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Discussion. D u r i n g  t he  use of th i s  m e t h o d  in r ou t i ne  
e x a m i n a t i o n ,  i t  was e s t ab l i shed  t h a t  t he  m e t h o d  fulfils 
t h e  a b o v e - m e n t i o n e d  demands .  The  h igh  s ens i t i v i t y  in  
t h e  de t ec t ion  of o r t h o p h o s p h a t e  ( 6 . 2 5 . 1 0 - S M )  al lows 
th i s  m e t h o d  to  be  used in  t he  e s t i m a t i o n  of a c t i v i t y  of 
o t h e r  specific phospha ta ses .  T he  sp l i t t i ng  of t he  e- 
g lyce ro lphospha t e  and  g l u c o s e - l - p h o s p h a t e  in  a ce t a t e  
buf fe r  p H  5.0 a n d  of a d e n o s i n e - 5 ' - t r i p h o s p h a t e  in 
v e r o n a l - a c e t a t e  buf fe r  p H  8.6 were d e m o n s t r a t e d .  More-  
over,  a r eac t ion  of p h e n o l  (15.6 rig) w i t h  ferric chlor ide  
could be  used for  d e m o n s t r a t i o n  of non-specif ic  p h o s p h a -  
t a se  w i t h  p h e n y l p h o s p h a t e  as a subs t r a t e .  T he  pr inc ip le  
could also be  used  for ev idence  of a r e d u c t i o n  of t e t r a -  
zo l ium salts,  of t h e  l i be ra t ion  of acids f rom esters  (in a 
l ayer  c o n t a i n i n g  b r o m t h y m o l  blue),  and  for ev idence  of 
amy la se  in a l ayer  c o n t a i n i n g  s ta rch .  As s t anda rds ,  am-  
m o n i u m  sulf ide was used for  r educ t i on  of t r i p h e n y l -  
t e t r a z o l i u m  chlor ide  and  acet ic  acid for b r o m t h y m o l  b lue  
a n d  t he  r eac t ions  were d e m o n s t r a b l e  w i t h  125 ng  a n d  
7 .8 .  1 0 - 8 M  of s t anda rds ,  respect ive ly .  T he  pr inc ip le  

t h a t  has  been  descr ibed  allows also fas t  s e m i q u a n t i t a t i v e  
e s t i m a t i o n  of h e m o g l o b i n  in m i n u t e  a m o u n t s  (8 ng  a n d  
more)  in  a l ayer  c o n t a i n i n g  benz id ine  reagent .  

Zusammen/assung. t i a s c h e  und  e infache  s e m i q u a n t i t a -  
r ive  Me thode  zu r  B e s t i m m u n g  der  A k t i v i t ~ t  yon  spezifi- 
schen  P h o s p h a t a s e n  bei  l i e i h e n u n t e r s u c h u n g e n :  De tek-  
t i on  des O r t h o p h o s p h a t s  nach  Dif fus ion  des E n z y m s  
d u r c h  eine S e p h a d e x  G-75-Schicht .  Auf  die M6gl ichke i ten  
i h r e r  A n w e n d u n g  zur  B e s t i m m u n g  a n d e r e r  E n z y m e  wird  
h ingewiesen.  
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Purif icat ion of H e m o c y a n i n  f r o m  H e m o l y m p h  by 
Adsorpt ion  to Calc ium Phosphate  

A n  e x p e d i e n t  way  of pu r i fy ing  h e m o c y a n i n  f rom hemo-  
l y m p h  is ava i l ab le  if a d v a n t a g e  is t a k e n  of t he  a d s o r p t i o n  
of h e m o c y n i n  to  ca lc ium p h o s p h a t e .  We  h a v e  used th i s  
p r o p e r t y  to  pu r i fy  h e m o c y a n i n  f rom t he  h e m o l y m p h  of 
t he  whelk ,  Murex trunculus. 

H e m o l y m p h  was o b t a i n e d  f rom M. trunculus b y  b reak -  
ing off t he  apex  of t he  shel l  a n d  squeezing t he  snai l  inside.  
25 ml  of th i s  m a t e r i a l  o b t a i n e d  f rom 36 snai ls  were m a d e  
up  to  50 ml  w i t h  0 . 0 1 M  ace t a t e  buffer ,  p H  5.0, a n d  cen- 
t r i fuged  ~o r emove  t i ssue  debris .  10 ml  of a suspens ion  of 
h y d r a t e d  t r i ca l c ium p h o s p h a t e  1 in  dis t i l led  w a t e r  (0.1 
g/ml)  were a d d e d  to  the  s u p e r n a t a n t .  The  m i x t u r e  was 
stirred a n d  cen t r i fuged  to r e m o v e  the  ca lc ium p h o s p h a t e ,  
wh ich  was s u b s e q u e n t l y  e lu ted  w i th  25 ml  0.1dVI phos-  
p h a t e  buffer ,  p H  7.0. The  p H  of the  e lua te  was a d j u s t e d  
to  4.5 w i t h  6 M  ace t ic  acid,  a n d  t h e  so lu t ion  was ha l f -  
s a t u r a t e d  w i t h  a m m o n i u m  su lpha te .  The  p r e c i p i t a t e d  
h e m o c y a n i n  was s epa ra t ed  b y  cen t r i fug ing  a t  3000 g a t  
4 ~ for 30 min,  a n d  dissolved in a smal l  q u a n t i t y  of 0.1 M 
p h o s p h a t e  buffer ,  p H  7.0. 

T h e  pu r i f i ca t i on  of t h e  h e m o c y a n i n  du r ing  t h e  va r ious  
s tages  is g iven  in t h e  Table .  A f rac t ion  of t he  m a t e r i a l  
ava i l ab le  a t  each  s tage was d i lu ted  u n t i l  i t  h a d  a n  ab-  
so rbance  of a p p r o x i m a t e l y  1.00 a t  280 n m  in a 1 cm cell. 
The  copper  c o n c e n t r a t i o n  was t h e n  d e t e r m i n e d  b y  t he  
m e t h o d  of PETERSON and  BOLLIER ~. T he  r a t i o  of copper  
c o n c e n t r a t i o n  to  a b s o r b a n c e  was used as a measu re  of t he  
p u r i t y  of t he  hemocyan i n .  

I t  is seen f rom the  Tab le  t h a t  30% pur i f i ca t ion  of t he  
h e m o c y a n i n  in t h e  s t a r t i n g  m a t e r i a l  was ach ieved  b y  
a d s o r p t i o n  to  ca lc ium p h o s p h a t e  and  e lu t ion ;  a f u r t h e r  
sma l l  degree of pu r i f i ca t ion  was ob t a ined  b y  p r ec ip i t a t i on  
w i t h  a m m o n i u m  su lpha te .  Th i s  s tep  also served  to con-  
c e n t r a t e  t he  h e m o c y a n i n .  

The  h e m o c y a n i n  which  was o b t a i n e d  m i g r a t e d  t o w a r d s  
t h e  anode  as one c o m p o n e n t  in  agar-gel  e lec t rophores i s  
a t  p i t  7.0. The  p ro t e i n  c o n c e n t r a t i o n  of two p r e p a r a t i o n s  
was ca lcu la ted  f rom t h e i r  n i t r ogen  con ten t ,  wh ich  was 

d e t e r m i n e d  b y  a m i c r o - I ( j e l d a h l  m e t h o d  3 af te r  r e m o v a l  of 
a m m o n i u m  su lpha t e  b y  gel f i l t r a t ion  t h r o u g h  a c o l u m n  
of S e p h a d e x  G-25 equ i l i b r a t ed  w i th  0 .1M p h o s p h a t e  
buffer ,  p H  7.0. I t  was a s sumed  t h a t  t he  h e m o c y a n i n  con- 
t a i n e d  16% ni t rogen .  These  p r e p a r a t i o n s  were found  to 
con t a in  0.26% a n d  0 .27% copper  respect ively .  These  
va lues  compa re  w i t h  t he  va lue  of 0 .260% repor t ed  b y  
GIIIRETTI-MAGAL1)I et  al. 4 for  h e m o c y a n i n  of M. trunculus 
p r e p a r e d  b y  u l t r a c e n t r i f u g a t i o n  of h e m o l y m p h .  

The  a d s o r p t i o n  of h e m o c y a n i n  to h y d r o x y l a p a t i t e  has  
been  descr ibed  b y  o the r  workers~, b u t  th i s  c o n v e n i e n t  
p r o p e r t y  has  no t  been  used to pu r i fy  hemocyan ins .  The  

Stage Copper con- Absorbance Cu concentration 
eentration (280 nm/ 
(/~g/ml) 1 em cell) Absorbanee Purifi- 

cation 

Diluted 
helnolymph 1.09 0.94 1.16 1.0 

Calcium 
phosphate 
eluate 

Ammonium 
sulphate 
precipitate 

1.45 1.00 1.45 1.3 

3.66 0.97 1.58 1.4 
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p r e sen t  work  ind ica tes  t h a t  h y d r a t e d  t r i ca l c ium phos-  
p h a t e  also is a n  eff ic ient  a d s o r b e n t  of h e m o c y a n i n ,  a n d  
i ts  genera l  use in  t h e  pu r i f i ca t ion  of h e m o c y a n i n s  f rom 
t h e i r  n a t u r a l  sources  is suggested.  

Rdsumd. On a purif i6  l ' h 6 m o c y a n i n e  de l ' h 6 m o l y m p h e  
du Buccin ,  Murex trunculus, p r i n c i p a l e m e n t  p a r  adsorp -  
t ion  au  p h o s p h a t e  de calc ium.  On propose  l ' emplo i  

g6n6ral  de ce t t e  m f t h o d e  de pur i f i ca t ion  des h6mocya -  
nines .  
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STU D I O R U M  

T i m i d i t y  and Metabo l i c  E l i m i n a t i o n  P a t t e r n s  in  
A u d i o g e n i c - S e i z u r e  Suscept ib l e  and R e s i s t a n t  

F e m a l e  Rat s  

Incons i s tenc ies  exis t  conce rn ing  t he  cor re la t ions  of 
t i m i d i t y  to  e m o t i o n a l i t y  and  to audiogenic-se izure  sus- 
cept ib i l i ty .  I t  has  been  r epo r t ed  t h a t  e m o t i o n a l  r a t s  are 
non-aggress ive  and  are more  t im id  in t he  h o m e  cage a n d  
in t he  presence  of t h e  i nves t i ga t o r  l& On t he  o t h e r  h a n d ,  
o the r s  found  no  re l a t ionsh ip  b e t w e e n  t imid i ty ,  or fearful-  
ness and  e m o t i o n a l i t y  ~& 

Whereas ,  MARTIN and  HALL 5 and  BILLINGSLEA 1 con-  
c luded  t h a t  n o n - e m o t i o n a l  r a t s  are more  suscept ib le  to  
audiogenic-seizures ,  CTRIFFITHS 6 converse ly  o b t a i n e d  re- 
sul ts  opposed to  t he  hypo thes i s  t h a t  n o n - e m o t i o n a l i t y  
and  low a c t i v i t y  are d i rec t ly  re la ted  to  se izure-suscept i -  
bi l i ty .  LINDZEY 7, likewise, r epo r t ed  a pos i t ive  r e l a t ionsh ip  
be tween  se izure-suscept ib i l i ty  and  emot iona l i ty .  

This  i nves t iga t ion  sough t  to  clar i fy t he  r e l a t i onsh ip  be- 
tween  t i m i d i t y  and  audiogenic-se izure  suscep t ib i l i ty  as 
well  as to  s t u d y  t h e  da i ly  me tabo l i c  e l imina t ion  processes  
of suscept ib le  versus  r e s i s t an t  rats .  I t  is of i n t e r e s t  t h a t  
increases  in fecal e l imina t ion  and  u r i n a t i o n  responses  b y  
ra t s  and  mice d u r i n g  sho r t  t i m e  in te rva l s  (3-5 rain) in  
open-f ie ld enclosures  h a v e  been  repor ted  to be va l id  
measures  of e m o t i o n a l i t y  4& 

59 female W i s t a r  r a t s  ave rag ing  75 g were t e s t ed  for  
suscep t ib i l i ty  to  audiogenic  seizures  and  convuls ions .  All 
r a t s  were sub jec t ed  to  a l a r m  bel l  s t imul i  for a m a x i m u m  
of 5 min  on  4 occasions du r ing  a 2 week p r e l i m i n a r y  t r i a l  
and  acc l ima t i za t ion  period.  I n t e r v a l s  of 3-4  days  e lapsed 
be tween  the  successive aud i to ry-s t ress  t r ials .  W h e n e v e r  
convu l s ive  a t t a c k s  occurred,  t h e  a u d i t o r y  s t imu lus  was 
s topped  i m m e d i a t e l y  to  min imize  possible  s t ress  effects 
i nduced  b y  the  convu l s ive  process. The  mixed-noise  levels 
a t t a i n e d  a r ange  of 115-120 decibels  d e p e n d i n g  on t he  
loci of the  animals .  All  t e s t  a n d  con t ro l  r a t s  were housed,  
t e s t ed  and  s t i m u l a t e d  s ingly  in 16 • 18 x 11 in. m e t a l  
cages. I t  shou ld  be recognized t h a t  i so la t ion  pe r  se can  
p roduce  behav iora l ,  me tabo l i c  and  endocr inM a l te ra -  
t ions  s. 

A t  the  t ime  of t h e  s t imulus ,  t he  a l a r m  bel l  was p laced  
cen t r a l l y  on  t he  wi re -mesh  ceil ing of t he  m e t a l  cage. 
L o c o m o t o r  and  b e h a v i o r a l  ac t iv i t ies  of each  r a t  were ob-  
se rved  pr ior  to, dur ing ,  and  for  a 5 m i n  pos t -noise  period.  
The  onse t  and  f r equency  of wild runn ing ,  tonic  a n d / o r  
clonic convuls ions  were used as c r i te r ia  for g roup ing  of 
the  suscept ib le  r a t s  accord ing  to t he  f r e q u e n c y  a n d  
seve r i ty  of the  audiogenic-se izures  and  convuls ive  a t t acks .  

U p o n  comple t ion  of t he  p re -sc reen ing  and  c lass i f ica t ion 
procedures ,  b o d y  weight ,  food consumpt ion ,  d r y  fecal 

P R O G R E S S U S  

weigh ts  a n d  fecal pe l le t  c o u n t s  were recorded  weekly  
d u r i n g  t he  fol lowing 2 week  res t  and  s t u d y  period.  24 h 
ur ine  col lect ions were in i t i a t ed  on  t he  5 th  day.  As a pre-  
requis i te  for  t i m i d i t y  de t e rmina t i ons ,  all  an ima l s  were 
dep r ived  of food a n d  w a t e r  d u r i n g  t he  ur ine  col lect ion 
period.  Subsequen t ly ,  t he  an ima l s  were t h e n  t r ans fe r r ed  
to  a t i m i d i t y  t e s t i ng  cage s imi la r  in size to  i ts  h o m e  cage. 

The  degree of t i m i d i t y  of t he  se izure-suscept ib le  and  
r e s i s t an t  r a t s  was d e t e r m i n e d  b y  modi f i ca t ions  of BINDRA 
and  THOMPSON a and  HUNT a n d  OTIS 4 procedures .  T im-  
id i ty  ha s  been  assayed  b y  the  a m o u n t  of t i m e  requi red  
for  a h u n g r y  r a t  to  leave its cage a n d  to  seize food pellets .  
The  t e s t i ng  cage was located  on  an  i l l u m i n a t e d  t ab l e  t op  
w i th  a d ish  of P u r i n a  fox chow 12 inches  in f ron t  of t he  
cage. E a c h  a n i m a l  was a l lowed to acc l imat ize  in  t he  
closed cage for  15 min,  t h e n  the  cage door  was opened  to 
p e r m i t  free access to  the  food supply.  T h e  ac t i v i t y  and  
b e h a v i o r  of each  a n i m a l  was t h e n  recorded  for a 20 min  
period,  in  pa r t i cu la r ,  g rooming  and  co rne r - to -co rne r  ex-  
p l o r a t o r y  act iv i t ies ,  as well  as the  t ime  needed  for the  
r o d e n t  to place b o t h  forefeet  ou t  of t he  cage, to  leave t he  
cage and  to r each  t he  food dish. A r b i t r a r y  scores of 
1200 sec were ass igned to an ima l s  which  did no t  a t t a i n  
these  goals. 

Whi le  real iz ing the  poss ib i l i ty  of errors  due  to subjec-  
t ive  eva lua t ions ,  to fac i l i ta te  the  d e t e r m i n a t i o n s  of g rada -  
t ions  in the  response  p a t t e r n s  of the  animals ,  all audio-  
genic-seizure suscep t ib le  r a t s  were g rouped  accord ing  to 
t he  f r equency  a n d  seve r i ty  of t he  w i l d - r u n n i n g  seizures 
and  convu l s ive  a t t acks .  G r o u p  I, for example ,  c o n t a i n e d  
t he  m o s t  suscept ib le  animals ,  each r a t  h a v i n g  circled 
wi ld ly  a n d  suffered a convu l s ive  a t t a c k  a t  each  of t he  4 
aud i to ry - s t r e s s  tr ials .  G r o u p  I I  cons is ted  of an ima l s  dis- 
p l ay ing  r u n n i n g  seizures a t  each  of t he  4 t r ia l s  b u t  on ly  
2-3 convuls ions ,  and  group  II1,  t he  leas t  suscept ible ,  
c o n t a i n e d  r a t s  e x h i b i t i n g  1-4 seizures a n d  e i the r  nolle or  
a t  m o s t  2 convuls ions  d u r i n g  t he  4 tr ials .  The  con t ro l  
g roup  cons is ted  of an ima l s  showing  comple te  res i s tance  
to t he  aud i to ry - s t r e s s  s t imul i .  None  of these  r a t s  exh ib i t ed  
signs of w i ld - runn ing  seizures or convuls ions .  
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