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DICARA, L. V., L. WEAVER AND G. WOLF. Comparison of DC and RF for lesioning white andgrey matter. PHYSIOL. 
BEHAV. 12(6) 1087--1090, 1974. -- The morphology of brain lesions produced by anodal direct current and by radio 
frequency current was compared. The lesions were placed within or adjacent to a number of myelinated fiber tracts of the 
forebrain and brain stem using a range of common current parameters. It was found that with the parameters used anodal 
current was relatively ineffective for destroying fiber tracts while radio frequency was equally effective for fiber tracts and 
cellular areas. Thus, differential applicabilities of these two lesion methods are indicated. Additional observations were 
made on the effect of cathode location upon the shape of anodal direct current lesions. There was a tendency for the 
anodal lesion to be drawn in the direction of the cathode but the effect was small and inconsistent and therefore its 
usefulness for controlling the shapes of anodal lesions seems minimal. 

Methodology DC lesions RF lesions Morphology 

THE present  s tudy  c o n t i n u e s  a p rogram of  eva lua t ion  and  
i m p r o v e m e n t  of  bra in  research m e t h o d o l o g y  [ 14 ,15] .  We 
have been  par t icu lar ly  conce rned  wi th  m e t h o d s  of  induc-  
t ion  and  eva lua t ion  of  bra in  lesions. The lesion m e t h o d  
cons t i tu t e s  one of  the  classical and  mos t  popu l a r  experi-  
m e n t a l  t echn iques  of  physiological  psychology ,  and  has 
thus  received cons iderab le  me thodo log ica l  s tudy  [ 1, 2, 3, 4, 
6, 7, 9, 12 13].  However,  there  is still m u c h  work to be 
done  in gaining b e t t e r  u n d e r s t a n d i n g  and con t ro l  of  the  
var ious lesion techniques .  In our  previous  work we showed  
t h a t  the  a p p a r e n t  size of  bra in  lesions and  the  shape  of  
s u r r o u n d i n g  s t ruc tu res  m ay  unde rgo  p r o f o u n d  changes  as a 
f unc t i on  of  pos t -opera t ive  survival t ime  [I 5] .  The present  
s tudy  is c o n c e r n e d  wi th  cer ta in  pecul iar i t ies  in the  mor-  
pho logy  of  lesions induced  by the  passage of  direct  anoda l  
and  radio  f r equency  currents .  

Direct  (DC) and  radio f r equency  (RF)  cur ren t s  passed 
t h r o u g h  needle  e lec t rodes  p r oduce  tissue damage whose  
e x t e n t  can be fairly well con t ro l l ed  by  vary ing  the  in tens i ty  
and  du ra t ion  of  the  cu r r en t  f low [1, 9, 12, 15].  Conse- 

quen t ly  these  are the  mos t  widely used t echn iques  for 
p roduc ing  lesions in deep bra in  s t ructures .  The exact  
m e c h a n i s m  by which  DC produces  tissue damage is no t  
fully u n d e r s t o o d  but  f rom our  review of  the  l i tera ture ,  it 
seems tha t  it is mos t  likely due to a c o m b i n a t i o n  of 
effects  inc lud ing  depos i t ion  of  metal l ic  ions, f o r m a t i o n  of 
gas bubbles ,  a n d / o r  d i s rup t ion  of charged cellular part icles 
via polar iza t ion.  On the  o the r  hand ,  RF  cur ren t  is t h o u g h t  
to  induce  damage by  genera t ing  high t empe ra tu r e s  in the 
tissue su r round ing  the  e lec t rode  tip. These two t echn iques  
are general ly used ind i sc r imina te ly  w i t h o u t  regard to the 
na tu re  of  the  brain  s t ruc tu re  to  be des t royed.  In this paper  
we show tha t  using s tandard  cur ren t  parameters ,  anodal  DC 
lesions are relat ively ineffect ive  for  damaging  mye l ina ted  
f iber  t rac ts  while RF lesions are very effect ive for this  
purpose .  Also we exp lo red  the  possibi l i ty  tha t  the  shape of  
anoda l  DC lesions cou ld  be con t ro l l ed  by varying the posi- 
t ion  of  the  ca thode  and found  t ha t  c a thode  pos i t ion  has 
only  a small  and  incons i s t en t  ef fec t  which  could general ly 
af ford  l i t t le  pract ica l  advantage.  
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METHOD 

Comparison o f  DC and R F  Lesions 

Anod~l DC and RF lesions were placed in the  fo rebra in  
or brain s tem of  20 adul t  male and female rats. All lesions 
were made  by passing cu r ren t  t h r o u g h  s te reotaxica l ly  posi- 
t ioned  stainless steel 00  ga insect  pins insu la ted  excep t  for 
e i ther  0.3 or 2.0 m m  at the  tip. The ground e lec t rode  was a 
needle  inser ted  unde r  the  skin of  the  back. DC cur ren t  was 
varied f rom 0.8 to  2.0 mA for 6 to  20 sec. RF cur ren t  f rom 
a Grass LM-4 lesion maker  was varied f rom 10.0 to 40.0  
mA for  5 to  60 sec. These cur ren t  pa ramete r s  were chosen  
b e c a u s e  t h e y  represent  the  ranges mos t  c o m m o n l y  
e m p l o y e d  in p roduc ing  brain lesions f rom 0.5 to 2.0 m m  in 
diameter .  

Unilateral  DC or RF lesions of varying sizes were made  
in the  b ra ins tem of  12 of  the  rats. These lesions were a imed 
adjacent  to  dense mye l ina t ed  f iber  t racts  such as fasciculus 
r e t r o f l e x u s ,  medial  lemniscus,  cerebral  peduncle ,  or 
mammi l l o tha l amic  tract.  The 0.3 m m  tip e lec t rodes  were 
used. We in ten t iona l ly  a imed the  e lec t rode  tips adjacent  to  
ra ther  than  direct ly in the f iber  t rac ts  so tha t  damage f rom 
the pene t r a t i on  would  no t  be c o n f o u n d e d  wi th  damage 
from the  passage of  the  current .  

Forebra in  lesions were made  in 8 rats. In 4 rats the  
lesions were bi lateral  (DC on one  side and RF on the o ther  
side) and  in the o the r  4 rats  a single uni la tera l  DC or RF 
lesion was made.  The 2.0 m m  tip e lec t rodes  were used for  
the forebra in  lesions. The  e lec t rode  was inser ted  so tha t  it 
pene t r a t ed  t h r o u g h  the  corpus  cal losum by app rox ima te ly  
0.7 ram. In this way the  bared  po r t i on  of the  e lec t rode  
con t ac t ed  the  n e o c o r t e x  above the  corpus  cal losum and the  
caudate  nucleus  be low as well as the  body  of  the  corpus  
cal losum itself. 

The rats were sacrif iced f rom 4 to 7 days af ter  i nduc t ion  
of  the lesions and fol lowing per fus ion  with formal in  the  
brains were r emoved  for his tologic  s tudy.  Sect ions t h rough  
the lesions were s ta ined for  cells and  fibers by several 
m e t h o d s  described elsewhere [ 1 4 ] .  Selected sect ions  f rom 
8 brains  wi th  brain  s tem lesions and 2 brains wi th  forebra in  
lesions were s ta ined wi th  the  Nauta  m e t h o d  using several 
degrees of  suppress ion  of  no rma l  f iber  s ta in ing in order  to  
reveal b o t h  normal  and  degenera ted  axons  in the  t rac ts  
damaged or spared by the lesions. 

Lffect  o f  Cathode Location 

Anodal  DC lesions were placed in the  basal forebrain ,  
tha lamus ,  or  mesencepha lon  of  16 rats. The e lec t rodes  were 
as descr ibed above wi th  0.3 m m  bared  at the  tips. Cur ren t  
pa ramete r s  varied f rom 0.8 to 2.0 m A m p s  for  6 to  20 sec. 
In 4 rats  the  ca thode  was a t t ached  to the  s te reo tax ic  instru-  
m e n t  which  made  con t ac t  with  the m o u t h ,  ears, and feet of  
the animal.  A n o t h e r  4 rats were insu la ted  f rom the  stereo- 
taxic i n s t r u m e n t  and  the  ca t hode  was a t t a ched  to a needle  
inser ted  unde r  the  skin of  the  back.  In the  final 8 rats  the  
ca thode  was a second  e lec t rode  inser ted  in to  the  brain  3 to  
5 m m  rostral ,  caudal  or lateral  to  the  anoda l  e lec t rode.  The 
rats were sacrif iced f rom 5 to  7 days af te r  lesioning and the  
brains  were s ta ined for  cells wi th  cresyl violet. 

RESULTS 

Comparison o f  DC and R F  Lesions 

The morpholog ica l  d i f ferences  be tween  the  DC and  RF 

lesions were s t r ik ing and cons i s ten t  at all lesion sizes and  
p lacements .  The mos t  obvious  gross d i f ference be tween  the 
two types  of  lesions was the  relative size of  the  cent ra l  
cavi ty in compar i son  to the su r round ing  field of  gliosis - 
the  RF lesions creat ing a s o m e w h a t  larger cent ra l  cavity.  
(Actua l ly  this cavity is filled wi th  a m o r p h o u s  necro t ic  
mater ia l  which  usually becomes  de tached  dur ing the  histo- 
logic p rocedure . )  Secondly,  the  RF lesions were always 
roughly  spherical  in shape regardless of the s t ruc tu re  of 
tissue inc luded  in or  ad jacent  to  them,  while the DC lesions 
did no t  invade per iphera l  f iber t racts  so tha t  the i r  borders  
were of ten  i nden t ed  by them.  

The above differences  are clearly exempl i f ied  in Figs. 1 A 
and  1B which  show sect ions  t h rough  DC and RF lesions 
cen te red  in the  corpus  cal losum. The DC lesion (Fig. 1A) 
takes on an hour-glass shape due to the  m u c h  b roader  ex- 
t en t  of  des t ruc t ion  in the  cellular areas above  and below the 
f iber layer than  within it. The corpus  cal losum sustains 
damage only immedia te ly  su r round ing  the  po in t  of elec- 
t rode  pene t r a t ion ,  indica t ing  tha t  anoda l  DC will p roduce  
f iber des t ruc t ion  in the  region of  cavi ta t ion  at the e lec t rode  
tip but  no t  in the  su r round ing  field. The RF lesion shown 
in Fig. 1 B ind iscr imina te ly  invades cellular and fiber areas 
and  thus  is r ounded  t h rough  the  corpus  cal losum ra ther  
than  i nden t ed  by it. 

Figure 1C shows a s t r iking example  of  the  ineffect ive-  
ness of  anoda l  DC lesions in damaging  fiber tracts.  The DC 
lesion comple te ly  encircles the  fasciculus re t rof lexus  in a 
field of cellular des t ruc t ion .  However,  unde r  h igher  magnifi-  
ca t ion  (Fig. 1 E) the  Nauta  s tain reveals only  sparse degen- 
era t ion  wi th in  the t ract  ( p robab ly  represen t ing  fibers 
en te r ing  f rom the  su r round ing  cellular area where the fiber 
degenera t ion  is qui te  dense).  This is to  be con t r a s t ed  with 
an RF lesion of  similar size and  p lacement  which en- 
c roaches  only  upon  the vent ra l  edge of  the fasciculus retro-  
flexus (Fig. 1D) but  p roduces  dense degenera t ion  wi th in  
the  t rac t  (Fig. 1 F). These di f ferent ia l  effects  were appa ren t  
in Nauta  s ta ined sec t ion  of  brains  with  lesions enc roach ing  
on  all f iber t rac ts  s tudied here inc luding corpus  cal losum,  
medial  lemniscus,  cerebral  peduncle ,  and m a m m i l l o t h a l a m i c  
tract.  

l f f lect  ofCathode Location 

The shapes of  anodal  DC lesions were generally m u c h  
more  d e p e n d e n t  upon  the  s t ruc tu re  of  the  lesioned area 
(e.g. the  presence of  mey l ina t ed  b o u n d i n g  s t ruc tu res )  than  
upon  the  pos i t ion  of  the ca thode .  There  appeared  to  be a 
general  t e n d e n c y  for  the  anodal  lesion to be drawn towards  
the  ca thode  bu t  the  effect  was small  at best  and  did no t  
occur  cons i s ten t ly  at any of  the  sites investigated.  Fig- 
ure 1G shows an anodal  lesion in the  tha lamus  ex t ended  
slightly in the  d i rec t ion  of a ca thode  in the  mesencepha lon .  

DISCUSSION 

The  results  of  the  compar i son  of  DC and  RF lesions 
ind ica te  d i f ferent ia l  appl icabi l i t ies  of  the  two  methods .  DC 
lesions are preferable  for  des t ruc t ion  of  nuclei  because they  
will t end  to  curve a round  and  thus  spare f iber  t rac ts  in the  
vicinity.  In order  to des t roy  a f iber  t rac t  by  DC w i t h o u t  
subs tan t ia l  accessory damage to su r round ing  cells the  elec- 
t rode  tip would have to be direct ly  wi th in  the  tract .  
Thus,  DC is con t r a ind ica t ed  for  discrete  t r ac to tomies .  The 
reason for the  sparing of  dense, heavily mye l ina t ed  f iber  
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FIG. 1. Artist 's  illustrations of brain sections as they appear under microscope and microprojector.  These 
illustrations depict the critical morphological phenomena  more clearly than did photomicrographs.  (A). Section 
through DC lesion in and adjacent to corpus callosum - Ktuver stain. (B) Section through RF lesion in and 
adjacent to corpus callosum - Kluver stain. (C) Section through DC lesion adjacent to fasciculus retroflexus - 
Nauta stain. (D) Section through RF lesion adjacent to fasciculus retroflexus - Nauta stain. (E) Same section as 
C at higher magnification to show degenerated fibers within and adjacent to ventral portion of fasciculus 
retroflexus (area in rectangle). (F) Same section as D at higher magnification to show degenerated fibers within 
and adjacent to ventral port ion of  fasciculus retroflexus (area in rectangle). (G) Saggital section demonstra t ing an 
anodal DC lesion in the thalamus extended slightly in the direction of  a cathode in the mesencephalon - Cresyl 

violet stain. 
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tracts by DC is probably that  they have a higher resistance 
to current  f low than surrounding cellular areas [11 ]. It is 
impor tant  to note  in this regard that  we have not  observed 
such differential  sparing o f  diffuse pathways such as the 
medial forebrain bundle.  

RF lesions, on the o ther  hand show no differential  
affinity for cells and fibers. This const i tu tes  a disadvantage 
when the target region is a nucleus and peripheral tract  
damage confounds  the results, ( for  example  in the lateral 
hypotha lamus  which has the fornix,  optic  tract,  and 
internal capsule at its borders)  but it const i tutes  a clear 
advantage over DC for t r a c to tomy  since a direct hit  is not  
necessary to destroy the fibers. 

The cathode p lacement  exper iment  was done to deter- 
mine whether  greater control  over the shape of  anodal  DC 
lesions might be gained in this way. The results suggest that  

the locus of  the cathode has only a small and inconsistent  
effect  and thus is o f  little practical impor tance  at the 
present stage of  lesion methodology .  

Finally, some cautions should be noted with regard to 
the generality of  the  conclusions presented here. It is en- 
tirely possible that  current  intensities and durations outside 
the range of  those used here or  electrodes made out  of  
different  materials may produce significantly different  
effects. Other  problems outside the scope of  the present 
paper must also be considered when choosing a lesioning 
procedure.  Fo r  example,  metall ic deposits f rom anodal  DC 
lesions may produce  confounding  results [5, 8, 10]. Clear- 
ly, fur ther  investigations of  the biophysical  bases and the 
specific pa thomorphologica l  effects  of  various types of  
lesioning procedures are called for. 
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