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the  d i f fe ren t ia t ion  of c amb ia l  de r iva t ives  in to  roots.  I t  
m a y  n o t  be o u t  of plac e to m e n t i o n  here  t h a t  even  s t a r c h  
can  be used  as a source  of ca rbon  for the  s u p p l y  of ene rgy  
requ i red  for root  in i t ia t ion ,  and  t h a t  it  is mobi l ized  in to  
s uga r  b y  t h e  e n z y m e s  t h a t  leach ou t  of the  s e g m e n t s  in to  
t he  m e d i u m  7. 

A n o t h e r  i n t e r e s t i ng  po in t  t h a t  emerges  f rom these  re- 
su l t s  is t h a t  t h e  a u x i n  e n h a n c e s  t he  e f fec t iveness  of exo-  
g e n o u s l y  appl ied  nucleic  acids. The  resu l t s  t h u s  lend sup-  
p o r t  to  t h e  p o s t u l a t e  t h a t  a u x i n  p r o b a b l y  ac t s  as a t r ig-  
ger ing  a g e n t  a t  t h e  t r an sc r i p t i on  level, and  n u t r i t i o n  ser- 
ves  as a source  of c a rbon  to r egu la t e  t r a n s l a t i o n  s. The  
resu l t s  are of p a r t i cu l a r  s igni f icance  in t he  l ight  of evi- 
dence  wh ich  su g g es t s  t h a t  t he  e x o g e n o u s l y  suppl ied  
D N A  an d  R N A  effec t ive ly  en te r  in t he  i n t a c t  cells and  
p r o t o p l a s t s  of va r ious  e u k a r y o t s  9. The  r egu la t ed  u p t a k e  
of e x o g e n o u s  D N A  molecules  in t he  cells of p l a n t  origin 
and  the i r  expres s ion  is also sugges t ed  by  the  work  of some  
o t h e r s ' ~  ~4. In fac t ,  LESHEM and  GALSTON15 showed  t h a t  

R N A  w h ic h  is e x t r a c t e d  f rom tobacco  p i t h  cells a n d  is 
v a c c u u m - i n f i l t r a t e d  in to  s imi la r  receptor  cells, a l te rs  t h e  
p a t t e r n  of i soperox idases  in t he  recep tor  t i ssue.  
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Spread  of Cobalt  f r o m  a Cort ical  Epi lept ic  Les ion  Induced  by a C o b a l t - G e l a t i n e  I m p l a n t  into the 
Fronta l  Cor tex  of the Rat  
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Summary .  Th e  spread  of coba l t  ions  f rom coba l t  i nduced  epilept ic  foci in r a t s  ha s  been  inves t i ga t ed .  A t o m i c  abso rp t ion  
s p e c t r o p h o t o m e t r y  and  h e a v y - m e t a l  h i s t o c h e m i s t r y  reveal  coba l t  ions  sp read  v e r y  widely  f rom the  focus. Biochemica l  
a n d  phys io log ica l  consequences  for th i s  mode l  of ep i lepsy  are discussed.  

I~OPELOFF et  al. 2 f i rs t  r epor ted  t h a t  the  app l i ca t ion  of 
powd e red  coba l t  m e t a l  to t he  f ron ta l  cor tex  of the  m o n k e y  
p r o d u c e d  ep i l ep t i fo rm spikes  in t he  e l e c t roencepha log ra m 
(EEG).  Since KOPELOFF'S or ig inal  obse rva t i on  t he  ap-  
pl icat ion of coba l t  powder  to t he  cor tex  or the  inser t ion  
of coba l t  ge la t ine  pel le ts  in to  b ra in  ha s  been  used  to 
p rodu ce  reproduc ib le  epi lept ic  foci in a v a r i e t y  of ani-  
ma l sK  In  t h e  rat ,  app l i ca t ion  of coba l t  to the  cor tex  
p rodu ces  a d i s t i n c t  s e c o n d a r y  focus  in the  con t r a l a t e r a l  
cor tex4,  5. Because  of t he  use of coba l t  sa l t s  to t race  
a x o n a l  p a t h w a y s  6 we were i n t e r e s t ed  to know if t he  
s e c o n d a r y  focus,  f o rmed  in t h e  con t r a l a t e r a l  co r tex  of 
t he  r a t  did co n t a in  s ign i f i can t  a m o u n t s  of cobal t .  If th i s  

A 

were so t h e n  the  va lue  of th i s  mode l  would  be reduced.  
P rev ious  workers  us ing  th i s  model4,  5 h a v e  sugges ted  
t h a t  t he  s e c o n d a r y  focus in th i s  mode l  arises as a response  
to the  sp read  of electr ical  s ignals  f r om the  p r i m a r y  focus  
across  t he  corpus  ca l losum a nd  r ep resen t s  a response  
s imi la r  to the  k ind l ing  p h e n o m e n o n  descr ibed by  GOD- 
DARD 7. T h e  presence  of s ign i f i can t  a m o u n t s  of cobal t  in 
the  s e c o n d a r y  focus would  m e a n  t h a t  i t  is p r o b a b l y  solely 
caused  b y  the  presence  of coba l t  ions. 

Coba l t -ge la t ine  pel lets  p r e pa re d  as descr ibed by  
FISCHER et  al. s of s t a n d a r d  size 1 m m  d i a m e t e r  a nd  m a x -  
ima l l y  0.5 m m  th i c k  ( represen t ing  a t  m o s t  1 m g  of coba l t  
m e t a l  in gelat ine) were inse r t ed  in to  the  r igh t  f ron ta l  
co r tex  of male  P V G  ra t s  as descr ibed  in de ta i l  by  D o w  
et  al. ~. The  h i s tochemica l  d i s t r i bu t i on  of cobal t  ions 
after this implant was investigated using the TIMM s 
staining method at 4, 28 and 60 days after implantation. 
The rats were anaesthetized with an overdose of barbi- 

A) The distribution of sulphide silver positive material (heavy metaIs) 
in the frontal cortex as revealed by the TIM.~IS method. Note the 
uneven distribution of staining in the cortical layers. 
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B 

B) The effect of a cobalt-gelatine implant on the Ti.xiM-staining 
pattern of the frontal cortex. The rat was sacrificed 4 days after the 
operation to implant the cobalt. Note the marked increase in stain- 
ing around the lesion, extending even in to the underlying eaudate 
nucleus. 111 the secondary focus (contralateral cortex) the staining 
pattern seems more intense than in control sections incubated for the 
same time (Figure A). However it was not possible to be certain that 
there was definite increase in staining in the contralateral cortex. 

C 
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C) A section through the centre of all established cobalt-epileptic 
focus (28 days survival). Note the definite caleilied glial capsule sur- 
rounding the lesion, seeming to act as a barrier to further diffusion 
of cobalt. There is no longer any evidence of increased staining around 
the lesion and in contrast there is a decrease in TIMM positive material 
outside the glial capsule. 
Key to symbols on Figures B and C. d, area of cobalt diffusion; 
i, cobalt implant; g, glial capsuIe. 

t u r a t e  and  perfused t ranscard ia l ly  w i th  phospha t e  buf-  
fered sulphide solution. Cryos ta t  sect ions of the  frozen 
brains  were serially m o u n t e d  and impregna ted  by  phys -  
ical deve lopmen t  as descr ibed by  HAUG 1~ The results ,  
of apply ing  the  TiMM-staining m e t h o d  to  the  f ronta l  
cor tex  of ra ts  4 days  af ter  imp lan t a t i on  revealed a marked  
increase in the  dens i ty  of h i s tochemica l  s ta in ing a round  
the  cobal t -gela t ine  imp lan t  (Figure B) up to 2-3 m m  in 
each di rect ion f rom the  original implant .  Increased  
s ta in ing was ev iden t  in the  cingulate  cortex,  corpus cal- 
losum and cauda te  nucleus below the  lesion. We could 
d e m o n s t r a t e  no unequivocal  increase in s ta ining in the  
cont ra la te ra l  cor tex  or secondary  focus and  the  s ta in ing  
p a t t e r n  in the  cont ra la te ra l  cor tex  does no t  differ signif- 
icant ly  f rom control  sect ions (Figure B). The laminar  
p a t t e r n  of s ta inable  mater ia l  agrees wi th  previous ob- 
servat ions  1~ bu t  t he  significance of the  s ta ining p a t t e r n  
is no t  unders tood .  By 28 or 60 days  (Figure C) the  p r i m a r y  
focus has  become sur rounded  by  a calcified glial capsule 
and  no h is tochemica l  evidence of cobal t  spread  outs ide  
the  glial capsule is evident .  In  fact  by  28 days  the  glial 
capsule seems to  provide  a barr ier  to fu r the r  spread  of 
cobal t  and th is  m a y  account  for the  regression of t he  
epileptic focus ~,11. At  no t ime  dur ing the  deve lopmen t  
and regression of the  cobal t  focus could we be cer ta in  
f rom his tochemica l  s ta in ing t h a t  there  was a spread of 
cobal t  ions in to  the  con t ra la te ra i  cortex,  a l though  we 
suspected  th is  was  occurring.  

In  order  to fu r ther  inves t iga te  the  possible spread of 
cobal t  we used a tomic  absorp t ion  spec t ropho tome t ry .  
This m e t h o d  would allow unequivocal  demons t r a t i on  of 
cobal t  ions in the  cont ra la te ra l  cor tex  if these were 
present .  A Pe rk in -E lmer  a tomic  absorp t iometer ,  modeI  
HGA 360 was used and samples  were read at  a wave leng th  
of 240 nm. Weighed  pieces of bra in  were digested in con- 
cen t ra t ed  H N O  a and  20 ~xl of digest  represent ing  1 mg of 
t issue was in jec ted  into the  furnace.  Using this  p rog ram 
no loss of cobal t  was de tec ted  dur ing ei ther  the  evapora-  
t ion or ashing stages. No t races  of cobal t  were found in 
the  reagents  or incuba t ion  vessels. K n o w n  amoun t s  of 
cobal t  1-50 p p m  were t aken  t h r o u g h  the  procedure  to  
provide  a s t an d a rd  curve aga ins t  which t issue da t a  could 
be evaluated.  

The results  of these de t e rmina t ions  are shown in the  
Table. Notice par t icu lar ly  the  a tomic absorp t ion  resul ts  
show clearly t h a t  cobal t  spreads  ex t r eme ly  widely f rom 
the  lesion site. At  day  6 cobal t  is found in s ignif icant  
amo u n t s  in the  secondary  focal area, ill the  occipi tal  
cor tex  b o t h  ipsi- and cont ra la te ra l  to  the  lesion site and  
also in the  raphe  nuclei some 1.5 cm from the  cor t ical  
lesion site. The results  are cons is ten t  wi th  cobal t  ions 
diffusing or being t r a n s p o r t e d  away  f rom the  original  
lesion to es tabl ish  a grad ien t  of cobal t  t h rough  the  brain.  
The a m o u n t  of cobal t  which  spreads  by  diffusion is no t  
likely to  be ve ry  extens ive  outs ide  the  original lesion and 
i t  is p robable  t h a t  the  ma j o r i t y  of cobal t  is spread to  the  
res t  of the  bra in  by  axonal  t r anspor t .  In  ag reemen t  wi th  
th is  suggest ion the  levels of cobal t  in the  cont ra la te ra l  
caudate  follow closely the  levels in the  overlying f ronta l  
cor tex  wi th  which  it has  connect ions.  By  day  21 the  
cobal t  levels in t he  cont ra la te ra l  f ronta l  cor tex  are signif- 
icant ly  lower (1.8 ~= 1.4 ppm) t h a n  the  cobal t  levels in 
the  cont ra la te ra l  occipital  cor tex  (5.3 ~ 4.7 ppm) prob-  
ably  as a result  of the  ex tens ive  degenera t ion  of neurones,  
axons and te rmina ls  in t he  ipsi lateral  f ronta l  cor tex  and  
consequen t  reduc t ion  in t r anspor t .  At  day  21 there  is 
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Cortex Caudate nuclei Raphe nuclei 

Frontal Occipital 

Lesion ContralateraI Ipsi- Contralateral Ipsi- Contralateral 

Day 6 >50 ppm 10.5• 16.8+7.5 12.1~z6.2 
Day 21 >50 ppm 1.8~-1.4 7.9i4.7 5.3~4.7 
Day 97 No detectable cobalt 

19.9• 10.0• 3.0~1.9 
6.1~3.9 1.98~0.8 2.4~1.6 

There were 5 rats in each group. In all cases the glial capsule and any visible traces of cobalt-gelatine were renmved from primary lesion 
samples. It was often not possible to remove all traces of the cobalt-gelatine, however, and therefore physiologically inactive cobalt may 
well have been assayed in the primary lesion. Excess values referred to represent values of over 50 ppm and were not quantified. Control 
rats and 97 day rats were assayed under the same conditions as the day 6 and 21 rats (see text) and under these condition no cobalt could 
be detected. 

still  s ignif icant  coba l t  in the  bra in  outs ide  the  implant .  
However  by  day  97 the re  is no longer de tec tab le  cobal t  
in bra in  areas ou t s ide  the  glial capsule. 

The impl ica t ion  of these  results,  for th is  and related 
models  of epilepsy,  are profound.  Al though  the  in vi t ro  
levels of cobal t  (2-10 tzM) which  would be ob ta ined  in 
p repar ing  a conven t iona l  b ra in  h o m o g e n a t e  {e. g. 1 mg 
bra in  t issue in 10 bd buffer) f rom an animal  wi th  a cobal t  
imp lan t  would no t  be sufficient  to  inhibi t  in v i t ro  the  
enzymes  we have  previous ly  s tudied  (e. g. tyros ine  hydrox-  
ylase choline ace ty l t ransferase ,  glutamic acid decar-  
boxylase) 1~. However ,  the  levels in vivo (20-100 txM) will 
u n d o u b t e d l y  in terfere  w i th  a wide range of metabol ic  
process.  In  fact  the  wide spread  of the  cobal t  ions and 
the  possibil i t ies of the i r  concen t ra t ion  in di f ferent  cel- 

lular co mp a r t men t s ,  such as nerve  te rmina ls  suggests  
t h a t  a large area of the  bra in  m a y  become epi leptogenic  
r a the r  t h a n  jus t  a small  area a round the  original implant .  
These results  indicate  the  need for caut ion  in using h e a v y  
meta l  implan t s  as models  of epi lepsy and suggest  t h a t  
the  basis for cobal t  induced epi lepsy p robab ly  lies in a 
cer ta in  se lect iv i ty  of cells, t e rmina ls  and enzymes  to  
the  toxic effects of th is  ion in vivo. Certainly the  second- 
ary focus produced  in th is  model  of epi lepsy a l though 
very  in teres t ing  biochemical ly  canno t  be regarded as 
being un touched  by  the  toxic  effects  of cobalt .  
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Increased Aggress ion in Rats after Withdrawal of Long Term Used Oxazepam 

Z. S. HERMAN, A. DRYBAI'~ISKI and H. I. TRZECIAK 1 

Department o/Pharmacology, Biological Physiological Institute, Silesian School o/Medicine, PL-41-808 Zabrze (Poland), 
29 March 7976. 

Summary. The wi thd rawa l  of oxazepam (5 mg/kg  i.p.) appIied for 1 year  in rats,  increased shock- induced  aggression of 
animals.  This p h e n o m e n o n  is in te rp re ted  as a sign of abs t inence  and suggests  t h a t  long- te rm t r e a t m e n t  causes de- 
pendence  to oxazepam in rats.  

Oxazepam has a cent ra l  pharmacologica l  profile con- 
sist ing pr imar i ly  of an t iconvulsan t ,  seda t ive-hypnot ic ,  
muscle  r e l axan t  and  anxiolyt ic  act ivi t ies  2-*. I t  is an 
effective a ta rac t ic  benzodiazepine  drug for t r ea t ing  anx-  
ie ty  in pa t i en t sK The d a t a  in the  l i te ra ture  concerning 
its ant iaggress ive  effects  are controversial .  In  this  r epor t  
we p resen t  evidence t h a t  oxazepam given for 1 year  to 
ra ts  had  no ant iaggress ive  action,  bu t  wi thdrawa l  of long- 
t e r m  drugs intensif ies i n s t rumen ta l l y  induced aggression. 

Methods. E x p e r i m e n t s  were carr ied out  on male rats  of 
Wis t a r  s t ra in  f rom the  Centra l  Animal  F a r m  of Silesian 
School of Medicine. The weight  of animals  a t  the  begin- 
ning of t he  e x p e r i m e n t  was 135 145 g; 5 ra t s  were housed 
in a cage of d imens ions  33 x 40 X 26 cm. Dur ing  the  whole 
expe r imen t  the  animals  had  free access to  s t anda rd  labo- 
r a to ry  d ie t  and  water .  R a t s  were t r ea t ed  for 1 year  wi th  
oxazepam  (Polfa) a t  a dose of 5 mg/kg i.p. every  day  
excep t  Sundays .  Control  animals  were in jec ted  i.p. wi th  
0.9% NaC1 solution, used as a solvent.  Drug or solvent  

were appl ied in the  volume of 1 ml/kg.  Aggressive be- 
haviour  of ra t s  was induced b y  applying  electrical foot-  
shock according to ]~ICHELMAN 6. The pair  of ra ts  was 
placed in Plexiglas  box  of d imens ions  32 X 25.5 • 30.5 cm 
wi th  stainless-steel  grid floor. Shock was del ivered by  a 
co n s t an t  cur ren t  a t  2 mA for a dura t ion  of 0.4 sec every  
7.5 see. For  the  eva lua t ion  of shock-induced-aggression,  
ra ts  were subjec ted  to  dai ly sessions of t es t ing  consist ing 
of 50 foot  shocks to each pair  of rats.  The pairs of the  
same t r e a t ed  or cont ro l  ra t s  were  ex ami n ed  always be- 
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