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of t he  second s tep of the  wave  produced by  UO ++ ions in 
t he  presence of KC104 and thymol .  The  amoun t s  of s tan-  
dard  solut ion consumed were de termined  f rom the  equi-  
valence points  located graphically.  The  Table  will illus- 
t r a te  the  results  and accuracy of the  method .  

I t  is ev iden t  f rom the  Table t h a t  the  amperome t r i c  
t i t ra t ions  of sodium ortho-vanadate w i t h  solut ions con- 
ta ining uranyl  ions in the  presence of KCIO 4 and  t h y m o l  
provide  precise results  and can  be su i tab ly  employed  for 
the  quan t i t a t i ve  de t e rmina t ion  of u rany l  ions. The  ac- 
curacy  and reproducib i l i ty  of the  resul ts  h a v e  been found 
to be excel lent  and this  react ion offers a simple and rap id  
method  for the de te rmina t ion  of uranyl  ions in solutions.  

Amperometric determination of UO ++ as vanadate at Ed.e.= -- 0.85 v 
(vs. SCE). Volume of the solution taken = 20.0 ml 

The  cat ions which yield prec ip i ta tes  wi th  v a n a d a t e  ion 
and  anions such as moiybda te ,  chromate ,  tungs ta te ,  etc. ,  
in terfere  and should be avoided.  The  p H  of the  solut ion 
conta in ing  u rany l  ions should be in the  range of 3-4.0% 

Zusammen/assung. Es wird eine schne l lamperomet r i -  
sche Methode fiir die g e s t i m m u n g  yon  UO~ ++ Ionen  be- 
sehr ieben:  T i t r i u m  gegen Sodium-Orthovanatldsung m i t  
E d . e . -  - -0.85 v (vs. SCE). Bei  e inem Urany l inha t t  bis 
0.5 m 3 l  kann  so noch eine Genauigkei t  von  1% festge- 
s tel l t  werden.  

M. L. MITTAL s and R. S. SAXENA 

Department o/Chemistry, Government College, Kota 
(Ra]asthan, India), February 2, 1965. 

mg mg mg 

UO~ + present 21.606 6.752 4.501 
UO ++ found 21.606 6.667 4.457 

Error 0.000 0.085 0.044 

mg 
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Thin Layer Chromatography of Catecholamines 
and their Metabolites 

The separa t ion  of ca techolamines  and the i r  metabol i tes  
by  means  of organic  so lvent  ex t rac t ion ,  co lumn or paper  
ch roma tog raphy ,  fol lowed b y  e i ther  biological  or  chemica l  
quan t i t a t ion ,  is no t  on ly  a v e r y  t ime-consuming  procedure  
b u t  also presents  var ious  problems wi th  regard  to  resolu- 
t ion,  i.e. specificity,  and  recovery,  i.e. sens i t iv i ty ,  bo th  Of 
which de te rmine  the  accuracy  of the  method .  

The  m e t h o d  descr ibed in the  present  paper  combines  
the  use of th in  layer  ch romatography ,  for the  separa t ion  
of ca techolamines  and the i r  metabol i tes ,  wi th  the  use of 
f luorescenco assay, for subsequent  quan t i t a t ion .  I t  offers 
several  advan tages  in the  sense of s implici ty ,  r ap id i ty  and 
accuracy.  

Technique. Chromatop ta tes  are  m a d e  as follows: 20 × 20 
cm glass plates  are  covered,  by  means  of  the  STAHL 1 
spreading device,  wi th  a 300 / ,  layer  of cellulose powder,  
prepared  by  suspending 7.5 g of cellulose powder  (Machery, 
Nagel  & Co. MN-300) in 45 ml  of me thano l  (Merck, for 
chromatography) ,  t he  suspension being shaken  mecha-  
nical ly for 5 rain. The  p la tes  are  dr ied  for 10 rain a t  
105°C and s to red  a t  r o o m  t e m p e r a t u r e  over  CaC1 v Nor -  
adrenal ine  (NA), adrenal ine  (A), no rme tanephr ine  (NMN), 
metaalephrine (MN), 3, 4 -d ihydroxymande l ic  acid (DOMA) 
and  3 -methoxy-4-hydroxymande l i c  acid (vani l ly lman-  
delic acid, VMA), purchased  commerc ia l ly  (Calbiochem, 
Los Angeles, California), are spot ted  in 0.2 to 1 /~g 
amounts ,  1.5 cm f rom the  b o t t o m  edge of t h e  plate .  The  
pla te  is run  b y  ascending c h r o m a t o g r a p h y  in  a d o s e d  
glass chamber ,  which is s a tu ra t ed  wi th  t he  solvent .  The  
following solvent  sys tems were used:  **-butanol s a tu ra t ed  
wi th  I N  HC1, n -bu tano l  s a tu ra t ed  wi th  3 N  HC1, n-  
bu tano l  sa tu ra ted  wi th  4 N  HC1, n -bu tano l  s a tu ra t ed  wi th  
6 N  HC1, n -bu tano l  sa tu ra ted  wi th  I N  acet ic  acid, n-  
bu tano l  sa tu ra ted  wi th  3 N  acetic acid, n-butanol/3N 

acet ic  ac id /wa te r  (4:1 : 1), n-butanoI[pyridine/water 
(46 : 31 : 23), i sobutanol /ace t ic  ac id /cyc lohexane  (65: 7: 25), 
propanol /3  N HC1 (80:20), i sopropanol / formic  ac id /water  
(70:6:24),  amylMcohol  s a tu ra t ed  wi th  3 N  HC1, ethyl- 
methy l -ke ton  sa tu ra t ed  wi th  1 N  HC1. n -Bu tano l  sa tur-  
a ted  wi th  3 N  HC1 p roved  to be the  mos t  sui table  solvent .  
The  so lvent  f ront  is al lowed to rise 15 cm, which po in t  is 
reached in abou t  3 h a t  20°C. 

Af te r  deve lopment ,  t he  pla tes  are dr ied  wi th  w a r m  air  
and  the  substances  separa ted  are de t ec t ed  by  spray ing  the  
p la te  wi th  one of the  fol lowing reagents :  (1) K3Fe(CN)~ 2 _ 
0.44 g/100 g of phospha te  buffer  p H  7.8; (2) e thylene-  
d iamine  (Merck)s _ predist i l led and mixed  wi th  an equal  
vo lume  of water ,  the  sprayed  plates  are  dried for 20 min  
a t  50°--60°C and  the  spots  located under  UV- l igh t  (max. 
a t  360 m#) ; (3) p-n i t roani l ine  4 - immed ia t e ly  before use a 
1 : 1 : 2 mix tu re  is m a d e  of t he  fol lowing solutions,  k e p t  a t  
2°C:  (a) 0.1 g of p-ni t roani l iue  (Merck) dissolved in 2 ml  
of HC1 cone. and  m a d e  up to 100 ml  wi th  disti l led water ,  
(b) 0.2 g of NaNO~ dissolved in 100 ml  of water ,  (c) 10 g 
of K2CO ~ dissolved in 100 mI of water .  

Results. Using n -bu tano l  s a tu ra t ed  wi th  3 N  HC1 as 
solvent ,  t he  Rf  va lues  for the  substances  s tudied  were as 
follows: N A  0.31, A 0.38, N M N  0.48, MN 0.58, D O M A  
0.80, and  VMA 0.89, as i l lus t ra ted  in t he  Figure.  

The  sens i t iv i ty  of  the  spray  reagents  used var ied  ac- 
cording to  the  compound  being identif ied,  as shown in the  
Table ,  be ing mos t  cons t an t  for p-ni t roani l ine.  

i E. STA~, Di~nnschicht-Chrornatographie (Springer-Verlag, Berlin- 
Gdttingen-Heidelberg t962). 
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Quan t i t a t i ve  es t imat ions  were per formed by  double 
spot t ing  a known s t andard  mix tu r e  of the  substances 
s tudied.  Af te r  d e v e l o p m e n t  of t he  e h r o m a t o g r a m  one 
series of spots  is sprayed for ident i f ica t ion  purposes  where-  
as  t he  corresponding spots  of the  o the r  series are  b rough t  
(1 cm = areas) in to  a centr i fuge tube,  to which are added  
1 ml  of 0 .1N HC1 as well  as the  var ious  reagents  for t he  
f luor imetr ic  assay of N A  and  A a t  p H  5 according to 
SrIogE and  OLIN n, and  of  I~MN and  MN according to  
]3ERTL~R et  al. e. Af te r  een t r i fuga t ion  for 15 min  a t  4000 
rpm,  t he  supe rna t an t  is r emoved  for measu remen t  of the  
fluorescence, t h e  exc i ta t ion  and fluorescence wave leng th  
m a x i m a  be ing  respec t ive ly  for N A  and A 395 m/* and  
525 m/t, for N M N  385 mp  and 490 rap, and for MN 395 m/z 
and 515 mp. 

Reproduc ib i l i ty  and l inear i ty  were found to  be qui te  
sa t i s fac to ry  in t he  0.2-1 pg range,  whereas  the  r ecovery  
f rom the  ch romatop ta te s  was of 97-100% for NA,  A and  
MN, and of 75% for lqMNL 

VMA DOMA MN NMN HA A MMure 

0 (3 C) 

O 0 

c~ (3 

Thin layer chromatogram (celltflose powder) using n-butanol satu- 
rated with 3N HC1 as solvent. See text for abbreviations. 

Substance KsFe(CN)6 Ethylene- p-Nitro- 
(,ug of pure base) diamine aniline 

NA 0.008 0.008 0.050 
A 0.010 0.008 0.050 
NMN - 0.415 0.080 
MN - 0.160 0.080 
DOMA - 0.080 0.100 
VMA - 0.500 0.080 

Zusammen/assung. Eine  einfache, schnelle und emp-  
f indliehe Methode zur  d i innsch ich tchromatographischen  
T rennung  yon 0,2-1 /,g Menge yon Noradrenal in ,  Ad- 
renalin,  Normetanephr in ,  Metanephr in ,  3, 4 -Dihydroxy-  
mandelsi iure  und 3-Methoxy-4-hydroxymandels / iure  wird 
beschrieben,  
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A n  in v i v o  M e t h o d  f o r  Evaluating the Hypo-  
thalamic Follicle St imulat ing Hormone 

Releasing Factor 

I t  has  recent ly  been suggested tha t ,  in add i t ion  to  the  
releasing factors  for ACTH,  T S H ,  L H  and G H  1, the  me-  
dian eminence  (ME) region of the  hypo tha l amus  migh t  also 
conta in  a neurohumora l  agen t  which specifically s t imu-  
lates t he  release of follicle s t imula t ing  hormone  (FSH).  
IGARASHI and  MCCANN = have  shown t h a t  crude acidic ex-  
t rac ts  of ra t  or  bovine  M E  elevate  p lasma F S H  af ter  in t ra-  
venous  in jec t ion  into  ovar iec tomized  rats,  in which the  
secret ion of F S H  has been  blocked by  lesions in the  ME, 
o r  by  large doses of  ova r i an  steroids.  KUROSHIMA et  al. 3, 
and ~VilTTLER and MEITES 4 h a v e  conf i rmed these results  
and repor ted  in add i t ion  t h a t  r a t  p i tu i tar ies  cu l tured  in 
v i t ro  wi th  hypo tha l amic  exct rac ts  (from sheep, beef or  
ovar iec tomized  rats)  release s ignif icant  amoun t s  of F S H .  

The  me thods  so far  employed  for eva lua t ing  the  hypo-  
tha lamic  FSH-re leas ing  ac t i v i t y  do not,  however ,  seem 
comple te ly  adequa te  for assessing the  physiological  role of 
this new releasing substance.  As far as IGARASHI'S ~ pro-  
cedure is concerned,  no d a t a  h a v e  been repor ted  so far  on 
the  amoun t s  of F S H  avai lable  in t he  p i t u i t a ry  of t he  ani-  
mals (brain-lesioned or  t r ea ted  wi th  ovar ian  steroids) 
receiving the  in ject ions  of the  hypo tha l amic  ex t rac t s :  dif- 

ferences in the  amoun t s  of hormones  s tored  in t he  p i tu i -  
t a r y  m a y  obvious ly  g rea t ly  influence the  r eac t i v i t y  of the  
gland. In  add i t ion  to this, the  specif ici ty of the  F S H  assay 
me thod  in the  mouse  used by  IGARASHI et  al. ~ also re- 
quires fu r the r  s tudy.  

On  the  o the r  hand,  doubts  h a v e  been  raised as to the  
physiological  significance of in v i t ro  incuba t ion  me thods  
as used by  KUROSHIMA et  al. 3 and by  MITTLER and 
MEXTES*; release of F S H  in the  med ium migh t  s imply  re-  
f lect  pass ive  leakage of  p re formed  ho rmone  ra the r  t han  
ac t iva t ion  of t rue  secretory processes 5. 

A new procedure  for t he  quan t i t a t i ve  eva lua t ion  of the  
FSH-re leas ing  fac tor  ( F S H - R F )  has  recent ly  been  de- 
ve loped  in th is  D e p a r t m e n t  as will  be r epor t ed  in this  
p re l iminary  note.  

This  method ,  which  is based on the  ab i l i ty  of hypo-  
tha l amic  ex t rac t s  to deplete  p i t u i t a r y  F S H  stores in vivo,  

I R. GUILLEMIN, Metabolism 13, 1206 (1964). 
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