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Synergism in the Toxicities of Lead and Oxygen  

Al though  oxygen  is one of the  mos t  a b u n d a n t  e lements  
in na ture ,  and  is essent ia l  for mos t  life processes,  it  can 
also be h igh ly  toxic.  Therefore,  any  in te rac t ion  be tween  
oxygen  and  po ten t ia l  env i ronmen ta l  c o n t a m i n a n t s  is of 
in te res t ;  especially, if t h a t  in te rac t ion  resul ts  in enhanced  
toxic i ty .  One such possible c o n t a m i n a n t  is lead, and this  
repor t  d e m o n s t r a t e s  t h a t  its admin i s t r a t i on  s ignif icant ly  
shor tens  the  survival  t ime  of ra ts  exposed to  increased 
par t ia l  pressures  of oxygen.  

Unde r  l ight  e ther  anes thes ia  femoral  cu tdowns  were 
pe r fo rmed  on male Sprague-Dawley  ra ts  weighing 180- 
220 g, and  t h e n  e i ther  20 mg of lead ace ta te  dissolved in 
0.5 ml  deionized water ,  or deionized wa te r  alone was 
in jec ted  i.v. The ra t s  were n e x t  p laced  in special ly con- 
s t ruc ted  chamber s  ~n groups  oI 8 each, and  exposed to  
100% oxygen (1 arm) at  a flow ra te  of 1 1/min. The oxygen  
concen t ra t ion  in each c h a m b e r  reached  100% af ter  2.5 h, 
and remained  at  t h a t  level for the  dura t ion  of the  exper i -  
ment .  The h u m i d i t y  was m a i n t a i n e d  a t  100%, and the  
t e m p e r a t u r e  a t  23 ~ The animals  were given free access 
to food and  water ,  and  were observed  a t  hour ly  in tervals .  
The med ian  survival  t i m e  was de t e rmined  for each group 
of 8 rats .  The mean  med ian  survival  t ime  in hours  was 
29.0 ~= 4.4, and 79.0 • 15.7 for 3 groups  of lead, and  
3 groups  of non- lead t r e a t ed  rats ,  respec t ive ly  (p < 0.01). 
Fur the rmore ,  th is  effect  of lead ace ta te  on survival  t ime  
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Logarithmic dose response curve for the effect of a single i.v. injection 
of lead acetate on the median survival time of rats in 100% oxygen 
at 1 atm. The logarithm of the dose of lead acetate given in mg/kg 
of body weight is plotted on the abscissa. Each point represents the 
mean _4- the standard error of the median survival times from 2 
separate experiments involving 8 rats each. 

is dose d e p e n d e n t  (Figure). No dea ths  were observed in 
any  animals  t r e a t ed  wi th  lead ace ta te  and  exposed to  air 
under  o therwise  ident ical  condi t ions ,  nor  did t he  ad- 
min i s t r a t ion  of equimolar  ace ta te  in the  form of t he  
sodium salt  have  any  effect  on survival  in 100% oxgyen.  

The in vivo tox ic i ty  of oxygen  at  1 a rm has been 
a t t r i b u t e d  p r imar i ly  to  p u l m o n a r y  damage  1. In  order  to  
ascer ta in  if t he  effect  of 1cad was s imply  an accelerat ion 
of th is  process,  some lead, and non- lead  t r ea t ed  animals  
were au tops ied  af ter  24 h of oxygen  exposure.  Sect ions of 
brain,  hear t ,  lung, liver, k idney,  and  adrenal  gland were 
t a k e n  for histological  examina t ion .  No s ignif icant  
pa thologica l  changes  were observed in any  of these  organs.  
Still, i t  is possible for funct ional  changes  to  occur pr ior  to 
his tological  ones. Therefore,  in order  to measure  p u l m o n a r y  
func t ion  blood gas de t e rmina t ions  were m a d e  on samples  
t aken  f rom lead, and  non- lead  t r e a t ed  ra ts  af ter  exposure  
to  e i ther  air, or 100% oxygen.  No s ignif icant  differences 
were observed af ter  24 h of exposure,  even t h o u g h  the  
lead t rea ted ,  oxygen  exposed animals  were wi th in  a few 
hours  of d e a t h  a t  t he  t ime  the  samples  were taken.  On 
the  o the r  hand ,  non- lead  t r ea t ed  ra ts  exposed to  oxygen  
for 68 h, and also near  death ,  were severely hypoxic ,  
acidotic,  and hyperca rb ic  (p < 0.005). 

The cent ra l  nervous  sys t em tox ic i ty  of h igh  par t i a l  
pressures  of oxygen is impressive,  and has  been well 
d o c u m e n t e d  ". In  t he  p re sen t  s tudy,  ra t s  were sub jec ted  
to 4 a tmosphe res  of oxygen  (Table). W h e n  lead ace ta te  
was given 1 h pr ior  to  oxygen  exposure,  the re  was  no 
change  in the  t ime  of exposure  requi red  to  produce  
convulsions,  or in t he  survival  t ime.  However ,  when  it 
was given 18 h pr ior  to exposure,  while  the re  was still  
no s ignif icant  change in the  t ime  of appearance  of con- 
vulsions,  the  survival  t ime  was s igni f icant ly  shor tened  
(p < o.ool) 

Thus,  i t  is a p p a r e n t  tha t ,  unde r  the  condi t ions  described,  
lead and  oxygen  are capable  of ac t ing  synergis t ica l ly  to 
has ten  dea th .  The m e c h a n i s m  of th is  in te rac t ion  has no t  
been  del ineated.  However ,  two of the  mos t  co mmon ly  
measured  pa rame te r s  of oxygen  toxic i ty ,  p u l m o n a r y  
damage,  and convuls ive  act iv i ty ,  are no t  s ignif icant ly  
affected by  lead admin i s t ra t ion .  I t  has  been previous ly  
d e m o n s t r a t e d  t h a t  copper  and iron, which  are also h e a v y  
metals ,  enhance  oxygen  t o x i c i t y  in v i t ro  3. Unlike lead, 

1 p. M. WINTER and G. SMITH, Anesthesiology 37, 210 (1972). 
2 j .  W. BEASt, in Oxygen in the Animal Organism (Eds. F. DICKENS 

and E. I'qEIL; Pergamon Press, London 1963), p. 455. 
N. HAt~GAARD, PhysioL Rev. 48, 311 (1968). 

Effect of lead pretreatment on convulsions and survivaI in hyperbaric oxygen 

Lead acetate injection (100 mg/kg) Time to exposure (h) Time to convulsions (rain) Survival time (min) 

+ 1 152~31 2164-61 

- -  1 131~-55 270~95 

+ 18 123::t_47 1 4 6 i 3 5  

-- 18 136j-45 265=t:76 

Rats were maintained in air at ambient pressure with free access to food and water until the beginning of exposure. Exposure was begun a t  

the time indicated by placing the rats in groups of 5 each in a small animal hyperbaric chamber (Bethlehem Corp., Bethlehem, Pa.) containing 
soda lime to prevent carbon dioxide accumulation. The chamber was pressurized to 4 arm absolute of oxygen. The animals were observed 
continuously, and the times at which the first convulsion, and at which death occurred, were recorded. Values are given as the mean =k the 
standard error for groups of 10 rats each. 
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t h e s e  m e t a l s  u n d e r g o  r e v e r s i b l e  o x i d a t i o n - r e d u c t i o n  
r e a c t i o n s  u n d e r  p h y s i o l o g i c a l  c o n d i t i o n s ,  a n d  a r e  c a p a b l e  
of  c a t a l y z i n g  a u t o x i d a t i o n s .  O u r  o b s e r v a t i o n s  w i t h  l e a d  
i n d i c a t e  t h a t  t h i s  c a p a b i l i t y  is  n o t  n e c e s s a r y  fo r  t h e  
e n h a n c e m e n t  of  o x y g e n  t o x i c i t y .  I n  a d d i t i o n ,  t h e y  r a i se  
t h e  p o s s i b i l i t y  t h a t  l e ad  m a y  i n t e r a c t  w i t h  o t h e r  o x i d a t i v e  
a g e n t s  in  w a y s  t h a t  a r e  h a r m f u l  t o  l i v i n g  o r g a n i s m s .  

Zusammen/assung. N a c h w e i s ,  d a s s  i .v .  I n j e k t i o n  y o n  
B l e i a c e t a t  d ie  ~ b e r l e b e n s z e i t  y o n  R a t t e n ,  d ie  r e i n e n  

S a u e r s t o f f  a t m e n ,  d o s i s a b h ~ n g i g  u m  5 0 %  v e r k t i r z t ,  w a s  
s o w o h l  be i  1 a l s  a u c h  be i  4 a t m  S a u e r s t o f f p a r t i a l d r u c k  
b e o b a c h t e t  w i rd .  

l~. ~B. JONES, D. P .  NELSON, S. SHAPIRO a n d  
L.  A. KIESOW 

Experimental Medicine Division, Naval Medical 
Research Institute, Bethesda (Maryland 20074, USA), 
I October 1973. 

l~-Hydroxylation of D-Norgestrel and Norethisterone by Botryodiplodia malorum 

I n  t h e  c o u r s e  of m e t a b o l i c  s t u d i e s  of  t h e  p r o g e s t a t i o n a l  
a g e n t s  n o r g e s t r e l  1 ( D L - 1 3 f i - e t h y l - 1 7 , t - e t h y n y l - 1 7 f i - h y d r o -  
x y g o n - 4 - e n - 3 - o n e ,  DL-I) a n d  n o r e t h i s t e r o n e  (D-19-nor-  
1 7 c r  I I )  i t  w a s  
s u g g e s t e d  t h a t  t h e  l f t - h y d r o x y  d e r i v a t i v e s  m i g h t  be  
p o s s i b l e  m e t a b o l i t e s ~ ,  ~. T h i s  l ed  u s  to  c o n s i d e r  t h e  p re -  
p a r a t i o n  of  D- I f t - h y d r o x y n o r g e s t r e l  (D- lft, 1 7 f l - d i h y d r o x y -  
1 3 f l - e t h y l - 1 7 ~ t - e t h y n y l g o n - 4 - e n - 3 - o n e ,  I I I )  a n d  l f l - h y d r o -  
x y n o r e t h i s t e r o n e  (D-19-nor-17Qr 17 f i -d ihyd ro -  
x y a n d r o s t - 4 - e n -  3-one,  IV) .  

M i c r o b i o l o g i c a l  l f l - h y d r o x y l a t i o n  of 1 9 - n o r s t e r o i d s  h a s  
b e e n  r e p o r t e d  w i t h  A spergillus ochraceus 4 a n d  Botryodi- 
plodia malorumS-7; we fel t ,  t h e r e f o r e ,  t h a t  t h i s  m i c r o b i a l  
t r a n s f o r m a t i o n  m i g h t  g i v e  r e a d y  a c c e s s  to  t h e  d e s i r e d  
c o m p o u n d s  I I I  a n d  IV.  S i nce  1 - h y d r o x y l a t e d  A*-3-one  - 
1 9 - n o r s t e r o i d s  a r e  e a s i l y  c o n v e r t e d  t o  t h e i r  r i n g  A a r o m a t -  
ic c o n g e n e r s  b y  b a s e  4,s, we  f o u n d  t h r o u g h  a n a l y s i s  o f  
b a s e  t r e a t e d  s o l v e n t  e x t r a c t s  b y  t h i n  l a y e r  c h r o m a t o -  
g r a p h y  t h a t  B. malorum w a s  t h e  c u l t u r e  of  cho ice .  T h e  
e x p e r i m e n t s  w e r e  d e s i g n e d  p r i m a r i l y  for  t h e  i s o l a t i o n  of  
I I I  a n d  I V ;  o t h e r  p r o d u c t s  we re  i n v e s t i g a t e d  o n l y  if 
t h e y  w e r e  i s o l a t e d  in  t h e  c o u r s e  of  a c h i e v i n g  t h i s  o b j e c t i v e .  

I n c u b a t i o n  of  D - n o r g e s t r e l  (D-I) w i t h  B. malorum C B S  
134.50 g a v e  t h e  l f i - h y d r o x y  a n a l o g  I I I  a s  t i le  m a j o r  
p r o d u c t .  W i t h  n o r e t h i s t e r o n e  (II) as  s t e r o i d  s u b s t r a t e ,  
t h e  l f i - h y d r o x y  d e r i v a t i v e  I V  w a s  a v e r y  m i n o r  p r o d u c t ,  
w h i l e  t h e  m a j o r  p r o d u c t  w a s  h y d r o x y l a t e d  a t  C-11ft (D- 
19-nor -  17c t - e thyny l -  11/~, 1 7 f i - d i h y d r o x y a n d r o s t - 4 - e n -  3- 
one ,  V).  

F o r  t h e  c o n v e r s i o n  of D-I, t h e  i n o c u l u m  w a s  g r o w n  in  
s h a k e n  f l a s k s  c o n t a i n i n g  a c o r n  s t e e p  l i q u o r :  p e p t o n e :  
d e x t r o s e  m e d i u m  for  72 h a t  28 ~ M y c e l i a l  t r a n s f e r s  we re  
m a d e  t o  a 14 1 I e r m e n t o r  w i t h  8 1 of  g r o w t h  m e d i u m .  

A f t e r  24 h i n c u b a t i o n  t h e  cel ls  we re  f i l t e r ed  off  a n d  sus -  
p e n d e d  in  d i s t i l l e d  w a t e r .  T h e  s t e r o i d  D-I,  1.4 g a d d e d  i n  
e t h a n o l i c  s o l u t i o n ,  w a s  i n c u b a t e d  for  71 h b e f o r e  h a r v e s t .  
T h e  m y c e l i u m  w a s  f i l t e r e d  off, a n d  t h e  f i l t r a t e  w a s  
e x t r a c t e d  w i t h  e t h y l  a c e t a t e .  T h e  d r i e d  s o l v e n t  e x t r a c t s ,  
d i s s o l v e d  ill a c e t o n e ,  a f f o r d e d  1.08 g of  a c r u d e  m i x t u r e  
c o n t a i n i n g  5 p r o d u c t s .  

T h i s  m a t e r i a l  w a s  c h r o m a t o g r a p h e d  o n  p r e p a r a t i v e  
s i l i ca  gel  t h i n  l a y e r  p l a t e s  in  c h l o r o f o r m  : e t h a n o l  : a c e t o n e  
(8: 1 :1 ) .  T h e  a r e a  c o n t a i n i n g  t h e  d e s i r e d  p r o d u c t  w a s  
M u t e d  a n d  y i e l d e d ,  a f t e r  c h a r c o a l  t r e a t m e n t  a n d  r e c r y s -  
t a l l i z a t i o n  f r o m  a c e t o n e ,  601 m g  of p r o d u c t  I I I ,  m . p .  

1 Norgestrel is a racemate (DL-I); I~-norgestrel (D-I) corresponds in 
absolute configuration to the natural  form of steroids. 
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NNR assignments and optical properties of transformation products 

[0~] D O H ~ M  OHor C-13orC-18 
Me Signal" 

OAc zJ M OAc 

C-2 Protons C ~ C H  10r or 11cr C-4 Acetoxy 
Proton Proton Proton Me Signal 

D-lft-Hydroxynorgestrel (III) --  145.1 b --344 ~ 0.95 t (7) 

D-l~-Acetoxynorgestrel (III a) -- 144.0 a --400 c 1.02 t (7) 

l~-Hydroxynorethisterone (IV) --153.7 ~ --397 e 0.93 s 
l~-Aeetoxynorethisterone (IVa) --135.8 a --399 ~ 0.91 s 
ll/~-Hydroxynorethisterone (V) --  5.8b + 76 e 1.00 s 

11fl-Acetoxynorethisterone (Va) 0.0 b + 94 ~ 1.05 s 

2.50 d {4.8) 2.52 s 4.40 m 5.85 s 

2.60 d (4) 2.62 s 5.61 m 5.98 s 2.03 s 

2.50 d (4) 2.52 s 4.45 m 5.88 s 
2.55 d (4) 2.57 s 5.53 m 5.88 s 2.01 s 

3.33 s 4.18 m 5.90 s 

2.62 s 5.32 m 5.89 s 2.07 s 

All NMR spectra were recorded in deuterated chloroform with the exception of V, which was recorded in deuterated dimethyl sulfoxide. 
All signals are given in ppm downfield from tetramethylsilane; the letters s, t, m, designate singlet, triplet, and multiplet, respectively. 
Numbers in parenthesis are J values; b Solvent was chloroform: methanol (i :i) ; o Parent compound: D-norgestrelK a Solvent was chloroform. 
e Parent compound: norethisteroneK 


