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5-Hydroxytryptamine  of the Spinal C o r d  

Normal ly  and after Transect ion 

I t  has  r ecen t ly  been  observed,  in t h e  rabbi t ,  t h a t  nor-  
adrenal ine  a lmos t  comple te ly  d i sappears  in t he  thoracic,  
l u m b a r  and  sacral  por t ions  of the  spinal  cord af ter  t ransec-  
t ion a t  t he  second thorac ic  s egmen t  1. This  seemed to us to 
ind ica te  t h a t  mos t  of t he  noradrena l ine  in the  cord was 
p re sen t  in descending  ne rve  fibres. This  obse rva t ion  has 
p r o m p t e d  us to  inves t iga te  if 5 - h y d r o x y t r y p t a m i n e  in the  
cord behaves  in a similar  m a n n e r  as noradrena l ine  a f t e r  
t ransec t ion .  

The  expe r imen t s  were  pe r fo rmed  on adu l t  rabbi t s ,  t he  
spinal  cords of which  were  cut  a t  the  second thorac ic  seg- 
m e n t  u n d e r  e the r  anaes thes ia .  As large a m o u n t s  of 5- 
h y d r o x y t r y p t a m i n e  are held by  the  blood pla te le tes  in th is  
species, t he  an imals  were  bled u n d e r  n e m b u t a l  anaes-  
thes ia  f rom t h e  caro t id  a r t e r y  a t  the  same t ime  as a 
Ringer ' s  solut ion of 37°C was  infused in to  a jugular  
vein.  The 5 - h y d r o x y t r y p t a m i n e  of t he  cord was de ter -  
mined  as earl ier  descr ibed  2 wi th  t he  modi f ica t ion  t h a t  the  
t issue was r e - ex t r ac t ed  wi th  t he  original  vo lume of 0 .4N 
perchlor ic  acid. The  resul ts  are found  in t he  Table.  In  
some spec imens  of t he  cord,  t he  chol ines terase  act ivi t ies  
were also de t e rmined  a. 

As will appea r  f rom the  Table,  5 - h y d r o x y t r y p t a m i n e  is 
p resen t  in t he  spinal  cord of t he  r abb i t  a t  a concen t r a t i o n  
of 0.26 [zg per  g, the  concen t ra t ions  be ing  a b o u t  the  same 
in cervical  and  t h e  lower par t s .  A week a f t e r  the  t r ansec-  
t ion  the  c o n t e n t  in t he  por t ion  below the  sect ion is only  
abou t  15% of t h a t  found  in t he  cervical  por t ion.  This  fact  
m a y  be i n t e rp re t ed  to  m e a n  t h a t  t he  5 - h y d r o x y t r y p t -  
amine  in the  cord,  like noradrenal ine ,  is mos t l y  localized 
in ne rve  fibres descending  f rom more  cen t ra l ly  s i ted cell 
bodies.  The  sec t ion  d id  n o t  have  any  s ignif icant  effect  on 
the  chol ines terase  ac t iv i ty  of t he  cord.  

In  a few expe r imen t s  i t  was  found  t h a t  admin i s t r a t i o n  
of L -d ihydroxypheny la l an ine  or 5 - h y d r o x y t r y p t o p h a n  to  
r abb i t s  2 h a f te r  t he  t r ansec t ion  caused a faci l i ta t ion of 
the  spinal  reflexes of t he  h i n d  legs. The  f lexor reflex and  
mass  ref lexes could be m u c h  more  easi ly evoked  af ter  
admin i s t r a t i on  of e i ther  of the  two  drugs.  As these  are the  
precursors  of t he  ca techo lamines  and  5 - h y d r o x y t r y p t -  
amine,  i t  is p robab le  t h a t  t he  subs tances  of these  groups  
p re sen t  in the  cen t ra l  ne rvous  sy s t em m a y  h a v e  a modi fy-  
ing effect  on the  ref lex ac t iv i ty  there in*.  

5-Hydroxytryptamine content of the spinal cord of the normal 
rabbit and after transection at the 2nd thoracic segment. The figures 

indicate ~g/g 

Controls Operated animals 

above Th 2 below Th 2 above Th 2 below Th 2 

0.28 0.27 0.30 0.04 
0.27 0.30 0.38 0.05 
0.27 0.23 0.28 0.01 
0.22 0.22 0.31 0.09 

Mean 0.26 0.25 0.32 0.04 
4- S.E.M. 4-0,013 4-0.020 4-0.021 4-0,015 

Zusammen/assung. Der  5 - H y d r o x y t r y p t a m i n g e h a l t  im 
Ri ickenmark  des K a n i n c h e n s  ist 0,26 ~zg/g. Que r schn i t t s -  
l~ision durchs  R i i ckenmark  ff ihr t  zu e iner  85prozent igen  
A b n a h m e  des 5 - H y d r o x y t r y p t a m i n g e h a l t e s .  Es  wird da r -  
um angenommen,  dass 5 - H y d r o x y t r y p t a m i n  in Nerven-  
zellen des Zen t r a lne rvensys t ems  lokalis ier t  ist. 
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1 T. Mn6susson and E. ROSEN6R~S, Exper. 19, 229 (1963). 
A. BERTLER and E. ROSENGREN, Exper. 15,382 (1959). 

a For this purpose about 100 mg tissue was homogenized in 1.5 ml 
0.9% sodium chloride. To the homogenate 10 mg acetyl choline 
was added and the mixture made up to l0 ml with 0.9% sodium 
chloride. The sample was then put into the reaction beaker of an 
automatic titrator (Radiometer Titrigraph). The pH of the mixture 
was kept constant at 6.8 by addition of 0.025 N NaOH, the supply 
of the correcting base being continuously recorded on a chart. 

* We are indebted to Miss A.-C~t. LtLLJEQWST for skilful technical 
assistance. The work has been supported by grants from the Office 
of Aerospace Research, United States Air Force, and the Swedish 
Medical Research Council. 

O n  t h e  O c c u r r e n c e  o f  H o m o v a n i l l i c  A c i d  and 
3-Methoxy-4-Hydroxymandel ic  Acid in Human 

Cerebrospinal Fluid 

J u d g i n g  by  our  inves t iga t ions ,  as well as l i te ra ture  
reports ,  the  no rma l  ce rebrosp ina l  fluid does no t  seem to 
con ta in  5 - h y d r o x y t r y p t a m i n e ,  noradrena l ine  or dopamin e  
in free forms.  The  t u r n o v e r  ra tes  of these  amines  in the  
cent ra l  ne rvous  sys t em m a y  poss ib ly  be s tud ied  by  de ter -  
mina t ion  of the i r  deg rada t ion  p roduc t s  i n  the  cerebro-  
spinal  fluid. In  a prev ious  paper ,  t he  occurrence  of 5- 
hydroxy indo leace t i c  acid (5-HIAA) in cerebrospina l  fluid 
was r epo r t ed  1. As a consequence  of th is  f inding,  we have  
now e x t e n d e d  our  inves t iga t ions  to acid ca techo lamine  
metabol i tes  in th is  fluid. 

The  phenol ic  acids of 30-40 ml fresh, l umba r  cerebro-  
spinal  fluid were  ex t r ac t ed  and  purif ied according  to the  
m e t h o d  for d e t e r m i n a t i o n  of 5-HIAA1.  Af te r  t rans fe r r ing  

the  acids from an e the r  phase  to  a p h o s p h a t e  buffer ,  p H  7, 
the  l a t t e r  was ad jus t ed  to  p H  1 wi th  m e t a p h o s p h o r i c  acid 
and  sa tu ra t ed  wi th  sod ium chlor ide .  The  a p p a r e n t  acids 
were ex t rac ted  wi th  e thy l  ace ta te .  This  was  e v a p o r a t e d  
to  a small  volume,  wh ich  was  c h r o m a t o g r a p h e d  on Munk-  
tell S 302 fi l ter  pape r  (washed wi th  e thanol) ,  in an  ascend-  
ing n -b u t an o l -p y r i d i n e -w a t e r  (14:4:5)  sys t em.  Af te r  
abou t  18 h, the  pape r  was dr ied  a n d  sp rayed  wi th  diazo- 
t ized p-ni t roani l ine  2. The Rf-va lues  for w a t e r  so lu t ions  of 
homovani l l ic  ac id  (HVA),  3, 4 - d i h y d r o x y p h e n y l a c e t i c  acid 
(DOPAC), 3 - m e t h o x y - 4 - h y d r o x y m a n d e l i c  acid (vanil lo-  
mandel ic  acid, VMA) a n d  3 , 4 - d i h y d r o x y m a n d e l i c  acid 
(DOMA) were:  0.60, 0.52, 0.43, 0.34, respec t ive ly .  In-  
te rna l  s t a n d a r d s  (5 vg of each  s u b s t a n c e  to  30-40 ml 

* B.-E. Roos, Life Sciences I, 25 (1962). 
2 ~V. v. STUDNITZ and A. HANSSON, Scand. J. clin. lab. Invest. II, 

101 0959). 
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ce rebrosp ina l  fluid) were car r ied  t h r o u g h  t he  en t i r e  pro-  
cedure  in  eve ry  expe r imen t .  Th i s  is i m p o r t a n t ,  n o t  on ly  
for t he  ca lcu la t ion  of t he  recovery,  b u t  also for t h e  qual i -  
t a t i v e  d e t e r m i n a t i o n ,  because  t h e  p resence  of o rgan ic  
m a t e r i a l  usua l ly  causes  smal l  changes  in t h e  Rf-va lues .  
B y  th i s  m e t h o d  spots  h a v e  b e e n  obse rved  c o r r e s p o n d i n g  
in pos i t ion  a n d  colour  to  H V A  a n d  V MA  a d d e d  to  cerebro-  
sp ina l  fluid. T h e  a m o u n t s  of t h e  acids were  e s t i m a t e d  
s e m i q u a n t i t a t i v e l y  on  t he  c h r o m a t o g r a m s .  T he  recover ies  
of H V A  and  VMA were a b o u t  40%.  Af te r  co r rec t ion  for 
this ,  t h e  n o r m a l  c o n c e n t r a t i o n  of H V A  in  ce reb rosp ina l  
f luid was e s t i m a t e d  to  a b o u t  75 n g / m l  a n d  of V MA  to  
a b o u t  25 ng /ml .  D O P A C  a n d  D O M A  were  no t  found  on  
the  c h r o m a t o g r a m s .  Nor  was  i t  poss ib le  to  d e t e c t  t h e m  
s p e c t r o p h o t o f l u o r i m e t r i e a l l y  a f t e r  c o n d e n s a t i o n  w i t h  
e t h y l e n e d i a m i n e  3. The  recover ies  of a d d e d  D O P A C  a n d  
D O M A  va r i ed  b e t w e e n  50 a n d  60%.  

The  c a t e c h o l a m i n e s  in t he  cen t r a l  n e r v o u s  s y s t e m  h a v e  
two  i n a c t i v a t i n g  p a t h w a y s .  D o p a m i n e  a n d  n o r a d r e n a l i n e  
a re  t r a n s f o r m e d  b y  m o n o a m i n e  oxidase  (MAO) to  di- 
h y d r o x y l a t e d  pheno l i c  acids,  D O P A C  a n d  DOMA, 
respec t ive ly .  Th i s  r e a c t i o n  seems to  t a k e  place  m a i n l y  in  
t he  syn the s i z ing  cell 4, b u t  t h e  e n z y m e  can  p r o b a b l y  de- 
g rade  also ex t r ace l lu l a r  amines .  T h e  c a t e c h o l a m i n e s  can  
also be  i n a c t i v a t e d  b y  c a t e c h o l - O - m e t h y l  t r ans fe r a se  
(COMT), w h i c h  seems to  be  local ized fa r  a w a y  f rom t h e  
s y n t h e s i z i n g  si tes 4. A t  t h e i r  passage  to  t he  ven t r i c les  a n d  
s u b a r a c h n o i d a l  space,  t h e  3 - O - m e t h y l a t e d  c a t e c h o l a m i n e s  
a n d  d i h y d r o x y l a t e d  pheno l i c  acids are  c o n v e r t e d  to  t he  
co r r e spond ing  3 - O - m e t h y l a t e d  acids b y  MA O  a n d  COMT, 
respec t ive ly .  The  c a t e c h o l a m i n e s  a n d  t h e i r  m e t a b o l i t e s  

are n o r m a l l y  so s l ight ly  l ip id  soluble  t h a t  t h e y  can  on ly  
w i t h  d i f f i cu l ty  diffuse t h r o u g h  t he  l ipid- l ike b lood -b ra in  
bar r ie r .  Th i s  m a y  be  t he  r ea son  w h y  H V A  a n d  V1ViA occur  
in  t h e  ce reb rosp ina l  f luid in  such  h i g h  c o n c e n t r a t i o n s .  
T h e y  p r o b a b l y  leave t h e  cen t r a l  n e r v o u s  s y s t e m  b y  f i l t ra -  
t i on  t h r o u g h  t he  a r a c h n o i d a l  vil l i  5. A n  ac t ive  t r a n s p o r t  
f rom ce reb rosp ina l  f luid to  b lood in  t he  choro id  p lexus  
m a y  also be  possible  6,7. 

Zusammen/assung. Es  wird  p a p i e r c h r o m a t o g r a p h i s c h  
gezeigt,  dass  Cerebrospinal f l f i ss igkei t  ge sunde r  Menschen  
sowohl  Homovan i l l i n s / i u re  als a u c h  3 - M e t h o x y - 4 - h y d r o x y -  
mandels~iure enth~ilt .  Die K o n z e n t r a t i o n  de r  e r s t e r en  is t  
e t w a  75 n g / m l  u n d  die de r  l e t z t e ren  e t w a  25 ng /ml .  

N. -E.  ANDI~N, B. -E .  R o o s ,  a n d  B.  WERDINIUS s 

Department o/ Pharmacology, University o/G6teborg (Swe- 
den), March 11, 1963. 

a E. ROSENGREN, Acta physiol, scand. 49,370 (1960). 
4 A. CARLSS0N and N.-A. HILLARP, Acta physiol, scand. 55, 95 (1962). 
5 L. D. PROCKOP and L. S. SCHANKnR, Life Sciences 4, 141 (1962). 
a j .  R. PAPPENHEIMER, S. R. HEISEY, and E. F. JORDAN, Amer. J. 

Physiol. 200, 1 (1961). 
7 L.D. PROCKOP, L. S. SCIIANKER, and B. B. BRODIE, J. Pharmacol. 

/35,266 (1962). 
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The 'brown spots '  (bsp)  Character  of Drosophila 
melanogaster and its  Relat ion  to Copulat ion 

T h e  'brown spots' (bsp) c h a r a c t e r  arose s p o n t a n e o u s l y  
in  t he  wi ld  s tock  Aspra 52 of Drosophila melanogaster in 
1959. 

T h e  p h e n o t y p i c a l  m a n i f e s t a t i o n  is s t r i c t ly  l imi ted  to  
t he  female  sex;  i t  consis ts  in  t h e  f o r m a t i o n  of b r o w n -  
coloured  areas ,  v a r i a b l e  in  shape  a n d  size, local ized in t h e  
p leu rae ;  t h e  p i g m e n t a t i o n  ( p r o b a b l y  due  to  me lan in )  (DI 
PASQUALE 1) affects  t h e  h y p o d e r m i c  cells on ly  (DI 
PASQUALE 2). 

T h e  c h a r a c t e r  is t r a n s m i t t e d  b y  t h e  ma le  as well  as b y  
t he  female ;  i t  is due  to  t he  p resence  of one or  more  reces- 
sive fac tors  localized in t h e  2nd ch romosome ,  a n d  segre- 
gates  n o r m a l l y  in  F 2 (DI 1)ASQUALEa). T h e  p e n e t r a n c e  
var ies  in  t i m e  f rom 60% to  90%.  

The  p h e n o t y p i c a l  m a n i f e s t a t i o n  shows a c lear  r e l a t i on  
to ma t ing .  Fema les  k e p t  a p a r t  f rom males,  a n d  females  
i sola ted f rom t h e m  w h e n  all  t h e  phases  of c o u r t s h i p  are  
comple te  b u t  copu la t i on  h a s  n o t  ye t  t a k e n  place,  n e v e r  
show spots .  

A h igh  incidence  of m a n i f e s t a t i o n  (63.3% sp. a n d  21 .6% 
d.) 4, on  t i le  o t h e r  h a n d ,  is f ound  w h e n  females  are a l lowed 
to  pa i r  w i t h  males  a n d  are  r e m o v e d  f rom t h e m  soon a f t e r  
the  f irst  copula t ion .  Moreover ,  r epea t ed  copu la t i ons  b a r e l y  
increase  t h e  degree of spo t t ing .  

bsp females  m a t e d  w i t h  ma les  of n ine  d i f fe ren t  s tocks  
(cn, Chieti-v, Cyl/Pm, Varese,  tu B3, tu A2, Oregon,  
U r b a n a ,  y w) show in all  cases t y p i c a l  spo t s  genera l ly  
w i t h  a h igh  f r equency ;  s ign i f ican t  differences  are, however ,  
no t i ceab le  to  a g rea t e r  or lesser e x t e n t  in  t h e  inc idence  in  
t h e  bsp s tock ;  t h e  m a t i n g  w i t h  y w males ,  in  w h i c h  t he  

inc idence  of t h e  spots  is p a r t i c u l a r l y  low (9.5% sp. a n d  
2 .2% d.), is a pecu l i a r  case. 

Males of two  d i f f e ren t  s tocks,  X / Y  Le a n d  X/O,  s ter i le  
because  of t he  n o n - m o t i l i t y  of spe rma tozoa ,  t h e  fac tors  
c o n t a i n e d  in t h e  s h o r t  a r m  of t he  Y c h r o m o s o m e  be ing  
absen t ,  also d e t e r m i n e  the  a p p e a r a n c e  of s p o t t i n g  in bsp 
females.  T h e  s a m e  resu l t  is also o b t a i n e d  b y  pa i r i ng  bsp 
females  w i t h  X / X ;  tra/tra ind iv idua l s .  These,  geno typ ic -  
a l ly  females,  a re  t r a n s f o r m e d  in to  ma le s  owing  to  t h e  
p resence  of 'trans/ormer', a recess ive  gene  localized in  t h e  
3rd c h r o m o s o m e  (STURTEVANTS); t h e y  possess  e x t e r n a l  
gen i t a l i a  a n d  s e c o n d a r y  sexua l  c h a r a c t e r s  of ma le  type ,  
copu l a t e  r egu la r ly  w i t h  females,  h a v e  n o r m a l  p a t a g o n i a  
a n d  r u d i m e n t a r y  tes tes ,  a n d  the re fo re  do n o t  p roduce  
s p e r m a t o z o a .  

In te r spec i f i c  m a t i n g  b e t w e e n  bsp females  a n d  Droso- 
phila simulans males  also p roduces  spo t t ing ,  b u t  w i t h  a 
low inc idence  (10.9% sp. a n d  1.1% d.). 

These  inves t iga t ions ,  the re fore ,  p r o v e  t h a t  t h e  ob-  
se rved  r e sponse  to m a t i n g  is a genera l  p h e n o m e n o n ;  i t  is 
also i n d e p e n d e n t  of t h e  s t e r i l i t y  of the  male,  w h e t h e r  due  
to  t h e  n o n - m o t i l i t y  of t he  s p e r m a t o z o a  or  to  t h e i r  absence .  

R e c e n t  e x p e r i m e n t s  us ing  p a p e r  c h r o m a t o g r a p h y  
(CHEN a n d  DIEM n) e m p h a s i z e  t he  p resence  of a n i n h y d r i n -  

z A. DI PASQUALE, Atti A.G.I. 7, 138 (1962). 
2 .~x. DI PASQUALE, Atti A.G.I. 5, 117 (1960). 
a A. DI PASQUALE, Atti A.G.I. 6, 233 (1961). 
4 In these experiments it was preferred to classify separately the 

females with spots {sp.) and with very small pigmented areas 
(dottings, d.). 

5 A.H. STURT~VA~T, Genet'cs 30, 297 (1945). 
P. S. CHEN and C. DIEM, J. Ins. Physiol. 7, 289 (1961). 


