
Behavior as a Common F ~ c u s  

Bernard Weiss 

Un i ve rs i t y  o f  Rochester School o f  Medicine and Den t i s t r y  

Department of Radiat ion Biology and Biophysics 

and Enviromental Health Sciences Center 

I . . ~ ~ - L  , .: ,3ddress f o r  correspondence: .,yqi-' .- 
4 . > A *  ,/:vk 'I +. .I;?$ :<-+ ,,7<!;: yq !=,G8 * Lt,, 'y;: $?; '?.+*Y -.,,: :?-;+I;'?.: 

$:$.$,.G<;/ .dJ,::fi ,*!,.Gi ..!;m-;#:..y ,&;4 <:,l*i@' 
, . . -.,-I 

Un ive rs i t y  of Rochester Medical Center 

Bux RBB 

Rochester, M.Y. 14642 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



Acknowledgements 

The p r e p a r a t i o n  o f  t h i s  paper was suppor ted i n  p i i r t  . b y  g r a n t  MH-71752 from 

NIMH,  g r a n t s  ES-01247 and -01248 f r om NIEHS, and i n  p a r t  by work per formed 

under C o n t r a c t  NO. D E - A C - 0 2 - 7 6 ~ ~ 0 3 4 9 0  w i t h  t he  U.S.  Department o f  Energy a t  

t h e  U n i v e r s i t y  o f  Rochester Department o f  R a d i a t i o n  B i o l o g y  and B iophys i cs  and 

has been ass igned Repor t  No. UR-3490-1826. 



Almost no one l a c k s  an o p i n i o n  about t h e  c u r r e n t  s a f e t y  o f  ou r  f ood  

supply,  and a lmos t  never  a r e  t h e  o p i n i o n s  vented w i t h o u t  keen emotion. The 

p u b l i c  sways i n  r hy thm t o  t h e  debate, s imu l t aneous l y  po i sed  t o  b e l i e v e  t h e  

worst  and t o  i g n o r e  i t .  T o x i c o l o g y  and n u t r i t i o n  have become i nsepa rab le  

companions. T o x i c o l o g y  and n u t r i t i o n ,  however, a re  coup led  n o t  o n l y  as 

a d j o i n i n g  f a c e t s  o f  p e r s i s t e n t  c o n f l i c t ,  b u t  as sc iences.  D i e t  p r o v i d e s  t h e  . 

pa th  of e n t r y  f o r  many p o t e n t i a l l y  ha rm fu l  substances. N u t r i t i o n a l  s t a t u s  

under1 i e s  and r e f 1  e c t s  many t o x i c  d i s o r d e r s .  And n u t r i e n t  i n t ake '  may enhance 

o r  d i m i n i s h  t h e  impact  o f  many t o x i c  agents.  

T o x i c o l o g y  and n u t r i t i o n  a l s o  share common themes. Both matured, f r om  

d i s c i p l i n e s  focused  on b l u n t ,  d i r e c t  measures o f  s u r v i v a l ,  t o  sc iences  
. . 

c o n c u r r e n t l y  p e e r i n g  i n t o  t h e  mo lecu la r  machinery o f  t h e  c e l l  and g rop ing  a t  

e l u s i v e  d i s o r d e r s  of behav io r .  N u t r i t i o n a l  sc ience a r r i v e d  a t  t h i s  

pe rspec t i ve  about  behav io r  somewhat e a r l i e r ,  b u t  t h e  f l e d g l i n g  sc ience  of 

Behav io ra l  T o x i c o l o g y  now i s  s p e e d i l y  c l o s i n g  i n  on i t s  d i s c i p l i n a r y  
- - 

coun te rpa r t  -- what Jose f  ~ r o z e k  once termed ~ s ~ c h o d i e t e t i c s .  

. .Try ing t o  p o r t r a y t h e  r e l a t i o n s h i p s  among t o x i c o l o g y ,  n u t r i t i o n ,  and 

behav io r  i n  a  s h o r t  paper i s  e q u i v a l e n t  t o  d e p i c t i n g  t h e  round  s o l i d i t y  of an . . 

app le  on a f l a t  canvas. You may admire i t s  e v o c a t i v e  q u a l i t i e s ,  b u t  you c a n ' t  

get  your  t e e t h  i n t o  i t .  But  s i n c e  my d u t y  here  i s  t o  evoke r a t h e r  than  t o  

nour i sh ,  I w i l l  t r y  t o  f rame these  r e l a t i o n s h i p s  b y  d i s c u s s i n g  a  s e l e c t i o n  0.f 

cogent examples. I w i l l  o rgan i ze  t h e  d i s c u s s i o n  by ca tego ry  o f  t o x i c a n l .  

E s s e n t i a 1 , N u t r i e n t s  

T o x i c i t y  i s  n o t  c o n f i n e d  t o  d i e t a r y  i n t r u d e r s .  Even e s s e n t i a l  components 

o f  t h e  d i e t ,  i n  excess, can produce t o x i c i t y .  Mucli o f  the  pub1 i c  seems t o  



r ega rd  v i t a m i n s  w i t h  t h e  same l i n e a r  op t im ism w i t h  wh ich  t r u c k  d r i v e r s  

pe rce i ve  amphetamines; i f  one i s  good, t e n  a r e  t e n  t imes  as good. An 

overabundance of v i t a m i n  A, f o r  i ns tance ,  produces a c h a r a c t e r i s t i c  t o x i c  

syndrome; V i t a m i n  A can a l s o  e x e r t  t o x i c  consequences i n  t h e  f e t u s ,  some of 

which a re  n o t  obv ious  w i t h o u t  b e h a v i o r a l  t e s t i n g .  Hu tch ings  and Gaston (1974) 

admin is te red  90,000 u n i t s  o f  v i t a m i n  A t o  pregnant  r a t s  on days 17 and 18 of 

g e s t a t i o n .  The o f f s p r i n g  showed no r e t a r d a t i o n  o f  growth o r  development; bu t ,  

when t e s t e d  l a t e r  w i t h  v a r i o u s  measures 'o f  operan t  performance, t h e y  responded 

. a t  lower  r a t e s  t h a n  c o n t r o l s . .  Subsequent ly,  Vacca and Hutch ings  (1977)  no ted  

t h a t  c e l l  p r o l i f e r a t i o n  i n  t h e  deve lop ing  ce rebe l l um  had been a l t e r e d  b y  

v i t a m i n  A t r ea tmen t .  . . 

E s s e n t i a l  m e t a l s  a re  a l s o  t o x i c  when i nges ted  i n  excess. Indeed, t h e  

marg in  between t h e  c r i t i c a l  minimum and i n c i p i e n t  t o x i c i t y  i s  remarkab ly  sma l l  
. . 

( ~ e i s s ,  1977); Manganese i s  an i n t r i g u i n g  example because d e f i c i e n c y  o f  

manganese i s  - *  e s p e c i a l l y  , t e l l i n g  f o r  t h e  deve lop ing  o rgan ism and i t s  absence 

induces abnormal i t i e s  i n  t he  v e s t  i.bu1 a r  system. Occupa t iona l  exposure i s  o u r  

main source. o f  i n f o r m a t i o n  about t h e  t o x i c i t y  o f  excess' manganese. I n  t h e  

manganese m i n i n g  communit ies o f  South America, t he  e a r l y  s i g n s  o f  t o x i c i t y  a re  

1  abel  l e d  l o c a r a  manganica o r .  manganese madness, because a f f e c t e d  miners  o f t e n  

show p a t h o l o g i c a l  1,aughter (Rawal, 1960). T h i s  phase o f  t o x i c i t y  i s  succeeded 

by  one whose s a l i e n t  f e a t u r e s  mimic those  o f  Park insonism.  C o t z i a s  (1971)  

d iscovered  ... t h a t  t h i s  syndrome c o u l d  be  t r e a t e d '  by. .L-Dopa, now a p r e v a l e n t  

the rapy  f o r  i d i o p a t h i c  park  inson  ism. Neurochemical i n v e s t i g a t i o n s  have found  

manganese t o  i nduce  d e p l e t i o n  o f  dopamine i n  b r a i n  areas, l i k e  caudate,  where 

i t  i s  a  major  neurohumor (Ne f f ,  -- e t  a l . ,  1969). Desp i t e  i t s  l i n k  t o  an a c t i v e  

research  a rea  i n  neurochemist ry ,  manganese has n o t  been s c r u t i n i z e d  more t h a n  

s u p e r f i c i a l l y  f o r  b e h a v i o r a l  t o x i c i t y .  



Tox ins  

B i o l o g i c a l  po isons,  t hose  produced by  p l a n t s  and an imals ,  abound i n  food 

( N a t i o n a l  Academy o f  sc iences,  1973). One w e l l  known t o  pha rmaco log i s t s  i s  

e r g o t ,  t he  fungus c l a v i e e p s  pwrpwrea, which may i n f e c t  o t h e r  c e r e a l  g r a i n s  b u t  

i s  e s p e c i a l l y  p o t e n t  i n  r y e ;  I t  ravaged medieva l  Europe, where i t  a c q u i r e d  

t h e  name S a i n t  An thony 's  F i r e  because o f  i t s  vascu la r  symptoms. E r g o t  i s  

c h e m i c a l l y  r e l a t e d  t o  LSD and i s  employed t h e r a p e u t i c a l l y  t o ' t r e a t  m ig ra i ne .  

The e a r l y  symptoms o f  poiso.ning a re  co ldness  and numbness o f  t h e  e x t r e m i t i e s ,  

and p s y c h o l o g i c a l  comp la in ts ,  i n d i c e s  t h a t  a re  n o t  s t r i k i n g l y  s p e c i f i c  

( D e v i t t ,  . -- e t  a1 ., 1970). 

Tremorgenic myco tox ins  a re  produced b y  many f u n g a l  spec ies,  some of  which 

a r e  common food contaminants .  Steyn (1977) d i s t i n g u i s h e s  two ma jo r  c l a s s e s  of 

agents t h a t  a c t .  upon t h e  CNS. One c l a s s  i s  r ep resen ted  by  c i t r e o v i r i d i n ,  and 

produces ascending p a r a l y s i s  i n  exper imenta l  an imals .  The second c l a s s  

induces s u s t a i n e d  t remb l  ing,  and c o n t a i n s  some members der. ived f r o m  

t ryp tophan :  N o r r i s  -- e t  a1 (1980) have demonstrated t h a t  two such t r e m o r g e n i c '  

mycotoxins,  ve r rucu logen  and Peni  t r em  A, i s01  a ted  f r o m  ~ e n i c i ' l l  ium, a c t  on 

c e n t r a l  synapses respons i ve  t o  amino a c i d  t r a n s m i t t e r s .  ' B e h a v i o r a l  s t u d i e s  

performed by  Sobotka -- e t  a1 (1978) i n d i c a t e  t h a t  these  a c t i o n s  a r e  r e f l e c t e d  i n  

f u n c t i o n a l  d i s tu rbances .  

Neu ro tox i c  f u n g a l  p roduc t s  a r e  no t '  a  problem d isposed  o f  i n  rerrrote 

h i s t o r y .  Wi l son  -- e t  a1 (1977) emphasize t h e i r  r e l e v a n c e  t o  h e a l t h  and 

n u t r i t i o n ,  and u rge  a program t o  d e f i n e  t h e  e x t e n t  o f  ' con ta r i i~na t ion ,  t h e  t o x i c  



mechanisms, and t h e i r  r e l a t i o n s h i p  t o  s t r u c t u r e .  Behav io ra l  T o x i c o l o g y  can be 

a v a l u a b l e  c o n t r i b u t i o n  t o  such an e f f o r t ,  p r i m a r i l y  because i t  o f f e r s  a 

cont inuum o f  endpo in t s  w i t h o u t  which t h e  r e l e v a n t  i ssues  can  be  addressed o n l y  

. c rude l y .  Fo r  example, minor  changes i n  f i n e  moto r  c o n t r o l  b y  t r a i n e d  an imals  

may b e ' t h e  b e s t  c r i t e r i a  f o r  de te rm in i ng  t h e  most r e l e v a n t  neurochemica l  

even ts  t h a t  presage more gross n e u r o l o g i c  and chemica l  phenomena. ,Gross 

t o x i c i t y ,  expressed e i t h e r  as death o r  as c l e a r  pa tho logy ,  r e p r e s e n t s  a s tage  

of t o x i c i t y  a t  which so many systems may be overwhelmed t h a t  any p u r s u i t  o f  

s p e c i f i c i t y  i s  f r u i t l e s s .  

Mar ine  b i o t o x i n s  pose a para1 l e l  s e t  o f  q u e s t i o n s  (McFarren, 1971).  

C igua te ra  p o i s o n i n g  ( i c t h y o s a r c o t o x i n )  i s  endemic i n  t h e  c e n t r a l  P a c i f i c  and. . 

Car ibbean. I t  can be c a r r i e d  by  hundreds o f  f i s h  spec ies  and i s  unde tec tab le .  

w i t h o u t  a b ioassay.  The source o f  C igua te ra  t o x i n  has been narrowed t o  

d i n o f l  age1 l a t e s  i n h a b i t i n g  c o r a l  r e e f s :  1nves t iga to r .s  i n  Hawa i i  d i s cove red  

t h a t  t h e  mongoose i s  s e n s i t i v e  t o  c i g u a t o x i n ,  b u t  i t  does r e p r e s e n t  a somewhat 
. . 

l i m i t e d  assay system. C igua te ra  i s  econom ica l l y  i m p o r t a n t  because -it hampers. 

t h e  commercial e x p l o i t a t i o n  o f  p r o d u c t i v e  f i s h i n g  areas.  S ince  i t  .produces 

symptoms o f  s.ensory neuropathy i n  humans, an imal  behav io r  t e s t s  would p r o v i d e  

an . app rop r i a t e  measure of t o x i c i t y .  Such a measure c o u l d  h e l p  d e f i n e . r a t i o n a 1  

a c t i o n  l e v e l s  based upon a chemical  assay, because such assays a r e  developed 

more' e a s i l y  w i t h  a s p e c i f i c  endpo in t  f o r '  guidance. 

Cycads  r e p r e s e n t  one o f  t he  most i n s t r u c t i v e  and f a s c i n a t i n g  p l a n t  t o x i n s  

because ' they o r i g i n a l l y  were proposed as a p o t e n t i a l  e x p l a n a t i o n  o f  why t h e  

ind igenous o f  Guam d i s p l a y s  such a remarkab le  i n c i d e n c e  o f  

amyotrop ic  l a t e r a l  s c l e r o s i s  (Kur land,  1972). A l though  a r e l a t i o n s h i p  was n o t  



e s t a b l  ished, a t t emp ts  t o  f i n d  one uncovered 'a p o t e n t  neu ro l ogca l  p o i  son'. 

Severa l  groups o f  i n v e s t i g a t o r s  have documented i t s  c a p a c i t y  t o  i m p a i r  nervous 

system development and t o  produce a s s o c i a t e d  b e h a v i o r a l  changes. Cycas in  

(methylazoxymethanol  g l u c o s i d e )  and t h e  a c e t a t e  p roduce~mic roencepha l y  i n  many 

spec ies  (Haddad -- e t  a l ,  1979); e f f e c t s  r a t h e r  s i m i l a r  t o  t hose  produced b y  

i o n i z i n g  r a d i a t i o n  (H i cks  and D'Amato, 1976) 1 

T o x i c . M e t a l s  

E v o l u t i o n a r y  processes i n c o r p o r a t e d  some o f  t h e  me ta l s  i n t o  1  i v i n g  

f u n c t i o n s .  The o t h e r  me ta l s  p l a y  a n t a g o n i s t s '  r o l e s .  Excep t  f o r  

c i r cumsc r i bed  o c c u p a t i o n a l  exposures, much o f  t h e i r  t o x i c  t h r e a t  i s  posed by*  

t h e i r  i n c o r p o r a t i o n  i n t o  food :  Methy lmercury  i s  t h e  most c o m p l e t e l y  

documented ex amp 1  e: 

Du r i ng  t h e  e a r l y  1950s, t h e  i n h a b i t a n t s  o f  Minamata, a  v i l l a g e  on t h e  

Japanese i s l a n d  o f  Kyushu, s u f f e r e d  an ou tb reak  o f  a  mys te r i ous  n e u r o l o g i c a l  
. . -. 

i l l n e s s .  The source o f  t h e  i l l n e s s  f , i n a l l y  was t r a c e d  t o  t he , consump t i on  of. 

f i s h  and she1 l f i s h  f r o m  Minamata Bay t h a t  had been &ntaminated b y  

methylmercury.  The methylmercury had been d ischarged  by  a  chemica l  p l a n t  t h a t  

employed mercury  as a  c a t a l y s t  i n  t h e  p r o d u c t i o n  o f  ace ta ldehyde  and v i n y l  

( ~ s u b a k i  and Irukayama, 1977). Be fo re  t h a t  d i scove ry ,  hundreds o f  peop le  had 

been v i c t i m i z e d .  Some d ied .  Others  were maimed permanently.,   he' 

r e v e r b e r a t i o n s  o f  Minamata sti-1.1 l i n g e r  (Sm i th  and Smith, 1975).  A lmost  10 

y e a r s  l a t e r ,  a  s i m i l a r  ep isode  tormented N i i g a t a ,  a  c i t y  on Honshu, and f r om a  

s  i m i  1  a r  source. 

Methylme.rcury t o o k . o n  t h e  s t a t u s  o f  a  b road  e c o l o g i c a l  t h r e a t  w i t h  two 

s c i e n t i f i c  d i scuver - ies .  F-ii.st-, t h e  f i n d i n g  t h a t  i n o r g a n i c  mercury,  l i k e  t h a t  



dumped i n t o  waterways b y  c h l o r - a l k a l i  p l a n t s ,  c o u l d  be conve r t ed  i n t o  t h e  

h i g h l y  t o x i c  methy l  f o r m  b y  organisms i n  bo t t om sediment, and then  ascend t h e  

food c h a i n  f r o m  p l a n t s  and p l ank ton  t o  f i s h  consumed by  humans. Second, t h e  

r e p o r t s  t h a t  mar ine  f i s h ,  e s p e c i a l l y  p r e d a t o r s  such as t una  and sword f i sh ,  

bo re  s u b s t a n t i a l  body burdens o f  methy lmercury  even though t h e r e  were no 

i n d u s t r i a l  sources i n  t h e  ocean. These f i n d i n g s  prompted many surveys  of 

methy lmercury  c o n t a m i n a t i o n  and ques t i ons  about  i t s  t o x i c  parameters .  

Methy lmercury  i s  a  p o t e n t  CNS p o i s o n . '  I t  des t roys  . b r a i n  t i s s u e  and leaves 

an a r r a y  o f  neu robehav io ra l  impairment ( F i g u r e  1 ) .  ~ m o n ~ '  i t s  most s a l i e n t  

s i gns  i s  c o n c e n t r i c  c o n s t r i c t i o n  o f  t h e  v i s u a l  f i e l d ,  sometimes p r o g r e s s i n g  t o  

t h e  p o i n t  o f  b l i n d n e s s .  The d i s t i n c t i v e  topography o f  t h e  human v i s u a l  system 

makes nonhuman p r i m a t e s  such ,as macaques, whose v i s u a l  system s t r u c t u r e  and 

f u n c t i o n  i s  n e a r l y  i d e n t i c a l  t o  t h a t  o f  humans, t h e  o n l y  f e a s i b l e  l a b o r a t o r y  
. . 

model. They show a lmos t  t h e  same p a t t e r n  of neuropathology, w i t h  c o r t i c a l  

damage dom.inant and most  p r e v a l e n t  i n  deep s u l c i  such as t h e  c a l c a r i n e  . . . . -. 
f i s u r e .  They e x h i b i t  pe . r iphera l  c o n s t r i c t i o n  o f  t h e  v i s u d l  f i e l d ,  and 

impairme.nt o f  f o r m  d i s c r i m i n a t i o n  a t  s c o t o p i c  luminance l e v e l s  (Evans e t  -- a]. , 

Our s t u d i e s  o f  v i s u a l  impairment were aimed a t  t h e  d e t e c t i o n  o f  i n c i p i e n t  

f u n c t i o n a l  t o x i c i t y  i n  a d ~ l t ' o r ~ a n i s m s ,  a  s t r a t e g y  t h a t  c a l l e d  upon j o i n t  

assessments o f  behav io r ,  pharmacok inet ics ,  and h i s t o p a t h o l o g y .  Bu t  t h e  

f e a t u r e  o f  methy lmercury  t o x i c i t y  t h a t  commands t h e  most c u r r e n t  concern i s  

p e r i n a t a l  s u s c e p t i  b i  1  i t y ,  and i t s  consequences f o r  t h e  organism l o n g  beyond 

t h e  p e r i o d  o f  exposure.  A l though  t h e  Japanese i n v e s t i g a t o r s  o f  what came t o  

be known as Minamata Disease post;lated enhanced s e n s i t i v i t y  b y  t h e  f e t u s  and 
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neonate, t h e i r  d a t a  were s l im ,  and d e r i v e d  f r o m  o n l y  a h a n d f u l  o f  cases. 

Dramat ic  c o n f i r m a t i o n  came f r om an ep idemic o f  methy lmercury  p o i s o n i n g  t h a t  

s t r u c k  I r a q  i n  t h e  w i n t e r  o f  1971-72. 

The I r a q i  government had o rdered  80,000 t ons  o f  seed g r a i n ,  c o n s i s t i n g  of 

wheat, r ye ,  and b a r l e y ,  f o r  t h e  1971 p l a n t i n g  season. They s p e c i f i e d  t h a t  i t  

be t r e a t e d  b e f o r e  shipment w i t h  methy lmercury  f u n g i c i d e s ,  which a r e  q u i t e  

e f f e c t i v e .  Kuch o f  t h e  g ra i n ,  l a r g e l y  f r om  Mexico, a r r i v e d  a f t e r  t h e  p l a n t i n g  

season, b u t  was d i s t r i b u t e d  t o  t h e  I r a q i  fa rmers  w i t h  t h e  i n j u n c t i o n  t h a t  i't 

was n o t  t o  be baked i n t o  bread. The warn ings were n o t  e f f e c t i v e .  Perhaps 

5,000 I r a q u i s  d ied,  w i t h  t e n  t imes  t h a t .  many s u f f e r i n g  severe  po i son ing .  

U n i v e r s i t y  o f  Rochester  s c i e n t i s t s ,  l e d  b y  Thomas W. C larkson,  were asked to. 

he l p ,  and began t o  document t h e  e x t e n t  o f  t h e  t r agedy  (Clarkson,  1977).  

Now, e i g h t  y e a r s  l a t e r ,  t h e  a f t e r m a t h  o f  t h a t  ep isode  becomes i n c r e a s i n g . 1 ~  

c l e a r e r .  The o f f s p r i n g  o f  mothers who exper ienced  o n l y  m i l d  o r  moderate 

symptoms d u r i n g  pregnancy a re  deve lopmen ta l l y  r e ta rded .  F i g u r e  2 compares t h e  
. . - - 

c h i l d r e n  o f  two groups o f  mothers d i f f e r e n t i a t e d  on t h e  b a s i s  o f  h a i r  
. . 

concent ra t . ions.  S ince  h a i r  serves as one o f  t h e  e x c r e t o r y  r o u t e s  f o r  

methylmercury,  and m a i n t a i n s  a r a t h e r  cons tan t  r e l a t i o n s h i p  t o  b l o o d  

concen t ra t i on ,  an a n a l y s i s  o f  h a i r  segments r e f l e c t s  t h e  r e c e n t  h i s t o r y  of 

methylmercury exposure.  F u r t h e r  a n a l y s i s  o f  t h e  I r a q i  data,  c o n f i r n i i n g  t h e  

Japanese hypo thes is ,  demonstrated t h a t  t h e  exposed f e t u s  i s  about  f o u r  t imes  

as s e n s i t i v e  as i t s  mother.  Methy lmercury  i s  a l s o  t r a n s f e r r e d  th rough  

mate rna l  mi.lk, so t h a t  b r e a s t  f e e d i n g  enhances t h e  r i s k .  The s e n s i t i v i t y  o f  

t h e  deve lop ing  b r a i n ,  combined w i t h  t h e  i n a b i l i t y  o f  t h e  f e t u s  and neonate t o  

e x c r e t e  methy lmercury  e f f e c t i v e l y  (Doher ty ,  -- e t  a1 . , 1977), p r o b a b l y  account 

f o r  enhanced p e r i n a t s l  v u l n e r a b i l i t y .  



Enhanced s e n s i t i v i t y  t o  t o x i c  processes b y  t h e  deve lop ing  o rgan ism i s  a l s o  

t h e  theme t h a t  dominates ques t i ons  about t h e  s a f e t y  o f  c u r r e n t  l e a d  exposure 

l e v e l s .  Lead has been a u b i q u i t o u s  env i ronmenta l  contaminant  s i n c e  

a n t i q u i t y .  I t  even has been blamed f o r  t h e  e r o s i o n  o f  Roman hegemony, because 

t h e  Romans f a b r i c a t e d  p lumbing (e tymology! )  f r om  l e a d  and s t o r e d  t h e i r  w ine i n  

l ead  casks. Lead became a p o l i t i c a l  as w e l l  as t o x i c o l o g i c a l  i s s u e  i n  our  own 

s o c i e t y  because o f  c h i l d h o o d  po i son ing  f r om leaded p a i n t ,  p a r t i c u l a r l y  f r om  

i n t e r i o r  s u r f  aces; A1 though p r o h i b i t e d  now, lead-based ' p a i n t  f r o m  o l d  and 

decayed hous ing  has l e f t  an endur ing  legacy  whose s i g n i f i c a n c e  i s  debated. 

The arguments c e n t e r  on t h e  c r i t e r i a  o f  adverse e f f e c t s .  B l a t a n t  l e a d  

encephalopathy i s  now r a r e ,  a  consequence o f  sc reen ing '  programs and much more. 

a l e r t  p u b l i c  . h e a l t h  agenc.ies. But what o f  s u b t l e  t o x i c i t y  i n  t h e  absence o f  

c l i n i c a l  s i g n s ?  I s  t h e  c a p a c i t y  f o r  academic achievement l i m i t e d  b y  e l e v a t e d  

b u t '  asymptomatic l e a d  body burdens? Are conduct  d i s o r d e r s  promoted? 

A l though  such a debate may appear so~iiewhat remote f r o m . n u t r i t i o n a 1  - - 
sc ience,  i t  i s ,  i n  f a c t ,  c l e a r l y  j o i n e d  w i t h  i t .  Fc iods tu f f s  ~ r o v i d e  

a d d i t i o n a l  sources o f  l e a d  bes ides those  i nges ted  ( o r  b rea thed )  . d i r e c t l y .  

D r i n k i n g  wate r  ( f r o m  l e a d  p i p e s )  may be contaminated. S u s c e p . t i b i l i t y  t o  l ead  

t o x i c i t y  depends on d i e t ;  h i g h  i n t a k e s  o f  ca lc ium,  i r o n ,  and o t h e r  d i e t  

c o n s t i t u e n t s  e x e r t  p r o t e c t i v e  a c t i o n s  (Levander, 1977).  And t h e  predominant  

an imal  model i s  t h e  neona ta l  roden t ,  whose l e a d  source i s  ma te rna l  m i l k .  As 

w i t h  methy lmercury ,  t h e  deve lop ing  organism i s  a t  double  jeopardy .  .   he' . 

immature nervous system i s  coupled w i t h  immature metabol ' ic  and k i n e t i c  

mechanisms and a d i e t  t h a t  enhances r e t e n t i o n  ( K o s t i a l  and Ke l  l o ,  1979).  Yet, 

most i n v e s t i g a t i o n s  i n  humans have examined school-age c h i l d r e n ,  have employed, 



t h e  r a t h e r  l a b i l e ,  s h o r t - t e r m  b l o o d  lead as an index o f  exposure, and almost 

u n i v e r s a l l y  have t r e a t e d  d i e t  as an inconsequent ia l  v a r i a b l e .  

Me ta l  n e u r o t o x i c i t y  does n o t  end w i t h  mercury  and lead. I compi led  t h e  

m a t r i x  i n  F i g u r e  3 t o  i n d i c a t e  t h e  b read th  o f  f u n c t i o n a l  d e f i c i t s  t h a t  have .. 

been ascr ibed '  t o  meta l  t o x i c i t y .  A l though some o f  t h e  e n t r i e s  come f r om 

c l i n i c a l  r e p o r t s  and weak epidemiology, i t  does i l l u s t r a t e  t h a t  many me ta l s  

have been l i n k e d  t o  psycho log i ca l  and b e h a v i o r a l  d i s t u rbances  and t o  

n e u r o l o g i c a l  impairment;  Since so much o f  meta l  t o x i c i t y  a r i s e s  f r o m  one 

meta l  d i s p l a c i n g  t h e  f u n c t i o n  o f  another,  we ought  t o  cons ider  how d i e t  iight 

h e l p  o p t i m i z e  r e s i s t a n c e  t o  t o x i c i t y ,  e s p e c i a l l y  i n  t h e  v e r y  young organism. 

If these  i ssues  seem remote, I urge you t o  acqua in t  h o u r s e l f  w i t h  r e c e n t  

surveys o f  t h e  impact o f - a c i d  r a i n .  The u n r e s t r i c t e d  b u r n i n g  o f  f o s s i l  f ue l s ,  

e s p e c i a l l y  unscrubbed h i g h - s u l f u r  coal ,  i s  a c c e l e r a t i n g  the' d e p o s i t i o n  o f  

, t o x i c  me ta l s  i n t o  so i l ; 'wa te rways ,  and f i s h  a t  an a la rming  r a t e .  V i t r i o l i c  

o p p o s i t i o n  t o  environmental .  c o n t r o l s  b y  e l e c t r i c  u t i l i t i e s  and l o c a l  
. . -. 

p o l i t i c i a n s  i n  t he  midwest w i  11 p rov ide  temporary f i n a n c i a l  r e 1  i e f  f o r  them, 

s u r g i n g  p r o s p e r i t y  f o r  t ox i co logy ,  and permanent d e s t r u c t i o n  o f  t h e  

Adirondacks. 

Manufactured Contaminants 

A l though t h e  r i s k s  posed by meta ls  a r i s e  p r i m a r i l y  f rom i n d u s t r i a l  and 

commercial p roduc t i on ,  me ta l s  a re  p a r t  o f  t h e  n a t u r a l  environment.  The 

remarkable i n g e n u i t y  o f  modern chemist ry ,  however, has spawned an immense 

c a t a l o g  o f  nove l  s t r u c t u r e s  never be fo re  encountered by  b i o l o g i c a l  e n t i t i e s .  

The adap t i ve  mechanisms o f  l i v i n g  systems seem t o  i n s u l a t e  us f r om 



ca tas t rophe ,  b u t  t h e  o f t e n  t r a g i c  l i m i t a t i o n s  o f  a d a p t a t i o n  have t a u g h t  us  t o  

be wary. L e g i s l a t i o n  such as t h e  Tox i c  Substances C o n t r o l  A c t  o f  1976 (TSCA), 

which mandates premarket assessment o f  t o x i c i t y  w i l l  he l p .  Bu t  i t  w i l l  n o t  

o b l i t e r a t e  t h e  consequences o f  o u r  p rev i ous  apathy and ignorance.  I t  w i l l  n o t  

r e s t o r e  t h e  Love Canal t o  a  p r i s t i n e  waterway n o r  c l eanse  t h e  thousands of 

recogn ized  and concealed chemica l  dumps exuding t h e i r  c o n t e n t s  i n t o  t h e  

environment.  

F o o d s t u f f s  and d r i n k i n g  wate r  r ep resen t  t h e  main sources o f  human 

exposure, and a l s o . o n e  reason  why t o x i c i t y  may rema in  camouf laged f o r  a  l o n g  

t ime. D i ve r se  consumption p a t t e r n s  m u l t i p l i e d  b y  h i g h l y  v a r i a b l e  i n d i v i d u a l  

s u s c e p t i b i l  i t i e s :  would b l u r  t h e  r e l a t i o n s h i p  even i f  t h e  endpo in t s  were 

c o n s i s t e n t .  Bu t  t h e y  a re  n o t .  O f t en  they  emerge o n l y  when severe,  

i r r e v e r s i b l e  consequences have supervened. I n c i p i e n t  t o x i c i t y  o f t e n  i s  marked 

by a  c o l l e c t i o n  o f  vague, s u b j e c t i v e ,  n o n s p e c i f i c  p s y c h o l o g i c a l  and somat ic  

comp la i n t s  r esemb l i ng  what p s y c h i a t r i s t s ,  despera te  f o r  a  l a b e l ,  used t o  t e rm  
. . 

neures then ia .  T h e y . r e s i s t '  q u a n t i f i c a t i o n .  Yet, . q u a n t i f i c a t i o n  of t hese  

amorphous symptoms may y i e . l d  t h e  o n l y  b a s i s  f o r  an e v a l u a t i o n  o f  adverse  

e f f e c t s .  

Cons ider  t h e  PBB ep isode  i n  Michigan. D a i r y  f a rme rs  were shipped, 

l a b e l l e d  as f e e d  supplement f o r  t h e i r  c a t t l e  ( N u t r i m a s t e r ) ,  po l yb rom ina ted  

b i p h e n y l s  (PBBs), w i d e l y  employed as f i r e  r e t a r d a n t s  ( F i r e m a s t e r ) .  M i l k  

p r o d u c t i o n  f r o m  p r i z e  herds  began t o  f a l l ,  cows developed s k i n  l e s i o n s  and 
. . 

began was t i ng  away; and deformed ca l ves  began t o  appear. The v i c t i m i z e d  

f a rmers  were accused o f  poor  management and n u t r i t i o n a l  p r a c t i c e s .  U n t  i 1' t h e  

source o f  t h e  ep idemic was i d e n t i f i e d ,  however, many Mich igan  f a rm  f a m i l i e s  



and consumers i nges ted  meat and d a i r y  p roduc t s  con tamina ted  w i t h  a  p o t e n t  

poison. The apa thy  and r e s i s t a n c e  o f  M i c h i g a n ' s  pub1 i c  o f f i c i a l s  impeded t h e  

d e t e c t i o n  and c o n t r o l  of con tam ina t i on  f o r  such a  l o n g  t i m e  t h a t  t h e  exposed 

p o p u l a t i o n  expanded f a r  beyond t h e  o r i g i n a l  l i m i t s .  

The h e a l t h  hazards o f  PBBs a re  p o o r l y  d e f i n e d  f o r  exposures be low 

l e t h a l i t y .  The predominant comp la i n t s  a re  p s y c h o l o g i c a l :  t i r e d n e s s ,  

headaches, somnolence, nervousness, depress ion,  and d i z z i n e s s  a r e  t h e  most 

frquent,, and s i g n i f i c a n t l y  d i f f e r e n t i a t e  t h e  exposed p o p u l a t i o n  f r o m  a  matched 

group o f  Wiscons in  f a rm  fami  1  i e s  ( ~ . a l c i u k a s ,  -- e t  a1 . , 1978). R e t r o s p e c t i v e  

assessments, however, a re  a  tenuous b a s i s  f o r  conc lus i ons  when t h e y  a r e  

confounded by  b i t t e r  debates and accusa t ions  such as those  s t i r r e d  b y  t h e  PBB. 

episode. I t  i s  t h e  same reason  t h a t  Agent Orange, t h e  d i ox i n - con tam ina ted  

h e r b i c i d e  d i s p e r s e d  o'ver Vietnam, con t i nues  t o  p rovoke  arguments between 

ve te rans  groups and t h e  government. 

The immense number o f  chemica l  .dumps i n  t h i s  coun t r y ,  many o f  them 
. . 

i l l i c i t . ,  means t h a t  such arguments w i l l  n o t  fade.  Food and d r i n k i n g  wate r  

w i l l  be contaminated;  A f o c a l  concern, because they a r e  a  f o c a l  t a r g e t ,  w i l l  

be c h i l d r e n .  T e r a t o l o g y  w i l l  become an even more v i s i b l e  i s s u e  t han  i t  i s  
. . 

now, because t h e  more we l e a r n  about t h e  consequences o f  p e r i n a t a l  exposure, 

t h e  more a l e r t  we become t o  t h e  p o s s i b i l i t y  o f  b e h a v i o r a l ' r a t h e r  t han  

s t r u c t u r a l  t e r a t o l o g y  (Spyker,  1975; Bowman, -- eL d l . ,  1978).  We a l s o  a re  

c e r t a i n  t o  become more aware o f  p o s s i b l e  adverse consequences t o  b r e a s t  
. . 

. . 

feed ing,  g i v e n  i t s  a b i l i t y  t o  t r a n s f e r ' t o x i c  substances f rom niother t o  c h i l d  

( ~ a f f e '  and S te rn ,  1976). 



Sel f -Con tamina t ion  

The substances d iscussed  so f a r  a re  d i s t r i b u t e d  th rough  t h e  env i ronment ,  

and e n t e r  food and wa te r  w i t h o u t  o u r  i n d i v i d u a l . c o n t r o 1 .  Other  agents  a r e  

consumed v o l u n t a r i l y ,  b y  i n d i v i d u a l  choice,  a r e  n o t  components o f  r e q u i r e d  

n u t r i e n t s ,  and pose b o t h  r ecogn i zed  and p o t e n t i a l  hazards.  A l coho l  and 

c a f f e i n e  a re  t h e  p r o t o t y p e s .  

Both substances a re  consumed b y  most peop le  i n  modest q u a n t i t i e s ;  t h a t  i s ,  

i n  q u a n t i t i e s  t h a t  produce no d e t e c t a b l e  adverse e f f e c t s .  Under t hese  

cond i t i ons ,  t h e y  a r e  v iewed a lmost  as f o o d s t u f f s .  They s t i l l  may c o n t r i b u t e  

problems. A lmost  e v e r y  o t h e r  substance t o x i c  t o  a d u l t s  i s  more t o x i c  t o  t h e  

deve lop ing  organism, somet imes b y  a  remarkable  r a t i o .  Moderate a l c o h o l  

consumption b y  p regnan t  humans' seems t o  c a r r y  a  r i s k  f o r  t h e  f e t u s .  The F e t a l  

A lcoho l  syndrome, a1 though recogn i zed  even 'by He1 l e n i c  phys i c i ans ,  was n o t  

f u l l y  documented u n t i l  t h e  1960s. I t s  d i s t i n c t i v e  p h y s i c a l  f e a t u r e s ,  however, 

may rep resen t  o n l y  t h e  more b l a t a n t  cases. Some i n v e s t i g a t o r s  suspec t  t h a t  
. . - - 

e v e n , q u i t e  r e s t r a i n e d  a l c o h o l  consumption may produce adverse b e h a v i o r a l  
. . 

sequelae i n  t h e  o f f s p r i n g  ( ~ b e l ,  1980). Few i n v e s t i g a t o r s  a r e  w i l l i n g  t o  

p o s t u l a t e  a  s a f e  o r  t h r e s h o l d  l e v e l .  

C a f f e i n e  has p a r a l l e l s  ma in ly  i n  l o g i c .  I t  i s  an e f f e c t i v e  CNS agent,  and 

can provoke t o x i c  m a n i f e s t a t i o n s  a t  h i g h  i n t a k e  l e v e l s .  No " F e t a l  C a f f e i n e  

Syndrome," however, has y e t  been desc r i bed  ( G i l b e r t ,  1976).  Bu t  c a f f e i n e  

s t i l l  manages' t o  evoke some u n s e t t l i n g  ques t ions .  Most o f  them stem f r o m  ou r  

ignorance o f  t h e  hazards o f  p e r i n a t a l  exposure. A l though  n o t  a  conven t ' i ona l  

tera togen,  ca f f e i ne ,  l i k e  o t h e r  CNS drugs, may be a  b e h a v i o r a l  t e r a t o g e n  

(Sobotka, -- e t  a l . ,  1979),  i t s  e f f e c t s  l a r g e l y  i n a c c e s s i b l e  w i t h o u t  sound 



behav io ra l  t e s t i n g .  I f  i t  were, i t  s i m p l y  wou ld  c o n f i r m  what has become c l e a r  

w i t h  o t h e r  CNS drugs, which i n t e r f e r e  w i t h  b r a i n  c h e m i s t r y  and 

neuropharmacologic development, b u t  f a i l  t o  produce morpho log ic  abno rma l i t i es .  

Ca f fe ine  and a l coho l  n o t  o n l y  pass unimpeded th rough t h e  p lacen ta ,  b u t  

appear i n  b r e a s t  m i l k .  S ince t h e  plasma h a l f - l i f e  o f  c a f f e i n e  i n  neonates i s  

almost 100 hours  compared t o  t h e  a d u l t  v a l u e  o f  4-5 hours,  i t  can accumulate 

t o  h i ghe r  l e v e l s  i n  t h e  i n f a n t .  We know l i t t l e  about  t h e  consequences of 

p e r i n a t a l  c a f f e i n e  even though t he  neonata l  b r a i n  i s  more immature 

~ e u r o p h a r m a c o l o g i c a l  ly than i t  i s  mo rpho log i ca l  iy, and even though t h e  sa fe t y  

o f  c o f f e e  and c o l a  d r i n k s  has been assumed by t h e  p u b l i c .  

An avalanche o f  technology i n  f ood  p rocess ing  and packaging has spawned 

coun te rva i  1  i n g  resentment  and con t rove rs r y .  "Organic"  and " n a t u r a l "  denote 

g o t  o n l y  a  f e l i c i t o u s  marke t ing  s t ra tagem b u t  a  movement. A l though t h e  . . - - 
e m o t i o n a l l y  charged . issue o f  canc.er s t i l l  dominates debate, another  argument 

r e c e n t l y  emerged w i t h  t h e  asse r t  i o n  t h a t  c e r t a i n  f o o d  a d d i t i v e s  (and some 

n a t u r a l  substances)  can provoke b e h a v i o r a l  d i s o r d e r s  i n  s u s c e p t i b l e  c h i l d r e n  

(Feingold,  1975).  

Most obse rve rs  f a m i l i a r  w i t h  r e c e n t  research  now acknowledge t h a t  some 

c h i l d r e n  w i t h  behav io r  problems improve on a d i e t  t h a t  e l i m i n a t e s  s y n t h e t i c  

c o l o r s  and f l ' a vo rs ,  and t h a t -  some c h i l d r e n  respond adve rse l y  t o  cha l l enges  
. .  . . . 

w i t h  s y n t h e t i c  f o o d  c o l o r s  ( L i p ton ,  -- e t  a l . ,  1959). Furthermore, bo th  

neurochemical (Mailman, -- e t  a l l ,  1980) and animal behav io r  exper iments  

(Shaywitz,  -- e t  a l . ,  1979) c o n f i r m  t h a t  a t  l e a s t  some s y n t h e t i c  c o l o r s  a re  

~ ~ ~ d r m a c a l o g l c a l l y  a c t l v e .  



These f i n d i n g s  have spurred d i scuss ions  bo th  about t h e  p o l i c y  issues t h e y  

impinge on and about t h e  r e s p o n s i b l e  mechanisms. The dominant p o l i c y  i s sue  i s  

t h e  r o l e  of b e h a v i o r a l  t e s t i n g  i n  hazard  eva lua t i on .  A two-year f e e d i n g  s tudy  

w i t h  100 r a t s  c o s t s  c l o s e  t o  one-quar te r  m i l l i o n  d o l l a r s .  A l though some of 

t h e  same an ima ls  c o u l d  be ass igned t o  behav io ra l  and neurochemical  s tud ies ,  

such a  new requ i rement  would add s u b s t a n t i a l l y  t o  t h e  inves tment  r e q u i r e d  t o  

market a  new a d d i t i v e .  Many observers  ques t i on  whether an investment  of t h a t  

s i z e  i s  l i k e l y  t o  y i e l d  commensurate r e t u r n s .  A second, r e l a t e d  issue,  i s  t h e  

q u a n t i t y  of r esou rces  devoted' t o  t o x i c i t y  t e s t i n g  when we may be d e a l i n g  o n l y  

w i t h  a  s u s c e p t i b l e  subgroup o f  i n d i v i d u a l s .  The i ssue  was r e s o l v e d  f o r  cancer 

b y  accep t i ng  e i t h e r  a  zero  o r  i n f i n i t e s i m a l l y  sma l l  r i s k .  I doubt  t h a t  t h e  

FDA o r  any o t h e r  agency .cou ld  a f f o r d  p o l i t i c a l l y  t o  impose e q u a l l y  s t r i n g e n t  

1  i m i t s  based on behav io r ,  o r  indeed, any f u n c t i o n a l  c r i t e r i o n .  Furthermore, 

none of us a re  y e t  secure enough i n  our  grasp o f  mechanisms t o  recommend 

s tandard ized  procedures o r  endpo in ts  t h a t  would serve  as i n d i c e s  o f  r i s k .  
- - 

We do n o t  understand,  f o r  example, why t h e  F e i n g o l d  d i e t  h e l p s  a  c e r t a i n  

subset o f  c h i l d r e n .  Nor do we understand.  t h e  processes by  which s y n t h e t i c  

c o l o r s  a c t  on behavior.. Are we d e a l i n g  w i t h  pharmacologic phenomena o r  w i t h  

h y p e r s e n s i t i v i t y  r e a c t i o n s ?  p a r t l y  because F e i n g o l d ' s  o r i g i n a l  observa t ions  

were made i n  t h e  course  o f  t r ea tmen t  f o r  a l l e r g y ,  subsequent observers  tended 

t o  frame t h e i r  exper iments  and i n t e r p r e t a t i o n s  i n  t h a t  same con tex t .  The 

d l  lergjf 1 i tera.Lur9e al.so suppot ted such a v icw.  Repor ts  o f  a s s o c i a t i o n s  

between t h e  i n g e s t i o n ,  o f  food  c o l o r s  and f l a v o r s  and h y p e r s e n s i t i v i t y  

r e a c t i o n s  have appeared r e g u l a r l y  i n  t h a t  1  i t e r a t u r e  (Amos and Drake, 197'6; 

Neuman, -- e t .  al . ,  1978). That  1  i t e r a t u r e  a l s o  i s  t h e  source o f  t h e  hypothes ized 



connection between salicylate hypersensitivity and reactions to food. 

additives. Figure 4, for example, shows the results of a challenge study with 

tartrazine (FD&C NO: 5) in aspirin-sensitive patients (Juhl in, -- et al., 1972). 

Similar reactions can be evoked in many such patients by salicylate esters and 

benzoic acid derivatives from plant sources (Noid, -- et al., 1974). I consider 

the sal icylate connection a metaphorical term, because such patients a1 so are 

sensitive to substances with no structural similarity to salicylates. 

Indomethacin is a striking example. Neither for food additives nor for 

salicylates, however, have any immunological correlates been demonstrated. 

Substances such as synthetic colors cou1.d only act as haptens, attaching to 

macromolecule carriers to provoke an ant igen-ant ibody react ion. 

We are unlikely to see a quick demise to such hypotheses, however, because 

of the predominantly nonspecific nature of the behavioral complaints 

attributed to allergies. Figure 5 'is a list that I compiled from the extant 

literature, which is based on clinical impressions. The absence of.adequate 
- - 

experimental data has helped establish the specialty known as Clinical Ecology 

(Dickey, 1976). It i s -  based on the unassailable premise that some diseases, 

ills, and con~plaints arise from agents in the environment, inc'luding 

foodstuffs, that provoke sensitivity reactions. Even if the premise is 

softened to replace "sensitivity" with "intolerance", it still mandates vague 

and.lengthy clinical maneuvering. Given the absence of any suitable 

techniques to predict allergenicity or intolerance from animal and laboratory 

screening procedures (FASEB, 1977), we will have to evaluate such claims by a 

methodical program of human studies. 

The behavioral phenomena reported by Feingold, however, are much more 

likely to be pharmacnlngic in character. That i s ,  t he  of.fending substances 



a c t  l i k e  drugs.  There a r e  two bases f o r  t h a t  a s s e r t i o n .  The f i r s t  i s  t h e  

acu te  n a t u r e  o f  t h e  behav io ra l  response ( ~ e i s s ,  -- e t  a l l ,  1980; Swanson and 

Kinsbourne, 1980).  The second i s  t h e  ev idence f a v o r i n g  a  d o s e - e f f e c t  
. . 

r e l a t i o n s h i p  (Shaywi tz ,  -- e t  a1 . , 1979; Swanson and Kinsbourne, 1980). A 

dose - re l a ted  a c t i o n  p l aces  these i ssues  i n  a  d i f f e r e n t  r e g u l a t o r y  c o n t e s t .  If 

o n l y  a  smal l ,  c i r cumscr ibed ,  s u s c e p t i b l e  subgroup o f  c h i l d r e n  respond t o  a  

p a r t i c u l a r  a d d i t i v e ,  i t  can be marketed w i t h  a p p r o p r i a t e  warn ings.  Bu t  i f  t h e  

i n t e n s i t y  o f  response, and t h e  i nc i dence  o f  responders  depends on dose, how 

can hazard be e s t i m a t e d  w i t h o u t  an assessment of dose dependencies? 

These i s sues  remind  .me o f  t h e  c o n t r o v e r s y  su r round ing  monosodium g lu tamate  

(MSG). Even b e f o r e  t h e  . d i s c o v e r y  o f  i t s  n e u r o t o x i c  p r o p e r t i e s  ( K i z e r ,  -- e t  a1 . , 
1 9 7 7 ) . i n  t h e  immature r o d e n t  b r a i n ,  i t  was shown t o  be t h e  source o f  t h e  

Chinese Res tau ran t  Syndrome (Re i f -Lehre r ,  1976). A t  f i r s t ,  i t  was t hough t  

t h a t  o n l y  a  few 'miserab le ,  i d i o s y n c r a t i c a l l y  s e n s i t i v e  i n d i v i d u a l s ' c o u l d  be 

v i c t i m i z e d  b y  o v e r e n t h u s i a s t i c  Chinese che fs ;  L a t e r ,  ~ c h a u m b e r ~  -- e t  a1 ; (1969)  

demonstrated t h a t  everyone was s e n s i t i v e .  I t . w a s  s i m p l y  a  f u n c t i o n  o f  dose. 

MSG.exempl i f ies  ano ther  r e g u l a t o r y  i s sue  s i m i l a r  t o  t h e  one posed b y  c o l o r s .  
. . 

How should  we t r e a t .  f o o d  a d d i t i v e s  t h a t  f i l l  a  cosmet ic  r a t h e r  t h a n  a  sa fe t y  

or .economic r o l e ?  Do-such  agents r e q u i r e  us t o  i n s e r t  behav io r  i n t o  t h e  

equa t i on  o f  r i s k s  and b e n e f i t s ?  Perhaps we should  wei.gh the'comments of t h e  

c e l e b r a t e d  Chinese gourmet, I r e n e  Kuo (1977) :  

"What we knew as ' t as te -essence '  i n  China was a  seasoning agent made a t  

home p r i m a r i l y  f r o m  d r i e d  fermented wheat g l u t e n  and/or soybean p r o t e i n ,  

o f t e n  f u r t h e r  e n r i c h e d  w i t h  d r y  shr imp o r  seaweeds. I t  was used 

to. .enhance weak f l a v o r s ,  such as watered-down b ro ths ,  p o o r l y  seasoned 



foods f r om u n s k i l l e d  hands, o r  meager meat d ishes,  i n t e n s i f y i n g  p r i m a r i l y  

t he  n a t u r a l  f 1 a v o . r ~  o f  meat and p o u l t r y .  Wh i le  ' t as te -essence t  i s  o f  

Chinese h e r i t a g e ,  i t  was never accepted b y  t h e  e l i t e  s o c i e t y  o f  gastronomy 

where cook ing  s k i l l  and l a v i s h  use o f  n a t u r a l  i n g r e d i e n t s  a re  t h e  

essence. Today 's  v e r s i o n  i s  a  chemical  compound known as monosodium 

g lu tamate o r  MSG an'd t o  me i t  does n o t h i n g  t o  enhance f l a v o r .  R a t h e r - i t  

g i ves  f ood  a  p e c u l i a r  sweetened t a s t e  t h a t  I f i n d  a b s o l u t e l y  d i s t a s t e f u l ,  

and for  some peop le  i t  h'as unp leasan t  s i d e  e f f e c t s . "  



Summary 

Behavior as an index of toxicity parallels its role as an index of 

nutritional impairment, just as toxicology and nutrition share other common 

themes. Intersections among the three disciplines arise because foodstu,ffs 

serve as one of the major routes of toxic exposure and also because food 

elements modify toxicity. With this perspective, the safety of our food 

supply is examined in the contexts of essential nutrients, toxins, toxic 

metals, manufactured contaminants, self-administered toxicants, and food 

additivei. 



Figure Legends 

Figure 1. Symptoms and signs of methylmercury toxicity 

Figure 2. Relationship between mothers' methylmercury hair levels and 

neurological signs in the offspring 

Figure 3. Neurobehavioral symptoms and signs associated with metal 

poisoning 

. . . . 

Figure 4. Sensitivity to tartrazine in aspirin-sensitive patients 

Figure 5. Psychological and behavioral complaints attributed to food 

allergies 
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