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JACOBOWlTZ, D. M. AND J. S. RICHARDSON. Method for the rapid determination of norepinephrine, dopamine, and 
serotonin in the same brain region. PHARMAC. BIOCHEM. BEHAV. 8(5) 515-519, 1978. - A method is presented for 
the fluorometric analysis of norepinephrine, dopamine and serotonin. This procedure is a combination of an unpublished 
catecholamine assay developed by Hogans and of the o-phthaldiaidehyde serotonin reaction reported by Maickel and Miller 
[9]. This procedure should greatly facilitate the correlation of neurotransmitter levels in brain regions with changes in 
behavior produced by experimental manipulations. 

Brain Fluorometfic assay Dopamine Norepinephrine Serotonin 

INTEREST in neurotransmitter activity in the body has 
made it necessary to analyze several neurotransmitter 
chemicals in the same tissue sample. We present here a 
simple and rapid procedure for determining the level of 
dopamine (DA), norepinephrine (NE) and serotonin (5-HT) 
in small tissue samples dissected from brain. This method is 
based on an unpublished catecholamine assay developed by 
Dr. A. Hogans (unpublished, quoted in Porter etal. [12] 
and Jacobowitz etal. [3])  and on the reaction of ortho- 
phthaldialdehyde and 5-HT reported by Maickel and Miller 
[91. 

METHOD 

Dissection 

Male Sprague Dawley rats weighing 2 0 0 - 3 0 0 g  were 
decapitated, the brains were removed and the hypo- 
thalamus, cerebellum, pons-medulla, midbrain, hippo- 
campus, caudate-putamen, and cortex were frozen in liquid 
nitrogen. Store the brain parts in polyethylene vials at dry 
ice or liquid nitrogen temperatures until time of assay. 

Materials 

Reagent grade n-butanol and heptane have usually been 
found to be satisfactory without further purification. 

The 0.1 M phosphate buffer (pH = 6.5)is prepared fresh 
every 2 or 3 days by adding 32 mls of Stock A (7 .1g 

sodium phosphate dibasic [Na2 HPO4 ] up to 500 mls with 
distilled water) and 68 mls of Stock B (6.9 g sodium 
phosphate monobasic [NaH~PO4] up to 500 mls with 
distilled water). Refrigerated, Stock A and Stock B may be 
stored for up to 6 months. 

Versene is prepared by dissolving 4 g disodium ethylene- 
diaminetetra-acetic acid (EDTA) in 95 mls of distilled water 
and adjusting the pH to between 6.0 and 6.5 with 10 N 
sodium hydroxide before making the volume up to 100 
mls. Veresene is stored in a refrigerator. 

The iodine solution is prepared from 4.8 g potassium 
iodide plus 0.25 g iodine up to 100 mls with distilled water. 
The iodine solution should be protected from the light and 
stored in a refrigerator. 

The alkaline sulfite is made fresh daily by dissolving 
2.5 g sodium sulfite (Na2 SO3) in 100 mls 4 N sodium 
hydroxide. 

The OPT solution is prepared fresh daily by dissolving 
50 mg of ortho-phthaldialdehyde in I00 mls of absolute 
methanol. If the supply of OPT crystals are not white to 
pale yellow thin needles, purify as outlined by Komesu and 
Thompson [5].  Dissolve several grams of OPT in heptane, 
heat in a hot (not boiling) water bath and stir. Add 1 g 
activated charcoal for each 10 mls of solution and stir. 
Filter using a warm glass funnel into a warm beaker. Place 
in the dark until maximum recrystalization has occurred 
(10 min to 2 hr), decant the heptane solution and dry the 
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TABLE 1 

VOLUME OF 0.01 N HCI FOR TISSUES IN A GIVEN WEIGHT 
RANGE 

Weight in g HCI Weight in g HC1 
between in ml between in ml 

0.0000 & 0.0071 0.75 0.2500 & 0.2643 0.57 

0.0071 & 0.0214 0.74 0.2643 & 0.2786 0.56 

0.0214 & 0.0357 0.73 0.2786 & 0.2929 0.55 

0.0357 & 0.0500 0.72 0.2929 & 0.3071 0.54 

0.0500 & 0.0643 0.71 0.3071 & 0.3214 0.53 

0.0643 & 0.0786 0.70 0.3214 & 0.3357 0.52 

0.0786 & 0.0929 0.69 0.3357 & 0.3500 0.51 

0.0929 & 0.1071 0.68 0.3500 & 0.3643 0.50 

0.1071 & 0.1214 0.67 0.3643 & 0.3786 0.49 

0.1214 & 0.1357 0.66 0.3786 & 0.3929 0.48 

0.1357 & 0.1500 0.65 0.3929 & 0.4071 0.47 

0.1500 & 0.1643 0.64 0.4071 & 0.4214 0.46 

0.1643 & 0.1786 0.63 0.4214 & 0.4357 0.45 

0.1786 & 0.1929 0.62 0.4357 & 0.4500 0.44 

0.1929 & 0.2071 0.61 0.4500 & 0.4643 0.43 

0.2071 & 0.2214 0.60 0.4643 & 0.4786 0.42 

0.2214 & 0.2357 0.59 0.4786 & 0.4929 0.41 

0.2357 & 0.2500 0.58 0.4929 & 0.5000* 0.40 

*Weights between 0.5 and 1 g, divide weight by 2, find HC1 
for 1/2 original weight, put twice this amount of HC1 in I0 ml 
butanol (e.g. tissue weighs 0.7100 + 2 = 0.3550, HC1 for 0.3550 = 
0.50 ml × 2 = 1 ml HC1 in 10 ml butanol). For weights between 
1 & 1.5 g, find HC1 for 1/3 original weight, put 3 times this 
amount of HC1 in 15 ml butanol. 

crystals  in a dessicator .  When dry, s tore the  pale ye l low to 
whi te  needle- l ike crystals  in an a m b e r  or foi l -covered bo t t l e  
at - 2 0  ° C. 

Assay 

NE, DA, and  5-HT were assayed as follows. Using a 5 or 
10 ml Rep ipe t  (Lab  Industr ies ,  Calif .)  p ipe t t e  5 ml of  
bu t ano l  in to  a h o m o g e n i z i n g  tube  and place in ice water.  
Rapidly  weigh each  tissue sample  insur ing  t ha t  the  tissue 
remains  frozen.  Add  the f rozen  tissue sample to  the  b u t a n o l  
and  an appropr i a t e  a m o u n t  of  0.01 N HC1 (see Table 1), so 
tha t  the  tissue wate r  plus 0.01 N HC1 equals  0.75 ml 
(assuming tissue weight  is 70% wate r )  in  5 ml of  bu tano l .  
Tissue t ha t  is t oo  small  to  weigh w i t h o u t  thawing  is 
weighed fresh a f te r  dissect ion f rom the  brain at  the  t ime of  
sacrifice. If  t issue sample  weighs more  than  0.5 g, see 
f o o t n o t e  Table 1. Homogen ize  the  tissue samples  in glass 
homogen i z ing  tubes  wi th  a m o t o r  driven te f lon  pestle (e.g. 
A r t h u r  T h o m a s  Tissue Gr inde r  size A; or Kontes ,  Po t te r -  
Elvehjem size 22). Holding the h o m o g e n i z i n g  tube  in ice 
water,  h o m o g e n i z e  un t i l  the  tissue is u n i f o r m l y  d i s t r ibu ted  
t h r o u g h o u t  the  b u t a n o l  (1 to 2 min depend ing  on weight  of  
tissue). Pour  the h o m o g e n a t e  i n to  a 12 ml conical  centr i-  
fuge tube  and  cent r i fuge  (IEC Model  K, 1500 rpm)  for 10 
min to s ed imen t  the  tissue debris  leaving a clear super- 
na tan t .  

A l iquo t  2 ml of  b u t a n o l  s u p e r n a t a n t  i n to  a 12 ml conical  
cent r i fuge  tube  con ta in ing  1.5 ml (use 5 ml Rep ipe t )  of  
0.I  M p h o s p h a t e  bu f f e r  in ice water.  Fo r  analysis of  5-HT, 
a l iquot  an add i t iona l  2 ml of  bu t ano l  s u p e r n a t a n t  in to  a 15 
ml glass s t o p p e r e d  cent r i fuge  tube  c o n t a i n i n g  5 ml (5 ml 
Rep ipe t )  h e p t a n e  and  0.5 ml (1 ml Rep ipe t )  of  0.1 N HC1 
in ice water.  Place the g round  glass s toppe r  f i rmly in the 
tube.  V o r t e x  (Vor t ex  Geni)  b o t h  mix tu re s  for  20 sec. NE 
and  DA are e x t r a c t e d  i n to  the  p h o s p h a t e  buf fe r  and  5-HT is 
e x t r a c t e d  i n to  the  0.1 N HC1. Centr i fuge  (3000  r p m )  to 
separate  the organic  and  aqueous  layers  and,  using a 
vacuum wi th  a l iquid trap,  aspirate  the top  organic layer  
inc lud ing  any  tissue disc, leaving as m u c h  of  the  aqueous  
layer  as possible.  A l iquo t  1 ml (1 ml Biopet te ,  Schwarz-  
Mann)  of  the  p h o s p h a t e  ex t r ac t  i n to  a 16 × 150 m m  test  
tube.  A l iquo t  0.3 ml (1 ml B iope t t e )  of  the 0.1 N HC1 
ex t rac t  i n to  a 16 × 150 m m  test  tube.  These a l iquots  may  
be frozen and  the  assay c o n t i n u e d  the fo l lowing day. 

Oxidize the  NE and  DA in the p h o s p h a t e  buf fe r  ex t rac t  
in to  f l uo rophores  by add ing  0.25 ml (1 ml Rep ipe t )  
Versene and  vor t ex  briefly.  Then,  at  exactly 2 rain 
intervals,  add:  (1)  0 .20 ml (1 ml Rep ipe t )  iodine ,  vor tex  
briefly,  (2)  0.25 ml (1 ml Rep ipe t )  alkaline sod ium sulfl te,  
vor tex  br ief ly  and  (3)  0.3 ml (1 ml Rep ipe t )  5 N acet ic  
acid, vo r t ex  briefly.  Place tes t  tubes  in boi l ing  water  for 5 
min,  t h e n  in ice wate r  for  1 min.  Read NE f luorescence 
immed ia t e ly  in an A m i n c o - B o w m e n  s p e c t r o p h o t o -  
f l u o r o m e t e r  (Amer ican  I n s t r u m e n t  Co., Md) exc i t a t ion  
385 /emiss ion  485.  Read DA f luorescence  at  least  20  min  
la ter  at  3 2 0 / 3 8 5 .  Conver t  f luorescence  read ing  i n to  ug NE 
or DA per  g of  t issue as descr ibed below. 

The highly f luorescen t  c o n d e n s a t i o n  p r o d u c t  of  or tho-  
p h t h a l d i a l d e h y d e  and  the  5-HT in the  0.1 N HC1 ex t r ac t  is 
p repa red  by add ing  0.2 ml (1 ml R e p i p e t ) o f  OPT so lu t ion  
fo l lowed immed ia t e ly  by 1.5 ml (5 ml Rep ipe t )  of  con-  
cen t r a t ed  ( 1 0 N )  HC1. Vor t ex  br ief ly  and place tes t  
tubes  in boi l ing wate r  for  10 min,  then  cool  to  room 
t e m p e r a t u r e  in tap water.  Read 5-HT f luorescence  at  
3 6 0 / 4 7 0  and  conver t  f luorescence  reading in to  ug 5-HT per  
g tissue as descr ibed below. 

S tandards  were p repa red  and ca lcu la t ions  were per- 
fo rmed  as follows. Mix separate  s t anda rd  s tock  so lu t ions  of  
NE, DA and  5-HT as 400  ug of  base per  ml of  0.01 N HC1. 
These s tock  so lu t ions  are good for  a b o u t  6 m o n t h s  in the 
refr igerator .  Keep all s u b s e q u e n t  so lu t ions  in ice water.  
Take 1 ml (1 ml vo lumet r i c  p ipe t )  of  NE s tock  (400  ug NE) 
and  1 ml of  DA s tock  (400  ug DA), place in 10 ml 
vo lumet r i c  flask and  add 0.01 N HC1 to 10 ml (40  ug /ml  
NE and  40  ug /ml  DA) and  mix.  Transfer  1 ml of this  
so lu t ion  (1 ml vo lume t r i c  p ipe t )  i n t o  a 25 ml vo lumet r i c  
flask, add  0.01 N HC1 to vo lume  (1.6 ug/ml) .  Add  2 ml of  
this so lu t ion  to a tes t  tube  c o n t a i n i n g  2 ml of  0.01 N HC1 
and  vor tex .  This is S t anda rd  A Stock (0.8 ug/ml) .  Add  1 ml 
of  S t anda rd  A Stock  to 3 ml 0.01 N HC1 in a tes t  tube ,  
vor tex .  This is S t anda rd  B S tock  (0.2 ug/ml) .  Take 1 ml of  
S tandard  B S tock  and  add to  3 ml of  0.01 N HCI in a tes t  
tube  and  vor tex .  This  is S t anda rd  C S tock  (0.05 ug/ml) .  
Add  0.5 ml of  A S tock  and  0.25 ml of  0.01 N HC1 to  5 ml 
of  b u t a n o l  in a 12 ml conical  cent r i fuge  tube  and  vor t ex  for  
20 sec; this  is A S tanda rd  (0.4 ug). Add  0.5 ml of  B S tock  
and  0.25 ml of  0.01 N HC1 to 5 ml bu tano l ,  vor tex.  This is 
B S tanda rd  (0.1 ug). Add  0.5 ml of  C Stock and  0.25 ml 
0.01 N HC1 to  5 ml bu tano l ,  vor tex .  This is C S tanda rd  
(0 .025 ug). 

Take two  u n t r e a t e d  rats of  a size, sex and  s t ra in  similar  
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Tube (NE Reading) (NE Blank) 

A 390 18 

B 108 11.4 

C 33 8.4 

Tube (DA Reading) (DA Blank) 

A 560 40 

B 165 35 

C 65 34 

Tube (5HT Reading) 

X 350 

Y 96 

Z 35 

R 1 16.5 

R 2 16.2 

Tissue 

Hypothalamus 

Hippocampus 

Caudate Putamen 

(ug NE Added) = NE Slope 

0.4 930 

0.1 966 

0.025 984 

NE Slope 960 

(#g DA Added) = DA Slope 

0.4 1300 

0.1 1300 

0.025 1240 

DA Slope 1280 

(X Reagent Blank) + (gg 5HT Added) = 5HT Slope 

16.4 0.4 834 

16.4 0.1 796 

16.4 0.025 744 

5HT Slope 791 

TISSUE CALCULATIONS 

NER NEB = NE Corr + X NE Slope + Wt in g = NE #g/g 

Wt. NER NEB NE Corr. X NE Slope NE ~tg/g 

0.0457 96 10.5 85.5 960 1.95 

0.1026 50 9.2 40.8 960 0.41 

0.1276 48 9.8 38.2 960 0.31 

to those  used in the  expe r i m en t .  Decapi ta te  and  dissect  the  
various brain  regions. Freeze,  weigh and  h o m o g e n i z e  brain  
parts  and  cent r i fuge  h o m o g e n a t e s  as descr ibed above.  Place 
a 4 ml a l iquot  of  the  clear  b u t a n o l  s u p e r n a t a n t  f rom the  A, 
B and  C S tandards  and  f rom these tissue samples  i n to  
separate  cent r i fuge  tubes  con ta in ing  3 ml of  the  p h o s p h a t e  
buffer .  V o r t e x  20 sec, cent r i fuge  and aspirate  the  top  
organic phase  inc lud ing  any  tissue disc leaving at least  2 ml 
of the  b o t t o m  p h o s p h a t e  ext rac t .  Transfer  dupl ica te  1 ml 
a l iquots  (1 ml B iope t t e )  i n to  two tes t  tubes  labeled to 
iden t i fy  init ial  and  dupl ica te  a l iquot .  One a l iquot  is 
oxid ized  i n to  a f l uo r opho r e  as above ;  the  second  a l iquo t  is 
processed to provide  a b l ank  reading  by  adding,  at  exac t ly  2 
min intervals,  first the  alkaline sulfite,  t hen  the  iodine  and  
finally the  acet ic  acid. By reversing the  order  in which  the  
iodine  and  the  alkal ine sulfi te are added,  the  ox ida t ion  of  
NE and  DA in to  f l uo rophores  is p revented .  Boil, cool  and  
read as above.  

Sub t r ac t  the  b lank  f luorescence  reading  of  the  s t andards  
f rom the i r  co r r e spond ing  ox id ized  f luorescence  reading.  
Average the  b l ank  readings for  a par t i cu la r  bra in  area and  
sub t r ac t  this  mean  b lank  value f rom each ox id ized  reading 
of  s imilar  areas f rom the  brains  of  the  e x p e r i m e n t a l  and 
con t ro l  rats. Divide the  co r rec ted  (i.e. b l ank  s u b t r a c t e d )  

f l uo re scence - r ead ing  of  each S tandard  by the a m o u n t  of  
added  NE or DA (i.e. co r rec ted  A - 0.4 = x j ,  co r rec ted  B - 
0.1 = x2 ,  co r rec t ed  C - 0 .025 = x~)  and  calculate  the  
average slope [(x~ + x 2 + x 3 ) - 3 = average s lope ] .  Divide 
each co r rec ted  tissue f luorescence  read ing  by the  average 
~lope to  de t e rmine  ug NE or ug DA per  sample  and  divide 
this by the  weight  in g of  the  par t icu lar  t issue sample  to 
de t e rmine  the  a m o u n t  of  NE or DA per  g of  tissue. See 
Table 2 for  an example  of  these calculat ions.  

Prepare  5-HT s tandards  in a s imilar  m a n n e r  (1 ml of  400  
ug/~nl s tock  up  to  10 ml,  1 ml of  this  up  to 25 ml, 2 ml of  
this plus 2 ml  0.01 N HC1 is S tandard  X S tock ;  1 ml X 
Stock plus 3 ml of  0.01 N HC1 is S tandard  Y S tock ;  1 ml Y 
Stock plus 3 ml 0.01 N HC1 is S tandard  Z S tock ;  0.5 ml of  
each X, Y and  Z Stocks  + 0.25 ml 0.01 N HCI each in to  
separate  cent r i fuge  tubes  con ta in ing  5 ml of  bu tano l ) .  Make 
two reagent  b lanks  by add ing  0.75 ml of  0.01 N HC1 to 5 
ml of  bu tano l .  Process these  5-HT S tandards  [X S tanda rd  
(0.4 ug), Y S tanda rd  (0.1 ug)  and Z S tanda rd  (0 .025 ug)] 
and  reagent  b lanks  (R~ and  R~ ) as b u t a n o l  h o m o g e n a t e s  as 
in the  assay. Reac t  wi th  OPT and  read as above.  Average 
the  reagent  b lank  f luorescence  readings  and sub t r ac t  this 
mean  b lank  value f rom the  f luorescence  readings of  all of 
the S tandards  and  all of  the  tissues. Divide the  co r rec ted  
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TABLE 3 

REPRESENTATIVE VALUES FOR VARIOUS BRAIN AREAS (DATA REPRESENT THE MEAN +- SEM FOR 5 TO 7 
RATS) 

Tissue Weight NE DA 5-HT 
in g /~g/g ug/g ~tg/g 

Hypothalamus 0.0466 +, 0.003 1.96 +- 0.056 0.30 +, 0.018 2.03 +, 0.125 

Hippocampus 0.1249 -+ 0.009 0.27 +, 0.018 - 0.57 +, 0.056 

Caudate-Putamen 0.1073 -+ 0.004 0.33 +, 0.023 4.90 +, 0.162 1.05 +, 0.069 

Midbrain 0.2365 + 0.003 0.43 -+ 0.012 0.13 -+ 0.013 1.10 +, 0.033 

Cortex 0.7695 -+ 0.019 0.14 +, 0.005 0.21 +, 0.011 0.49 +, 0.027 

Cerebellum 0.2634 +, 0.006 0.20 +, 0.012 - 0.33 -+ 0.015 

Pons-Medulla 0.2062 +, 0.002 0.43 +, 0.029 - 1.11 +, 0.128 

S tanda rd  readings  by  the  a m o u n t  of  5-HT in each  
(cor rec ted  X reading + 0.4, Y + 0.1,  Z + 0 .025)  and  
calculate  the  average slope. Divide each  co r rec ted  tissue 
reading  by  this  average slope to d e t e r m i n e  to ta l  5-HT in the  
sample and  t hen  by  the  weight  of  the  sample  in grams to 
give 5-HT per  gram tissue. See Table  2 for  an  example  of  
these calcula t ions .  Prepare  one  set  of  th ree  S tandards  for  
each 40  tissue samples  assayed. 

If  on ly  DA and  NE are to  be assayed,  p u t  a 4 ml a l iquo t  
of  the  clear b u t a n o l  s u p e r n a t a n t  in 3 ml of  p h o s p h a t e  
buf fe r  and  p roceed  as descr ibed  for  the  p repa ra t i on  of  the  
A, B and  C s tandards .  Thus  each  tissue sample  will provide 
a dupl ica te  p h o s p h a t e  ex t r ac t  a l iquot  t h a t  will become  its 
own tissue b l ank  value. 

If  t he  e x p e r i m e n t a l  m a n i p u l a t i o n  migh t  be expec t ed  to 
resul t  in  s ignif icant  bra in  levels of  5 - h y d r o x y t r y p t o p h a n  
(5HTP),  t h e n  it  is necessary  to r emove  the  5HTP before  the 
h e p t a n e  and  0.1 N HC1 step by  washing the  clear bu t ano l  
s u p e r n a t a n t  a l iquo t  twice wi th  2 vo lumes  of  bora te  buf fe r  
p repa red  as follows. Wash 100 ml b u t a n o l  in equa l  vo lumes  
of (1)  0.1 N NaOH, separa te ;  (2)  0.1 N HC1, separa te ;  (3) 
dist i l led water,  separa te ;  and  (4)  dist i l led wate r  a second  
t ime,  separate .  Ad d  94.2 g bor ic  acid to 3 l i ters dist i l led 
wate r  in a large beaker .  Mix. A d d  165 ml  of  10 N NaOH. 
Satura te  wi th  the  washed  b u t a n o l  ( abou t  50 ml)  and  add 
excess NaC1 ( a b o u t  2 kg). Let  NaC1 cyrstals  set t le ,  aspi ra te  
excess b u t a n o l ,  d e c a n t  bu f f e r  f rom excess NaC1 and  s tore  in  
a large bot t le .  

RESULTS AND DISCUSSION 

The original  c a t echo l amine  assay as deve loped  by  
Hogans has  been  used extens ively  for  several years pro- 
cessing m a n y  t h o u s a n d s  of  t issue samples  [2, 3, 4, 6, 7, 8, 
11, 12] .  Represen ta t ive  values for  bra in  par ts  f rom non -  
t rea ted  rats  d issected and  assayed for  DA, NE and  5-HT 
accord ing  to  the  p rocedure  ou t l ined  above  are p resen ted  in 
Table 3. While i t  is possible  to  process  wi th  ease a b o u t  50 
samples  of  f rozen  tissues per  day,  it has  been  f o u n d  tha t ,  by 
process ing  the  samples  t h r o u g h  to the  p h o s p h a t e  buf fe r  for  
ca t echo lamines  or  the  0.1 N HC1 ex t r ac t  for  5-HT and 
freezing these  ex t rac t s  ( - 2 0  ° C) for  f l uo ropho re  f o r m a t i o n  
later ,  i t  is possible to  increase the  average daily p r o d u c t i o n  
rate to  a b o u t  100 tissue samples  per  day. 

Percen t  recovery  for  this  assay depends  on tissue size 
and  c o m p a r e s  favorably  wi th  the  pe rcen t  recovery  r epo r t ed  
for o t h e r  assays. For  small  samples  (e.g. h y p o t h a l a m u s ,  
a b o u t  50 mg)  recovery  is 90 to  100% while as tissues 
app roach  500  mg, recovery  approaches  50%. 

This is a very  useful  assay p rocedure  especial ly in any 
e x p e r i m e n t  t h a t  genera tes  m a n y  samples.  This would  
inc lude  e x p e r i m e n t s  such as dose-response  or t ime course 
analyses of  drug ac t ion  [ 14] ,  or n e u r o t r a n s m i t t e r  corre la tes  
of behav io r  [ 10 ,13] .  This p rocedure  has been  e x t e n d e d  to 
the  analysis  of  5-HT in pla te le ts  [ 1 ] .  
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