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Brain Growth and Learning Behaviour of the Guinea-Pig Following Prenatal Hyperthermia 

H y p e r t h e r m i a  induced  at  specific s tages of p regnancy  
in guinea-pigs and  ra t s  has  resul ted  in a wide range of 
congeni ta l  abnormal i t ies ,  par t icu lar ly  affect ing the  
cent ra l  nervous  sys tem ~-4. A defici t  of 26-28% in the  wet  
bra in  weigh t  of newborn  guinea-pigs followed ma t e rn a l  
exposure  to  an env i ronmen ta l  t e m p e r a t u r e  of 42.5 ~ for 
1 h dai ly on days  18-25 of gestat ion.  Exposu re  be tween  
days  39-46 and 53-60 resul ted in a less severe b ra inweigh t  
deficit  in the  newborn.  The mos t  sensi t ive stage of develop-  
m e n t  was abou t  days  20-23. The ex t en t  of t he  defici t  
depended  also on the  degree of ma te rna l  h y p e r t h e r m i a  
and  num ber  of exposures  given 3. The smal ler  brains of 
newborn  f rom hea t -s t ressed  mothe r s  con ta ined  less D N A  
t h a n  those f rom control  animals  indica t ing  a reduc t ion  in 
cell number s  ~. As h y p e r t h e r m i a  was induced p robab ly  
while neuronal  prol i fera t ion was tak ing  place, the  defici t  
in cell num be r s  migh t  have  included a defici t  of neurones.  
The mos t  rap id  increase in bra in  size of guinea-pigs occurs 
be tween  day  45 of ges ta t ion  and  day  10 of pos t -na ta l  
life 6, and  a l though h y p e r t h e r m i a  was appl ied well before 
th is  phase  of deve lopmen t  it was still  able to  modi fy  the  
ex t en t  of t he  ' g rowth  spur t ' .  

Newborn  guinea-pigs wi th  severe r e t a rda t ion  of bra in  
deve lopmen t  were clumsy,  slow in m o v e m e n t  or inco- 
o rd ina ted  and unrespons ive  to external  s t imuli  bu t  less 
severely af fec ted  individuals  were no t  de tec ted  by  the i r  
neona ta l  behaviour  excep t  to appear  s l ight ly  less active.  
Tile expe r imen t s  to  be descr ibed were designed to  t e s t  
whe the r  the  defici t  in bra in  size a t  b i r t h  could be m a d e  up 
dur ing  pos t -na ta l  life, and  whe the r  the  learning abi l i ty  
was affected.  

Female  guinea-pigs were exposed  to t empe ra tu r e s  of 
42-43~ dry  bulb,  and 22-27~ wet  bulb  in a forced- 
d raugh t  electric egg-incubator ,  for 1 h dai ly  on days  
20-24 (Group 1), 40-44 (Group 2) or 56-60 (Group 3) of 
ges ta t ion  as previous ly  descr ibed 2. E a c h  t r ea t ed  group of 
females  was m a t c h e d  wi th  an unhea ted  control  group. 
The mothe r s  were isolated on day  60 of ges ta t ion  and  af ter  
l i t te r ing  tile newborn  were ident i f ied by  numbered  meta l  
tags  which  were placed in each ear. The young were reared 
in open pens conta in ing  30 to 40 animals.  

At  app rox ima te ly  100 days  of age, 10 or 12 offspring 
f rom b o t h  control  and hea t ed  mothe r s  of each t r e a t m e n t  
group were selected for t es t ing  on a non-spa t ia l  d iscr imina-  
t ion reversal  task.  Fol lowing a p re l iminary  l abora to ry  

hab i tua t i on  phase  the  subjects  were ad ap t ed  to  a 21-h 
food depr iva t ion  schedule.  They  were t h e n  g iven a per iod 
of ex tens ive  p re l iminary  t r a in ing  in a Problem box  
descr ibed by  LYLE et al. 7. A non-correc t ion  discr imina-  
t ion t ra in ing  procedure  w i t h  10 massed  re iniorced tr ials  
per  session was employed.  Test  an imals  were p e r m i t t e d  to  
make  as m a n y  as 3 repe t i t ive  (perseverat ive)  incorrec t  
responses  on any  one t r ia l  and each t r ia l  t e r m i n a t e d  wi th  a 
re inforced response.  Tra ining con t inued  dai ly unt i l  all 
subjects  had  a t t a ined  a cr i ter ion of 9 out  of 10 errorless 
tr ials  on each of 2 successive days. The tes t ing  of subjects  
f rom Group 1 was carried out  i n d e p e n d e n t l y  of Groups  2 
and  3 under  s l ight ly  d i f ferent  condi t ions .  

The significance of differences be tween  groups was 
t e s t ed  using S tuden t ' s  t-tests.  The hea t - s t ressed  subjects  
of Group i made  more  init ial  (44.7 • 12.8 (-4- S.D.) 
vs 25.4 ~ 6.1, t18  = 4.04, p < 0.001), and  persevera t ive  
errors (11.3 • 3.7 vs 7.2 ~- 3.0, t18  = 2.58, p < 0.02) in 
the  original  task,  and more  ini t ial  errors (94.7 4- 24.9 vs 
54.8 • 8.6, t18  = 4.32, p < 0.001) and  persevera t ive  
errors (17.5 zlz 5.2 vs 13.0 ~= 3.3, t18  = 2.19 p < 0.05) in 
the  reversal  task.  They  also requi red  a grea ter  a m o u n t  
of t ime  to comple te  each session. The hea ted  subjec ts  
of Group 2 made  more  persevera t ive  errors t h a n  the  
controls  in the  reversal  t a sk  (33.8 • 9.6 vs 26.3 4- 5.6, 
t22  = 2.53 p < 0.02) bu t  no differences  were found  
be tween  the  pe r fo rmance  of hea t ed  and  contro l  subjects  of 
Group 3. 

Some Group 1 offspring were also used in a s imple 
spa t ia l  reversal  learning t ask  under  s imilar  exper imenta l  
condi t ions .  The hea ted  subjects  made  more  errors in the  
original  t a sk  t h a n  control  subjects  (18.3 4- 8.3 and 
6.4 ~= 2.1, t18  = 4.39, p < 0.001) bu t  the re  was no differ- 
ence in the  f i rs t  reversal  (7.0 4- 3.1 and  8.1 4- 2.5, 
t 18 = 0.87, N.S.). This  resul t  suggests  t h a t  differences in 
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Table I. Bodyweight, age and brainweights of offspring from heated and control guinea-pigs 

Number Body- Age Whole Left Right Brain Cerebellum 
weight (g) (days) brain hemisphere hemisphere stem 

Group 1 

Control 29 
• S.D. 
Heated 31 

t-test 

Group 2 

Control 12 

Heated 21 

t-test 

600.5 173.5 4.160 1.207 1.200 1.079 0.540 
4-109.6 ~ 47.1 ---0.278 • • =L0.084 • 

544.0 185.1 3.304 b 9.063 b 0.962 b 0.925 b 0.416 b 
• i 64.5 -t-0.440 i0.125 ~_0.139 ~0.120 • 

1.93 0.81 8.37 8.63 7.60 5.01 7.79 

699.3 221.9 4.366 1.268 1.287 1.192 0.560 
~118.4 ~ 45.0 • -t-0.111 • :::~ 0.105 • 

678.4 235.4 4.141 1.257 1.252 1.093 ~ 0.532 
63.8 :~ 28.5 -t-0.309 i0.073 ~0.077 • +0.033 
0.66 1.06 1.99 0.32 1.06 3.25 1.97 

p < 0.01. s p < 0.001 compared with group controls. 
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Table II. Bodyweights and brainweights of offspring from heated guinea-pigs compared with age and weight control offspring 
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Age controls t Heated t Weight controls 

Number of animals 6 6 6 

Bodyweight (g) 630.5 ~ 6.178 449.2 0.245 441.0 
=k S.D. 4- 44.65 • 56.38 i 59.31 
Age, Days 127.2 0.374 124.7 6.705 64.8 o 
4- S.D. 4- 5.34 :}= 15.46 4- 15.46 
Wholebrain (g) 4.334 ~ 4.710 3.313 2.742 : 3.871" 

=L 0.1019 4- 0.4630 4- 0.1873 
Left Hemsiphere (g) 1.200 o 5.208 0.930 4.557 1.168 b 

4- 0.0519 4- 0.1166 4- 0.0529 
Right Hemisphere (g) 1.252 o 5.052 0.944 3.752 1.161 b 

zl= 0.0793 4- 0.1260 :}= 0.0648 
Brainstem (g) 1.200"~ 3.819 0.953 0.684 0.997 

4- 0.0734 4- 0.1410 =k 0.0678 
Cerebellum (g) 0.543 �9 2.519 0.431 2.798 0.539 �9 

4- 0.0400 4- 0.0830 4- 0.0458 

p < 0.05. b p < 0.01. * p < 0.001 compared with heated offspring. 

learn ing  be tween  the  hea ted  and  control  offspr ing f rom 
Group 1 were no t  due  to  visual  defects .  

W h e n  the  behavioura l  t r ia ls  were comple ted ,  the  
subjec ts  were  anaes the t i zed  wi th  p e n t o b a r t i t a l  sodium 
and  killed by  sect ion of t he  caro t id  ar ter ies  and  jugular  
veins.  The bra ins  were dissected f rom the  cranium,  
separa ted  f rom the  cord a t  the  a t l an to -ax ia l  a r t icu la t ion  
and  weighed i m m e d i a t e l y  to  t he  neares t  mil l igram. The  
r igh t  and  left  hemispheres  were s epa ra t ed  by sect ion in t he  
midl ine  t h rough  the  corpus  cal losum and  each was re- 
m o v e d  f rom the  b ra in - s t em b y  sect ion t h rough  he str ia  
terminal is .  The cerebel lum was  r emoved  f rom the  bra in-  
s t e m  by  sect ion of the  cerebel tar  peduncles  and  each  
hemisphere ,  b ra in - s t em and  cerebel lum weighed.  

The whole-brMn weigh t  and  we igh t  of each b ra in  
segment  of hea t ed  offspr ing of Group 1 females  were 
smal ler  t h a n  those  of control  animals  whereas  the  mean  
ages and bodywe igh t  did no t  differ s ignif icantly.  The 
b ra in - s t em of offspr ing f rom mothe r s  hea t ed  on days  
40-44 was smal ler  t h a n  t h a t  of control  animals  (Table I). 

As offspr ing of the  mo the r s  hea t ed  at  20-24 days  of 
ges ta t ion  were general ly smal ler  t h a n  controls  of t he  
same age, a 'weight  control '  group of young f rom control  
mo the r s  was selected. Each  of 6 hea ted  subjec ts  was 
m a t c h e d  wi th  a we igh t  cont ro l  subjec t  of the  same sex 
which  was killed when  its bodywe igh t  was s l ight ly  Iess 
t h a n  t h a t  of its hea ted  p a r t n e r  and  i ts  b ra in  r emo v ed  
and  weighed as before. Six r a n d o m l y  selected age controls  
are inc luded for compar ison .  The resul ts  are p re sen ted  in 
Table II .  The bodyweigh t s  and  weights  of all bra in  seg- 
men t s  of subjects  f rom hea t ed  mothe r s  were cons iderably  

less t h a n  weights  of age controls .  The weights  of the  
whole  brain,  hemispheres  and  cerebel lum of t he  we igh t  
control  group were grea ter  t h a n  those  of the  hea t ed  sub- 
jects  indica t ing  t h a t  the  defici t  in brain  size was no t  
mere ly  the  resul t  of a general  r e t a rda t ion  of b o d y  g rowth  8. 

Zusamrnen/assung. Tr/ichtige Meerschweinchen  wurden  
w~hrend  versch iedenen  Schwangerschaf t spe r ioden  fiir je 
1 S tunde  bet einer  U m g e b u n g s t e m p e r a t u r  yon  42-43~ 
erhi tz t .  Ihre  Jungen  zeigten im n ich t - r~uml ichen  Unte r -  
sche idungs tes t  periodenabh/~ngige Ausfal lserscheinungen.  
Verk le inerungen  des Gesamtgeh i rns  und  der  e inzelnen 
Hi rn te i le  als Hi tzee f fek t  erwiesen sich ebenfal ls  s is  
per iodenbezogen.  
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Ein bisher nicht erkanntes Ghloridzel len-Organ der Karpfenlaus 
Argulus foliaceus L. (Crustacea, Branchiura)  

Argulus /oliaceus bes i tz t  auf der  Vent ra l se i te  des 
Carapax  yon  Kut iku la le i s ten  begrenz te  I n t e g u m e n t -  
bereiche, die urspr i ingl ich als <{ Schalenfelder  >> beschr ieben  
und  als Resp i ra t ionsorgane  geden te t  worded  waren,  well 
du rch  den  d a u e r n d e n  Beinschlag der  Tiere ein s ie te r  
Wasse r s t rom an ihnen  vorbei  gelei tet  wird 1. Auch wiesen 
sich diese Carapaxfe lder  wegen der  le ichten Reduzier -  
ba rke i t  yon  Schwermeta l l sa lzen  s is  R e d u k t i o n s o r t e  aus, 

was ebenfalls  auf die A t m u n g s f u n k t i o n  h inzudeu ten  
schien 2. Dagegen  sp rach  K o c h  3 0 r g a n e n ,  die sich dera r t  
m i t  S i lbern i t ra t  anfSzben lassen, <~un r61e dans  la res tau-  

1 K. GgOBBEN, Sber. Akad. Wiss. Wien 117, 191 (1908). 
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