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HUGHES, J. A., E. ROSENTHAL AND S. B. SPARBER. Time dependent effects produced #~ chicks after prenatal 
injection of methylmercury. PIIARMAC. BIOCItEM. BEHAV. 4(5) 507 513, 1976. Methylmercury dicyandiamide 
(0.05 to 10 mg/kg egg) injected into the yolk sac of fertilized chicken eggs prior to incubation produced a dose related 
decrease in the percentage of chicks hatched (90-57% of control). With dosage fixed at 0.5 or 5.0 mg/kg egg and injections 
made on Days 0, 7 or 14 of incubation, hatches were 90, 68 and 75%, respectively, for the low dose and 63, 13 and 18';~ 
for the high dose. In contrast to results obtained from chicks hatched from eggs injected on Day 0 of incubation, chicks 
hatched from eggs injected with 0.5 or 5.0 mg MMD/kg on Day 7 or 14 were not different from controls in a detour 
learning situation. Administration of 14-C methylmercury revealed maximal brain radiolabel in embryos injected on Day 0 
to be 10% that seen with eggs injected on Day 7 but twice that seen with eggs injected on Day 14. We tentatively conclude 
that a period of maximal sensitivity to the behavior effects exists prior to Day 7 and that the mechanisms of 
embryolethality is different from that producing the functional deficits. 
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R E P O R T S  of  widespread e n v i r o n m e n t a l  c o n t a m i n a t i o n  and 
of  large scale inc iden t s  of  acc iden ta l  po i son ing  in m an  [ I, 4, 
5, 7, 15, 16, 17] have p r o m p t e d  a n u m b e r  of  inves t iga t ions  
of  the  po ten t i a l  hea l th  haza rds  of  alkyl  mercurials .  Studies  
of  ch ron ic  and subacu te  exposures  to  m e t h y l m e r c u r y  
c o m p o u n d s  have d e m o n s t r a t e d  t ha t  at the  onse t  of  
s y m p t o m s ,  the  c o n c e n t r a t i o n  of  mercu ry  is g rea te r  in the  
liver, k idney  and  b lood  than  in the  bra in  in vi r tual ly  all 
species e x a m i n e d  [4, 14, 17] .  Despi te  this, the  cen t ra l  
nervous  sys tem has been  clearly s h o w n  to be the  cri t ical  
target  organ of  sys temic  i n t ox i ca t i on  by m e t h y l m e r c u r y  
[4 ] .  The  clinical p ic ture  is d o m i n a t e d  by s y m p t o m s  of  
neurological  origin. These  inc lude  ataxia ,  bi la teral  con-  
cen t r ic  cons t r i c t i on  of  the  visual fields, d i s tu rbances  of  
superficial  and deep sensa t ion ,  t r emor ,  dysa r th r i a  and  
men ta l  d i s tu rbances .  

In general ,  relat ively large a m o u n t s  of  m e t h y l m e r c u r y  
are needed  to p roduce  these  s y m p t o m s  and w h e n  they  
appea r  the  course  of  the  disease is usual ly  irreversible,  
t e r m i n a t i n g  in d e a t h  or  in the  p e r m a n e n t  disabi l i ty  of  the  
aff l ic ted individual .  Such s y m p t o m s  may,  the re fore ,  be 
cons idered  to be s o m e w h a t  coarse  ind ica to rs  of  the  
unde r ly ing  n e u r o p a t h y  of  the  ef fec ted  organism.  

A n u m b e r  of  inves t igators  have recent ly  p resen ted  
evidence  to show tha t  the  deve lop ing  organism is par t icu-  
larly suscept ib le  to m e t h y l m e r c u r y  i n t o x i c a t i o n  and may be 
severely e f fec ted  at dosages which  leave the  m o t h e r s  free of  
a p p a r e n t  d y s f u n c t i o n  [ 1 4 ] .  In add i t i on  to caus ing fetal  
wastage, congen i ta l  m a l f o r m a t i o n s  and men ta l  r e t a rda t ion ,  
m e t h y l m e r c u r y  has been impl ica ted  in the  p r o d u c t i o n  o f  
more  subt le  behaviora l  defici ts  wh ich  appear  w i t h o u t  the  

obv ious  appea rance  of  o t h e r  func t iona l  abe r ra t ions  [3, 6, 
18, 19, 26, 27, 28] .  Hughes, A n n a u  and Goldberg  [61, for 
ins tance ,  d e m o n s t r a t e d  s ignif icant ly  increased trials to  
c r i te r ion  in an avo idance  s i tua t ion  by mice born  of  mo the r s  
t rea ted  wi th  3 or more  mg Hg/kg, as m e t h y l m e r c u r y  
hyd roxy ide ,  on  Day 8 of  ges ta t ion.  Spyker ,  Sparber  and 
G o l d b e r g  [ 2 7 1  admin i s t e red  8 m g  m e t h y l m e r c u r y  
d i c y a n d i a m i d e / k g  to mice on  Days 7 or 9 of  p regnancy  and 
found  tha t  of fspr ing  from the  t rea ted  m o t h e r s  took  more  
steps in a backwards  d i rec t ion  t han  did cont ro ls .  The  
expe r imen t a l  mice also showed  impaired l o c o m o t o r  abil i ty 
and i n t e r m i t t e n t  per iods  of  i ncoo rd ina t i on  dur ing  a 
swimming  test. Zenick [28]  gave 2.5 mg m e t h y l m e r c u r y  
ch lo r ide /kg  to p regnan t  mice by way of  the i r  d r ink ing  
wate r  and found  maze learning defici ts  in the i r  p rogeny  
which  persis ted on re tes t ing  3 weeks later. These  defici ts  
occur red  in the  absence  of  de t ec t ab le  levels of  mercury  in 
the  mouse  brains,  in  none  of  these  s tudies  did the  m o t h e r s  
show func t iona l  d isorders  apar t  f rom the  behaviora l  
deficits.  (Spyke r  [ 2 7 ] ,  however ,  presents  evidence that  as 
t rea ted  p rogeny  grew older  a n u m b e r  of  abe r r a t i ons  
appeared ,  inc luding immuno log ic ,  eye and back disorders . )  

A di f f icul ty  in this  sort  of  research lies in separa t ing  the  
direct  ef fects  of  p rena ta l  exposure  to the m e t h y l m e r c u r y  
f rom indirect  ef fects  ( such  as changes  in the  u te r ine  milieu, 
h o r m o n a l  imbalances ,  nu t r i t i ona l  d i s tu rbances )  and f rom 
per ina ta l  in f luences  such as a b n o r m a l  m o t h e r - p u p  inter-  
act ions ,  exposure  to  mercury  t h rough  the m o t h e r ' s  milk, 
etc. While it is possible,  to some ex t en t ,  to con t ro l  for these 
factors  by use of  cross fos ter ing and the  like [8. 21, 25] ,  
the  resul tant  analysis  is still compl ica ted .  
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Anothe r  approach is to use a species such as the chick, 
whose embryos  grow outs ide the mothe r ' s  body and are not  
dependen t  upon the mo the r  for nur ture  after  birth and are 
therefore  essentially free of  indirect effects  from the 
mother  and from perinatal influences upon behavior.  The 
chick also offers the advantages of  easy access to the 
embryo ,  easily control led envi ronmenta l  condi t ions,  and 
precocial young  with relatively well developed and well- 
defined behavioral  repertories  exhibi ted within a few hours 
to days after  birth [221. Using such a model ,  Rosenthal  and 
Sparber [ 18] were able to demons t ra te  the direct effects  of  
inject ions of  doses of  me thy lmercu ry  d icyandiamide  as low 
as 0.5 mg/kg  prior to incubat ion,  which had no effect  upon 
the percent  of  chicks which hatched but significantly 
impaired de tour  learning in young  chicks. The results were 
similar in many respects to those obtained from an earlier 
series of  exper iments  f rom the same laboratory  in which it 
was demonst ra ted  that small doses of  the drug reserpine 
produced subtle biochemical  and behavioral al terat ions 
upon hatched chickens;  the effects  were long lasting and 
both dose and t ime related, suggesting that critical periods 
during deve lopment  might exist for biochemical  and /or  
behavioral consequences  of  early insult in this species [ 10, 
I 1, 21, 22, 23, 24, 2 5 ] .  

In this paper we present the results of  a series of  
exper iments  designed to ascertain whether  a behavioral  
effect  of  early exposure  to me thy lmercu ry  is also t ime 
related, and if so, which period(s) of  embryogenesis  is/are 
most impor tant .  We also wished to de termine  how much 
methy lmercury  reached the embryo  and when maximal  
levels were attained in the embryo  brain relative to 
embryole tha l  and behavioral actions of  the alkylmurcurial .  

E X P E R I M E N T  1 

Effects o f  Methylrnercury Injected at Different Times upon 
the Percentage o f  Chicks Successfully llatched 

Fert i l ized White Leghorn chicken eggs, obtained from a 
local hatchery,  were candled to remove defective members ,  
numbered consecut ively and assigned to t rea tment  groups 
on the basis of  t ime of  inject ion and dosage by the use of  a 
table of  random numbers.  

Just prior to incubat ion 4 dosages of  me thy lmercury  
d icyandiamide  (MMD), freshly prepared in 0.9% saline, 
were injected into groups of  eggs as follows: 0.5 mg 
MMD/kg (N = 302);  1.0 mg MMD/kg (N = 60); 5.0 mg 
MMD/kg (N = 298);  and 10.0 mg MMD/kg (N = 75). A 
second series of  eggs was injected with e i ther  0.5 mg 
MMD/kg (N = 51) or  5.0 mg MMD/kg (N = 106) on Day 7 
of  incubat ion and a third was injected with 0.5 mg MMD/kg 
(N = 96) or 5.0 mg MMD/kg (N = 121) on Day 14 of  
incubation.  For  each t ime of  inject ion 2 addit ional  groups, 
each containing 60 eggs, served as controls .  One group was 
not injected and the o ther  was injected with 0.9% saline. In 
all cases inject ion was into the center  of  the yolk in 
volumes of  30u l .  The technique  was essentially that of  
McLaughlin etal. [13] as modified by Sparber and 
Shideman [22] .  

The eggs were incubated in a forced air, rotating,  
incubator  for 1 8 - 1 9  days and then transferred to a forced 
air hatcher.  Tempera ture  was maintained at 37.5°C and 
humidi ty  at 85 86%. Once hatched,  the chicks were placed 
in standard heated brooders  with food and water  freely 
available. Room tempera ture  was kept at 2 5 - 2 6 ' ; C  and 
lighting was on a 12 hr basis. 

Sparber and Shideman [221, as well as March eta1. 
[ 12],  have shown that a drug injected into a fertilized egg 
can effect  not  only the viability of  the embryo ,  but also the 
t ime of  hatching. Chicks usually hatch from the 20th to the 
22nd day of  incubation.  In several instances, the distribu- 
tion of  hatching for each group was moni to red  every 2 hr. 
The total  hatch period was determined and divided in half. 
The percent  hatchabil i ty of  groups in each half was 
compared  using conf idence  belts for propor t ions  [ 2]. 

Results 

Sixty-five percent of  the saline treated eggs successfully 
hatched,  compared  with 75% of the noninjected controls.  
Taking the saline-injected eggs as 100%, inject ion of  
me thy lmercury  prior to incubat ion produced a log linear, 
dose-dependent ,  decrease in hatchabil i ty (Fig. I). A dose of  
0.5 mg MMD/kg egg lowered the percent  hatch only 12%, 
whereas 10 mg/kg  dropped to 57% of  the saline injected 
controls.  
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I:IG. I. Relationship between dose of methylmercury dicyandi- 
amide (MMD) injected into fertilized White-Leghorn chicken eggs 
prior to incubation and the percentage of chicks which hatched (= 
hatchability). Numbers in parentheses represent the number of eggs 

injected at each dose. 

Inject ion of  MMD after 7 or 14 days of  incubat ion 
produced an increase in embryole tha l i ty  when compared  
with the effects  of  equivalent  dosages administered prior to 
incubat ion (Fig. 2). A dose of  0.5 mg MMD/kg egg injected 
on Days 7 or 14 resulted in very nearly the same hatch 
percentage as did a dose 10 t imes as great, but administered 
on Day 0 (about  68%). Five mg/kg MMD administered on 
Days 7 or 14 reduced the hatch rate to 13 and 18%, 
respectively. This was a mortal i ty  more than 13 t imes 
greater than a dose of  10 mg/kg injected prior to 
incubation.  

Noninjected and saline control  eggs usually hatched over 
a period of  about  32 hr, beginning after  20 days and 
cont inuing to the 22nd day of  incubation.  When the hatch 
period from first to last egg was arbitrarily divided into 
equal segments, about  70% of the control  eggs were found 
to hatch during the first half (Fig. 3); 0.5 mg/kg MMD did 
not alter this distr ibution.  A dose of  5 mg/kg MMD, 
however,  significantly prolonged the hatching in the second 
half of  the hatch period. 



I 0 0  

80 

o•60 
0 

4o ..,i 
m 
, (  
- r  
,r,,,) 
l -  
<t 
Z 

20 

preincubotlon 7dayll 
INJECTION 

E F F E C T S  P R O D U C E D  BY M E T H Y L M E R C U R Y  509 

0.8  mO MltlO~llO 
m i .o  • 
P"J 5.0 ,, 
[ ]  I0,0 

14dal~ 

FIG. 2. The effect of methylmercury dicyandiarnide (MMD) upon 
the percentage of chicks hatching after injection on Days 0, 7 or 14 
of incubation. Numbers in the bars refer to the number of eggs in 

each group. 
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FIG. 3. Retardation of the hatching process induced by methyl- 
mercury dicyandiamide (MMD) injected prior to incubation. The 
total length of the hatch period was divided in half and the half in 
which each chick emerged from its egg was recorded. Both 
noninjected and saline injected controls are included for compara- 
tive purposes. Solid lines above and below the top of each bar 

represent 95% confidence limits. 

EXPERIMENT 2 

Effects of  Methylmercury Infected at Different Times upon 
Detour Behavior 

Fi f teen  chicks  f rom n o n i n j e c t e d  and f rom saline con t ro l  
groups  were selected at r a n d o m  for tes t ing  in a d e t o u r  
learning paradigm.  Equal  n u m b e r s  were also selected f rom 
groups  in jec ted  with 0.05,  0.5 and 5.0 mg MMD/kg pr ior  to  
i n c u b a t i o n  or  on  Day 7 or  14 of  i ncuba t ion .  All chicks  were 
7 days  old at  the  s tar t  of  the  e x p e r i m e n t  and were given I 
trial daily for  5 days. 

The  device emp loyed  and the  p rocedure  ut i l ized were 
basically tha t  of  Scholes  [19]  and have been descr ibed in 
detai l  e lsewhere  [ 1 8 , 2 3 ] .  The  appa ra tu s  cons is ted  of  a 
box  divided by a clear Plexiglas wall i n to  2 c o m p a r t -  
ments ,  des ignated  social and  isolat ion and c o n n e c t e d  wi th  
one  a n o t h e r  by means  of  a tunne l .  Three  or  4 chicks,  
depr ived of  food 1 8 - 2 0  hr, were selected at r a n d o m  f rom 
each t r e a t m e n t  group and  placed in to  the  social side 
which  c o n t a i n e d  mois t  ch icken  mash  and a l ight bulb.  As 
soon  as all of  the  birds had  begun  to eat ,  one  was 
removed  and  placed in to  the  isola t ion c o m p a r t m e n t  of  
the  appara tus .  In o rder  to  gain access to  the  social side 
the  chick  had to t u rn  away f rom the  reward ing  s t imul i  
( food,  light, w a r m t h  and social c o n t a c t )  and d e t o u r  
t h rough  the  tunnel .  The  t ime f rom the  p l acemen t  of  the  
chick in to  the  isola t ion c h a m b e r  un t i l  its emergence  in to  
the  social side was recorded  in sec ( response  la tency) .  If a 
chick did no t  s p o n t a n e o u s l y  cross to  the  social c o m p a r t -  
men t  wi th in  4 min,  it was guided to  the  t unne l  en t r ance  
wi th  a w o o d e n  p robe  and gent ly  forced to make  the  
response.  This was done  so tha t  all chicks  travelled the  
same rou te  dur ing  the  expe r imen t .  A chick was al lowed 
to remain  in the  social c o m p a r t m e n t  30 sec, a f t e r  which  
it was removed  and the  trial t e rmina ted .  If a chick did 
no t  respond wi th in  4 min,  its response  l a tency  was 
cons idered  to be 240  sec. At  the  end of  each session the  
chicks were al lowed free access to food for 4 hr. 

Results 

Gross obse rva t ion  of  the  appea rance  and  behav io r  of  
the  m e t h y l m e r c u r y  t rea ted  chicks failed to reveal any  
obvious  abnormal i t i e s .  The  birds were ind is t inguishab le  
f rom the i r  saline and non in j ec t ed  controls .  

Results  of  the  d e t o u r  learning e x p e r i m e n t s  are dep ic ted  
in Figs. 4 - 7 .  As there  were no  s ignif icant  d i f fe rences  in 
the  cumula t ive  d e t o u r  response  la tencies  be tween  non-  
in jected and saline con t ro l  chicks,  these  da ta  have been  
pooled  for  each t ime of  in ject ion.  Chicks ha t ched  f rom 
eggs in jected pr ior  to  i n c u b a t i o n  wi th  0.05 mg MMD/kg  
p roduced  an average cumula t ive  d e t o u r  response  curve 
near ly  ident ical  to tha t  of  the  con t ro l  chicks,  ind ica t ing  
no  effect  of  this  dosage at  the  t ime  of  in ject ion.  Dosages 
of  0.5 or  5.0 mg MMD/kg admin i s t e r ed  pr ior  to  incuba-  
t ion,  however ,  p roduced  chicks  whose  average cumula t ive  
d e t o u r  response  la tencies  were longer  than  those  of  the  
con t ro l  chicks.  The  increased la tencies  became  s ignif icant  
for  b o t h  dosages by the  4 th  trial and c o n t i n u e d  t h rough  
the  5th  and final trial (Fig. 4, 2-tailed chi-square,  
p < 0 . 0 2 5 ) .  Several factors  seem to a c c o u n t  for  these  
longer  cumula t ive  latencies.  In the  first place, fewer  
chicks ha t ched  f rom eggs in jected wi th  0.5 or  5.0 mg 
MMD/kg  had c o m p l e t e d  the  task by the  end  of  the  last 
trial. Secondly ,  those  chicks which  did successful ly en t e r  
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FIG. 4. Mean cumulative response latencies of chicks hatched from 
eggs injected with methylmercury dicyandiamide (MMD) on Day 0 
of incubation and tested when 7--I I days old. Means are derived 
from individual performance data cumulated over successive trials. 
N = number of chicks in groups. All groups originally had an N of 
15. Injury or mortality account for the differences in N. Data from 
dead or injured chicks have not been included. Presence of an 
asterisk denotes a value significantly different from control (chi 

square, p<0.025). 

the  social c o m p a r t m e n t  t ended  to do so dur ing  la ter  trials 
than  the  con t ro l  chicks  or those  t rea ted  wi th  0 .05 mg 
MMD/kg (Fig. 5). Since there  was an a rb i t ra ry  240  sec per  
trial ceil ing for  the  d e t o u r  la tency,  the  measure  was an 
u n d e r e s t i m a t e  of the  response  l a t ency  for  any  chick 
which  failed to respond.  Because more  of  the  0.5 and 5.0 
mg MMD/kg  t rea ted  chicks failed to respond t han  con-  
trois, the  measure  also u n d e r e s t i m a t e s  the  d i f fe rences  
p roduced  by a d m i n i s t r a t i o n  of  the  m e t h y l m e r c u r y  pr ior  
to i ncuba t ion .  

A th i rd  fac to r  involved the  l ike l ihood tha t  once  a given 
bird had s p o n t a n e o u s l y  crossed to the  social c o m p a r t m e n t  
on  a given trial t ha t  it would do  so again on  the  fo l lowing 
trial. One  would pred ic t  tha t  if learning had occurred ,  then  
the  p robab i l i t y  tha t  a bird would respond  on  the  fo l lowing 
trial would  be high. This  seemed to be the case wi th  the  
con t ro l  chicks  where  16 of  17 bi rds  which  had  successful ly 
comple t ed  the  parad igm did so again on  the  fol lowing trial 
for a repeat  pe rcen tage  of  94%. This  c o m p a r e d  wi th  9 of  12 
chicks  (75%) t rea ted  wi th  0.05 mg MMD/kg pr ior  to  
i n c u b a t i o n  and 2 of  5 (40%) and  3 of  6 (50%) chicks 
similarly in jec ted  wi th  0.5 or  5.0 mg MMD/kg,  respect ively.  
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FIG. 5. Effect of methylmercury dicyandiamide (MMD} adminis- 
tered prior to incubation upon the percentage of chicks which 
responded in each trial of the detour learning paradigm. N refers to 
the number of chicks tested in each group. As there were no 
significant differences between saline and noninjected control 

chicks, their data have always been pooled. 

While these n u m b e r s  are small, the  data  suggest tha t  the 
d i f fe rences  in pe r fo rmance  seen in the m e t h y l m e r c u r y  
t rea ted  birds may  be due to a true learning defici t  r a the r  
t han  s imply  a m o t o r  impa i rmen t .  This  po in t  of view is 
bols te red  by a lack of  s ignif icant  d i f fe rences  be tween  the  
groups  in the  mean  t ime  t aken  by the  birds to e n t e r  the  
social c o m p a r t m e n t .  Tha t  is, of  those  birds which  success- 
fully pe r fo rmed ,  the  average la tency  to en t e r  the  social 
c o m p a r t m e n t  per  trial was not  d i f fe ren t  be tween  con t ro l  
birds  and those  t rea ted  with m e t h y l m e r c u r y  pr ior  to  
incuba t ion .  

In con t ras t ,  birds  ha t ched  f rom eggs in jected wi th  0.5 or 
5.0 mg MMD/kg on Days 7 or 14 of  i n c u b a t i o n  showed no 
d i f fe rences  f rom the i r  con t ro l s  in p e r f o r m a n c e  in the 
d e t o u r  paradigm (Figs. 6 and 7). 

Effects of  In/ection of  14C-Labelled M thylmercury 
Inieeted at Different Times upon Levels of Mercury 
Obtained within the Embryonic Brain 

Fert i l ized White  Leghorn  ch icken  eggs were injected as 
above  wi th  doses of  0.05, 0. I, 0.5 and 1.0 mg/kg  
14CH3HgCI (New England Nuclear)  in 0.9% saline so lu t ion  
on  Days 0, 7 or  14 of  i ncuba t ion .  Specific act ivi ty of  the  
c o m p o u n d  was 3.36 m C i / m M  and rad iochemica l  pur i ty  was 
grea ter  than  97%. 

Beginning  wi th  the  four th  day of  incuba t ion ,  e m b r y o s  
were r emoved  f rom the  eggs, washed in 0.9% saline and  
b lo t t ed  on a f i l ter  paper.  The brains  were then  dissected 
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FIG. 6. Mean cumulative response latencies of 7-11 day old chicks 
hatched from eggs injected on Day 7 of incubation with 0.5 or 
5.0 mg methylmercury dicyandiamide (MMD) per kg and their 
controls. Since there were no significant differences between 
noninjected and saline control chicks, their data have been pooled. 
Means have been derived from individual performance data 
cumulated over successive trials, N is the number of chicks in each 

group. 

free and the brains and carcasses were washed, blot ted,  and 
then placed into separate, previously tared, glass liquid 
scinti l lat ion vials with po lypropy lene  lined caps. The vials 
were weighed, tissue weight calculated,  and 1 ml of  0.6 N 
NCS solubil izer (Amersham/Sear le )  was added per 100 mg 
of  tissue weight.  The vials were then placed in a water  bath 
at 45°C and left to incubate  over  night. Next morning,  af ter  
cool ing to room temperature ,  I 0 ml of  0.4% PPO in to luene 
was added to each vial. The vials were then dark adapted 
and radioact ivi ty measured by means of  a Beckman LS-230 
liquid scinti l lat ion counter .  In the cases of  older  embryos ,  
brain and carcass tissues were separately minced and 
al iquots  of  5 0 - 1 0 0  mg removed for solubil izat ion and 
counting.  Methylmercury  in tissue was expressed as equiva- 

14 lents of  CH3 HgCI m mg/gm or as DPM/! 00 mg of tissue. 
One ug of  14CH3 HgCI gave 29,719 DPM. 

Results 

Substantial  amount s  of  radiolabel were already present 
in the embryo  within 4 - 6  days after  inject ion into the yolk 
sac prior to incubat ion.  The amounts  were dose related and 
showed a linear relat ionship when plot ted on semi-log 
coordinates.  The amount  of  me thy lmercu ry  chloride ranged 
from 0.09 + 0.02 to 1.24 + 0.20 ~g per gram of tissue wet 
weight (Fig. 8). At these stages of  deve lopment  there were 
no significant differences be tween carcass and brain levels 
o f  me thy lmercu ry  when compared  using a paired t-test. 

By Days 7 - 9  of  incubat ion peak levels of  radiolabel had 
been at tained in the embryo  brains for all doses, af ter  
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FIG. 7. Mean cumulative response latencies of 7 -  11 day old chicks 
hatched from eggs injected on Day 14 of incubation with 0.5 or 
5.0 mg methylmercury dicyandiamide (MMD) per kg and their 
controls. Since there were no significant differences between 
noninjected and saline control chicks, their data have been pooled. 
Means have been derived from individual performance data 
cumulated over successive trials. N is the number of chicks in each 

group. 

which there was a steady decline (Fig. 9). The maximal  
amounts  of  methy lmercury ,  expressed on a ug/g basis, were 
3.10 + 0.56, 1.57 -+ 0.16, 0.22 -+ 0.05 and 0.19 + 0.01 for 
the 4 doses injected prior to incubat ion,  in descending 
order.  

Inject ion o f  me thy lmercury  af ter  7 days of  incubat ion 
resulted in a rapid uptake o f  radiolabel into the embryonic  
brains, maximal  brain levels having been obtained within 
24 hr af ter  adminis t ra t ion o f  the compound .  The quant i ty  
o f  mercury  averaged 7 t imes the maximal  levels found after  
inject ion of  the equivalent  doses on Day 0 of  incubat ion 
(Fig. 9). The amounts  of  me thy lmercury  in the brains were 
dose-dependent  and fol lowed a log-linear relationship. Brain 
levels steadily decreased after the first 3 or 4 days and fell 
o f f  at a rate roughly parallel to that seen in the brains from 
eggs injected prior to incubation.  There was no significant 
difference between the maximal  amount  of  mercury  found 
in the brain after  inject ion of  0.05 or 0.1 mg/kg on Day 7 
of  incubat ion compared  with the maximal  amounts  seen 
after  inject ions of  doses 10 t imes as large but administered 
prior  to incubat ion (t-test, p>0 .05) .  

Inject ion of  1.0 or  0. I mg 14CH3HgCl/kg on Day 14 of  
incubat ion also resulted in a rapid uptake of  radiolabel into 
the brain with peak levels being obtained within 24 hr af ter  
inject ion (Fig. 9). These levels, however,  were far lower 
than the max imums  seen after  inject ion of  comparable  
doses on Days 0 or  7 of  incubation.  In ug/g, the greatest 
amounts  of  me thy lmercury  in the brains were 1.01 -+ 0.16 
and 0.09 -+ 0.02, respectively,  for the higher and lower  
doses. This amounted  to only about  I /3 of the maximal  
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FIG. 8. Equivalents of methyimercury chloride in chicken embryos. 
Labelled (~ 4C)-methylmercury CI was injected into the yolk sac 
prior to incubation and embryos sampled 4 - 6  days later. Each 
point represents the mean vertical lines _+ SEM for 5 - 9  chicks• The 
straight line was derived by a least-squares linear regression analysis 

on log- transformed data. 

levels a t t a ined  a f te r  in j ec t ion  on  Day 0 of  i n c u b a t i o n  and 
1/20 the  max ima l  dosage seen a f te r  in j ec t ion  on  the  7 th  
day of  i ncuba t ion .  

DISCUSSION 

A d m i n i s t r a t i o n  of  MMD in to  the  yo lk  sac of  fer t i l ized 
ch icken  eggs pr ior  to  i n c u b a t i o n  p roduced  a dose-re la ted  
decrease  in pe rcen t  ha t ch  and a r e t a r da t i on  in the  acqui-  
s i t ion  of  d e t o u r  learn ing  by  ch ickens  h a t c h e d  f rom eggs 
t rea ted  wi th  0.5 and  5.0 mg  MMD/kg.  In jec t ion  of  these  
same 2 doses a f te r  7 or  14 days of  i n c u b a t i o n  resul ted  in an 
even grea te r  decrease  in h a t c h  pe rcen tage  but  had no  
ev ident  e f fec t  u p o n  the  acqu i s i t ion  of  d e t o u r  learning in 
those  ch icks  which  successful ly ha tched .  We infer  f rom 
these  obse rva t ions  t ha t  the  older  e m b r y o  is d i f fe ren t ia l ly  
sensi t ive to  the  e m b r y o c i d a l  e f fec ts  o f  MMD, tha t  the  
e m b r y o c i d a l  ac t ion  of  MMD is d i f f e ren t  f rom its behaviora l  
t e ra togen ic  ac t ion  and  t ha t  a per iod of  max ima l  sensi t iv i ty  
to the  d e t o u r  behaviora l  e f fec ts  exists  and t e rmina t e s  
s o m e t i m e  pr ior  to  the  seven th  day of  i ncuba t ion .  The  
he igh t ened  sensi t iv i ty  of  the  o lder  e m b r y o  to the  e m b r y o -  
cidal e f fec ts  of  MMD can  be seen in the  marked ly  decreased 
ha tches  p roduced  a f t e r  in j ec t ion  of  0.5 or 5.0 mg MMD/kg  
on  Days 7 or 14 of  i n c u b a t i o n  c o m p a r e d  w i th  the i r  e f fec ts  
a f te r  admin i s t r a t i on  pr io r  to i ncuba t ion .  Of par t i cu la r  
re levance is the  obse rva t ion  t ha t  a dose of  0.5 mg MMD/kg  
pr io r  to  i n c u b a t i o n  had on ly  a slight ef fec t  u p o n  the  
pe rcen tage  o f  successful  ha tches ,  bu t  the  same dose given 1 
or 2 weeks la te r  gave a ha t ch  pe rcen tage  which  was as low 
as tha t  p roduced  by  a dose 10 t imes  grea te r  bu t  del ivered 
on  Day 0 of  i ncuba t ion .  

If there  was no  d i f fe rence  be t w een  the  e m b r y o c i d a l  and 
behaviora l  m e c h a n i s m s  of  ac t ion  of  MMD, then  it would  be 
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FIG. 9. Radioactivity in the brains of chicken embryos at various 
stages of development, after injection of carbon 14 methylmercury 
chloride ( '  4CH3HgCI) prior to incubation (Day 0) or after 7 or 14 
days of incubation• Although data are grouped into blocks of 3 days 
each, values for the blocks surrounding the days of injection (7 or 
14) are derived from brains taken between 2 and 24 or 48 hr after 
injection. Vertical lines represent _+ I SEM and histograms without 
estimates of variability are derived from 2 brains only. One 
microgram of ' 4CH3 HgCI is represented by 29,719 disintegrations 

min -1 (DPM). 

expec t ed  tha t  chicks  h a t c h e d  f rom eggs in jected on  Days 7 
or  14 of  i n c u b a t i o n  would show re ta rded  d e t o u r  learning 
and  this  was no t  the  case. It could  be argued tha t  the  reason 
for  the  lack of  a behaviora l  ef fec t  was no t  due to a 
d i f fe rence  in m e c h a n i s m  of  ac t ion ,  bu t  to  an ar t i fac t  of  the  
increased e m b r y o l e t h a l i t y  seen at these  t imes. Had they  
survived, the  af fec ted  e m b r y o s  may  well have exh ib i t ed  
re ta rded  d e t o u r  learning.  Those  e m b r y o s  which  actual ly  did 
survive, there fore ,  might  also have been  una f fec t ed  wi th  
regard to  the  behaviora l  t e ra to logic  effect .  Evidence against  
such a screening-out  p h e n o m e n o n  comes  f rom c o m p a r i n g  
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the ef fec ts  o f  5.0 mg MMD/kg injected prior to incuba t ion  
with the ef fec ts  o f  0.5 mg/kg  injected on Days 7 or 14 of  
incubat ion .  In these s i tuat ions  virtually identical  decreases 
in percentage were ob ta ined  (Fig. 2), but  only in the  case of  
the earliest inject ion was there  a significant ef fect  u p o n  
de tour  learning. It is o f  interest  to no te  also that  the 
maximal  amoun t  of  radiolabel found in the brains of  
embryos  af ter  inject ion of  0.5 mg/kg  on Day 7 of  incuba- 
t ion was no t  significantly d i f fe ren t  f rom a dose 10 t imes as 
great, but  delivered prior  to incubat ion  and that  these 
maxima occurred at nearly the same time. These observa- 

t ions,  coupled  with the lack of  behavioral  effect  seen af ter  
adminis t ra t ion  during the later per iods  of  embryogenes i s  
argue in favor of  the exis tence  of  a period of  maximal  
suscept ibi l i ty  to the behavioral  effects  which occur  some- 
t ime before  Day 7 of  incubat ion.  How early this period 
ex tends  is diff icult  to ascertain f rom out  data, but 
substant ial  quant i t ies  o f  radiolabel were found in the 
embryos  as early as 4 days af ter  injection pr ior  to  
incubat ion  and presumably  the critical period can ex tend  to 
at least this early time. 
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