen t ,  groups  of r a t s  were t r e a t e d  
w i t h  a s ingle dose of c a d m i u m  ace t a t e  (2 mg/kg,  i.p.) a n d  
h e x o b a r b i t a l  sleep t imes  were m e a s u r e d  a t  severa l  t i m e  
in t e rva l s  (1 t h r o u g h  10 days)  the rea f t e r .  The  d a t a  in  t h e  
F igure  show t h a t  sleep t imes  in all  c a d m i u m - t r e a t e d  r a t s  
(days 1 t h r o u g h  10) were s ign i f i can t ly  p ro longed  w h e n  
c o m p a r e d  to  controls .  The  c a d m i u m - i n d u c e d  p o t e n t i a t i o n  
of h e x o b a r b i t a l  sleep t i m e  b e g a n  on  day  1 and  p e a k  
a c t i v i t y  e x t e n d e d  f rom d a y  2 to  day  5. A l t h o u g h  t h e  m e a n  
sleep t i m e  in t he  c a d m i u m - t r e a t e d  r a t s  appea r s  to  be of 
longer  d u r a t i o n  a t  d a y  2 t h a n  all o the r  t i m e  periods,  no 
s t a t i s t i ca l  differences were found  a m o n g  days  2 t h r o u g h  5. 

Discuss ion.  A n u m b e r  of s tud ies  h a v e  r epo r t ed  t h a t  
va r ious  h e a v y  m e t a l  ca t ions  m a y  inf luence  d rug  response.  
RIBEIRO ~ r e p o r t e d  t h a t  p r e t r e a t m e n t  of mice  w i t h  
soluble sal ts  of arsenic,  be ry l l ium,  lead, or m e r c u r y  
p o t e n t i a t e d  h e x o b a r b i t a l  hypnos is .  PEKKANEN and  
SALMINEN 6 r epo r t ed  t hae  m e t h y l  m e r c u r y  p r e t r e a t m e n t  
s ign i f i can t ly  s h o r t e n e d  h e x o b a r b i t a l  h y p n o s i s  in  r a t s  
wh ich  was  s u b s e q u e n t l y  shown  to be  t he  resu l t  of s t imu-  
l a t ion  of l iver  d rug  m e t a b o l i z i n g  e n z y m e s L  
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Minimum effective dose of cadmium acetate required to potentiate hexobarbital sleep time 

Dose of cadmium acetate (mg/kg, i.p.) (n) Duration of hexobarbital sleep time (rain ~ S.E.) 

0 (Control) 8 23.0 • 2.8 

0.1 6 25.4 :~ 1.3 
0.25 6 26.8 ~_ 1.3 
0.5 5 26.9 :L 2.7 
1.0 5 25.7 -t: 0.7 
1.5 5 25.4 :~_ 1.4 
2.0 6 57.0 4- 7.4 b 

Cadmium acetate was administered i.p. in the doses indicated ;co male rats. 3 days later the duration of sleep time induced by hexobarbital 
Na (125 mg/kg, i.p.) was measured, b Significantly different (p < 0.01, Mann-Whitney U Test) from control rats. 
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C a d m i u m  is a tox ic  m e t a l  wh ich  is inc reas ing ly  f i nd ing  
i ts  way  in to  our  e n v i r o n m e n t  as a n  indus t r i a l  p o l l u t a n t  s . 
Since abso rbed  c a d m i u m  is ve ry  s lowly excreted,  t h e  
b o d y  b u r d e n  increases  w i t h  a g e t  I t  is th i s  c u m u l a t i v e  
n a t u r e  of c a d m i u m  t h a t  m a k e s  i t  p o t e n t i a l l y  tox ic  a t  
low e n v i r o n m e n t a l  concen t r a t i ons .  The  resul t s  p r e sen t ed  
here  i nd i ca t e  t h a t  c a d m i u m  p o t e n t i a t e s  sleep t i m e  
induced  b y  h e x o b a r b i t a l .  The  p e a k  effect  fol lowing 
c a d m i u m  t r e a t m e n t  s t a r t s  on  day  2 a n d  e x t e n d s  to d a y  5. 
The  s h o r t - t e r m  n a t u r e  of th i s  p e a k  effect  m a y  be r e l a t ed  
to t he  fac t  t h a t  c a d m i u m  is k n o w n  to  induce  t he  syn thes i s  
of a c a d m i u m - b i n d i n g  pro te in ,  me ta l lo th ion ine~~  
Conceivably ,  t h e  p resence  of t h i s  p r o t e i n  could b i n d  
c a d m i u m ,  t h u s  r e n d e r i n g  t h e  m e t a l  iner t .  The  m i n i m a l  
effect ive  dose of c a d m i u m  ion requ i red  to  p o t e n t i a t e  t he  
sleep t ime  was 840 vtg/kg wh ich  cor responds  to 20% of 
t he  LDs0 dose of c a d m i u m  ion as d e t e r m i n e d  in our  
l abora to ry .  I n  a n y  s t u d y  des igned  to l ink  c o n t a m i n a n t  
b u r d e n s  w i t h  biological  response  a n d  e n v i r o n m e n t a l  
exposure,  i t  is of u t m o s t  i m p o r t a n c e  to e s t ab l i sh  a dose- 
response  r e l a t i onsh ip  b e t w e e n  t he  c o n t a m i n a n t  b e i n g  
e x a m i n e d  and  t he  specific changes  induced  in the  bio- 
logical s y s t e m  1~. 

Zusammen/assung. Nachweis ,  dass  C a d m i u m  bei R a t t e n  
d i e  H e x o b a r b i t a l - S c h l a f d a u e r  e rh6h t .  E i n e  wi rksame  
R e a k t i o n  war  be re i t s  bei  e iner  Cadmium-Dos i s  von  
840 ~xg/kg beobach te t ,  und  die Sch la fdaue r  wurde  bere i t s  
n a c h  e iner  e inz igen  Dosis  v o m  1. bis zum 10. Tage e rh6ht ,  
wobei  zwischen  dem 2. u n d  5. Tage die M a x i m a l w i r k u n g  
b e o b a c h t e t  wurde .  
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T o x i c  M e t a b o l i t e s  of  Aspergillus candidus 

In  our  course  of chemica l  and  biological  su rveys  on  
tox ic  mold  me tabo l i t e s ,  a s t r a in  (69-SA-156 = N H L  
5107) of Aspergillus candidus LINK was no t iced  b y  the  
p r o d u c t i o n  of new tox ic  metabol i tes~ ,  ~. The  e x t r a c t s  of 
t he  m y c e l i u m  and  t he  f i l t r a t e  on  p o t a t o - d e x t r o s e  m ed ium,  
or of t he  cu l tu re  on rice, were s e p a r a t e d  b y  c h r o m a t o -  
g raph ic  m e t h o d s  a n d  m o n i t o r e d  b y  c y t o t o x i c i t y  t e s t  
us ing  H e L a  cells ~, 2 and  2 new toxins ,  t e n t a t i v e l y  n a m e d  
t o x i n  A a n d  B, were isolated.  

The  t o x i n  A, m.p .  244-245 ~ C20H~sOs, has  a p p a r e n t l y  
no effect  on  mice  w i t h  a dose of 200 m g / k g  b y  single oral  
or s u b c u t a n e o u s  a d m i n i s t r a t i o n .  I t  evokes,  however ,  
cha rac t e r i s t i c  morpho log ica l  changes  on  H e L a  cells; 
t h a t  is, s l igh t ly  en la rged  cells w i t h  f a i n t l y  s t a ined  
cy top lasm,  even ly  d i s t r i b u t e d  c h r o m a t i n  a n d  r e l a t ive ly  
smal l  nucleolJ. 50% g r o w t h  i n h i b i t o r y  dose is app rdx -  
i m a t e l y  10 lxg/ml. The  g r o w t h  is r ecoverab le  w h e n  
the  cells are t r e a t e d  for 24 h and  p laced  in t he  cont ro l  
med ium.  No r e m a r k a b l e  change  is obse rved  in t h e  
ch romoson le  p r e p a r a t i o n  of af fected cells. W h e r e a s  
i nco rpo ra t i on  of 3 H - t h y m i d i n e  and  -u r id ine  in to  t he  
t r e a t e d  cells a t  32 ~g /ml  is comple t e ly  supressed,  t h a t  of 
~t-I-leucine is r e t a i n e d  as in  con t ro l  cells. I t  h a s  been  
k n o w n  t h a t  t he  s imi l a r  cha rac te r i s t i c  change  of cu l tu red  
cells is p roduced  b y  t he  a d m i n i s t r a t i o n  of m ycopheno l i c  
acid~ a n d  t he  effect  is nul i f ied  by  t he  c o n c o m i t a n t  ad-  
m i n i s t r a t i o n  of guan i ne  3. In  t h e  case of the  p r e s e n t  
c o m p o u n d ,  however ,  t h e  n o r m a l  g rowth  c a n n o t  be 
res tored  b y  t he  s i m u l t a n e o u s  a d d i t i o n  of a n y  pur ines  or 
p y r i m i d i n e  nucleosides.  

The  t o x i n  A forms  t h e  t r i a c e t a t e  and  t he  spec t ra l  d a t a  
(especial ly NMIR) i nd i ca t ed  t he  presence  of 2 me thoxy l s ,  

3 pheno l i c  hydroxy ls ,  2 pa i rs  of A2B ~ t y p e  o-coupled 
a r o m a t i c  p ro tons ,  a n d  1 s ing le t  a r o m a t i c  p r o t o n  in t he  
t o x i n  4. The  m e t h y l a t i o n  of t o x i n  A w i t h  d i a z o m e t h a n e  
gave  a m i x t u r e  of mono- ,  di-, and  t r i - m e t h y l  e thers .  The  
o x i d a t i v e  d e g r a d a t i o n  of t ox in  A a n d  t he  d i m e t h y l  
e t h e r  a f forded p - h y d r o x y l b e n z o i c  acid and  p-anis ic  acid 
respect ively .  T r e a t m e n t  of t o x i n  A w i t h  bo ron  t r i f lor ide  
gave  a n  u n s t a b l e  po lyphenol ,  t he  ox ida t i on  of which  b y  
ferriO chlor ide  or c h r o m i u n  t r iox ide  gave  a qu inone ,  
CxsHnO s. The  qu inone  forms  t he  t r i ace ta t e .  The  UV-  
spec t r a  of t he  qu inone  [~dioxane 255, 390 nm)  a n d  t he  t"gngX 
ace t a t e  ~-r~xi~di~ 345 nm)  sugges ted  t he  p - t e r p h e n y l -  

qu inone  c h r o m o p h o r e  in t h e  qu inone  s. The  a b o v e  
ev idence  suggested  the  s t r u c t u r e s  (1-3)  for  the  t o x i n  A. 

The  t e r p h e n y l  m e t a b o l i t e  b y  t h e  fungus  A. candidus 
r epo r t ed  r ecen t ly  b y  MARC~LLI a n d  VI~I~G ~ is a s sumed  
to be  iden t ica l  w i t h  t he  t o x i n  A. T h e y  proposed  t he  
s t r u c t u r e  1 for t he  c o m p o u n d  b u t  t he  ev idence  shown in 
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