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WILLIS, G. L., G. SINGER AND B. K. EVANS. Intracranial bljections of 6-OttDA: comparison of catecholamine- 
depleting effects of different volumes and concentrations. PHARMAC. BIOCHEM. BEHAV. 5(2) 207 213, 1976. - 
Fluorescence histochemistry was used to assess monoamine depiction after injections of 6-OHDA into selected brain areas. 
Two volumes (2 and 4 ~1) and 4 concentrations (1, 2, 4 and 8 vg/,ul) of 6-OItDA were injected into the olfactory tubercle, 
the posterior lateral hypothalamus and the lateral hyopthalamus. Selective destruction of catecholamine-containint2 
neurons resulted from all injections of 6-OHDA with the exception of the 2 lowest doses (2 and 4 ul of 1 ,ug/ul) and the 
highest dose (4 tal of 8 vg/,ul) which produced nonspecific damage of brain parcnchyma. The results indicate that, in 
addition to the selection of an effective dose, it is also possible to choose a site of injection which will produce a maximal 
area of specific depletion. In cases where injections into terminal areas caused limited specific depletion the ~me dose 
injected into preterminal axons often caused a more widespread loss of fluorescence. With volume, concentration and 
anatomical location being important variables to consider, caution is needed in the interpretation of bchavioural 
experiments. When using 6-OHDA it is necessary to show that specific depletion of catechobmincs has been achieved. 
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Catecholamine depletion 

THE effects  o f  6 - h y d r o x y d o p a m i n e  (6-OHDA) on 
peripheral  adrenergic neurons  are well known.  The terminal 
varicose regions of  the nerve are first deple ted  of  
noradrenal ine  and then degenerate .  However,  the cell body 
is not  seriously damaged and af ter  several weeks the 
terminals regenerate [11] .  Repor ts  on the effects  o f  
intracranial inject ions of  6-OHDA on central nervous tissue 
are confl ict ing.  These range from specific ca techolamine  
deple t ion  [12, 13, 14] to neurochemical ly  nonspecif ic  
generalised damage [4, 6, 9, 10]. Recent ly  it has been 
shown that  high doses of  6-OHDA injected into various 
regions of  the central  nervous sys tem cause generalised 
damage, but damage specific to ca techolamine-conta in ing  
neurons,  as shown by f luorescence h i s tochemis t ry ,  was not 
seen [6] .  These di f ferent  pat terns  of  damage cannot  easily 
be distinguised by biochemical  assays and the specifici ty of  
6-OHDA for central  ca techolamine-conta in ing  neurons  has 
been ques t ioned.  However,  it is still possible that  the 
specifici ty of  this drug is a funct ion of  the dose used. 
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In the present  s tudy the diffusion and damage pat terns  
of  different  volumes and concen t ra t ions  of  6-OtlDA were 
examined using the f luorescent  h is tochemical  me thod .  Two 
volumes (2 and 4 ul) and 4 concen t ra t ions  ( l ,  2, 4 and 8 
ug/ul)  were selected since they, together  with the doses 
used in the earlier s tudy [6] ,  cover the range of  doses of  
6-OIIDA most  c o m m o n l y  used in studies of  the central 
nervous system.  

MF.THOI) 

Animals 

For ty  seven naive male Wistar-derived rats weighing 
approx imate ly  3 5 0 g  at the time of  surgery were used. 
After  surgery rats were housed individually in wire mesh 
cages (20 x 23 × 40 em) in a room with t empera ture  
thermosta t ica l ly  control led  at 72 + 2°F. Rats had a d l i b  
access to Mecon rat cubes and tap water, and were given at 
least 10 days to recover from surgery before injection of  
6-OHDA. 
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Procedure 

Surgery. Rats were anes the t i sed  with a chloral  hyd ra t e /  
n e m b u t a l  IP in jec t ion and stainless steel cannulae  were 
implan ted ,  with  the aid of  a s te reo tax ic  i n s t r um en t ,  in I of  
3 brain areas: bilateral  cannu la t ion  of the  o l fac tory  tuberc le  
(N = 16, coord ina te s  A + 2.5 ram, H - 8.5 mm and L ± 
1.9 ram),  and the  pos te r ior  lateral  h y p o t h a l a m u s  (N -- 2-0, 
coord ina tes  A 0.8, H - 8.5 and L -± 1.9 ram) and 
uni lateral  c annu la t i on  of  the lateral  h y p o t h a l a m u s ,  (N = l I, 
coord ina tes  A + 0.8 ram, H 8.1 mm and L +- 1.9 ram).  All 
coord ina tes  givcn arc relative to bregma and in the  plane of  
the  Pellegrino and Cus hm an  s te reo tax ic  at las [ 8 ] .  

Injections. Solu t ions  con ta in ing  1, 2, 4 and 8 ~g/M of 2, 
4, 5 - t r i h y d r o x y p h e n l a m i n e  hyd roch lo r ide  (6-OIIDA, Astra) 
in distil led water  con ta in ing  2 mg/ml  aseorbic  acid were 
prepared  imntedia te ly  pr ior  to inject ion.  Placebo in jec t ions  
were made  with sal ine-ascorbic acid so lu t ions  isotonic  with  
cerebrospina l  fluid. The  in jec t ion p rocedure  has  been 
descr ibed previously [2 ] .  There  were 8 t r e a t m e n t  groups 
(Table  I)  for each of the 3 ana tomica l  locat ions .  Thus,  each 
t r e a t m e n t  group received e i the r  2 or 4 ul in jec t ions  of one  
of  the  4 concen t r a t i ons .  

"FABLE I 

CONCENTRATIONS ANt) VOI.UMES WHERE SPECIFIC DI-PLE- 
[ION OF CATECHOI.AMINES OCCURRED 

2 /,I 4 ul 

I ,ug/,u I None 

2 ~g,'u 1 PI,H 
C1 .It 

4 ~g,//~ I 

8 ~ f f # l  

TUB 
Pl ,H 
CLH 
I,H 

TUB 
PI .lrt 
CI .It 
l.tl 

None 

Pl .H 
CI .It 
I.H(?/ 
TUB 
PI.tl 
CLH 

TUB ('?} 

TUB--Olfactory tubercle injection and depletion. 
PI ,H--Poster ior  lateral hypothalamus injection with lateral 

hypothalamus depletion. 
CLH-- l .a tend hypothalamus injection with caudate nucleus de- 

pletion. 
l .H--Lateral  hypothalamus injection and depletion. 

Animals  imp lan ted  in the o l fac tory  tuberc le  (7 [JB) were 
injected uni la tera l ly  with  6-OHDA and cont ra la te ra l ly  with 
t i t h e r  2 or 4 ul of  placebo.  Animals  imp lan ted  in the  
pos te r ior  lateral h y p o t h a l a m u s  (PLH) received bilateral  
in ject ions  of  6-OHDA (N = 16). Cont ro l  animals  (N = 4) 
received bi lateral  in ject ions  of 2 or 4 ul of placebo.  Rats 
uni la teral ly  cannu la ted  in the lateral h y p o t h a l a m u s  (LII)  
received e i ther  6-OHDA (N = 8) or 2 or 4 ul of p lacebo  (N 
= 3 ) .  

Half of  the  animals  in the TUB and PLH groups  were 
killed 6 days pos t in jec t ion  while the o the r  half  were killed 
10 days pos t in jee t ion .  All animals  in the LH injected group 
were decap i ta ted  af te r  6 days. 

HistochemistD'. The Falck-Hil larp f luorescence  histo- 

chemical  me thod  for localising m o n o a m i n e s  was used [3 ] .  
Rats  were gui l lo t ined and the brains  were quickly  removed 
t h rough  the dorsal surface of the skull. After  dissect ion,  
bra in  pieces of  app rox ima te ly  1 0 r a m  a were frozen in 
liquid p ropane  and cooled with liquid n i t rogen and then  
freeze-dried at 38°C and l f f  a m m  ttg, using P2Os as a 
mos i ture  trap,  for 24- -36  hr. The tissue was allowed to 
re tu rn  to room t e m p e r a t u r e  passively, then hea ted  to 350(  ̀  
before  i n c u b a t i o n  in a sealed vessel at 800(  ̀  for 1.5 hr wi th  
p a r a f o r m a l d e h y d e  at op t ima l  humid i ty .  After  vacuum 
e m b e d d i n g  in paraff in  wax, sect ions  (15 u l were cut ,  
m o u n t e d  with paraff in  oil on  hea ted  glass slides and 
examined  in a Le i tz -Or tholux  f luorescence microscope  with 
an opt ical  sys tem as descr ibed elsewhere ]3 ] .  In this s tudy 
no a t t e m p t  was made  to dis t inguish the specific fluores- 
cence of  adrenal ine ,  noradrena l ine ,  d o p a m i n e  or 5 -hydroxy-  
t ryp t amine .  

RESUI.TS 

In a previous  s tudy  3 areas of  damage were d is t inguished 
on the  basis of f luorescence  h i s tochemis t ry .  There  were also 
indent i f ied  in the present  s tudy:  (a) c annu l a t i on  damage 
resul t ing from chron ic  i m p l a n t a t i o n  of  cannulae  and 
p lacebo in jec t ion  as ind ica ted  by nonspeci f ic  orange auto- 
f luorescence:  (b)  generalised damage a t t r i bu t ab l e  to 
in jec t ion of  drug, also indica ted  hy increased levels of  
au to f luorescence ,  and (c) specific damage to ca techo lamine-  
con ta in ing  neurons .  In add i t ion  a four th  type  of  damage 
a t t r i bu t ed  to degenera t ion  of distal por t ions  of nerve 
processes fol lowing cannu la t i on  or generalised damage has 
been observed.  

Within the range of doses of 6-OHDA used in this  s tudy 
li t t le generalised damage was scen. However,  there was a 
c o n c e n t r a t i o n - d e p e n d e n t  var ia t ion  in the ex ten t  of specific 
dep le t ion  of f luorescence f rom ca t echo lamine -con ta in ing  
neurons  by 6-OHDA. In jec t ions  near p re te rmina l  axons  
caused more  extensive deple t ion  of  the ter ininals  than  
similar in jec t ions  direct ly into the te rmina l  area. l h e r e  was 
no appa ren t  d i f ference in f luorcscence levels or ex ten t  of  
dep le t ion  in animals  killed e i ther  six or fen days post injcc-  
t ion.  The  most  effect ive dose for specific dep le t ion  of  
lerminals  was 2 ul of  8 ug/tal. 

Ollactory Tubercle 

In jec t ions  of bo th  vo lumes  of the 2 lowered concen t ra -  
t ions  of  6-OI-IDA direct ly  into  the dopaminerg ic  te rminals  
of  the  olt 'actory tubercle  p roduced  no specific dep le t ion  of  
ca techo lamines ,  only  nonspeci f ic  damage was seen (Table  1, 
Figure 1B cf. 1A). Higher {loses of 6-OIIDA (2 and 4 ul of 4 
ug/ul )  p roduced  a partial decrease in f luorescence over  a 
l imi ted area ( abou t  0.6 mm radius)  f rom the cannula  tip. 
After  2 ul of  8 ug/ul there  was a decrease in f luorescence 
ex t end ing  over a m a x i m u m  dis tance  of app rox ima te ly  
0 . S m m  from the  tip of  the cannula  (Figs. 1C, ID). 
However,  no specific dep le t ion  was seen af te r  in jec t ion  of 4 
ul of 8 ~zg/ul. Very litt le accumula t i on  of f luorescence 
adiacent  to the area of damage was seen in any of  the 
I r e a tmen t  groups.  

Posterior Lateral Hypothalamus 

Animals  in these t r e a t m e n t  groups  were injected in the 
pos ter ior  lateral h y p o t h a l a m u s  abou t  0.7 mm caudal to the 
area of  observa t ion  where the m~'jority of the f luorescent  
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FIG. 1. Fluorescence his tochemistry of  the olfactory tubercle from rats killed after various treatments.  Calibration bar = 
10(I/.z. (A) 2 ul o f  placebo. Only cannulal ion damage is evident. (B) 2 ul o f  1 /~g/tal of  6-OHDA. No increase in area o f  
damage when compared to (A). (C) 2 ul of  8 ug//al of  6-OHDA. An area of  specific depletion of  catecholamines is seen (~ ' ) 
surrounding the area of  cannulat ion damage. (D) Section approximately 0.7 mm anterior to the section seen in (C). Note 

the area o f  specific depletion o f  catecholamines (1 ,t ). (TUB, olfactory tubercle: ct, cannula track). 
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In 4 a n i m a l s ( 2 u l o f  1 uglul, 2 x 2 u l o f 4 u g / u l a n d  2 u l  
of  8 ug/ul) ,  the area of generalised damage ex t ended  
caudal ly in to  the dopaminerg ic  cell bodies  of the  subs tan t ia  
nigra. There  was no a l te ra t ion  in the f luorescence levels or 
m o r p h o l o g y  of  these cell bodies,  even those  s i tua ted  
immedia t e ly  adjacent  to the area of nonspeci f ic  damage 
(Fig. 3A). 

Lateral Hypothalamus 

In jec t ions  in to  this area p roduced  variable results• Partial 
dep le t ion  of  adrenergic  terminals  was caused by the doses 
of  4 ul of  2 ug/ul, 2 ul of 4 ug/ul and 2 ul of 8 ug/ul. 
Deple t ion  caused by the  2 ~1 vo lume of g ug/ul was l imited 
to an area with a radius of  app rox ima te ly  0.g mm from the 
cannula  tip. The  dopaminerg ic  te rminals  of the  cauda tc  
nucleus  were also examined•  The 2 nl in jec t ion  of 8 ug/ul  
caused a to ta l  dep le t ion  of f luorescence of  this s t ruc tu re  
(Fig. 3C of. 3B), with smaller  decreases in f luorescence 
levels seen with 2 and 4 ul vo lumes  of the 2 and 4 ug/ul  
concen t r a t i ons .  The o the r  doses did not  affect  the 
f luroescence levels of  the cauda te  nucleus.  

FIG. 2. Fluorescence micrographs of the lateral hypothalamus 
approximately 0.8 mm anterior to the site of injection in the 
posterior lateral hypothalamus. Calibration bar = 100 ~. (A) 2/sl of 
1 ug//al of 6-OHDA. (B) 4 ~.1 of 1 ,g/ul  of 6-OHDA. (C) 2 tal of 
placebo. Fluorescence levels in (A), (B) and (C) are normal. (D) 2 ,ul 
of 8 ,ug/,ul of 6-OHDA. Fluorescence levels in the LHA are 
considerably decreased. (FX, Fornix; LHA, Lateral Hypothalamus). 

t e rminals  of  the lateral h y p o t h a l a m u s  are located.  No 
specific deple t ion  of  f luorescence was seen with b o t h  
volumes  of  the lowest  c o n c e n t r a t i o n  (Figs. 2A, 2B cf 2C), 
or the 4 ~1 volume of  8 ug/ul .  All the remain ing  doses 
caused cons iderable  specific dep le t ion  of the h y p o t h a l a m i c  
te rminals  (Fig. 2D). The 2 ~1 vo lume of  8 ug/ul  also caused 
partial  dep le t ion  of te rminals  in the median eminence ,  thc  
arcuate  nucleus  and the ven t romed ia l  h y p o t h a l a m u s .  
Accumula t ion  of  f luorescence in thc proxlmal  por t ions  of  
axons  severed by cannula  inser t ion and in jec t ion of  drug 
occurred  in most  animals.  Grea te r  accumula t i on  occurred  at 
those c o n c e n t r a t i o n s  and volumes  which were most  effec- 
tive in decreasing f luorescence.  

I ) I S ( ' U S S I O N  

When using 6 -Ol tDA in jec t ions  in to  the CNS to achieve 
specific dep le t ion  of c a t echo l amine -con t a in ing  neurons ,  
vo lume  and c o n c e n t r a t i o n  of  the  drug as well as ana tomica l  
locus of  in jec t ion are i m p o r t a n t  variables to be consictered. 

Of the 4 c o n c e n t r a t i o n s  and 2 volumes  used in this  
s tudy,  b o t h  volumes  of  the lowest  c o n c e n t r a t i o n  caused no 
loss of  f luorescence outs ide  the area of  nonspeci f ic  
damage.  With increasing c o n c e n t r a t i o n s  of  6-OHDA the 
ex t en t  of  nonspeci f ic  damage remained  app rox ima te ly  the 
same, while the area of  specific dep le t ion  gradually 
increased to reach a m a x i m u m  at 8 ug/nl. In an earlier 
s tudy [6] it was shown that  c o n c e n t r a t i o n s  of 32 ug/ul  
p roduced  a larger area of  generalised damage but vir tual ly 
no  specific dep le t ion  of ca techolamines .  These f indings 
indicate  tha t  too  large or too small a dose of  6-OHDA 
causes only  nonspeci f ic  damage while the med ium range of  
doses is op t ima l  for selective deple t ion  of ca techolamines .  

Of equal  impor t ance ,  with  regard to ex t en t  of  the 
specific dep le t ion  caused by 6-OIII)A,  was the ana tomica l  
p lacement  of  the inject ion.  In these cases where in ject ions  
in to  te rminal  areas caused l imited specific deple t ion .  
in jec t ion of the  same dose near the p re te rmina l  axons  of ten  
caused a more  widespread loss of f luorescence.  A schemat ic  
i n t e rp re t a t i on  of  the di f ferent  effects  of 6-OHDA injected 
in to  areas con ta in ing  ca techo laminerg ic  axons  and te rminals  
is shown  in Fig. 4. 

In jec t ions  in to  the lateral h y p o t h a l a m u s  had litt le effecl 
upon  noradrenerg ic  te rminals  close to the site of  in jec t ion 
while causing a cons iderable  reduc t ion  in f luorescence in 
the  o l fac tory  tuberc le  and cauda te  nucleus• This could have 
been due to the close p rox imi ty  of the nigro-str iatal  bundlc  
passing th rough  the lateral h y p o t h a l a m u s  and t e rmina t ing  
in the o l fac tory  tuberc le  and caudate  nucleus.  Similarly,  the 
decrease in f luorescence of  the lateral h y p o t h a l a m u s  
fol lowing inject ions  into the pos te r ior  lateral h y p o t h a l a m u s  
can be a t t r i bu t ed  to the drug act ing on the ascending fibres 
of  the dorsal a n d / o r  ventral  noradrenerg ic  bundles  which 
ternTinate in the laleral h y p o l h a l a m u s .  

The var ia t ion in ex ten t  of  specific dep le t ion  in re la t ion 
to the ana to in ica l  loca t ion  of in ject ion could he due to a 
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H(; .  3. Fluorescence mncrographs of  rat brain. Calibration bars = 100 u- (A) 2 ul of  4 ~g/ul o f  6-OHDA. Non-specific 
damage in the zona compacta.  Adjacent dopamincrgic cell bodies appear normal. (B)Uninjec ted  control. Normal 
fluorescence o f  the caudate nucleus. (C) 2 tal of  8 ug/ul  o f  6-OHDA. Specific depletion o f  fluorescence in thc caudate 

nucleus after injection of  6-OHDA into the lateral hypothalamus.  (SN, substantia nigra; el, cannula track). 
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HIGH 
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FIG. 4. Diagrammatic interpretation of damage resulting from injection or" low, medium and high doses of 6-OItDA into 
areas containing catecholaminergic nerve terminals (A) and axons (B) in the CNS. This is based on the results of this study 

and an earlier study [6]. 

c o m b i n a l i o n  of the  l imited ex tent  to which 6-OHDA 
diffuses [6]  and the d i f ferences  in its up lake  and ac t ion on 
axons  and terminals .  When the drug is injected in to  an area 
where di f fus ion is the only means by which it is d i s t r ibu ted  
to individual  te rminals  then  widespread dep le t ion  is 
unl ikely Io occur.  However,  when 6-Ot lDA is injected near 
axons,  in add i t ion  to a comparab le  area of  damage at the 
site of  in ject ion,  lherc is also deple t ion  of the larger 
t~rminal  region supplied by thesc axons.  This may be a 
result of axonal  up take  and t ranspor t  of 6 - O | IDA into  
nerve terminals  which has been shown to occur  in 
per ipheral  adrenergic  nerves [ 5 ]. 

In four  ins tances  in jec t ions  into the pos ter ior  lateral 
h y p o t h a l a m u s  ex t ended  caudal ly in to  the dopamincrg ic  cell 
bodies  of  the zona compac t a  but  no  changes  in normal  
f luoresccnce or morpho logy  were observed.  This  is in 

confl ict  with previous  repor ls  of  the des t ruc t ion  of  
dopaminerg ic  cell bodies of the subs tan t ia  nigra by 
6 - O H D A I 1 , 7 ,  10, 121. 

Consider ing the c o n c e n t r a t i o n s  and volumes  u~ed in this 
s tudy as well as the loca t ion  of  in ject ion,  the most  
widespread specific dep ic t ion  of nerve tc rminals  occurred  
af ter  in jec t ion of  the 8 tag/ul c o n c e n t r a t i o n  of  6-OHDA into 
their  p re le rmina l  axon b u n d l e s  Previous studies show that  
vcry high doses of  6-OHDA produce  only generaliscd 
damage [61. Low doses also cause gencralised damagc but 
there is a l imited range of doses where 6-OHDA produces  
specific dep le t ion  of ca techo lamines .  When using 6-OIII)A 
as a tool  in behavioura l  s tudies,  it is necessary to show that  
specific damage to ca t ccho laminc -con ta in ing  neurons  has 
been achieved.  
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