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MASSOTTI, M., A. SCOTTI DE CAROLIS AND V. G. LONGO. Effects o f  three dihydroxylated derivatives oftryptamine 
on the behavior and on brain amine content in mice. PHARMAC. BIOCHEM. BEHAV. 2(6) 769-775, 1974. - This 
investigation deals with the effects on behavior and on cerebral bioamine content in 3 dihydroxylated tryptamine deriv- 
atives (5,6-DHT, 5,7-DHT and 6,7-DHT) administered intracerebraUy to mice. Both 5,6-DHT and 5,7-DHT caused a 
50-70% lowering of 5-hydroxytryptamine (5-HT) content in whole brain which lasted for the entire experimental period 
(20 days). 5,6-DHT and 5,7-DHT differed in their effects on norepinephrine (NE) and dopamine (DA). While the former 
induced a DA diminution to an extent comparable to that observed for 5-HT and a rise in NE, the latter induced a lowering 
of NE and affected DA only slightly. 5,6-DHT decreased spontaneous activity of treated mice at 21 and 43 #g; the effect 
was dose-related. 5,7-DHT diminished spontaneous activity only at 43 ~g. Following either 5,6-DHT or 5,7-DHT, 5-HTP 
induced an exaggerated tremorigenic response; this potentiation may be related to an imparied uptake of 5-HT by the 
terminals. 6,7-DHT, while more toxic than the other two drugs, showed a much weaker effect both on brain amines 
content and on behavior. 

5,6-Dihydroxy tryptamine 5,7-Dihydroxytryptamine 6,7-Dihydroxy tryptamine L-DOPA 
5-Hydroxytryptophan Brain catecholamine content Brain indoleamine content 

B A U M G A R T E N  et al. [2,5] presented evidence that  5,6- 
d ihydroxy t ryp tamine  (5,6-DHT),  injected into the cerebral 
ventricles of  rats was selectively concent ra ted  in sero- 
tonergic central  terminals,  where it induced degenerat ive 
changes similar to those caused by 6 -hydroxydopamine  
(6-OHDA) with respect to catecholaminergic  neurons.  
These al terat ions were accompanied by a selective long- 
lasting deple t ion  of  brain and spinal  cord 5-hydroxy-  
tr ' .¢ptamine (5-HT). These findings were subsequent ly  
conf i rmed by others [ I0 ,  11, 12].  More recent ly ,  Baum- 
ga:~ten and Lachenmayer  [4] studied the central  effect  of  
5 ,7 -d ihyd roxy t ryp t amine  (5,7-DHT).  They found that  
5,7-DHT was less toxic  than 5,6-DHT while resembling the 
lat ter  as to its effect  on serotonergic neurons.  

Baumgarten and his associates reported a hyperexci tabi l -  
ity and fighting behavior  during the first few days after  
5,6-DHT and 5,7-DHT t rea tment ,  respect ively,  [3, 4, 6 ] .  
Da Prada et al. [12] observed an increase in copula tory  

activity in rats after adminis t ra t ion of  5,6-DHT; this 
p h e n o m e n o n  was also present,  but  to a lesser degree, af ter  
5,7-DHT t rea tment  [4] .  Ho et al. [16] repor ted  that,  in 
mice,  5,6-DHT prevented the deve lopment  of  tolerance and 
dependence  induced by morphine  pellet implantat ion.  

This investigation is concerned with the effects  in mice 
of  intracerebral  adminis t ra t ion of  three d ihydroxyla ted  
d e r i v a t i v e s  o f  t r y p t a m i n e ,  5 ,6 -d ihydroxy t ryp tamine  
( 5 , 6 - D H T ) ,  5 , 7 - d i h y d r o x y t r y p t a m i n e  (5,7-DHT),  and 
6 ,7 -d ihydroxy t ryp tamine  (6,7-DHT) on behavior  and on 
brain amine content .  

We tested,  in particular,  the behavioral  response of  mice 
to 5 -hydroxy t ryp tophan  (5-HTP) administered at various 
intervals after intracerebral  inject ion of  5,6-DHT, 5,7-DHT, 
and 6,7-DHT. A hypersensi t ivi ty  to 5-HTP could be 
expected in these animals since po ten t ia t ion  of  the effects 
of  L-DOPA was found in animals treated with 6-OHDA, 
which destroys catecholaminergic  terminals [ 1 ]. 

1 Some of the results described were obtained by one of the authors (V.G.L.) at the Department of Pharmacology, Loyola Medical School, 
Ma!¢wood, Illinois, USA; the help and advice of Professor A. G. Karczmar is gratefully acknowledged. Dr. A. Manian, Psychopharmacology 
Research Branch NIMH, USA has kindly furnished us with the various tryptamine derivatives. 

769 



770 MASSOTTI ,  DE CAROLIS  AND LONGO 

M E T H O D  

Animals 

A tota l  of  650 adul t  mice of  b o t h  sexes, weighing 
2 5 - 3 5  g were in jec ted  in t racerebra l ly  [ 1 4 ] .  Crea t in ine  
su lphate  d ihydra t e  salts of  5 ,6-DHT and of 5,7-DHT, and 
crea t in ine  su lpha te  m o n o h y d r a t e  salt of  6 ,7-DHT were 
dissolved in 0.1% ascorbic  acid so lu t ion ;  on ly  freshly pre- 
pared so lu t ions  were used. The  v o l u m e  in jec ted  was always 
10 ul; the  same vo lume  of  ascorbic  acid so lu t ion  was in- 

j ec ted  in t racerebra l ly  to  the  mice which  served as controls .  
L-DOPA was dissolved in dist i l led wate r  wi th  suff ic ient  HC1 
(0.1 N) to p roduce  a 1% so lu t ion  at pH 3 - 4 ;  pargyl ine  and 
D, L-5-HTP were dissolved in water.  All drug doses refer  to  
the  weight  of  the  base. Unless o the rwise  s ta ted,  all these  
la t te r  drugs were admin i s t e red  in t raper i tonea l ly .  

Apparatus and Procedure 

S p o n t a n e o u s  act ivi ty  was measured  by  means  of  A n i m e x  
act ivi ty mete rs  (Fa rad  Inc.,  Hagersten,  Sweden).  The activ- 
i ty of groups  of  5 an imals  was r ecorded  for  3 hr  f rom 
10 a.m. to  1 p.m. The  t r em or s  and the  i n c o o r d i n a t e d  m o t o r  
act ivi ty induced  by  adm i n i s t r a t i on  of  5-HTP were recorded  
by  placing small  plast ic  cages con ta in ing  one an imal  per  
cage over a Grass FT-10C force d i sp l acemen t  t r ansduce r  
c o n n e c t e d  to a polygraph.  Eva lua t ion  of  the  response  of  
mice to L-DOPA was carried ou t  as descr ibed Evere t t  [ 13] ,  
w i thou t  p re t r ea t ing  the  animals  wi th  pargyline.  In brief ,  
groups of  4 animals  t r ea ted  wi th  L-DOPA (100  mg/kg)  were 
placed in large con ta ine rs ;  dur ing  the  first h o u r  a f te r  
L-DOPA in jec t ion  the  mice were evaluated every 10 min  for 
the  presence of  p i loerec t ion ,  sal ivation and St raub  tail 
p h e n o m e n o n ,  as well as for  react iv i ty  to  ex te rna l  s t imuli  
(ev idenced  by  jumping ,  squeaking,  runn ing)  and aggressive 
and  s te reo typ ic  behavior .  The behaviora l  responses  were 
evaluated by  two  i n d e p e n d e n t  observers,  one  of  w h o m  
unaware  of  the  t r e a t m e n t ,  and a global score o f  +1, +2 or 
+3 was assigned to each group of  animals.  

Extraction and Assay of  Brain A mines 

Measuremen t s  of the  whole  b ra in  levels of  d o p a m i n e  
(DA),  n o r e p i n e p h r i n e  (NE) and s e ro ton in  (5-HT) were 
carried out .  The  amine  c o n t e n t  was assessed in t rea ted  and 
con t ro l  mice at 3, 10 and 20 days af ter  in t race rebra l  admin-  
i s t ra t ion  of  5,6-DHT, 5 ,7-DHT or  6,7-DHT. 

Mice were depr ived of food for  12 hr  and killed by  
decap i t a t ion ;  the  en t i re  bra in  ( inc luding ce rebe l lum)  was 
weighed,  homogen i zed  in n -bu t ano l  acidif ied to pH 2 w i th  
c o n c e n t r a t e d  HC1 (0.85 m l / 1 0 0 0 m l )  and cent r i fuged at 
4 ° C for  15 rain at 8000  rpm. The s upe r na t an t  was p ipe t t ed  
in to  a test  t ube  and d i lu ted  wi th  a doub le  vo lume  of  
n -hep tane-HCl  0.1 N (10:1 v/v). This m i x t u r e  was shaken  
vigorously  for  30 sec and recent r i fuged  at 3000  rpm for  
10 min. One thi rd  of  the  resu l tan t  aqueous  phase  was used 
for the  d e t e r m i n a t i o n  of  s e ro ton in  as descr ibed by Maickel 
et al. [ 1 8 ] .  The  remain ing  aqueous  phase  was washed wi th  
ch lo ro fo rm and divided in to  two  equal  a l iquots  for  the  
e s t ima t ion  of  DA [9] and NE [18 ] .  F luorescence  of  the  
three  amines  was read in an A m i n c o - B o w m a n  spec t ropho to -  
f l uo rome te r  fo l lowing cal ibrat ion.  Recovery  of exogenous  
amines  added to the  tubes  pr ior  to the  first shaking step 
was as follows: DA, 82%; NE, 87%; 5-HT, 93%. In animals  
t rea ted  wi th  solvent  a lone the  values for DA, NE and 5-HT 
were 1.18 + 0.05, 0.42 +- 0.02 and 0.89 -+ 0.02 u g / g w e t  
brain,  respect ively (unco r r ec t ed  for  recovery) .  

R E S U L T S  

Effects of" 5,6-DHT on Mice 

5,6-DHT was admin i s t e red  at dose levels at 10.5, 2 1 , 4 3  
and 86 ug per  animal .  As the  highest  dose caused dea th  of 
70% of the  animals  wi th in  24 hr,  t he  p resen t  results  refer  to  
expe r imen t s  carr ied ou t  wi th  the  three  lower  doses. F o r  the  
first 5 - 6  hr a f te r  the  in jec t ion  there  was no  discernible  
d i f fe rence  in gross behav io r  be tween  5,6-DHT and vehicle- 

t r ea ted  animals.  Twenty*four  hours  fo l lowing t r e a t m e n t  
wi th  21 ug s p o n t a n e o u s  act ivi ty of  the  animals  was re- 
duced ;  the  decrease in s p o n t a n e o u s  act ivi ty lasted for  a 
week. This  effect  was more  marked  in mice t rea ted  wi th  
43 ug (Fig. 1); in these  animals  recovery  was observed two  
weeks af ter  t r e a t m e n t .  
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FIG. I. Effects of 5,6-DHT on spontaneous activity of mice. Cumu- 
lative records for two groups of 5 mice each, obtained in the week 
following 5,6-DHT (43 ~g) treatment ( . . . . .  ), or control injec- 
tion ( - - - - ) .  The numbers indicate the days of testing. Note that 
on all days tested 5,6-DHT treated animals displayed less sponta- 
neous activity than controls. Ordinate: Print-out of Animex 

counter. Abscissa: Time in minutes. 

Effects of  Drugs in Mice Pretreated with 5,6-DHT 

5-Hydroxytryptophan. As in roden t s  the  cent ra l  ef fects  
of  5-HTP are min imal  unless the  animals  are p re t rea ted  w i th  
a MAO inh ib i to r  [ 8 ] ,  all animals  received 20 mg/kg  of 
pargyl ine 4 hr  pr ior  to  5-HTP challenge. 5-HTP was adminis-  
tered 2, 4, 10 and  20 days af te r  t r e a t m e n t  wi th  43 ug of 5, 
6-DHT ( two groups  of  4 mice each)  or wi th  the  vehicle 
(same n u m b e r  of mice). An e n h a n c e m e n t  of  the  5-HTP 
t remor igen ic  effects  was evident  2, 4 and 10 days  af te r  
in t racerebra l  in jec t ion  of  5,6-DHT. With in  2 rain af ter  
5-HTP in jec t ion ,  the  5 ,6-DHT-treated animals  began  to 
shake thei r  heads  and  subsequen t ly  exh ib i t ed  v io lent  and 
sus ta ined whole  body  t remors ,  last ing a b o u t  one  hour .  In 
vehic le- t rea ted mice, 5-HTP induced  a mi lder  reac t ion  
7 - 8  min  af te r  admin i s t r a t ion .  These animals  showed only  
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FIG. 2. Representative record of the tremors induced by 5-HTP in mice. The treated animal received intracerebrally 43 ~g of 
5,6-DHT two days in advance. Arrows indicate i.p. injection of 5-HTP, 75 mg/kg. 

head  twi tches ;  the  whole  b o d y  t remors ,  if p resen t ,  occur red  
on ly  for  a b r ie f  per iod  (Fig. 2). By the  2 0 t h  day th is  po ten-  
t i a t ion  of  the  5-HTP ac t ion  in 5 ,6-DHT t rea ted  animals ,  
while  d imin i shed ,  was still evident .  

In mice  p re t r ea t ed  wi th  21 #g of  5 ,6-DHT the  po t en t i a -  
t:[on of  the  response  to 5-HTP was incons i s t en t  and,  w h e n  
presen t ,  was less in tense  t h a n  t ha t  observed in mice  t r ea ted  
w i th  43 ~g of  5,6-DHT. 

Since 6 -OHDA p o t e n t i a t e s  L-DOPA behaviora l  ef fects  
even in mice  no t  t r ea ted  wi th  MAC inh ib i to r s  [ 1 ] ,  two 
groups  of 4 animals  t rea ted  w i th  43 pg of  5 ,6-DHT were 
chal lenged 2 and 4 days la ter  w i th  75 mg/kg  o f  5-HTP in 
the  absence  of  pargyl ine;  in these  an imals  the  ac t ion  of  
5.-HTP was no t  enhanced .  

L - D O P A .  The  specif ic i ty  of  the  p o t e n t i a t i o n  of  the  
5--HTP response  was tes ted in t w o  expe r imen t s .  Firs t ,  
L-DOPA was given to 2 g roups  of  4 mice  each,  2, 4 and 10 
days  fol lowing the  in t r ace rebra l  in j ec t ion  o f  43 #g of  
5 ,6-DHT; L-DOPA was also given to the  same n u m b e r  of  
mice t rea ted  wi th  vehicle  alone.  T w o  and four  days a f te r  
5 ,6-DHT t r e a t m e n t  L-DOPA effects  were p o t e n t i a t e d ;  all 
mice showed  hype r reac t iv i ty  to  ex te rna l  s t imul i ,  squeaking,  
aggressiveness and s t e reo typ ic  behavior ,  reaching  a score of  
+3. Vehic le- in jec ted  animals ,  t r ea ted  w i th  L-DOPA scored 
+il. The  L-DOPA p o t e n t i a t i o n  was absen t  10 days  fo l lowing  
5,6-DHT t r e a t m e n t .  In mice  t r ea ted  wi th  21 ug of  5 ,6-DHT 
some p o t e n t i a t i o n  of  the  L-DOPA response  was no t i ced  2 
and 4 days a f te r  t r e a t m e n t  (score of  +2, as c o m p a r e d  to the  
+1 of  the  con t ro l s ) ;  t he  p o t e n t i a t i o n  d i sappeared  b y  the  
t e n t h  day (Fig. 3). 

L - D O P A  p o t e n t i a t i o n  t e s t  in  5 , 6 - D H T  
t r e a t e d  m i c e  
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FIG. 3. Potentiation of the behavioral effects of L-DOPA in 
5,6-DHT treated mice. L-DOPA, 100 mg/kg, was administered i.p. 
to groups of 4 mice each. Behavior was evaluated for one hour after 
injection. Ordinate: Behavioral score (cf. Methods); abscissa: time in 
days after intracerebral injection of the drugs, c = vehicle-treated 
animals. Note that potentiation of L-DOPA effects was found 2 and 
4 days but not l0  days after treatment with both 21 #g and 43 #g. 
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The second exper iment  dealt with the effects  of  5-HTP 
in animals pretreated with 6-OHDA. Four  groups of  4 ani- 
mals each were pretreated with 1 0 0 , g  of  6-OHDA admin- 
istered intracerebral ly;  an equal number  of  mice received 
the vehicle alone. Two days later, two groups of  6-OHDA 
pretreated mice were challenged with 75 mg/kg of 5-HTP, 
4 hr after t r ea tment  with pargyline, 20 mg/kg; the o ther  
two groups underwent  the same t rea tment  4 days after 
6-OHDA. In bo th  instances the t remors  induced by 5-HTP 
were of  greater intensi ty than in the vehicle-treated animals. 
The t remors  started 7 - 8  min after 5-HTP injection,  i.e. 
after a delay comparable  to that  observed in the control  
animals. The t remors  observed in the 6-OHDA pretreated 
mice differed from those observed in 5,6-DHT pretreated 
mice; they consisted of an increase in the head twitchings 
and jerks; sustained fine t remors  characterist ic of  the 
5,6-DHT treated animals were not  observed. 

E]fects of  5,6-DHT on brain amine content. Est imat ion 
of brain amines was carried ou t  concomi tan t ly  with behav- 
ioral experiments .  The mice were treated intracerebrally 
with 10.5, 21 or 43 ~zg of 5,6-DHT and assessed for  brain 
amine conten t  on the 3rd, 10th and 20th day. The dose of  
10.5 ug of  5,6-DHT did not  induce any significant modif i -  
cation in brain amine content .  However ,  a significant 
decrease in DA and 5-HT was observed on all exper imenta l  
days after 21 ug and 43 ug of  the drug (Fig. 4). The 
decrease in 5-HT and DA ranged f rom 50 to 65% of the 
control  values. No changes in NE were found on the 3rd 
and 20th day, while on the 10th day a slight but  significant 
increase was present. 

E]Jects o f  5, 7-DHT on Mice 

5,7-DHT was administered at dose levels of  I0.5,  21, 43 
and 86 ug. The two highest doses caused death of  90 and 
30% of the animals respectively within 24 hr. The present 
results refer to exper iments  carried ou t  with the 3 lower 
doses. 

For  the first 5 - 6  hr af ter  the inject ion there was no 
discernible difference in gross behavior be tween  5,7-DHT 
and vehicle-treated animals; spontaneous  mo to r  activity was 
decreased only in the case of animals treated with  43 ug. 
Recovery was observed 4 days after t rea tment .  

ElJects o f  Drugs in Mice Pretreated with 5, 7-DHT 

5-Hydroxytryptophan. 5-HTP (75 mg/kg) was adminis- 
tered to two groups of  4 mice which received two days 
earlier 21 and 43 ~g of  5,7-DHT, respectively. 5-HTP was 
also administered to an equal number  of vehicle-treated 
mice. All animals received 20 mg/kg of  pargyline, 4 hr 
before the 5-HTP challenge. 5-HTP induced intense and 
long lasting t remors  in both  groups of 5,7-DHT treated 
mice. Potent ia t ion  of  the 5-HTP response was similar to 
that obtained in mice treated with 43 ug of  5,6-DHT. 
Essentially the same results were obtained in mice pre- 
treated 4 and 10 days previously with 21 or 43 ug of 
5,7-DHT. 

L-DOPA. Two groups of  4 mice each were challenged 
with E-DOPA (100 mg/kg) 2, 4 and 10 days after intra- 
cerebral injection of 5,7-DHT (43 ug); L-DOPA was also 
given to an equal number  of  mice treated with vehicle 
alone. Two  and 4 days after 5,7-DHT t rea tment  there was a 
potent ia t ion  of the L-DOPA effects similar in all respects to 
that  observed following the 5,6-DHT t rea tment ,  all mice 
reaching a score of +3. The L-DOPA poten t ia t ion  was 
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FIG. 4. Effects of 5,6-DHT on brain amine content in mice. The 
histogram summarizes the data obtained 3, 10 and 20 days after 
intracerebral administration of 21 and 43 /~g of the drug. At least 8 
animals were used for each determination. Results are expressed as 
percent of control values ± S.E. Evaluation of data was carried out 
by Multiple Comparison applied to the analysis of variance. P values 
for differences from controls are indicated above the columns; p 
values for interdose difference are shown below the columns. * = 

p<0.05; ** = p<0.001; n.s. = non significant. 

absent 10 days following the 5,7-DHT t reatment .  The same 
exper iment  was carried out  in mice treated with 21 ~g of  
5,7-DHT 2, 4 and 10 days before L-DOPA challenge. The 
exaggerated response (score +2) to the L-DOPA was present 
2 and 4 days after 5,?-DHT t rea tment ;  it disappeared by 
the tenth day, 

Effects of  5,7-DHT on brain amine content. The dose of  
10.5 ~g did not  alter significantly brain amine levels. A 
significant d iminut ion  in 5-HT, ranging f rom 50 to 70% of 
the controls,  was found on all exper imental  days, following 
21 or 43 ~g of 5,7-DHT (Fig. 5). In contrast  with the 
results obtained with 5,6-DHT, NE was found diminished; 
DA levels were also lower than those of the controls,  but  
the diminut ion was less marked than that observed with 
5,6-DHT. 

ECfects of  6, 7-DHT on Mice 

In doses higher than 10.5 ug 6,7-DHT caused death of  
almost all animals t reated;  the dose of 10.5 ug caused death 
of  40% of the mice within 24 hr. The surviving animals 
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FIG. 5. Effects of 5,7-DHT on brain amine content in mice. The 
hi:;togram summarizes the data obtained 3,10 and 20 days after 
in tracerebral administration of 21 and 43 #g of the drug. At least 8 
animals were used for each determination. Results are expressed as 
percent of control values -+ S.E. Evaluation of data was carried out 
by Multiple Comparison applied to the analysis of variance. For the 

identification o f p  values, cf. Fig. 4. 

ar, peared  depressed for  the  first  5 - 6  hr  a f te r  in jec t ion .  
T w e n t y  four  hours  fo l lowing t r e a t m e n t  a slight (s ta t i s t ica l ly  
n o t  s igni f icant )  d i m i n u t i o n  in s p o n t a n e o u s  act ivi ty  was still 
p resen t ;  full r ecovery  was r eached  2 - 3  days  a f te r  t reat-  
m,~nt. 

Effects o f  Drugs in Mice Pretreated with 6, 7-DHT 

5-Hydroxytryptophan. Two,  4 and 10 days  a f t e r  t reat-  
m e n t  w i th  10.5 ug of  6 ,7-DHT,  5-HTP (75 mg/kg)  was 
admin i s t e r ed  to two  groups  o f  4 mice. 5-HTP was also 
admin i s t e red  to an  equal  n u m b e r  of  mice  p re t r ea t ed  intra-  
cerebral ly  w i th  the  vehicle  alone.  All an imals  received 
20 mg/kg  of  pargyl ine  4 h r  be fore  the  5-HTP challenge.  
Only  on  the  f o u r t h  day  a f te r  t r e a t m e n t  was a mild po ten t i a -  
t i on  of  the  response  to 5-HTP no t iced .  

L-DOPA. Two groups  of  mice  each  were chal lenged w i th  
L-DOPA (100  mg/kg)  2, 4 and  10 days a f te r  i n t r ace reb ra l  
in jec t ion  of  6 ,7-DHT;  the  same n u m b e r  of  mice  t r ea ted  
wi th  vehicle  a lone  was also in jec ted  wi th  L-DOPA. The re  

FIG. 6. Effects of 6,7-DHT on brain amine content. The histogram 
summarizes the data obtained 3,10 and 20 days after intracerebral 
administration of 10.5/~g of the drug. At least 8 animals were used 
for each determination. Results are expressed in percent of control 
values -+ S.E. Evaluation of data was carried out by the Student t. 

For the identification o fp  values, cf. Fig. 4. 

was no  s ignif icant  d i f fe rence  in the  L-DOPA response  of  the  
con t ro l s  and 6 ,7-DHT t rea ted  mice.  

Effects o f  6,7-DHT on brain amine content. Three  days  
af te r  t r e a t m e n t  wi th  10.5 ug of  6 ,7-DHT there  was no  
s ignif icant  m o d i f i c a t i o n  in b ra in  c o n t e n t  o f  the  th ree  
amines.  On the  t e n t h  and  t w e n t i e t h  day,  5-HT c o n t e n t  fell 
to  70% and 80%, respect ively,  of  the  con t ro l  values. On the  
2 0 t h  day  a fall in DA to 70% of  the  con t ro l  values was also 
no t iced  (Fig. 6). 

DISCUSSION 

B o t h  5,6-DHT and 5 ,7-DHT caused a lower ing  of  5-HT 
c o n t e n t  in the  whole  b ra in ,  reaching 5 0 - 7 0 %  of  con t ro l  
values and last ing for  the  ent i re  e x p e r i m e n t a l  per iod  (20  
days) ;  doses of  21 and 43 ag proved equal ly  effective.  
Similar ly,  Ho et al. [16]  r epo r t ed  t ha t  40  and 80 ag of  
5,6-DHT, in jec ted  in t race rebra l ly ,  dep le ted  5-HT to 60% of  
cont ro ls .  In  ra ts  t r ea t ed  wi th  5,6-DHT the  5-HT c o n t e n t  of  
discrete  b ra in  areas was af fec ted  d i f fe ren t ia l ly  [ 2 , 1 0 ] ;  
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marked  r e d u c t i o n  was no t iced  in the  spinal  cord  bu t  no t  in 
the  pons  and medul la  ob longa ta .  This  has  been  a t t r i b u t e d  
to the  t e c h n i q u e  of adm i n i s t r a t i on  of  the  drug,  which ,  
being in jec ted  in to  the  spinal  f luid,  m ay  n o t  r each  deeply  
located  zones.  The  inves t igat ions  of  B a u m g a r t e n  e t  al. [5] 
and B a u m g a r t e n  and L a c h e n m a y e r  [ 4 ] ,  carr ied ou t  wi th  
the  mic roscop ic  f luorescence  t e c h n i q u e  d e m o n s t r a t e d  t ha t  
degene ra t i on  of  the  sero tonerg ic  sys tem af ter  5 ,6-DHT or  
5,7-DHT involves no t  on ly  the  nerve endings  b u t  also the  
distal  par t  of  the  axons.  If n e u r o t r a n s m i t t e r  dep l e t i on  
d e p e n d e d  specifically on  the  de s t r uc t i on  of the  te rminals ,  
the  extens ive  damage  of  se ro tonerg ic  neu r ons  may  no t  
resul t  in an equal ly  s t r iking d i m i n u t i o n  in 5-HT bra in  con-  
tent .  This  may  expla in  w hy  in our  e x p e r i m e n t s  as well  as in 
those  of  o thers  lowering of 5-HT levels was never  very 
marked.  

Our  results  ind ica te  t ha t  5 ,6-DHT and 5,7-DHT p r o d u c e  
d i f fe rent  effects  w i th  respect  to  NE and DA. While the  
fo rmer  induced  a DA d i m i n u t i o n  to an e x t e n t  comparab le  
to  t ha t  observed for  5-HT as well as a rise in NE on  the  
t e n t h  day,  the  la t te r  induced  a lowering of NE and  had  on ly  
a slight effect  on DA. These  da ta  are in par t ia l  ag reemen t  
wi th  results  of  B a u m g a r t e n  et  al. [ 2 ] ,  who  repor ted  for  the  
rat t rea ted  wi th  5,6-DHT a late increase in NE,  reaching  its 
m a x i m u m  on the  t e n t h  day,  and  a lowering in DA;  this  
lowering, however ,  lasted for  a m u c h  sho r t e r  t ime  per iod  (5 
days) than  t ha t  observed by  us. T h a t  5 ,6-DHT des t roys  
DA-conta in ing  nerve t e rmina l s  was ind ica ted  b y  the  da ta  of  
B jork lund  e t  al. [ 7 ] ,  who  found  a reduced  f luorescence  in 
the  cauda te  nuclei  of  rats t r ea ted  in t raven t r icu la r ly  wi th  
5,6-DHT. We are no t  aware of  publ i shed  da ta  on  the  ef fec t  
of 5,7-DHT on  cerebral  amine  con t en t .  B a u m g a r t e n  and 
L a c h e n m a y e r  [4]  r epor t ed  tha t ,  in the  rat ,  doses of  up  to 
75 ug of 5,7-DHT did no t  induce  any gross a l t e ra t ions  in 
f luorescence in tens i ty  of  ca techo laminerg ic  axons ,  wh ich  
appeared damaged  only  af te r  h igher  doses. 

Con t r a ry  to wha t  was repor ted  for  the  rat  [ 3 , 1 2 ] ,  
admin i s t r a t i on  of  5 ,6-DHT and  5,7-DHT did no t  elicit in 
mice any  sign of  hyper i r r i t ab i l i ty  or hype r sexua l i t y ;  mice  
t rea ted  w i th  5,6-DHT and 5,7-DHT showed a d i m i n u t i o n  in 
spon t aneous  act ivi ty which  was dose-rela ted.  Fo r  5,6-DHT 
this d i m i n u t i o n  occur red  wi th  the  dose of  21 ug and was 
more  marked  af ter  43 ug. In the  case of  5,7-DHT, the  effect  
on  s p o n t a n e o u s  act ivi ty  could be d e m o n s t r a t e d  on ly  af te r  

43 ug; 6 ,7-DHT did no t  have any no t iceab le  ef fec t  on  th is  
parameter .  The re  may  be no  di rec t  re la t ionship  b e t w e e n  
amine  dep le t ion  and behaviora l  depress ion  as 21 ug of  
5,6-DHT or of  5 ,7-DHT which  only  slightly af fec ted  the  
s p o n t a n e o u s  act ivi ty,  caused the  same d i m i n u t i o n  in b ra in  
amines  as t h a t  observed af te r  43 ug. 

The  exaggera ted  response  to 5-HTP found  in our  experi-  
men t s  may  be due  to a m e c h a n i s m  ana logous  to tha t  pos tu-  
lated by  ourselves and o thers  [1] to  expla in  the  enhance-  
m e n t  of  the  behaviora l  effects  of  L-DOPA fol lowing intra-  
cerebral  a d m i n i s t r a t i o n  of  6-OHDA, i.e., to  the  impai red  
u p t a k e  o f  5-HT by the  terminals .  Unde r  these  c i rcum- 
stances,  5-HT genera ted  by  the  admin i s t r a t i on  of  5-HTP 
may  act longer  on  the  recep tor ,  giving rise to  an e n h a n c e d  
effect.  This  hypo thes i s  is cons i s ten t  wi th  data  of  Daly e t  al. 
[ 11] and Bjo rk lund  et  al. [71 who  have descr ibed a loss of  
5-HT u p t a k e  sites in rats t r ea ted  w i th  5,6-DHT. 

Mice t rea ted  wi th  5,6-DHT or wi th  5,7-DHT also show a 
hypersens i t iv i ty  to  L-DOPA. In a previous  s tudy  [ 17] of  
5,6-DHT, this  p h e n o m e n o n  was a t t r i bu t ed  to the  damage  of  
the  DA sys tem,  as evidenced by  the  d i m i n u t i o n  in b ra in  DA 
con ten t .  However ,  5,7-DHT d imin ished  only  slightly the  
cerebral  DA c o n t e n t  (Fig. 5). The  i m p a i r m e n t  of  f u n c t i o n s  
of the  nerve endings  may  also be achieved t h r o u g h  mech-  
anisms o ther  t han  des t ruc t ion .  5 ,6-DHT is t a k e n  up  in to  
DA nerve t rac ts  [ 11 ] ; th is  may induce  a d y s f u n c t i o n  of  the  
terminals ,  and a similar p h e n o m e n o n  may  occur  w i th  
5,7-DHT. 

6 ,7-DHT while  more  toxic  t han  the  o the r  two  drugs, 
showed a m u c h  weaker  effect  b o t h  on  bra in  amines  c o n t e n t  
and on  behavior .  This  c o m p o u n d  lacks the  h y d r o x y  group  
in pos i t ion  5 and the  steric c o n f o r m a t i o n  may  play a role in 
the  u p t a k e  of the  drug by  the  5-HT terminals .  

In conclus ion ,  the  present  results  and da ta  of o t h e r  
workers  clearly d e m o n s t r a t e  tha t  drugs such as 5 ,6-DHT 
and 5,7-DHT injected in to  the  ce reb rum damage 5-HT 
neurons .  However ,  this  effect  is far f rom being  selective 
since 5,6-DHT and 5,7-DHT seem to  affect  also the  cate- 
cholaminerg ic  neurons .  In this  con t ex t ,  Heikki la  and C o h e n  
[15] d e m o n s t r a t e d  t ha t  5 ,6-DHT inhib i t s  b o t h  DA and 
5-HT up take  in bra in  t issue slices. It is d i f f icul t  to  decide  at 
this  t ime w h e t h e r  the  DHT effect  on  the  5-HT or on  cate-  
cholaminergic  neu rons  is d i rect ly  related to the  observed 
mod i f i ca t ions  of  behavior .  

REFERENCES 

1. Barnes, L., F. Cann, A.G. Karczmar, G. Kindel and V.G. 
Longo. Effects of L-DOPA on behavior and on brain amines in 
mice treated with 6-hydroxydopamine. Pharrnac. Biochem. 
Behav. 1: 35-40,  1973. 

2. Baumgarten, H. G., A. Bjorklund, L. Lachnmayer, A. Nobin 
and U. Stenevi. Long-lasting selective depletion of brain sero- 
tonin by 5,6-dihydroxytryptamine. Aeta  physioL scan& suppl. 
373: 1-15,  1971. 

3. Baumgarten, H. G., K. D. Evetts, R. B. Holman, L. L. lversen, 
M. Vogt and G. Wilson. Effects of 5,6-dihydroxytryptamine on 
monoaminergic neurons in the central nervous system of the 
rat. J. Neurochem. 19: 1587-1597,  1972. 

4. Baumgarten, H. G. and L. Lachenmayer. 5,7-dihydroxy- 
tryptamine: improvement in chemical lesioning of indoleamine 
neurons in the mammalian brain. Z. Zellfbrsch. mikrosk. Anat.  
135: 399-414,  1972. 

5. Baumgarten, H. G., L. Lachenmayer and H. G. Schlossberger. 
Evidence for a degeneration of indoleamine containing nerve 
terminalis in rat brain, induced by 5,6-dihydroxytryptamine. 
Z. Zell]brsch. mikrosk. Anat.  125: 553-569 ,  1972. 

6. Baumgarten, H. G., S. J. Victor and W. Lovenberg. Effect of 
intraventricular  injection of 5,6-dihydroxytryptamine on 
regional tryptophan hydroxylase of rat brain. J. Neurochem.  
21" 251-253,  1973. 

7. Bjorklund, A., A. Nobin and U. Stenevi. Effects of 5,6- 
dihydroxytryptamine on nerve terminal serotonin and sero- 
tonin uptake in the rat brain. Brain Res. 53: 117-127,  1972. 

8. Bogdanski, D. F., H. Weissbach and S. Udenfriend. Pharmaco- 
logical studies with the serotonin precursor, 5-hydroxytrypto- 
phan. J. Pharmac. 122: 182-194,  1958. 

9. Chang, C. C. A sensitive method for spectrophotofluorimetric 
assay of catecholamines. Int. J. Neuropharrnac. 3" 643-649,  
1964. 

10. Costa, E., J. Daly, H. Lefevre, J. Meek, A. Revuelta, F. Spano 
and F. Strada. Serotonin and catecholamine concentrations in 
brain of rats injected intracerebrally with 5,6-dihydroxytrypt- 
amine. Brain Res. 44:304 308, 1972. 

11. Daly, J., K. Fuxe and G. Jonsson. Effects of intracerebral injec- 
t ion  of 5,6-dihydroxytryptamine on central monoamine 
neurons :  evidence for selective degeneration of central 
5-hydroxytryptamine neurons. Brain Res. 49: 476-482,  1973. 



C E N T R A L  E F F E C T  OF D I H Y D R O X Y T R Y P T A M I N E S  775 

i[2. DaPrada, M., M. Carruba, R. A. O'Brien, A. Sander and A. 
Pletscher. The effect of 5,6-dihydroxytryptamine on sexual 
behaviour of male rats. Eur. J. Pharmac. 19: 288-290 ,  1972. 

]3. Everett, G. M. The DOPA response potentiation test and its use 
in screening for antidepressant drugs. In: Antidepressant Drugs, 
edited by S. Garattini and M. N. G. Dukes. Amsterdam: 
Excerpta Medica Foundation, 1967, pp. 164-167.  

14. Haley, T.J .  and W.G. McCormick. Pharmacological effects 
produced by intracerebral injection of drugs in the conscious 
mice .Br. J. Pharmac. 12: 12-15 ,  1957. 

151 Heikkila, E. and C. Cohen. The inhibition of H3-biogenic 
amine uptake by 5,6-dihydroxytryptamine: A comparison with 
the effects of 6-hydroxydopamine. Eur. J. Pharmac. 21: 
66-69 ,  1973. 

16. Ho, I. K., H. H. Loh and E. L. Way. Influence of 5,6- 
dihydroxytryptamine on morphine tolerance and physical 
dependence.Eur. J. Pharmac. 21: 331-336,  1973. 

17. Longo, V. G., A. Scotti de Carolis, A. Liuzzi and M. Massotti. 
A study on the central effects of 5,6-dihydroxytryptamine. In: 
Advances  in Biochemistry and Psychopharmacology 10: 
109-120,  1974. 

18. Maickel, R.P., R.H. Cox Jr., J. Saillant and F. P. Miller. A 
method for the determination of serotonin and norepinephrine 
in discrete areas of brain. Int. J. Neuropharmac. 7: 275-281,  
1967. 


