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I t  has been found that  the subacute toxic i ty of lead to mice 
was reduced by adding calc ium p h y t a t e  to t he  d i e t ,  and the a c t i o n  
o~: this ~atura l  d ie ta ry  ingredient may explain the protective elIec~ 
of stock d i e t s  c o m p a r e d  to pu r i f i ed  d i e t s ,  when fed  c o n c u r r e n t l y  
w i t h  l e a d  {WISE 1981).  C h r o n i c  e x p o s u r e  of ch i l d r en  may  have  
ex t r eme ly  impor tant  e f f e c t s  on men ta l  d e v e l o p m e n t  ( B R Y C E - S M I T H  
A N D  S T E P H E N S  1981)  and  t h e r e f o r e  r e s e a r c h  on p h y t a t e - l e a d  
in terac t ion  has been extended to chronic lead a d m i n i s t r a t i o n .  P h y t i c  
ac id  binds  to m a n y  t r a c e  m e t a l s ,  inc lud ing  lead (CHERYAN 1980; 
MAGA 1982; WISE AND GILBURT 1981),  and s ince  lead  a b s o r p t i o n  
and m e t a b o l i s m  d e p e n d s  on the  a v a i l a b i l i t y  of  o ther  t r ace  meta ls  
(CALABRESE 1980) it is c lear  tha t  the e f f ec t s  of adding  p h y t a t e  to 
t h e  d i e t  a r e  n o t  p r e d i c t a b l e  f r o m  the  e v i d e n c e  of  a s ing le  
exper iment  with toxic doses of lead, However,  use  of t he  s a m e  d i e t  
and form of  phytate  p e r m i t s  the influence o~L ~hytate on b~ood lead 
resultin~ from chronic lead admin is t ra t ion to be compared d~rect|y 
w i th  the results obtained in the ear l ier  subacute experiment. This 
paper  r epo r t s  b lood lead ana lyses of  mice fed low d i e t a r y  
concentrations of lead with, or without calcium phytate. 

METHOD 
The e x p e r i m e n t  was  s i m i l a r  to the  previous one (WISE 1981), 

but in this case MF1 female  mice were  ob ta ined  c o m m e r c i a l l y  f r o m  
O L A C  1976 Ltd ,  B i c e s t e r ,  U.K.  and were  a l i t t le  heavier (average  
23g). The basal d i e t  was  m a d e  to the  s a m e  f o r m u l a  and bo th  t he  
lead  a c e t a t e  and ca lc ium phyta te  were taken f rom the same bot t les  
as previously.  Briefly, the basal d i e t  was m a d e  f r o m  ca se in ,  s t a r c h  
a n d  m a i z e  o i t ,  w i t h  v i t a m i n s ,  m ~ e r a t s  and t r a c e  e l e m e n t s  to 
c o n | o t t o  ~to t h e  N A T I O N A L  R E S E A R C H  C O U N C I L  ( 2 9 7 g )  
r e c o m m e n d a t i o n s .  E i g h t  d i e t s  were  made  containing e i ther  0 or 20 
g/kg calcium phy ta te  with 0, 2, 10 or 50 m g / k g  lead  a c e t a t e ,  The  
lead  a c e t a t e  was  ground to pass  t h rough  a 53 um s ieve  and then 
i n c o r p o r a t e d  in to  a p r e - m i x  wi th  s t a r c h  b e f o r e  t h e  d i e t s  w e r e  
p r e p a r e d .  S ince  the  d i e t s  w e r e  freshly prepared several  t imes  from 
d i f fe ren t  b a t c h e s  oI  i n g r e d i e n t s ,  t he  b a s a l  i n t a k e s  of  lead  v a r i e d  
dur ing  the  s t udy ,  a l t h o u g h  the  c o n t a m i n a t i o n  was the same for all 
g r o u p s  a t  any t i m e .  C a l c i u m  p h y t a t e  c o n t r i b u t e d  only  0 . 0 1 7  mg 
l e a d / k g  to the  d i e t .  D i s t i l l ed  w a t e r  was provided ad libitum. Mice 
were dis tr ibuted in eight groups of 10 /group,  such t h a t  t he  a v e r a g e  
w e i g h t s  w i t h i n  e a c h  g roup  v a r i e d  by only 0.6g.  The  m i c e  were  
main ta ined  on grids in f i l ter  boxes. 
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Af te r  3 months,  5 mice were taken at random from each cage 
and the remainder maintained on the d ie t  for  a f u r t he r  3 months.  
The mice were killed by CO 2 inhalation and blood taken by cardiac 
p u n c t u r e .  A l i q u o t s  of  0.2 ml w e r e  d i l u t e d  1:5 wi th  0 .125% 
Triton-X-100~ sonica ted  and analysed for lead. Blood samples from 
animals fed diets containing no added lead a c e t a t e  were pooled and 
used to make s tandard mix tu res  of lead in blood, which were used 
to c o n s t r u c t  a s t a n d a r d  c u r v e  o v e r  t h e  r ange  of  b lood  lead  
c o n c e n t r a t i o n s  in the other groups. Lead analyses were performed in 
triplicate~ using a Pe rk in -E lmer  460 f lameless  a tomic  absorp t ion  
s p e c t r o p h o t o m e t e r  (Perkin-Elmer, Norwalk, USA). The absorption was 
recorded on a chart recorder, and the peak heights were e s t i m a t e d  
by using a Graphics  Tab le t  coupled to an Apple II computer (Apple 
Computer Inc., Cuper t ino ,  USA). The basel ine was cons t ruc t ed  by 
p l a c i n g  the pen at each end of a segment  conta in ing  15 peaks.  
Triplicate m e a s u r e m e n t s  of peak heights  were made,  and in each 
case the baseline was separately constructed. 

RESULTS 
There  were no significant effects  of either calcium phytate or 

lead a c e t a t e  on body weight  during the s tudy.  A f t e r  3 m o n t h s  
feeding,  the ave rage  weight was 35 g, and this increased slightly to 
37 g after  a further 3 months. Figure 1 shows the resul ts  of blood 
lead analyses .  Af te r  both 3 and 6 months feeding,  the re  was no 
greater  blood lead concentration in the 2 mg/kg group than in those  
given no lead a c e t a t e ,  a l though over the last 3 months both blood 
lead concentrations t r ip led.  Af t e r  feeding  10 mg/kg,  a s ign i f ican t  
d i f f e r e n c e  due to phy t a t e  appeared  only in the 6 month group, 
however, at  50 mg/kg) t he r e  were s igni f icant  e f f e c t s  of phy t a t e  
af ter  both 3 and 6 months feeding. 

DISCUSSION 
When 1000 mg/kg lead a c e t a t e  had been fed to mice,  the 

toxicity was readily apparent in animals given no phytate supplement  
(WISE 1981). Blood lead had been 2.3 ug/ml compared to 0.6 ug/ml 
in the phytate-supplemented group. The p resen t  resul ts  showed t ha t  
blood lead was less influenced by calcium phytate when dietary lead 
concentrations were low. F u r t h e r m o r e ,  with I0 and 50 mg/kg lead 
a c e t a t e  plus calc ium phy ta t e  in the diet, blood lead tended to rise 
to a maximum between 0.25 and 0.30 ug/ml and remained r e l a t i ve ly  
cons t an t  o v e r  the last 3 months, however in the absence of phytate, 
blood lead was higher and rose s l i g h t l y ,  e v e n  du r ing  t h e  l a s t  
t r i m e s t e r .  Blood lead is r e l a t ed  in a curvilinear manner to dietary 
lead (DEPARTMENT OF HEALTH AND SOCIAL SECURITY 1980), 
which suggests  that the lead available for absorption in the intestine 
is not linearly related to blood lead. Therefore phytate might have a 
p ropo r t i ona t e ly  greater e f fec t  on lead solubility in the intestine than 
would be reflected in the resultant blood lead. 
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Since  ca l c ium p h y t a t e  r e m o v e s  even  t r a c e s  of lead from in 
vi tro solution, the  lack of e f f ec t~  at  t he  l o w es t  c o n c e n t r a t i o n  o-~ 
d i e t a r y  lead on blood l eve l s ,  contrasts  significantly with predictions 
t h a t  might  have  been  de r ived  f rom s imple  in v i t r o  e x p e r i m e n t s  
(WISE AND GILBURT 1981). T h e r e  is no e v i d e n c e  r eg a rd in g  the 
fo r ms  of  p h y t a t e  in the  i n t e s t i n e  ( C H E R Y A N  1980) ,  and  i t  is 
poss ib le  t ha t  o t h e r  f o rms  exist in equilibrium with calcium phytate ,  
however, even if all the phytate  were to be present  as a suspension 

Figure 1. Blood lead c o n c e n t r a t i o n  (ug /ml  + SD) of mice  fed lead  
a c e t a t e  with,  or w i thou t  20g/kg calcium phytate  for 3 or 6 months. 
Blank readings obtained from blood of mice  fed  d ie t s  c o n t a i n i n g  no 
lead ace ta te .  Probabili t ies assessed by t - tes ts .  
** P ~ 0.01 
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of its calcium salt ,  unpublished in vitro experiments have provided 
some information that might explain the present  observat ions.  When 
calcium phyta te  has been co-precipitated with traces of lead in this 
laboratory, most of the lead is located on the surface  of par t ic les  
and is not f i rmly bound within them. Unidentified substances in rat 
in tes t ina l  contents  were found to desorb  some lead  f rom t h e  
p r e c i p i t a t e .  Possibly the ex ten t  to which calcium phyta te  may 
influence lead absorption depends on the presence of some factor(s)  
in the in tes t ina l  lumen able to desorb lead, and which may be able 
to desorb a g rea te r  quan t i ty  from calcium phyta te  at  lower lead 
concen t ra t ions .  Similar mechanisms have been proposed for cadmium, 
copper, and zinc, to explain how they are absorbed f rom d i e t s  
containing calcium phytate (WISE AND GILBURT 1982). 

Much further work is required to e luc ida te  the mechanisms of 
these in te rac t ions ,  which are likely to be important for all but the 
most refined human diets  tha t  are devoid of phyta te .  It is a l so  
w o r t h  no t ing  t h a t  a b s o r p t i o n  s t u d i e s  using in vitro in tes t ina l  
preparat ions  without  the modifying e f f ec t s  of phyta te  might  be 
miss ing a very impor tan t  f ac to r  involved in the control  of lead 
availability from intestinal contents. 

It is c lear ly  impossible to predict  from this experiment the 
effect  of phytate in childrens' diets on blood lead levels,  but there  
was a trend suggesting tha t  the lower the d ie ta ry  lead, the less 
phyta te  would inf luence blood lead, and the re fo re  the p o t e n t i a l  
usefulness of phy ta te  against  chronic lead accumulation is probably 
less than for acute toxicity. 
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