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e lec t ro-e jacula ted  4 t imes  at  2-day- intervals  and the  sper- 
m a to zoa  counted  af ter  l iquefying the  copula t ion  clot  in 
1% e -chymot ryps in  4. The  sc ro tum conta in ing  the  tes tes  
was then  exposed to  41°C for 27 rain in a wa te r  ba th  s. 
Un t i l  t he  97th day  fol lowing the  exposure  spe rmatozoa  
o u t p u t  was eva lua ted  in 2-to 3-day- intervals  in the  manne r  
described above.  

Spermatozoa  o u t p u t  before hea t  exposure  of the  testes 
(x :1: s in mil l ion per  to t a l  ejaculate)  was 66.2 £: 16,4 
33 days af ter  hea t  exposure  i t  was a t  its lowest  po in t  of 
2.2 :k 2.1. On the  97th day  spe rmatozoa  o n t p u t  reached 
65.7 :t: 11.3 : the  counts  before hea t  exposure  (see diagram).  

Ne i the r  the  hea t  exposure  of t he  sc ro tdm nor  the  re- 
gular  e lec t roejacula t ions  seemed to  affect  t h e  well-being 
of the  animals.  Thus  i t  seems possible to  t e s t  w i th  this  
me thod :  1. P ro tec t ive  effects of drugs on hea t  damage  to 
the  testes.  2. Accelera t ing  or depressing effects of drugs on 
the  spontaneous  regenera t ion  of spermatogenesis  af ter  
hea t  damage  to the  testes bei der  Ra t t e .  

Zusammen/assung. Methode  als Modell  zur  Pr i i fung der  
"vVirkung yon  P h a r m a k a  auf  die Regenera t ion  der  Sper- 
matogenese  bei der Rat te .  
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A M i c r o - C h r o m a t o g r a p h i c  M e t h o d  fo r  the  D e t e c t i o n  of  B i o l o g i c a l l y  A c t i v e  M o n o a m i n e s  I s o l a t e d  
N e u r o n s  

Progress in neurochemical  research is often res t r ic ted by  
the  sens i t iv i ty  and specificity of me thods  avai lable  for de- 
tec t ing  and measur ing small  amount s  of different  sub- 
stances. Dur ing  the  course of some studies concerning the  
up take  and convers ion of cer ta in  monoamines  (5-hydroxy- 
t ryp tamine ,  5 -hydroxy t ryp tophan ,  adrenaline,  dopamine  
and noradrenal ine)  in di f ferent  neurons,  i t  became  ne- 
cessary to have  a s imple  and rel iable  me thod  for separa t ing  
and  de tec t ing  minu te  quan t i t i e s  of monoamines  in indi-  
v idua l ly  isolated neuron  samples.  I t  is known t h a t  micro-  
c h r o m a t o g r a p h y  of monoamines  which h a v e  been dansy-  
la ted 1, 2 al lows p icogram tevets of 5 -HT to be de tec ted  in 
ind iv idua l  snail  neurons ~. However ,  this  m e t h o d  is not  
conven ien t  for the  local izat ion of some o ther  monoamines ,  
e.g. dopamine,  because the  number, of dansyla ted  der iva-  
t ives  formed from the  single substance makes  i t  diff icult  
to localize x, 2. 

F r o m  the  react ion be tween  cer ta in  amines  and formal-  
dehyde  vapour ,  BELL and  SOMERVILLE 4 described a me-  
thod  for t he  de tec t ion  of  as l i t t le  as 30 ng of substance,  
using conven t iona l  paper  or  th in  layer  ch romatograph ic  
techniques.  The  fol lowing communica t ion  describes a 
micro-chromatographic  procedure  f rom the  original  BELL 
and SOMERVILLE'S method  which permi ts  minu te  amoun t s  
(5-7 ng) of dopamine,  noradrenal ine  and 5 -hydroxy t ryp t -  
amine  to be detected.  

Materials. 3,4-d ihydroxyphenyla lan ine  (DOPA) and 
5 -hydroxy t ryp tophan  (5-HTP) were supplied f rom Sigma 
adrenal ine  (AD) and noradrenal ine  (NA) f rom Bri t ish 
Drug  Houses  and dopamine  (DA) and 5 -hydroxy t ryp t -  
amine  (5-HT) f rom Koch-Ligh t  Labora tor ies ;  3 ,4-dime- 
thoxypheny lamine ,  melatonin ,  c~-methyl-m-tyrosine, bu- 
fotenine,  3 -hydroxy-4-methoxy-pheny le thy lamine ,  kynu-  
renine,  3-hydroxy-kynurenine ,  kynurenic  acid, 3 -methoxy-  
4 -hydroxypheny le thy lamine ,  octopamine,  n ,n -d ime thy l -  
t ryp tamine ,  normetadrenal ine ,  mescaline, me tadrena l ine  
and kynuramine  were all k indly provided  by  cour tesy  of 
Dr. A. R. SOMERVILLE, Imper ia l  Chemical  Indust r ies  Ltd. ,  
Cheshire. S tandard  concent ra t ions  were made  up in 50% 
acetone in 0 .01N HC1. 

Chromatograms  were developed on 3 × 3 cm po lyamide  
layers (Carl Schleicher  and Schiill, DC-Fert igfot ie  F1700 
Muirpolyamide) .  All so lvent  sys tems were of ana ly t ica l  
grade  f rom May and  Baker  Chemical  Company.  

Methods. Standard  (1-1000 ng) amoun t s  of amine  were  
each  spot ted  0.4 cm from the  b o t t o m  edge of a 3 × 3 c m  
po lyamide  layer.  This  was achieved by sucking a known 
a m o u n t  of amine  (0,1 × 0.5 [zl) out  of a 5 btl capi l lary  tube  
( D r u m m o n d  Scientif ic  C o m p a n y / i n t o  the  t ip  of an ul t ra  
th in  capi l lary (diameter  0.5 mm) and then  apply ing  i t  to 
the  ch roma tog ram under  a s tereomicroscope (for detai ls  
see NEUI~OFFZ). Af ter  d ry ing  wi th  cool air, the  ch romato-  
g ram was developed in an  ascending fashion in a 50 ml  
beaker,  the  b o t t o m  of which  was jus t  ba re ly  covered w i t h  
e i ther  me thy l  ace ta t e / i soproprano l / ammonia  25% (9: 7 : 5) 
or  bu tano l /ch loroform/ace t ic  acid (4:1 : I). The  beaker  was 
covered  to p r even t  any evapora t ion  of the  solvent .  W h e n  
the  solvent  reached the  upper  edge of the  ch roma tog ram 
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Diagram of micro-chromatograms {polyamide layers) using the sol- 
vents, a) Methyl acetate/isopropanol]ammonia and b) butanol/chlo- 
roform/acetic acid. Abbreviations as in text. 
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a f t e r  3 -6  mill) ,  i t  wa s  r emoved ,  d r ied  carefu l ly  w i t h  cold 
(i t  f r o m  a h a i r  d ryer ,  a n d  t h e n  p l aced  in a sealed j a r  
(500 rot) c o n t a i n i n g  a b o u t  3 g of  p a r a f o r m a l d e h y d e  ( the  
p a r a f o r m a l d e h y d e  h a d  been  s to red  a t  a re la t ive  h u m i d i t y  
of 60% for a t  leas t  5 days) .  Af te r  h e a t i n g  t he  j a r  in  a n  o v e n  
for  a pe r iod  of 3 h a t  80 °C, amines  were  loca ted  b y  v i ewing  
c h r o m a t o g r a m s  u n d e r  UV- l igh t .  

I n  o rde r  to  d e m o n s t r a t e  t he  a p p l i c a b i l i t y  of t h e  m e thod ,  
6 -10  g i a n t  neu rons  (each cell measu res  120 ~ m  across  i t s  
ma j  or  axis)  f rom t h e  m e t a c e r e b r a l  gang l ion  of Helix poma- 
tin (Gas t ropod-Mol lusca)  w h i c h  is k n o w n  to  c o n t a i n  o n l y  
5 -HT 5 were  d i ssec ted  a n d  p l aced  in  a 5 ~tl c ap i l l a ry  con-  
t a i n i n g  sna i l  sa l ine  8. T h e  pos i t i on  of these  cells ha s  b e e n  
desc r ibed  ~ a n d  so ha s  t h e i r  d i ssec t ion  3. T h e  n e u r o n s  were 
t h e n  s e d i m e n t e d  b y  cen t r i fug ing  t h e  5 I~1 cap i l l a ry  in a 
M S E  a u t o m a t i c  superspeed  50, especial ly  a d a p t e d  to  
cen t r i fuge  capi l lar ies  s for 10 ra in  a t  30,000 g. Af te r  re- 
m o v i n g  t h e  sa l ine  a n d  rep lac ing  i t  w i t h  a p p r o x i m a t e l y  1 ~tl 
of 70% ace tone  in 0.01 N HC1 t i le  cells were h o m o g e n i z e d  
w i t h  a n e r v e  cana l  dr i l l  w h i c h  ha s  a d i a m e t e r  of 0.03 m m  1, z. 

T h e  p r e c i p i t a t i o n  of n e u r o n a l  p r o t e i n s  b y  t h e  ace tone  
was  c o m p l e t e d  b y  p lac ing  t h e  cap i l l a ry  in  a f reezer  
(--30°C) for 30 min .  T he  c a p i l l a r y  a n d  i ts  c o n t e n t s  were 
cen t r i fuged  aga in  a n d  t he  s u p e r n a t a n t  c h r o m a t o g r a p h e d .  
S t a n d a r d  a m i n e s  were  c h r o m a t o g r a p h e d  s e p a r a t e l y  or 
added  to  t h e  e x t r a c t  to  ass is t  in  t h e i r  iden t i f i ca t ion .  The  
cap i l l a ry  was cen t r i fuged  aga in  a n d  t h e  s u p e r n a t a n t  
c h r o m a t o g r a p h e d .  

Results and discussion. M i n i m u m  d e t e c t a b l e  a m o u n t s  of 
DA,  NA,  5 - H T  a n d  r e l a t ed  a m i n e s  on  3 × 3 c m  p o t y a m i d e  
layers  a re  s h o w n  on  t h e  T a b l e  where  i t  is  c lear  t h a t  t h i s  
t e c h n i q u e  is specif ical ly  sens i t i ve  for  t h e  d e t e c t i o n  of NA,  
D A  a n d  5-HT.  I n  al l  i n s t ances  tess a m i n e  could  be  de-  
t e c t e d  w h e n  c o m p a r e d  w i t h  o r d i n a r y  c h r o m a t o g r a p h y  4. 
Un l ike  t he  m e t h o d  descr ibed  b y  BELL a n d  SOMERVILLE 4, 
s p r a y i n g  c h r o m a t o g r a m s  w i t h  g lycine  before  exposure  to  
f o r m a l d e h y d e  v a p o u r  was no t  found  to  be  a pre requis i te .  
I t  was,  however ,  i m p o r t a n t  to  d r y  c h r o m a t o g r a m s  tho-  
r o u g h l y  before  f o r m a l d e h y d e  t r e a t m e n t .  F u r t h e r m o r e ,  pa -  

r a f o r m a l d e h y d e  m u s t  h a v e  been  s to red  a t  a r e l a t ive  hu -  
m i d i t y  of 6 0 %  to  o b t a i n  o p t i m u m  f luorescence.  

In  o rde r  to  s e p a r a t e  b iological ly  a c t i v e  a m i n e s  a n d  t h e i r  
i m m e d i a t e  p recurso r s  wh ich  a re  assoc ia ted  w i t h  some  ner-  
vous  t issues,  t h e  c o m b i n e d  use of t h e  so lven t  sy s t ems  
m e t h y l a c e t a t e / i s o p r o p r a n o l / 2 5 %  a m m o n i a  a n d  b u t a n o l /  
ch lo ro fo rm/ace t i c  acid is required .  D i a g r a m s  of micro-  
c h r o m a t o g r a m s  of a m i n e s  us ing  these  two  so lven t s  a re  
shown  in  t h e  Figure .  I t  c an  be  seen t h a t  t he  so lven t  sys- 
t e m  m e t h y l a c e t a t e / i s o p r o p r a n o l / 2 5 %  a m m o n i a  is m o s t  
su i t ab l e  to  s e p a r a t e  5-HT.  Us ing  t h i s  so lven t  a v e r y  c lear  
spo t  co r r e spond ing  b o t h  in pos i t ion  and  co tou r  to  p u r e  
5 - H T  was s h o w n  to occur  in  n e u r o n a l  e x t r a c t s  of t he  sna i l  
brain. I t  was m o r e o v e r  p r o v e d  w i t h  a n  A m i n c o - B o w m a n  
s p e c t r o - p h o t o f l u o r i m e t e r  t h a t  e x c i t a t i o n  a n d  emiss ion  
spec t ra l  cha rac t e r i s t i c s  of t he  f luorescen t  spots  of 5 -HT 
a n d  t h e  co r r e spond ing  spo t  in  the  n e r v e  e x t r a c t  were  
ident ica l .  A l t h o u g h  e x t r a c t s  f rom 6 to 10 g i a n t  n e u r o n s  
r evea l ed  t h e  p resence  of 5-HT, e x t r a c t s  f rom as l i t t l e  as  
6 n e u r o n s  st i l l  p r o v e d  a d e q u a t e .  

Q u a n t i t a t i v e  e s t i m a t i o n  of 5 -HT in  g i a n t  n e u r o n s  was  
p e r f o r m e d  b y  v i sua l ly  c o m p a r i n g  t h e  i n t e n s i t y  of f luores-  
cence  of s t a n d a r d  a m o u n t s  of 5 - H T  w i t h  t h a t  of celt ex-  
t rac t s .  F r o m  a c o m b i n a t i o n  of twe lve  d i f fe ren t  exper i -  
m e n t s  i t  is e s t i m a t e d  t h a t  a s ingle  n e u r o n  con t a in s  0.9 ng  
of 5-HT.  Th i s  f igure  is s l igh t ly  h ighe r  t h a n  o b t a i n e d  b y  
COTTRELL a n d  OSBORNE 5 who showed  b y  biological  a s say  
t h a t  t h e  5 - H T  c o n t e n t  is 0.7 ng  pe r  cell. 

T h i s  v e r y  s imple  p rocedu re  for t he  ana lys i s  of biological  
a m i n e s  in  v e r y  sma l l  q u a n t i t i e s  of t i s sue  c a n  b e  appl ied  to  
m a n y  n e u r o c h e m i c a l  p rob lems .  Vv'e c a n  n o w  ana lyze  t h e  
a m i n e  c o n t e n t  of n e u r o n s  w h i c h  a re  t h o u g h t  to  c o n t a i n  
more  t h a n  one  amineg .  F u r t h e r m o r e  th i s  m e t h o d  can  be  
a d a p t e d  to  measu re  t he  r a t e  of i n c o r p o r a t i o n  of rad ioac-  
t i v i t y  in to  specific neurons ,  so enab l ing  us to  measu re  t h e  
b io syn the s i s  a n d  hal f - l ives  of ce r t a in  m o n o a m i n e s .  R e c e n t  
s tud ies  in th i s  l a b o r a t o r y  h a v e  s h o w n  t h a t  t h e  g i a n t  ine ta -  
ce rebra l  cells of Helix pomatia can  n o t  on ly  t a k e - u p  rad io-  
ac t ive  5 - H T P  b u t  also c o n v e r t  i t  t o  5 -HT 10. 

Minimum detectable amounts of biogenic amines and other com- 
pounds after formaldehyde treatment 

Compound Detectable 
amount (ng) 

Adrenaline 100 
Bufotenine 80 
n, n-Dimethyltryptanfine 1,000 
3,4-Dimethoxyphenethylamine 15 
3,4-Dihydroxyphenylalanine 50 
Dopamine 6 
5-Hydroxytryptophan 50 
5-hydroxytryptamine 5 
3-hydroxykyn urenine 80 
3-Hydroxy-4-Methoxyph en ylethylamine 20 
Kynurenine 100 
Kynurenic acid 100 
Kynuramine 1,000 
Melatonin 90 
Metadrenaline 1,000 
Mescaline 90 
c¢-Methyl-m-tyrosine 1,000 
3-Methoxy-4-hydroxyphenylethylamine 50 
Noradrenaline 7 
Normetadrenaline 100 
Octopamine 1,000 

Zusammen/assung. Es wird  eine m i k r o c h r o m a t i s c h e  Me- 
rhode  a n  3 × 3 cm P o l y a m i d f o l i e n  beschr ieben ,  welche  den  
Nachwe i s  ger inger  Mengen  biologisch t i t t iger  M o n o a m i n e  
e r l a u b t  u n d  ffir die Loka l i s i e rung  und  Sch / i t zung  yon  5 H T  
in  i so l ie r ten  e inze lnen  N e u r o n e n  wer tvo l l  ist. 
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