
376 Br~ves communications - Kurzc Mitteilungen EXPERIENTIA XX/7 

Table I I  shows the results of the influence of 0,25M 
sucrose homogenate on the GAD activity. The findings 
suggest tha t  the GAD and GABAT act ivi ty  in sucrose 
homogenate is approximately 50% and 60% of the activ- 
i ty  in water homogenate respectively. 

The parallelism between the two enzyme activities in 
water homogenates during development is obvious. Cal- 
culation of the regression curve confirmed this (p <0.005). 
This fact can be expressed in the following formula: 

[GABAT] = a[GAD] + b (b may be zero). 

The interpretation of these results remains difficult. 
Only a few data are known about other enzymes of the 
glutamate-v-aminobutyrate pathway during develop- 
ment. The same is true for the substrates of these en- 

Table II. Activity of enzymes in 0.25 sucrose homogenate 

Age GAD-act GABAT-act No. of deter- GABAT/GAD 
(days) 4- S.D. 4- S.D. minations ratio 

10 6+  1 154- 8 4 2.5 
15 10 32 1 3.2 
20 13 :{: 1 46 4- 7 4 3.5 
30 17:J: 1 574-11 4 3.4 

Adult (4- 3 22~=~ 814-13 4 3.7 
months) 

zymes. Nothing is known about a possible cellular con- 
stancy of the GABAT/GAD ratio during development. 
SALVADOR and ALBERS 3, and ALBERS and BRADY 5 found 
different ratios in various parts of the central nervous 
system of adult  rhesus monkeys. A parallelism similar to 
that  found by us was reported by SISKEN et al. s for the 
optic lobe of the chicken. They reported, however, a ratio 
of approximately 1. A discussion on the effect of the 
sucrose medium is given by HILGERSOM z. A significant 
interpretation of this effect during development must 
await further experimentation. 

Rdsumd. Le d6carboxylase de glutamate (GAD) et le 
transaminase T-aminobutyro-~-cdtoglutarique (GABAT) 
ont dt~ ~tudi6s dans le cerveau du rat  pendant  le dd- 
veloppement postnatal. Le r6sultat le plus frappant de 
cette recherche a 6t6 de montrer  que le rapport  de ces 
deux enzymes est A peu prds constant au cours du dS- 
veloppement.  Ce rapport  (GABAT/GAD) est de 2,5 ~ 3,7. 
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T w o  T y p e s  of  5 - H y d r o x y t r y p t a m i n e  R e l e a s e  

f r o m  I s o l a t e d  B l o o d  P l a t e l e t s  

4-Chloro-N-methyl-amphetamine (Ro 4-6861) has been 
reported to decrease cerebral 5-hydroxytryptamine (5HT) 
and 5-hydroxyindolacetic acid without inhibiting the de- 
carboxylase of aromatic amino acids 1,~. The hypothesis 
was put forward that  the compound liberates 5HT which, 
in contrast to 5HT released by reserpine, is not  trans- 
formed to 5-hydroxyindolacetic acid. In order to further 
investigate the differences in the mechanism of action of 
Ro 4-6861 and reserpine, experiments with isolated blood 
platelets of rabbits have been carried out and will be re- 
ported in this paper. 

Experimental Procedure. Platelets of rabbits were iso- 
lated as previously described s, washed twice with physio- 
logical saline, and resuspended in a modified Tyrode solu- 
tion 4 corresponding to the original plasma volume. The 
platelet suspension was incubated at 37°C under gentle 
shaking with or without  reserpine (dissolved in saline 
containing 0.05 ml/1 glacial acetic acid) and Ro 4-6851 
(dissolved in saline). 

Measurements of 5HT and 5-hydroxyindolacetic acid 
in the platelets and in the incubation medium were carried 
out with spectrophotofluorimetric methods 1,~,~. For the 
chromatographic determinations, par t  of the platelet 
homogenates (with 1N HC1) and of the incubation me- 
dium were brought to pH  10 (with K~COs) and extracted 
with ethyl  acetate (basic extract). The other part  of the 
acid platelet  homogenate and of the incubation fluid 

(acidified with H C l t o  about  pH 1) was extracted with 
ethyl ether (acid extract). These extracts were evaporated 
to dryness at  25°C and redissolved in 0.5 ml methanol. 
For the paper chromatography (Schleicher & Schuell, 
No. 2043) the following solvent systems were used: 
butanol-potassium acetate, pH 5 and 7 (10:1, v/v), n- 
propanol-NH 3 1 N (5 : 1), butanol-acetic acid-water 
(5: 1:4). The spots were developed either with 4N  HC1 
inducing the typical yellow fluorescence of indolyl com- 
pounds in the low UV or with Folin-Denis reagent pro- 
ducing the characteristic blue colour of hydroxylated 
phenols. Thin-layer chromatography was carried out on 
silica gel using the following solvent systems : isopropanol- 
methyl  acetate-NH 3 25% (35: 45: 20), butanol-acetic acid- 
water (5:1:4). The spots were developed with formalde- 
hyde inducing a sensitive yellow fluorescence in the UV% 

1 A. PLETSCHER, H. BRUDERER, K. F. GEY~ and W. P. BURKARD, 
Life Sci. No. 1I, 828 (1963). 
A. PLETSCHER, G. BARTHOLINI, H. BRUDERER, W. P. BURKARD, 
and K. F. Gsv, J. Pharmacol. exp. Therap., in press. 

a G. BARTHOLINI, A. PLETSCHER~ and K. F. GEY, Exper. 17, 541 
(1961). 

a NaC1 7.60 g/1 (0.130M), KC1 0.42 g/1 (0.006M), Versene 0.80 g/l 
(0.002M), NaH2PO a • 2H20 0.14 g/1 (0.001M), NaHCO a 2.10 g/t 
(0.003 M), Glucose 2.00 g]l (0.111 M), Saccharose 4.50 g]l (0.010 M). 
D. 12. BOGDANSKI, A. PLETSCHER, B. B. BRODIE, and S. UDE~- 
FRIEND, J. Pharmacol. exp. Therap. 117, 82 (1956). 

a E. STAHL and H. KALDEWEY, Hoppe-Seyters Z. 323, 3 (1961). 



15. VII. 1964 Brevi comunicazionl - Brief Reports 377 

Results. (1) Spec t rophotbf luor imet r ic  measuremen t s  
show t h a t  reserpine causes a progress ive  decrease of 5HT 
in the  p la te le ts  wi th in  2 h, which  is accompanied  by  an 
increase of 5 H T  as well  as of 5-hydroxyindolace t ic  acid in 
the  buffer.  Ro  4-6861 also marked ly  diminishes the  
p l a t e l e t - 5 H T  wi th in  2 h;  in the  incubat ion  m e d i u m  a 
corresponding increase of 5HT,  b u t  no t  of 5-hydroxy-  
indolacet ic  acid, occurs (Figure 1). 

(2) According to pape r  chromatography ,  three  d i f ferent  
compounds  wi th  the  f luorescence typ ica l  for indols are 
present  in the  Tyrode  m e d i u m  af te r  incuba t ion  wi th  reser- 
pine. I n  t he  basic f rac t ion two  der iva t ives  wi th  Rf  values  
ident ical  wi th  those  of au then t i c  5HT and N-ace ty l -5HT 
occur. I n  the  acidic f rac t ion two  indolyl  compounds  wi th  
the  Rf  values  of 5-hydroxyindolace t ic  acid and N-ace ty l -  
5HT appear .  One-d imens ional  paper  c h r o m a t o g r a p h y  
wi th  three  so lvent  systems,  two-d imens iona l  paper  chro- 
m a t o g r a p h y  (with bu tanol -ace t ic  ac id-water  and butanol -  
po tass ium acetate) ,  and  th in - layer  c h r o m a t o g r a p h y  con- 
f i rm t h a t  the  three  compounds  found in t he  Tyrode  
solut ion behave  like 5HT,  N-ace tyI -SHT,  and 5-hydroxy-  
indolacet ic  acid respec t ive ly  (Figure 2). Af te r  incuba t ion  
of p la te le ts  wi th  Ro  4-6861, one single de r iva t ive  wi th  the  
character is t ics  of 5HT occurs in the  Tyrode  medium.  I n  
p la te le ts  before incubat ion  as well  as in platelets  incu- 
ba ted  for 2 h wi th  reserpine or  Ro 4-6861, only 5HT can 
be found. 

Discussion. The  metabo l i sm of 5 H T  released f rom iso- 
lated p la te le ts  by  reserpine differs f rom t h a t  of 5HT 
l iberated by Ro  4-6861. On incubat ion  wi th  reserpine, 5- 
hydroxyindolace t i c  acid and ano ther  me tabo l i t e  appear  
besides 5HT in the  Tyrode  medium.  Pape r  ch romato -  
g raphy  using var ious  solvent  sys tems as well as th in- layer  
c h r o m a t o g r a p h y  indicate  t h a t  the  second metabo l i t e  
migh t  be N-ace ty l -5HT.  Af ter  incubat ion  wi th  Ro4-6861 
no 5 H T  metabol i tes  and only 5HT can be found. Similar  
differences in the  fo rmat ion  of 5-hydroxyindolace t ic  acid 
have  been shown in vivo, since af ter  i.p. in jec t ion  Ro 
4-6861 in cont ras t  to reserpine d i d  no t  increase the  con- 
t en t  of 5-hydroxyindolacet ic  acid in the  bra in  1, 3. Fur ther -  
more,  an in teres t ing paral le l  wi th  the  metabo l i sm of 
ca techolamines  in vivo is evident .  Thus,  norepinephr ine  
released by  reserpine undergoes ox ida t ive  deamina t ion ,  

whereas  norep inephr ine  l ibera ted  by  s y m p a t h o m i m e t i c  
amines  is no t  p r imar i ly  deamina t ed  7,s. F o r m a t i o n  of a 
neu t ra l  metabol i te ,  e.g. N-ace ty l -SHT,  p robab ly  explains  
w h y  the  5HT which  disappears  f rom the  p la te le ts  incu- 
ba t ed  wi th  reserpine canno t  be ful ly  recovered as 5 H T  
and 5-hydroxyindolaee t ic  acid in the  incuba t ion  m e d i u m  
(Figure 1). N-ace ty l -SHT is ex t r ac t ed  only  to a minor  
degree into the  final  aqueous  phase  used for the  spectro-  
photof luor imet r ic  assay of 5 H T  and 5-hydroxyindolace t ic  
acid. 

The  finding tha t  on incuba t ion  wi th  Ro  4-6861 no 5- 
hydroxyindolace t i c  acid appears  in t h e  Tyrode  m e d i u m  
is possibly the  consequence of m o n o a m i n e  oxidase  inhibi-  
t ion.  Al though  Ro  4-6861 has  been shown to  be  a w e a k  
inhib i tor  of this enzyme% a compe t i t i ve  inh ib i t ion  of the  
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Fig. 1. Effect of reserpine and Ro 4-6861 on the metabolism of 5- 
hydroxytryptamine (5HT) in rabbit blood platelets suspended in a 
modified Tyrode solution. Ordinate: 5HT or 5-hydroxyindolacetic 
acid (in [zM) contained in platelets of 1 ml suspension or in 1 ml 
incubation medium, expressed as percent of the 5HT of the platelets 
present before incubation with the drugs. Abscissa: minutes of incu- 
bation with the drugs (2.5 ~ per ml reserpine; 100 ~ Ro 4-6861-HBr 
perml Ro 4-6861). - . . . .  5HT of platelets; . . . . .  5HT of incubation 
medium (Tyrode solution); - -  5-hydroxyindolacetic acid of in- 
cubation medium; ..... 5HT of platelets incubated without drugs. 

The points represent averages :{:S.E. of 9,-7 experiments. 

Fig, 2, Paper chromatography of the indolyI compounds before and 
after incubat ing isolated blood platelets of rabbits with reserpine or 
Ro 4-6861 at 37°C for 2 h. (1) Standards:  (a) 5-hydroxyindolacetic 
acid, (b) 5-hydroxytryptamine,  (c) N-acetyl-5-hydr0xytryptamine;  
(2) before incubation: basic extract of platelets; (3) before incuba- 
tion: acid extract  of platelets; (4) reserpine: basic extract  of incuba- 
tion medium (Tyrode solution) ; (5) reserpine : acid extract  of incuba- 
tion medium; (6) Ro 4-6861: basic extract of incubation medium; 
(7) Ro 4-6861 : acid extract  of incubation medium. Solvent system: 
n-propanol-NH 3 1N (5: 1). Paper: Schleieher & Sehuell, No. 2043. 
The fluorescence of the spots was developed by  acidifying the pap2r 

with 4 N HC1 and exposure to the low UV (254 mlz). 
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5 H T  degradat ion  canno t  be excluded because of  the  
re la t ive ly  large a m o u n t  of Ro  4-6861 present  in t he  
p la te le t  suspension (approximate ly  0.4 [zM/ml Ro 4-6861 
compared  wi th  0.05-0.08 ~M/ml  5HT). I t  is, however ,  
also conceivable  t h a t  Ro 4-6861 releases 5HT by  a dif- 
ferent  mechanism than  reserpine, whereby  the  metabol iz-  
ing enzymes  of the  p la te le ts  are, for instance,  by-passed.  

In  pre l iminary  exper iments ,  o ther  pheny la lky lamines  
like ty ramine  and a m p h e t a m i n e  as well  as ch lorpromazine  
caused 5 H T  l iberat ion similar  to Ro 4-6861, whereas  the  
benzoquinol iz ine  de r iva t ive  Ro  4-1284 l° behaved  like 
reserpine ~L 

Zusammen/assung. Nach  E i n w i r k u n g  von  Reserp in  auf  
gewaschene,  isotierte T h r o m b o c y t e n  werden neben 5-Hy-  
d r o x y t r y p t a m i n ,  5-Hydroxyindoless igs~ure  und eine Sub-  
s tanz  mi t  den Charac ter i s t ika  von  N - A c e t y l - 5 - h y d r o x y -  
t r y p t a m i n  im Inkuba t i onsmed ium (modifizierte Tyrode-  

16sung) gefunden.  Das  Pheny l / i t hy l aminde r iva t  Ro  4-6861 
se tz t  5 - H y d r o x y t r y p t a m i n  ohne Bi ldung  dieser Metabo-  
l i te frei. 

G. BARTHOLINI and A. PLETSCHER 

Medizinische Forschungsabteilung, F. Ho]]mann-La Roche 
6~ Co. AG, Basel (Switzerland), Apri l  77, 1964. 

10 2-Hydroxy-2-ethyl-3-isobutyl-9, 10-dimethoxy-l, 2, 3, 4, 6, 7-hexa- 
hydro-1 lbH-benzo [a]quinotizine. 

xl Addendum. While this paper was in print, it could be shown that 
the second metabolite (indicated as possible N-aeetyl-5HT) is 
probably 5-hydroxytryptophol (5-hydroxy-3- (~-hydroxyethyt)- 
indole). N-Acetyl-SHT and 5-hydroxytryptophol have the same 
Rf values in all the chromatographic systems used in this in- 
vestigation. The two compounds can, however, be separated by 
thin layer chromatography on silica gel using ethylaeetate as 
solvent system. 

T h e  Effect  of  A g g r e g a t e d  y - G l o b u l i n s  o n  I m -  
m u n e  Cyto lys i s :  the  R o l e  o f  C o m p l e m e n t  ~ 

Ear l ie r  exper iments  s h a v e  shown t h a t  hea t -aggrega te  d 
h u m a n  7-globulin comple te ly  inhibi ts  the  i m m u n e  reac- 
t ion in an  in vitro sys tem consist ing of isolated ra t  peri- 
toneal  m a s t  cells, r abb i t  an t i - ra t  7-globulin serum (ARGG) 
and heat - labi le  se rum factors  (C'). F r o m  the  observa t ion  
tha t  a f t e r  washing a w a y  the  aggregated  HGG,  the  addi-  
t ion of A R G G  and C'  allows cytolysis  to  proceed,  the  as- 
sumpt ion  was made  t h a t  this  reac t ion  canno t  t ake  place 
in t he  presence of aggrega ted  h u m a n  7-globulin because 
the  ava i lab le  comp lemen t  is exhaus ted .  The  present  ex-  
per iments  were  per fo rmed  to  t es t  th is  assumpt ion .  

R a t  per i tonea l  mas t  ce i l s  were  isolated and incuba ted  
wi th  A R G G  and 20% fresh guinea-pig  se rum (C') as 
descr ibed earlier s. Unde r  these  condi t ions  80% of the  
to ta l  h i s t amine  conta ined  in t he  mas t  cells is released. 
S t anda rd  h u m a n  :v-gl0bulin S R K  (16%; i.m.) was aggre- 
ga ted  by  hea t ing  for 20 rain to 62°C. Bovine  r -g lobul in  
(BGG) w a s  obta ined  by  washing bovine  serum wi th  
DEAE-ce l lu lose4 ;  pa r t  of this  globul in was fur ther  puri-  
fied on a D E A E  co lumn;  t he  :v-globulin fract ions ob ta ined  
in th is  m a n n e r  were  freeze-dried and  dissolved in t he  
physiological  buffer  solut ion used for suspending the  
mas t  ceils and p a r t  of i t  was aggregated  by  hea t ing  for 
20 rain to  62°C. Complemen t  ac t iv i ty  (C' Hs0 ) was deter-  
mined  by  the  classical me thods  ~. 

Firs t ,  the  effect  of aggregated  h u m a n  7-globulin on the  
anaphylac t i c  release of h i s tamine  f rom isolated mas t  cells 
in the  above  in vitro sys tem and on complemen t  ac t i v i t y  
was compared .  In  earl ier  expe r imen t s  i t  was found t h a t  
aggregated  h u m a n  7-globulin (HGG) in final  concentra-  
t ions of 0 .1-1.0%, i r respect ive of whe the r  or  no t  hea t -  
labi le  se rum componen t s  are present ,  ne i ther  changes the  
appearance  of the  mas t  cells nor  releases the i r  h i s tamine  =. 
The  results,  which  are graphical ly  represented  in Figure  1, 
show the  close para l le l i sm t h a t  exists  be tween  the  effects 
of  d i f ferent  concent ra t ions  of aggregated  H G G  on com- 
p l emen t  ac t i v i t y  and on the  anaphy lac t i c  release of 
h is tamine .  

I t  is known f rom ISHIZAKA'S exper iments  e t h a t  aggre- 
ga ted  B G G  has no complement - f ix ing  propert ies .  There-  

fore the  effect  of no rmal  and  aggregated  bov ine  :v-globulin 
on the  anaphy lac t i c  release of h i s tamine  f rom m a s t  cells 
and on complemen t  consumpt ion  in the  i m m u n e  reac t ion  
was examined.  The  results  (Figure 2) show t h a t  ne i ther  
un t r ea t ed  nor  aggregated  B G G  are effective.  U n t r e a t e d  
B G G  per se has no h is tamine- re leas ing  effect  on mas t  
cells and,  in its presence, the  h is tamine-re leas ing  effect  
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Fig. 1. The effect of heat-aggregated human :v-globulin (HGG) on 
histamine release from isolated rat mast cells (MC) by anti-rat :V- 
globulin serum (ARGG) and on complement activity (C' Hs0). 

GPS = fresh guinea-pig serum. 
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