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Fig. I, 2 and 3. FDP in the medium of organ cultures treated and not treated with oxyphenbutazoue in various concentrations 24, 48, 72 h 
respectively after the beginning of the culture. Ordinate (logarithmic): FDP in ~zg/ml. Abscissa: Number of the culture. Cultures 1, 2, 3, 4, 
5 were made of newborn rat kidney; 6 of ovarian cancer. In culture 7 the substrate was a standard fibrin clot of i ml. A, @, m, denote 
cultures containing oxyphenbutazone in the medium in concentrations of 100, 50, 10 ~zg/ml, respectively. A, O, E3, denote corresponding 
controls. The cultures treated with oxyphenbutazone showed a fibrinolytic activity lower than that of the untreated cultures. 

cu l tu re  m e d i u m  to r each  a f inal  c o n c e n t r a t i o n  r a n g i n g  
f rom 10 to 100 ~g/ml  med ium.  Contro ls  w i t h o u t  o x y p h e n -  
b u t a z o n e  were r u n  a t  t h e  same  t ime.  

Results and comment. Besides  a few p i l o t  s tudies ,  7 
cu l tu re  e x p e r i m e n t s  were r u n  based  on  a a l t o g e t h e r  43 
sepa ra t e  cul tures .  The  lysis p roduced  b y  t i le  e x p l a n t s  24, 
48, and  78 h a f t e r  t he  b e g i n n i n g  of t he  cu l tu re  expressed  
in ~g of F D P / m l  m e d i u m  is s h o w n  in F igures  1, 2 a n d  3. 
The re  is a progress ive  increase  of F D P i n  t he  Culture me-  
d i u m  d u e  to  t h e  c o n t i n u o u s  I ibr inolysis .  

The  f ib r ino ly t i c  a c t i v i t y  of t he  cu l tu res  c o n t a i n i n g  
o x y p h e n b u t a z o n e  in t h e  m e d i u m  was genera l ly  lower  t h a n  
t h a t  of t h e  con t ro l  cu l tures .  S t a t i s t i ca l  ana lys i s  ( S t u d e n t ' s  
t - t e s t )  of t h e  cu l tu res  w i t h  100 tzg o x y p h e n b u t a z o n e / m l  
(Nos. i a n d  3) a n d  w i t h  50 Exg/ml (Nos. 2 a n d  4) showed  a 
s ign i f ican t  (p < 0.02) difference for t he  100 ~xg/ml cu l tu res  
a f t e r  24 h a n d  48 h. A lower f i b r i no l y t i c  a c t i v i t y  was also 
s h o w n  b y  t h e  cu l tu res  of o v a r y  cance r  (No. 6) a n d  in one 
w h e r e  a p r e fo rmed  1 ml  f ib r in  c lot  was  used (No. 7). 

The  resu l t s  showed  t h a t  o x y p h e n b u t a z o n e  in a con-  
c e n t r a t i o n  of 10 ~,g-100 ~g decreases  t he  release of f ibr ino-  
lyr ic  agen t s  f rom t h e  cu l tu res  of e m b r y o n i c  a n d  t u m o r a l  
t i ssues  r e su l t i ng  in  a de l ay  in  t he  a p p e a r a n c e  of t he  
d i sso lu t ion  of f ib r in  n .  

Hypo the t i c a l l y ,  t h e  effect  of o x y p h e n b u t a z o n e  on  t he  
f ib r ino ly t i c  a c t i v i t y  of t he  cu l tu res  can  be  a t t r i b u t e d  to  a 
s t ab i l i z ing  ac t ion  of t h  e d r u g  on  in t r ace t lu l a r  m e m b r a n e s ,  
wh ich  would  be  fol lowed b y  a decreased  di f fus ion of 
f ib r ino ly t i c  agen t s  f rom the  cells in to  t h e  cu l t u r e  med ium.  
Th i s  m e a n s  t h a t  in t h i s  respec t  t he  a c t i o n  of o x y p h e n b u t a -  
zone would  re semble  t h a t  f ound  b y  HENRICSON 12 for  
cor t i sone .  

n M. PANDOLFI, ]3. ASTEDT and I. M. NILSSON, Thromb, Diath. 
haem0rrh. 31, 415 (1974). 
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Stud ies  on the Role  of P h e n e t h y l a m i n e  in M e t h y l a m p h e t a m i n e  Act ion  M e c h a n i s m s  

~B. HELLER and N. LUMBRERAS 

Laboratorio de Psico/armacologia y Neuropsiquiatria Experimental, Hospital NacionaI de Neuropsiquiatria "Dr. Josd 
T. Borda', Barracas 375, Buenos Aires (Argentina), and Cdtedra de Psiquiatrla de la Facultad de Medicina de la Univer- 
sidad Nacional de Buenos Aires, Barracas 375, Buenos Aires (Argentina), 19 August 1975. 

Summary. Accord ing  to our  resul ts ,  we t h i n k  t h a t  t he  to le rance  deve loped  to  c en t r a l  effects  Of N - m e t h y l a m p h e t a m i n e  
are  caused  b y  t h e  l i be ra t ion  a n d  pos te r io r  dep le t ion  of p h e n e t h y l a m i n e  f rom i ts  s to rage  places,  wh ich  is in  a g r e e m e n t  
w i t h  our  hypo thes i s  a b o u t  t h e  ac t ion  m e c h a n i s m s  of a m p h e t a m i n e s  i n  t he  cen t r a l  ne rvous  sys tem.  

P h e n e t h y l a m i n e  ha s  been  found  i~. d i f fe ren t  a n i m a l  
o rgan i sms  inc lud ing  m a n  1-4. I t  is a homologue  of am-  
p h e t a m i n e  and  produces  s imi la r  pha rmaco log ica l  ef- 
fects  1, 5, 6. I n  c o n t r a s t  to  a m p h e t a m i n e ,  p h e n e t h y l a m i n e  
is a s u b s t r a t e  of m o n o a m i n o o x i d a s e : ;  for th i s  r eason  
i t  is o f ten  necessa ry  to  a d m i n i s t e r  i t  t o g e t h e r  w i t h  a 
monoaminooxidase inhibitor in order t~ obtain saris- 

f ac to ry  resul ts .  P h e n e t h y l a m i n e  ha s  been  p o s t u l a t e d  as 
a brain neurohumoral agent ~,s,9. It can be produced by 
decarboxilation of its aminoacidic precursor phenylalanine 
and it is decomposed mainly by aminooxidation. Di- 
minished urinary elimination of phenethylamine was 
found in certain forms of depressive disease, probably of 
endogenous origin 8, ~. Treatment of such patients with 
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aminooxidase  inh ib i tors  or w i th  d ibenzazepin ic  ant i -  
depress ive  drugs p roduced  a raise of u r ina ry  p h e n e t h y l -  
amine  e l iminat ion.  The same subs tances  e leva ted  also 
the  p h e n e t h y l a m i n e  level of r a t  brain,  whereas  reserpin  
p roduced  a d iminu t ion  of it  ~~ On the  o the r  hand ,  
behaviora l  reserpin effects in t he  ra t  were abol ished b y  
a m p h e t a m i n e  or p h e n e t h y l a m i n e  t~. I t  is general ly  accepted  
t h a t  per ipher ica l  a m p h e t a m i n e  ac t ion  has  an ind i rec t  
mechan i sm med ia t ed  by  ca techo lamine  release. I t  was 
also s u p p o s e d  t h a t  a m p h e t a m i n e  acts  in a s i m i l a r  w a y  
on cerebral  func ions ,and  behavior .  N o t w i t h s t a n d i n g  this ,  

Table I. Assay of lethal Doses of N-methylamphetamine in rats 
using the i.p. route 

Dose (mg/kg) Lethaleffeets (%i Probits LD~04-  SE 

Animals without pretreatment 

105 20 4.18 11:5 4- 2.22 
110 35 4.65 
120 65 5.38 
140 100 7.00 

Animals pretreated with 1 daily dose of 40 mg/kg of N-methylam- 
phetamine for 10 days 

130 0 0 156 4- 2.45 
140 15 3.95 
150 35 4.65 
160 65 5.38 
170 80 5:85 
180 100 7.00 

Table II. Assay of lethal doses of phenethylamine in rats i.p.) 

Doses (mg/kg) Lethal effect (%) Probits LDs0 4- SE 

Animals without pretreatment 

200 0 0 245 4- 4.56 
220 15 3.95 
250 60 5.25 
275 90 6.25 

Animals pretreated with t daily dose of 100 mg/kg of phenethyIamine 
during 10 days 

200 0 '0 240 4- 5.02 
220 20 4.1 
250 65 5.35 
275 85 6.1 

Table III. Suppression of conditioned responses by N-methylamphe- 
famine in rats (i.p.) 

Dose (mg/kg) Blocking effects (%) Probits EDs04- SE 

Animals without pretreatment 

3 20 4:2 : 5.5 4- 0.55 
6 60 5.25 
9 90 6~25 

Animals pretreated with 1 daily dose of 3 mg]kg of N-methylamphe- 
tamine during 10 days 

3 5 3.4 8.5 -4- 0.55 
6 20 4.2 
9 55 5.15 

12 90 6~25 

the re  are some facts  t h a t  con t rad ic t  such an in te rp re ta -  
t ion  of t he  cent ra l  effects  of a m p h e t a m i n e .  I t  was ob- 
served  t h a t  only  per ipher ica l  a m p h e t a m i n e  effects  are 
p r even t ed  b y  ca techo lamine  deple t ion  p roduced  by  
reserpin,  while the  behaviora l  a m p h e t a m i n e  act ions  are 
n o t  an tagonized  1~. I t  was proposed  b y  FISCHER and  
[-~ELLER 8 t h a t  cent ra l  and  behaviora l  a m p h e t a m i n e  
effects  m a y  be med ia t ed  by  p h e n e t h y l a m i n e  release and /  
or by  an occupat ion  of ac t ive  p h e n e t h y l a m i n e  receptors  
by  a m p h e t a m i n e .  

Such an in t e rp re t a t i on  is also suppor t ed  by  the  grea t  
s imi lar i ty  of a m p h e t a m i n e  and  p h e n e t h y l a m i n e  s t ruc tu re  
and  effects 5. I t  is known  t h a t  prolonged a m p h e t a m i n e  
admin i s t r a t i on  produces  to lerance  phenomena .  Such 
to lerance could- be expla ined by  a deple t ion  of phene thy l -  
amine  in bra in  in Consequence of the  co n s t an t  release 
dur ing  the  pro longed a m p h e t a m i n e  admin i s t ra t ion .  In  
fact,  we could show t~ t h a t  a f ter  a t r e a t m e n t  of ra ts  w i th  
N - m e t h y l  a m p h e t a m i n e  for 3 weeks,  t he  bra in  phene thy l -  
amine  concen t ra t ion  gradual ly  diminished.  The original  
value of ap p ro x i ma t e l y  0.5 ~g/g was lowered to 0.05 ~g/g. 
I t  seemed to  us i m p o r t a n t  to  s t u d y  w h e t h e r  a p ro longed  
p h e n e t h y l a m i n e  admin i s t r a t i on  would  also, p roduce  a 
tolerance,  for th is  should inva l ida te  such an in t e rp re t a -  
t ion.  We  shall  r epor t  here  the  resul ts  of t he  cor responding  
assays, using as t e s t  t i le observa t ion  of le thal  effects  and 
the  suppress ion of condi t ioned  responses  in t he  rat .  

Methods. We did no t  use a combina t ion  of phene thy l -  
amine  wi th  monoaminoox idase  inhib i tors  in order  to  
avoid compl ica t ions  and  difficult ies of in te rpre ta t ion ,  
t ry ing  to compensa t e  the  shor t  du ra t ion  of phene thy l -  
amine  effects  b y  an  e levat ion  of its doses. In s t ead  of 
a m p h e t a m i n e  we used N - m e t h y l a m p h e t a m i n e ,  for prac t i -  
cal reasons.  Assays  of le thal  effects w e r e  carr ied ou t  w i th  
groups  of 20 Wis t a r  ra t s  (10 male and 10 female),  of 
120 to  160 g in weight .  The le tha l  dose was  de t e rmined  
by  i.p. inject ions,  observ ing  the  animals  subsequen t ly  
dur ing  96 h and  consider ing the  dose t h a t  p roduced  
d e a t h  in 50% of t he  animals  as LDs0. Such assays were 
carr ied out  w i t h  u n t r e a t e d  animals  and also wi th  ra t s  
p r e t r ea t ed  for 10 days  wi th  m e t h y t a m p h e t a m i n e  (40 mg/  
kg) and p h e n e t h y l a m i n e  (100 mg/kg),  respect ively .  
Blocking of cond i t ioned  responses  was assayed according 
to the method of COOK and WEIDLEY 15. In each assay 
20 rats under these conditions were used. The animals 
were tra'ined to climb on a wooden pole after receiving an 

1 T. NAKAJIMA, Y. I{AKIMOTO and I. SAgo, J. Pharm. exp. Ther. 
143, 319 (1964). 
J. 0ATES, P. Z. NIRE~BER~, J. B. JEPsoN, A. SJOERDSMA and S. 
UDENFRIEND, Proc. Soc. exp. Biol. Med. 172, 1078 (1963). 

3 E. FISCHER, B. HELLER and A. MIR6, Arzneimitt. Forseh. 78, 
14S6 (1968). 

4 E. FISCHER, H. SPATZ, J. M. SAAVEDRA, H. REGGIA/r A. H. 
MIR6 and B. HELLER, BioL Psych. 5, 139 (1972). 

5 p. ]3/][ANTEGAZZA and M. RIVA, J. Pharm. Pharmae. 75, 427 (1963). 
s E. FISCHER, R. LUDMER and H. C. SABELLI, Acta physiol, latino- 

am. 77, 15 (1967). 
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s E. FISCHER and ]3. HELLER, Behav. Psychiat. 4, 8 (1972). 
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Forsch. 22, 1560 (1972). 
11 ]~. FISCHER, I7I. SPATZ, B. HELLER and H. REGGIANI, Experientia 

28, 3O8 (1972). 
12 E. FISCHER and B, HELLER, Nature, Lond. 2J6, 1221 (1967). 
x3 H. R. RECH, J. Pharm. exp. Ther. ld6, 369 (1964). 
14 E. FISCHER and B. HELLER, Arzneimitt. Forseh. 2d, 956 (1974). 
15 L. Cook and E. WEIDLEY, Ann. N, Y. Aead. Set. 66, 740 (1957). 
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Table IV. Supression of the conditioned responses by phenethylamine 
in the rat (i.p.) 

Dose (mg/kg) Blockingeffeets (%) Probits EDh0xJ= SE 

Animals without pretreatment 

25 0 0 38 4- 1.64 
35 30 4.48 
40 65 5.4 
50 90 6.25 

Animals pretreated during 10 days with 1 daily dose of 35 mg/kg 
of phenethylamine 

25 0 0 36.5 4- 2 
35 27 4.4 
40 69 5 
50 87 6.1 

electrical  shock to t i le feet  and condi t ioned to  do the  
same also af ter  hear ing the  sound of a buzzer.  

According to unpubl ished observations,  phene thy l -  
amine and amphe tamine  are amongs t  the  substances 
t h a t  block the  condi t ioned responses. We  did no t  dif- 
ferent ia te  be tween  specific and unspecific bIocking since 
we t hough t  th is  of no impor tance  f rom our  po in t  of view. 
We  considered s imply  as blocking when the  animals  did 
no t  react  to the  buzzer ' s  sound. The  effective dose 50 
(EDh0) was calculated by  t ak ing  into account  the  per- 
centage of posi t ive  answers, according to MILLER and 
TAINTER 1~. The  tests  were repea ted  af ter  10 days of t rea t -  
m e n t  of the  rats  wi th  N - m e t h y l a m p h e t a m i n e  (3 mg/kg) 
and phene thy lamine  (35 mg/kg),  respect ively.  Control  

tests  were per formed giving 25 and 50 mg/kg  of phene thy l -  
amine to non- tolerance condi t ioned rats  24 h before test.  
Tile inject ions were always adminis tered  by  the  i.p. 

Results. The results obta ined  in assays of le thal  effects 
are shown on Tables  I and I I .  I t  can be seen on Table  I 
t h a t  the  LD~0 of N - m e t h y l a m p h e t a m i n e  is raised f rom 
115 to 156 mg/kg  af ter  a p r e t r e a t m e n t  wi th  40 mg/kg  
of the  same substance for 10 days. The  difference is 
s ignif icant  (p < 0.005). Table  I I  shows t h a t  the  le thal  
dose of phene thy lamine  remains  prac t ica l ly  unal te red  
af ter  a p r e t r ea tmen t  wi th  100 mg/kg  of this  substance 
dai ly  for 10 days.  The  results  ob ta ined  in assays on con- 
di t ioned responses are shown on Tables  I I I  and IV. 
Table  I I I  shows t h a t  the  EDh0 of N - m e t h y l a m p h e t a m i n e  
is raised f rom 5.5 mg/kg  to  8.5 mg/kg  af ter  a dai ly  pre- 
t r e a t m e n t  wi th  3 mg/kg  of this  substance for 10 days. 
The  difference is significant  (p < 0.005). Tab le  IV  shows 
the  results on control  tes ts  according to which 25 and 
50 mg/kg  of phene thy lamine  do no t  produce tolerance 
to the  condi t ioned responses in rats.  

Discussion. Our supposi t ion t h a t  amphe t amine  to- 
lerance is produced by  phene thy lamine  deple t ion  would  
have  been inva l ida ted  if phene thy lamine  itself had  pro-  
duced a tolerance.  This  did no t  happen.  Tak ing  into con- 
s iderat ion these circumstances and the  fact  t h a t  chronic 
adminis t ra t ion  of N - m e t h y l a m p h e t a m i n e  produce  a 
deplet ion of cerebral  phene thy lamine  14, we t h ink  t h a t  
our  observat ions  are a t  least  consis tent  wi th  the  supposi- 
t ion t h a t  amphe t amine  acts in the  tests  employed  by  us 
main ly  by  l ibera t ing phenethylamine .  

lS L. C. MILLER and M. L. TAINTER, Proc. Soc. exp. Biol. Med. 57, 
261 (1974). 

Lithium Effects Upon Components of Activity in Rats 

F. N. JOHNSON 

University o] Lancaster, Department o/Psychology, Bailrigg, Lancaster LA  1 4 Y F  (England), 24 July  7975. 

Summary. W h e n  l i th ium chloride was adminis tered  to rats  several  changes occurred in a n u m b e r  of components  of 
act ivi ty ,  some of which were sex-related.  There  was a reduct ion  in bo th  ambu la to ry  and rear ing ac t iv i ty  and in be- 
hav iour  associated par t icular ly  wi th  the  m o u t h  and nose. The findings are re la ted to a suggest ion t h a t  l i th ium effects 
on behav iour  m a y  be more subtle t han  h i the r to  thought .  

Almos t  alone amongs t  psychoact ive  agents  present ly  
f inding widespread usage in clinical medicine,  l i th ium has 
still  no t  been subjected to thoroug  h psychopharmacolog-  
ical  analysis leading to any  consis tent  p ic ture  of t he  
behavioura l  effects of its salts in an imal  subjects.  A n u m -  
ber  of recent  studies have  produced widely  va ry ing  re- 
sults 1 Some invest igators  h a v e  indeed repor ted  a lack of 
effect, except  upon animals  previous ly  t rea ted  wi th  
combinat ions  of o ther  psychoact ive  agents  2. 

I t  m a y  be t h a t  l i th ium modifies behav iour  subtly,  and 
t h a t  t he  screening tests  used to da te  e i ther  impose too  
rigid a control  upon the  actions of exper imenta l  animals,  
or direct  the  exper imenter ' s  a t t en t ion  to  too narrow a 
band  of act ivi t ies ,  ef fect ively  masking  w h a t  m a y  be 
i m p o r t a n t  l i th ium effects 8. 

To overcome this  p roblem the  present  s tudy  was design- 
ed to observe rats  under  the  influence of l i th ium chloride 
in a tes t  s i tua t ion  which al lowed the  animals  re la t ive ly  
free m o v e m e n t  and in which  a number  of behavioura l  
components  could be s imul taneously  observed.  

Methods. The animals  were placed singly into a box  
hav ing  a square floor area 30.4 • 30.4 cm, and 32.6 deep. 
The  inter ior  of the  box was pa in ted  whi te  and the  floor 
was marked  into 4 equa l ly  sized squares, 15.2 •  cm. 
Fluorescent  room lighting,  di rect ly  above  the  appara tus ,  
was used th roughou t  t he  exper iment .  The  exper imente r  
noted  the  occurrence of par t icu lar  kinds of behav iour  by  
speaking into the  microphone  of a t ape  recorder,  for la ter  
analysis. 

The  t aped  records were used to assess the  f requency of 
occurence of a number  of behavioura l  components ,  name ly :  
ambula t ion  (moving all 4 feet  f rom one floor square  to 
another)  ; rear ing (standing on the  hind legs, e i ther  agains t  
the  walls of the  box  or more cent ra l ly  in the  box) ; freezing 
(a sudden cessation of all  movement )  ; crouching (lowering 

x F. N. JOHNSON, in Lithium Research and Therapy (Ed. F. N. 
JOHl~SO~'; Academic Press, London 1975), p. 315. 
H. STEINBERG, Bioctlem. Soc. Trans. l, 38 (1973). 

3 L. A. SY~tE and G. J. SYME, Psychopharmacologia 29, 85 (1973). 


