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glycerol,  10 -a 2kr N-e thy l -male imide) ,  us ing  a m a g n e t i c  
s t i r re r  a t  10~ for 20 m i n  (1 p a r t  e x t r a c t i o n  v o l u m e  to  
4 p a r t s  of or ig ina l  t i ssue  weight) .  D N A  was e x t r a c t e d  
f rom t h e  insoluble  res idue  w i t h  5% HC104 a t  70~ for 
15 m i n  and  d e t e r m i n e d  b y  t he  m e t h o d  of BURTON 3. 
To ta l  N H P  a m o u n t s  were d e t e r m i n e d  in t he  GRONOW an d  
GRIFFITI-IS' e x t r a c t  b y  t he  m e t h o d  of LOWRY 9. P r o t e i n  
samples  were s epa ra t ed  b y  d isc-e lec t rophores is  on  
3 • 60 m m  gels w i t h  t he  s y s t e m  of SHAPIRO et  al.~~ as 

NHP/DNA ratios in the developing and adult liver and brain of the 
rat 

Organ Age Experiments Mean 

1 2 3 

Brain 

Liver 

5 d 2.4 2.4 1.8 2.2 
10 d 3.2 2.7 2.5 2.8 
20 d 3.1 2.6 2.4 2.7 
a d u l t  2,6 3.4 2.4 2.8 

5 d 2.1 2.8 1.7 2.2 
10 d 2.4 2.6 2.2 2.4 
20 d 3.3 2.7 3.0 3.0 
a d u l t  3.2 2.8 2.7 2.9 
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A B 
Dise-eleetrophoresis o5 GRONOW and GRIFFITHS' extract of total 
brain from a 5-day-old (A) and adult (B) rat. 20-50 ~tg proteins were 
separated for 11/2 h with 11/2 mA per gel. Gels were then stained with 
amido black. 

modi f ied  b y  ELGIN a n d  BONNER 11. Methodologica l  
de ta i l s  h a v e  been  p u b l i s h e d  elsewhere 13. 

Results and discussion. A reproduc ib le  p a t t e r n  of 
14 m a i n  b a n d s  for  b r a i n  a n d  12 for l iver  nuclei  was  
o b t a i n e d  f rom a d u l t  an imals .  Compar i son  of these  
p a t t e r n s  shows t h a t  t h e  GRONOW an d  GRIFFITHS soluble 
p ro te ins  h a v e  a l i m i t ed  o rgan  specificity,  wh ich  we h a v e  
descr ibed  in a n o t h e r  p u b l i c a t i o n  13. T h e  e lec t rophores is  of 
p ro t e i n  samples  e x t r a c t e d  f rom 5-, 10- a n d  20-day-old r a t s  
a n d  a d u l t  an i ma l s  all  gave  t h e  same genera l  p a t t e r n  an d  
n u m b e r  of b a n d s  (Figure).  There  is a s l igh t  increase  of the  
N H P / D N A  ra t io  for b o t h  l iver  an d  b r a i n  nucle i  du r ing  
ontogenesis ,  as can  be  seen f rom t h e  Table.  A t  t h e  age of 
5 days  i iver  a n d  b r a i n  nucle i  b o t h  h a v e  a ra t io  of 2.2, 
whereas  in a d u l t  r a t s  t h e  r a t ios  for b r a i n  an d  l iver  nuclei  
were found  to  be  2.8 a n d  2.9 respect ively .  

Th i s  u n c h a n g e d  N H P  p a t t e r n  du r ing  ontogenes is  is n o t  
c o m p a t i b l e  w i t h  t h e  supposed  func t i on  of N H P  in t r a n -  
sc r ip t ion  processes in  b r a i n  nuclei.  A l t h o u g h  N H P  are 
syn thes ized  d u r i n g  t h e  f i rs t  10 p o s t n a t a l  days,  no  new 
b a n d s  could be d e m o n s t r a t e d  b y  e lec t rophores is  in t h a t  
pe r iod  a n d  we could n o t  f ind  a n y  q u a n t i t a t i v e  changes  in 
t h e  dens i tome t r i c  profi le  of t h e  gels. Our  f indings  are 
cons i s t en t  w i t h  t h e  obse rva t ions  of BURDMAN 2 who  did  
n o t  f ind  a n y  differences  b e t w een  t h e  N H P  p a t t e r n s  of 
1-day- a n d  8-day-old  r a t  b ra ins ,  b u t  no t iced  an  increase  of 
t o t a l  nuc lea r  p ro t e i n  d u r i n g  t h a t  period.  I n  r a t  l iver,  
however ,  e lec t rophore t i c  d i f ferences  of N H P  d u r i n g  
ontogenes is  3 an d  d u r i n g  l iver  r eg en e ra t i o n  h a v e  been  
obse rved  13. I t  is the re fore  possible  t h a t  t h e  changes  in  t h e  
nuc lea r  p ro te ins  of b r a i n  nucle i  d u r i n g  d e v e l o p m e n t  are 
too  smal l  to  be de tec ted  b y  p r e s en t  techn!ques .  

Zusammen/assung. Die <~non-histone ~> - P ro t e ine  (NHP)  
aus H i m -  u n d  Leberze l lke rnen  der  IRatte w u r d e n  bet  5, 10 
u n d  20 Tage a l t en  u n d  a d u l t e n  T ie ren  e x t r a h i e r t  u n d  das  
N H P / D N A - V e r h ~ l t n i s  b e s t i m m t .  Die N H P  aus  den  
Geh i rnze l lke rnen  w u r d e n  d i sk -e l ek t rophore t i s ch  aufge- 
t r en n t .  Leber-  u n d  G e h i r n k e r n e  zeigten eine geringe Zu- 
n a h m e  des N H P / D N A  - Q u o t i e n t e n  wi th rend  der  e r s ten  20 
p o s t n a t a l e n  Tage.  Es  k o n n t e n  j e d o c h  fiir diese Al ters-  
s t ad i en  ke ine  V e r ~ n d e r u n g e n  im P r o t e i n m u s t e r  des H i r n s  
ge funden  werden.  
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A B i p o l a r  E l e c t r o d e  for  L o c a l i z e d  D i r e c t i o n a l  S t i m u l a t i o n  

D u r i n g  a r ecen t  s t u d y  of t he  cerebra l  cor t ica l  conse- 
quences  of s t i m u l a t i o n  of t he  p y r a m i d a l  t r ac t ,  i t  has  been  
found  t h a t  unless  g rea t  care is t aken ,  in te r fe rence  occurs  
due  to i n a d v e r t a n t  s t i m u l a t i o n  of t he  a d j a c e n t  med ia l  
l emniscus  1. This  p r o b l e m  is especial ly  di f f icul t  in exper-  
i m e n t s  on  smal le r  m a m m a l s  such  as rats ,  and  a special  

b i p o l a r  e lec t rode  has  the re fore  been  devised  to  ove rcome  
as fa r  as possible  p rob lems  of s t imulus  spread.  

Materials and methods. A d i a g r a m  of t h e  t i p  of t h e  
e lect rode to b e  descr ibed is shown  in F igure  1. Tile m e t h o d  
of c o n s t r u c t i o n  was as follows: a hol low d e n t a l  needle  of 
ex t e rna l  d i a m e t e r  400 txm was used a n d  t h r o u g h  th i s  was  
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t h r eaded  a length  of insula ted  copper  or steel wire of 
100 ~zm diameter .  A length  of th is  wire was d ipped  in 
insu la t ing  va rn i sh  (Voltalac) and  t h e n  d rawn  back  in to  
the  needle.  The assembly  was 1eft overn igh t  a t  120~ to  
ha rden  the  varnish,  thus  p e r m a n e n t l y  f ix ing the  wire 
wi th in  the  needle.  

Elect r ica l  con tac t  w i th  the  ex te rna l  por t ion  of the  
electrode was effected di rec t ly  onto  the  needle.  The inter-  
nal  wire was gen t ly  scraped free of insula t ion where i t  
p r o t r u d e d  f rom the  needle,  and  was t h e n  f ixed pe rma-  
nen t ly  onto  the  needle exter ior  by  means  of e i ther  insul- 
a t ing  varnish,  or a " s i m i l a r  f i x a t i v e  mate r ia l  such as 
Araldite |  An electrical  connect ion  was t h e n  m a d e  onto  
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Fig. 1. Diagrammatic representation of the tip of the concentric bi- 
polar electrode described in the text. 
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Fig. 2. a) A conventional concentric bipolar electrode is illustrated 
here. When inserted into a tract such as the pyramidal tract (T), 
fibres can be excited ix an orthodromic and an antidromic direction. 
b) To excite fibres in either the orthodromie or antidromie (tirections, 
the eIectrode would have to be inserted longitudinally into the tract.  
c) The electrode described in the text has an angled stimulating tip, 
so that it can be inserted at right angles to a tract. When the centre 
wire is used as a cathode, fibres can only be activated in one direction 
(in this case impulses will only travel towards R, not S). 

the  exposed p a r t  of the  centre  wire. I t  was necessary  t h a t  
th is  connec t ion  be f i rmly  f ixed in re la t ion to the  body  of 
the  electrode,  since m o v e m e n t  of the  wire soon led to  
breakage.  

H av i n g  comple ted  the  basic cons t ruc t ion  of the  elec- 
t rode,  the  needle was c lamped,  lowered in to  a suff icient  
volume of insula t ing varn i sh  to  cover  t h a t  p a r t  of t he  
electrode which was to  be inser ted  in to  the  brain,  and  
then  slowly wi thdrawn .  The electrode assembIy was 
again hea ted  at  120 ~ overn igh t  to ha rden  the  varnish.  

The final s tage in p repa ra t ion  consis ted  of cu t t ing  and  
filing the  s t imula t ing  end of t he  electrode to  an angle 
which  was usual ly be tween  30 ~ and 45 ~ as shown in 
Figure 1. A very  fine grained file and  grea t  care were needed 
to ensure t h a t  the  filing process did no t  lead to  t he  
e s t ab l i shmen t  of electrical  con tac t  be tween  the  inner  and  
outer  componen t s  of the  electrode.  

Results and discussion. Many  of the  previous  invest iga-  
t ions on the  py ramida l  t r ac t  have  been  carr ied out  using 
bipolar  electrodes,  b u t  these  have  been  of a convent iona l  
form, usually consis t ing of 2 separa ted  poles abou t  1 m m  
apar t  and placed on the  surface of the  exposed p y r a m i d  3, 3. 
Such an a r r angemen t  canno t  effect  m u c h  res t r ic t ion  of 
s t imulus  spread.  Fur the rmore ,  in those  ins tances  where  a 
concent r ic  b ipolar  e lectrode has been  used ~, the  e lect rode 
core is still able to  ac t iva te  fibres t ravel l ing  in any  di rect ion 
away  f rom the  po in t  of s t imula t ion .  In  the  case of the  
py ramida l  t rac t ,  for example ,  a pe rpendicu la r ly  or iented  
electrode of th is  could ac t iva te  fibres in an o r thodromic  
and  an t id romic  di rect ion (Figure 2a). The electrode 
would have  to  be inser ted  parallel  to the  f ibre t r a c t  in 
order  to s t imula te  in only one di rect ion (Figure 2b). 

W i t h  the  electrode descr ibed here only a Small area of 
tissue, ap p ro x i ma t e l y  50 ~zm in d i ame te r  is exposed to the  
full s t imulus,  and the  s t imulus  m a y  be di rec ted  to  a large 
ex t en t  ros t ra l ly  or caudal ly  in the  f ibre t r ac t  as i l lus t ra ted  
in Figure  2 c. 

The eff icacy of t h i s  e lectrode was conf i rmed when  
s t imula t ing  in the  py ramida l  t r a c t  of rats.  The cent ra l  
wire was used as the  ca thode.  S t imula t ion  in a ros t ra l  
d i rect ion allows the  p roduc t ion  of normal  cortical  e- and 
fl-waves 1. W h e n  using a t ra in  of six s t imuli  a t  100 Hz and 
a s t imulus  s t r en g t h  of 20 V, no l imb m o v e m e n t  was seen. 
This  indica tes  t h a t  the  electrode was  no t  ac t iva t ing  
descending  f ibres to  t he  spinal  cord. W h e n  the  e lec t rode  
faced caudal ly  in t h e  p y r a m i d a l  t rac t ,  however ,  t h e  
s t imulus  pa rame te r s  jus t  descr ibed readi ly  caused l imb 
movemen t .  I t  was also possible to  di f ferent ia l ly  s t imula te  
the  closely ad jacen t  py ramid ia l  t r ac t  and  media l  lem- 
niscus of the  ra t  1. These obse rva t ions i l ius t ra te  the  po ten t i a l  
usefulness of th is  t y p e  of e lectrode in res t r ic t ing  s t imulus  
spread  in the  cent ra l  nervous  sys tem.  

Rdsumd. Une 61ectrode est  d6crite avec laquelle on peu t  
s t imuler  une aire donn6e du cerveau.  On peu t  contr61er la 
d i rect ion du s t imulus  par  ce t te  61ectrode (Figure 2). Un  
d i ag ramme  de l ' ex t remi t6  de l '61ectrode est  pr6sent6 & la 
Figure  1. 

T. W. STONE 

Department o/Physiology, University o[ Aberdeen, 
Marischal College, Aberdeen, A B9 1A S 
(Scotland, U. K.), 20 December 1972. 

z T. W. STONE, Exp. Neurol. 35, 492 (1972). 
2 IV[. OHTA, Jap. J. Physiol. 78, 100 (1968), 
a R. PORTER and J. H. SANDERSON, J. Physiol., Lond. 170, 355 

(1964). 
4 D.R. HUMPHREY, ]Electroenceph. clin Neurophysiol. 24, 116 (1968). 


