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Carcinogenicity of Tetraethyl Lead 

T e t r a e t h y l  lead (TEL) is an  i m p o r t a n t ,  wide ly  used,  
an t i -knock  add i t ive  for m o t o r  fuels. Whi le  the  acu te  and  
subacu te  tox ic i ty  of T E L  and  o the r  organic lead hal ides 
has  been  ex tens ive ly  s tud ied l ,L  the re  is no avai lable  pub-  
h shed  in fo rma t ion  on  carc inogenic i ty  t e s t ing  wi th  these  
compounds .  Resu l t s  of p re l imina ry  e x p e r i m e n t s  on the  
carc inogenic i ty  of T E L  are r epo r t ed  here.  

Solut ions  of T E L ,  a t  concen t r a t i ons  of 1, 2 and  20 m g / m l  
in redis t i l led t r icapryl in ,  were  s to red  in sealed ampules  
a t  4 °C and  used wi th in  1 week of p repara t ion .  By  pre-  
viously descr ibed  t echn iques  3,4, solut ions  were  in jec ted  
s.c. in t he  nape  of t he  neck  of r a n d o m - b r e d  i n f an t  Swiss 
mice (ICRJHa) a t  ages of 1, 7, 14 and  21 days  in vo lumes  
of 0.1, 0.1, 0.2 and  0.2 ml  respec t ive ly ;  cont ro ls  received 
so lven t  alone (Table I). The  uneven  n u m b e r  of l i t te rs  
f inal ly ass igned to  t he  var ious  groups  ref lec ted  an  a t t e m p t  
to  c o n c e n t r a t e  t e s t ing  a t  t he  h ighes t  possible sub tox ic  
d rug  concen t ra t ion .  

Fol lowing weaning  and  sexing,  general ly  a t  28 days,  
g roups  of 5 or  fewer  mice of each  sex were  housed  in hang-  
ing me ta l  cages wi th  wire grid floors and  given Pur ina  
chow and  wa te r  ad l ib i tum.  Mice were  inspec ted  dai ly  and  
weighed  weekly  for t he  f i rs t  m o n t h  of life and  a t  m o n t h l y  
in te rva l s  the reaf te r .  Mice were  al lowed to survive,  w i t h  
t he  excep t ion  of those  sacrif iced when  sick or mor ibund ,  
unt i l  expe r imen t s  were t e r m i n a t e d  be tween  49 and  51 
weeks.  

Mor ta l i ty  before  wean ing  (Table I) was comparab l e  in 
so lven t  cont ro ls  (15%) and  in neona te s  receiving 0.1 mg  
of T E L  on day  1 a n d  a to ta l  dosage of 0.6 mg (20%). The 

4 ind iv idua l  doses of T E L  admin i s t e r ed  on days  1, 7, 14 
and  21 in the  l a t t e r  group are equ iva l en t  to  50, 20, 20 and  
13 mg/kg,  if co r respond ing  an imal  weights  are t aken  as 
2, 5, 10 and  15 g respect ive ly .  H ighe r  m o r t a l i t y  was,  
however ,  obse rved  w i t h  0.2 and  2.0 mg  doses  on  d a y  1 
(92% and  100% respect ively) .  D e a t h  before wean ing  in 
all g roups  was genera l ly  res t r i c t ed  to  t he  f i rs t  week of 
life, so t h a t  m o r t a l i t y  d i f ferences  b e t w e e n  t h e  var ious  
groups  also occur red  then .  Re la t ive  to  controls ,  t he re  was  
no evidence  of weigh t  loss in T E L - t r e a t e d  mice e i ther  a t  
wean ing  or a t  t he  t e r m i n a t i o n  of exper iments .  

An e n h a n c e d  inc idence  of l y m p h o m a s  was  n o t e d  in 
T E L - t r e a t e d  female  mice  (Table II). Five  of 41 t r e a t e d  
females  (12%) surv iv ing  a t  36 weeks  deve loped  l y mp h o -  
mas  in c o n t r a s t  to  none  of 48 controls .  Ignor ing  possible  
l i t te r  effects,  Z ~ = 4.12, P < 0.05. These  5 l y m p h o m a s  
were  d i s t r i bu ted  in 3 of 10 T E L - t r e a t e d  l i t ters .  These 
t u m o r s  deve loped  re la t ive ly  la te  in life and  were  pre-  
d o m i n a n t l y  well d i f f e ren t i a t ed  l y m p h a t i c  l enkemias  
(Table II) .  There  was  no s ignif icant  di f ference in t he  inci- 
dence  of o the r  t u mo r s  in T E L - t r e a t e d  and  cont ro l  mice.  
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Table I. Toxicity induced in Swiss mice by neonatal s.c. injections of tetraethyl lead solutions in tricaprylin 

T r e a t m e n t  Dosage (mg) on specified days following Total 
group birth dosage 

(mg) 
1 7 14 21 

No. of mice % Sex No. of survivors 
injected (cor- mortality at 49 weeks/No. 
responding prior to of survivors at 
No. of litters) weaning weaning 

Solvent controls . . . . .  

Tetraethyl lead 2.0 - - - 2.0 

Tetraethyl lead 0.2 0.2 0.4 0.4 1.2 

T e t r a e t h y l  lead 0.1 0.1 0.2 0.2 0.6 

124 (11) 15 M 33•55 
F 48150 

69 (6) 100 M - 
F 

79 (7) 92 M 315 
F 111 

109 (10) 20 M 20143 
F 38144 

Table II. Malignant tumors induced in Swiss mice by neonatal injections of tetraethyl lead 

Treatment group Sex No. of mice sur- 
viving at 
36 weeks 

% incidence of malignant tumors, based on survivors at 
36 weeks 

Lymphomas Hepatomas Fibrosarcomas 

Solvent controls M 39 3 ~ 5 0 
F 48 0 0 0 

Tetraethyl lead, 0.6 mg M 26 4 b 4 0 
F 41 12e 0 2 

1 reticulum cell sarcoma at 51 weeks, b 1 lymphatic leukemia at 38 weeks, c 1 unclassifiable leukemia at 36 weeks; 3 lymphatic leukemias 
at 42, 48 and 51 weeks, respectively; 1 reticulum cell sarcoma at 51 weeks. 
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T h e  absence  of lead n e p h r o p a t h y  or  r ena l  t u m o r s  in 
T E L - t r e a t e d  mice  is of in te res t ,  in  c o n t r a s t  to  t he  induc-  
t ion  of these  effects  in  r a t s  fol lowing p ro longed  admin i s -  
t r a t i o n  of h i g h  levels  of lead sa l t s  5,6. T he  r e l a t ive ly  low 
t o x i c i t y  of T E L ,  a d m i n i s t e r e d  pa ren t e r a l l y ,  t o  n e o n a t a l  
mice  is n o t e w o r t h y ;  t h e  LDs0 on  d a y  1 of life is b e t w e e n  
50 a n d  100 mg/kg ,  in  c o n t r a s t  to  a n  LDs0 of b e t w e e n  16 
a n d  24 m g / k g  fol lowing ora l  a d m i n i s t r a t i o n  in a d u l t  r a t s  1. 
Poss ibly ,  t h e  r e l a t ive  r e s i s t ance  of n e o n a t a l  mice  to  T E L  
is due  t o  i m m a t u r i t y  in  t h e i r  m i c r o s o m a l  l iver  e n z y m e s  
w i t h  c o n s e q u e n t  fa i lu re  to  d e a l k y l a t e  T E L  to  i t s  s t ab l e  
t r i e t h y l  de r iva t ive ,  k n o w n  to  be  more  tox ic  ~. A t  a t o t a l  
T E L  dosage of 0.6 mg, one of l imi ted  tox ic i ty ,  a weak  
carc inogenic  effect  is a p p a r e n t .  I t  should,  however ,  be  n o t e d  
t h a t  t h e  T E L - i n d u c e d  l y m p h o m a s  occur red  l a t e  in life, in  
c o n t r a s t  to  t h e  genera l  t e n d e n c y  to  ear l ie r  d e v e l o p m e n t  of 
such  t u m o r s  fol lowing a d m i n i s t r a t i o n  of s t r o n g  carc ino-  
gens  to  n e o n a t a l  mice.  

Zusammen[assung. E i n  v e r m e h r t e s  V o r k o m m e n  v o n  
L y m p h o m a s  zeigte s ich bei  m i t  T e t r a ~ t h y l b l e i  b e h a n d e l t e n  
we ib l i chen  MAusen (12%) im Gegensa tz  zu den  en t sp re -  

c h e n d e n  K o n t r o l l e n  (0%).  Die ca rc inogene  W i r k u n g  yon  
Te t r aAthy lb l e i  wurde  d u r c h  p a r e n t e r a l e  A d m i n i s t r a t i o n  
e iner  t o t a l e n  Dosis y o n  0.6 nag a n  n e u g e b o r e n e n  Schwei-  
zer Miiusen gezeigt.  

S. S. EPSTEIN "/ a n d  N. MANTEL 

Laboratories o/Carcinogenesis and Toxicology, Children's 
Cancer Research Fm~ndation Inc., and Department o/ 
Pathology, Harvard 2}Iedical School, Boston (Mass.); 
National Cancer Institute, Bethesda (Maryland, USA),  
15 December 1967. 

5 tt. V. ZOLLINGER, Virchows Arch. Path. Anat. Physiol. 323, 694 
(1954). 
G. J. VAs ESCH, H. VAN GENUEREN and H. H. VINK, Br. J. 
Cancer t6, 289 (1962). 
Supported by Grant No. C-6516 from the National Cancer Insti- 
tute, USPHS. 

Anti-Inflammatory Action of a Benzyl Glucofuranoside Applied Topically 

I t  h a s  p rev ious ly  b e e n  d e m o n s t r a t e d  t h a t  3 ,5 ,6 - t r i -  
0 -benzy l -D-g lucofu ranos ide  x (hence fo r th  re fe r red  to  as 
b e n z y l  g lucofuranos ide)  d i sp lays  a n t i - i n t l a m m a t o r y  
ac t ions  fol lowing s y s t e m i c  (oral  or  pa r en t e r a l )  a d m i n i s -  
t r a t i o n  in  a v a r i e t y  of e x p e r i m e n t a l  i n f l a m m a t o r y  reac-  
t ions  in  t h e  l a b o r a t o r y  a n i m a l  as well  as in m a n  ~-~. I n  
v iew of t h e  p r o n o u n c e d  l ipophi l ic  c h a r a c t e r  of b e n z y l  
g lucofuranos ide ,  i t  s eemed  l ike ly  t h a t  t he  c o m p o u n d  
m i g h t  eas i ly  be  a b s o r b e d  b y  t h e  skin .  T h e  fol lowing 
a c c o u n t  shows t h a t  b e n z y l  g lucofu ranos ide  i n h i b i t s  a n  
i n f l a m m a t o r y  r eac t i on  of t h e  skin  w h e n  app l ied  top ica l ly  
to  t h e  a rea  in wh ich  th i s  r e a c t i o n  is el ici ted.  T he  p rocedu re  
a d o p t e d  was  a s l igh t  m o d i f i c a t i o n  of t h e  m e t h o d  desc r ibed  
b y  TONELLI e t  at.6 b y  w h i c h  t h e  top ica l  an t i ph log i s t i c  
ef fec t  of s t e ro ids  c an  be  assessed. W i t h  t h i s  m e t h o d  a n  
acu t e  i n f l a m m a t o r y  response  is e l ic i ted b y  a p p l y i n g  
c r o t o n  oil w i t h  a n  a p p r o p r i a t e  veh ic le  to  t he  r a t  ear, a n d  
t h e n  q u a n t i t a t i n g  i t  g r a v i m e t r i c a l l y  b y  c o m p a r i s o n  w i t h  
t h e  c o n t r a l a t e r a l  u n t r e a t e d  ear .  Co-app l i ca t ion  of a n  
a c t i v e  c o m p o u n d  r e su l t s  in  a r e d u c t i o n  of t h e  w e i g h t  in-  
crease.  

T h e  m a i n  mod i f i c a t i o n  cons is ted  in t h e  use  of:  (a) ma le  
mice  of a b o d y  w e i g h t  of 22-27 g i n s t e a d  of i m m a t u r e  
f ema le  ra t s ,  a n d  (b) a r e ad i ng  t i m e  of 4 i n s t e a d  of 6 h 
fo l lowing t h e  a p p l i c a t i o n  of t h e  i r r i t an t .  

T h e  b e n z y l  g lucofu ranos ide  was  i n c o r p o r a t e d  in g r a d e d  
c o n c e n t r a t i o n s  in  t h e  vehic le  c o n t a i n i n g  t i le  i r r i t an t .  The  
effects  of b e n z y l  g lucofu ranos ide  were  c o m p a r e d  w i t h  
t hose  of a we l l - es tab l i shed  an t i ph log i s t i c  cor t icos te ro id ,  
hyd roco r t i sone .  

As m a y  be  seen f rom T a b l e  I, b e n z y l  g lucofu ranos ide  is 
c apab l e  of r e d u c i n g  t h e  increase  in w e i g h t  p r o v o k e d  in t he  
m o u s e  ear  b y  top ica l  a p p l i c a t i o n  of c ro ton  oil. Th i s  an t i -  
i n f l a m m a t o r y  ef fec t  of t h e  c o m p o u n d  shows  a c l ea r - cu t  
d o s e - d e p e n d e n t  b e h a v i o u r ,  a c o n c e n t r a t i o n  of 30 m g / m l  
p r o d u c i n g  a w e i g h t  r e d u c t i o n  w h i c h  is a l r e a d y  h igh ly  

s ign i t i can t  s t a t i s t i ca l ly .  The  EDs0 d e t e r m i n e d  g r aph i ca l l y  
is 70 mg/ml .  

I n  o rde r  to  a s c e r t a i n  t h a t  t h e  a n t i - i n f l a m m a t o r y  effect  
of b e n z y l  g luco fu ranos ide  is n o t  due  to a non-spec i f ic  

TaMeI. 

Prepara- No. Concen- Weight increase of the ear Inhibitory 
tion tration mg d- S.E. a pa effect (%) 

(mg/ml) 

Controls 15 - 27.2 1.6 - - 

Benzyl 10 10 27.8 1.9 - 0 
glucofu- 10 30 19.3 1.5 < 0.001 29 
ranoside 10 100 12,0 2.0 < 0.001 56 

10 300 3.8 0.8 -Q 0.001 86 

Hydro- 5 0.3 22.8 3.1 < 0.01 16 
cortisone 10 1.0 14.1 1.5 < 0.001 48 

10 3.0 11.3 1.1 <~ 0.001 58 
10 10.0 5.7 0.9 < 0.001 79 

a Mean 4- S.E., and P calculated according to LORD. 
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