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AN EXTRACTION METHOD TO QUANTITATE 
SEROTONIN IN HUMAN SERUM, AMNIOTIC 

FLUID AND URINE SAMPLES BY HPLC USING 

INTERNAL STANDARD 
6-HYDROXY TRYPTAMINE AS 

N. Narasimhachari and B. Landa 
Department of Psychiatry 

Medical College of Virginia 
Richmond, Virginia 23298 

ABSTRACT 

A method f o r  ex t rac t i ng  serotonin (5-HT) from human serum, amniot ic f l u i d  
and u r ine  samples i s  described. A m ix tu re  o f  sample, 6-hydroxy t ryptamine 
(6-HT) as i n te rna l  standard and sodium carbonate i s  ex t rac ted  w i t h  e thy l  
acetate. The e thy l  acetate l a y e r  i s  mixed w i t h  200 ul  o f  t r i e thy lam ine  
phosphate buffer (pH 3.0) used f o r  mobi le phase and cent r i fuged.  
o f  the aqueous l a y e r  was used f o r  HPLC quan t i t a t i on  w i t h  amperometric 
detect ion.  

An a l i q u o t  

With t h i s  method 30 samples can be assayed i n  6 hours. 

INTRODUCTION 

Among the various q u a n t i t a t i v e  methods used f o r  the q u a n t i t a t i o n  o f  

serotonin i n  b io log i ca l  f l u ids ,  the  gas chromatographic mass spectrometr ic 

method w i t h  d4 5-HT as i n te rna l  standard i s  the  most s p e c i f i c  method (1 ) .  

However, i n  view o f  expensive and soph is t i ca ted  instrumentat ion,  t h i s  method 

i s  no t  su i tab le  f o r  rou t i ne  c l i n i c a l  labora tory  setup. L i q u i d  chromatography 

with electrochemical de tec t ion  (LC-EC) i s  now the  most widely used method f o r  

quan t i t a t i on  o f  5-HT i n  b io log i ca l  f l u i d s  and t i ssue  samples ( 2 , 5 ) .  

recen t l y  reported on cross va l i da t i on  o f  LC-EC method by GC-MS ( 5 ) .  

We have 

I n  many 
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1748 NARASIMHACHARI AND LANDA 

instances it i s  necessary t o  adopt sampl e cleanup procedures t o  se lec t i ve l y  

ex t rac t  serotonin from b io log i ca l  samples such as blood, plasma, serum, o r  

u r i ne  sainples. For t h i s  purpose ion  exchange columns o r  Sep-Pak ca r t r i dges  

have been used w i t h  6-HT as i n t e r n a l  standard ( 6 ) .  I n  our work on serun o r  

plasma leve ls  o f  5-HT i n  psych ia t r i c  pa t i en ts  where basel ine l eve l s  and l e v e l s  

a f t e r  MA0 i n h i b i t o r  o r  l i t h i u n  treatment were r o u t i n e l y  determined, we needed 

a rap id  and simple method f o r  i t s  quan t i t a t i on .  We repor t  here a simple 

ex t rac t i on  procedure f o r  5-HT from b i o l o g i c a l  f l u i d s  w i t h  6-HT as i n t e r n a l  

standard and subsequent quan t i t a t i on  by LC-EC. 

MATERIALS AND METHODS 

Ethyl  acetate was from Burdick and Jackson HPLC grade. 

6-Hydroytryptamine c rea t i n ine  s u l f a t e  and serotonin hydrochlor ide were from 

Sigma Chemical Co. (S t .  Louis, MO) .  

Standard so lu t ions :  

Standard so lu t ions  o f  5-HT and 6-HT were prepared i n  de io in ized  d i s t i l l e d  

water t o  conta in  1 m g h l  o f  the respec t ive  bases. From the stock so lu t i on  

working standards were i n d i v i d u a l l y  prepared t o  conta in  2, 5, and 10 ng of 

5-HT and 10 ng 6-HT. A mix tu re  o f  5-HT and 6-HT conta in ing  2 ng/ul was a lso  

prepared f o r  use as a standard i n  LC-EC. 

- HPLC: 

valve and LC-4B (BAS) amperolnetric detector.  I n  the present study we have 

used both c)3 and Cia shor t  columns and mobile phases o f  three d i f f e ren t  pH 

values w i t h  o r  w i thout  a c e t o n i t r i l e .  

phase was prepared by d isso lv ing  i n  4 l i t e r s  o f  deionized d i s t i l l e d  water (1) 

7 m l  o f  phosphoric ac id  and 14 m l  o f  t r ie thy lamine (pH 3.0) o r  (2 )  6 m l  of 

phosphoric a c i d  and 14 m l  o f  t r i e thy lam ine  [pH 3.5) o r  (3 )  20 m l  o f  d i s t i l l e d  

ace t i c  ac id  and 12 m l  o f  t r ie thy lamine (pH 4.0). To each o f  these so lu t ions  50 

mg/L o f  EDTA disodium s a l t  and 50 mg/L o f  sodium heptane su l fonate  were added. 

The HPLC system consisted o f  a Waters M-45 pump w i t h  a Rheodyne 

These are l i s t e d  i n  Table 1. The mobi le 
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1750 NARASIMHACHARI AND LANDA 

A l l  so lu t ions  were m i c r o f i l t e r e d  and degassed before use. The ox ida t i on  

po ten t i a l  was se t  a t  0.65 v o l t s .  

B1 ood samples: 

Blood samples from psych ia t r i c  pa t len ts  and normal con t ro l s  were co l l ec ted  

i n  venoject tubes w i thout  any ant icoagulant ( red  top) o r  i n  p l a i n  propylene 

tubes by venopuncture. A f t e r  l eav ing  I n  the  r e f r i g e r a t o r  f o r  one hour serum 

samples were obtained by cen t r i f uga t ion  and the  samples stored frozen a t  -400. 

I n  add i t i on  serum samples were a lso  obtained from the c l i n i c a l  toxicology 

department, samples received f o r  alcohol  content o r  l i t h i u m  leve ls .  Plasma 

samples were prepared as p l a t e l e t  r i c h  (PRP) or p l a t e l e t  poor (PPP) fram 

sodium c i t r a t e  tubes f i r s t  by slow speed cen t r i f uga t ion  fo l lowed by regu la r  

cen t r i fugat ion .  Amniotic f l u i d  samples were obtained from c l i n i c a l  tox ico logy  

and Ob/Gyn from samples received f o r  b i l l i r u b i n  and oc- fe ta l  p ro te in  

determi nat ions.  

Ca l i b ra t i on  E: 
Pla te le t -poor  plasma samples from the  blood bank were used f o r  the 

preparat ion o f  standards f o r  ca l i b ra t i on .  The samples were assayed f o r  5-HT 

content and found t o  contain general ly l ess  than 20 ng/ml (range 5-20 ng/ml). 

Standard so lu t ions  o f  plasma conta in ing  0, 100, 200, 300. 400, and 500 ng/ml 

of 5-HT were prepared and stored frozen. S i m i l a r l y  water so lu t ions  o f  

standards were a lso  prepared f o r  use as standards f o r  c a l i b r a t i o n  curve. 

second set o f  standards conta in ing  20, 40, 60, 80, 100 and 200 ng/ml i n  water 

was a lso  prepared. In rou t i ne  ana lys is  the  use o f  three water standards, 50, 

100 and 200 ng/ml was found t o  be adequate t o  cover the  range o f  b i o l o g i c a l  

f 1 uids. 

Ex t rac t ion  procedure: 

A 

A m ix tu re  o f  0.25 m l  o f  serum, PRP, o r  PPP o r  u r i n e  sample, 10 u l  o f  6-HT 

(100 ng) and 0.1 m l  o f  2N sodium carbonate was ex t rac ted  w i t h  4 m l  o f  e thy l  

acetate by vor tex ing  f o r  10 seconds. 

rpm, the e thy l  acetate layer  was t rans fer red  i n t o  a 5 m l  c u l t u r e  tube 

After cen t r i f ug ing  f o r  5 minutes a t  250C 
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SEROTONIN IN BIOLOGICAL FLUIDS I751 

conta in ing  200 ul o f  TEA PO4 b u f f e r  (pH 3.0) used f o r  the  mobi le phase i n  HPLC. 

A f t e r  vortexing f o r  10 secs, the tubes were cent r i fuged and 40 u l  a l i quo ts  

drawn from the bottom aqueous l a y e r  were used f o r  HPLC. From the  peak he igh t  

r a t i o s  o f  5-HT/6-HT o f  the samples, 5-HT i n  the sample i s  d i r e c t l y  ca lcu la ted  

from the c a l i b r a t i o n  curves. For the  assay o f  amniot ic f l u i d ,  1 m l  o f  the  

sample was used. 

the  sampl es. 

GC-MS va l i da t i on :  

Ca l i b ra t i on  standards were run under i d e n t i c a l  cond i t ions  as 

A few o f  the serum samples (N=6) i n  both low and h igh  range values were 

assayed by gc-ms selected i o n  mon i to r ing  using d4 5-HT as i n t e r n a l  standard as 

described e a r l i e r  ( 5 ) .  

Comparison of ex t rac t i on  and column methods: 

Equal a l i quo ts  o f  the same serum samples (0.25 ml)  con ta in ing  the  same 

amount o f  6-HT as i n te rna l  standard (100 ng) were assayed by the  ex t rac t i on  

procedure and Biorad-70 column procedure (6 )  and the peak he igh t  r a t i o s  by the  

two methods were compared. 

RESULTS 

The separation o f  5-HT and 6-HT on a va r ie t y  o f  C18 columns was repor ted  

i n  an e a r l i e r  paper (6).  

and car t r idges  are  presented i n  Table 1. 

i l l u s t r a t e  the separation i n  standards and d i f f e r e n t  serum samples on a 3 cm, 

3 um, c8 car t r idge .  

o ther  shor t  columns w i t h  a run time o f  5 minutes per sample. 

chromatograms o f  plasma and serum samples show no o ther  peaks i n d i c a t i n g  

se lec t i ve  ex t rac t i on  o f  5-HT and 6-HT possibly due t o  r e l a t i v e l y  higher 

concentrat ions compared t o  other biogenic amines. 

ex t rac t i on  e f f i c i e n c y  o f  endogenous serotonin i s  considerably increased by the  

add i t i on  o f  6-HT as i n t e r n a l  standard. 

the recovery o f  i n t e r n a l  standard was 57 2 3.5% (n=50). 

The re ten t i on  data on sho r t  3 urn Cia and C8 columns 

The chromatograms i n  Fig.  1 

The same k ind  o f  separation i s  also achieved on several 

The 

I t I s  a lso  no t iced  t h a t  

Ex t rac t i on  e f f i c i e n c y  on the bas is  of 

C a l i b r a t i o n  curves 
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1752 NARASIMHACHARI AND LANDA 

I 

Figure  1. From r i g h t  t o  l e f t :  Neat s t a n d a r d s ,  
c a l i b r a t i o n  s t a n d a r d s  100 and 2UO nglml,  
serum samples  from a s u b j e c t  on p h e n e l z i n e .  
Time c o u r s e  of  MA0 i n h i b i t i o n  based o n  r i s e  
i n  serum 5-HT. 

Table 2. Comparison of Serum 5-HT Using Plasma and Water Standards. 

Sample P1 asma* I.@* 

1 
2 
3 
4 

219.5 
59.2 

186.5 
49.3 

r value for standard 0.994 
curve. 

202.3 
55.7 

172.6 
46.8 

0.999 

Table 3. Replication Analysis Of 5-HT in Serum Samples. 

Pool A Pool B 

1 
2 
3 
4 
5 

164.4 ng/ml 
162.7 
172.2 
174.3 
!69.7 

140.9 ng/ml 
136.8 
148.9 
147.5 

mean 169.7 2 4.45 143.5 A 5.68 
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SEROTONIN IN BIOLOGICAL FLUIDS 1753 

a r e  l i n e a r  from 0 t o  500 ng/ml and t h e  r value was r e p r o d u c i b l e  frotn day t o  

day (r=0.996 S i m i l a r l y  t h e  peak h e i g h t  r a t i o s  o f  5-HT/6-HT by 

column and e x t r a c t i o n  procedures were c o n s i s t e n t l y  a lmost  i d e n t i c a l  ( r -0 .99,  

n-6) .  

unknown samples ( T a b l e  2 )  and t h e  s lopes and r values were ve ry  s i m i l a r  except  

t h a t  t h e  plasma c u r v e  d i d  n o t  pass through zero.  

procedure i s  shown by r e p l i c a t e  a n a l y s i s  o f  two pooled serum samples ( T a b l e  3 ) .  

The r e s u l t s  on s e l e c t  serum and u r i n e  samples f rom d i f f e r e n t  c l i n i c a l  

c a t e g o r i e s  a r e  g i ven  i n  Table 4. 

r e p o r t e d  i n  t h e  l i t e r a t u r e  ( 2 , 3 ) .  

u s i n g  h e p a r i n i z e d  tubes (green t o p )  showed w ide  v a r i a t i o n  i n  5-HT l e v e l s  

p o s s i b l y  due t o  v a r y i n g  amounts o f  p l a t e l e t s .  

samples were r e c e n t r i f u g e d  and o n l y  p l a t e l e t - p o o r  plasma was taken, t h e  l e v e l s  

were c o n s i s t e n t  and l e s s  than  20 ng/ml. 

i d e n t i c a l  r e s u l t s  by t h e  p resen t  e x t r a c t i o n  method and t h e  d i r e c t  method 

desc r ibed  e a r l i e r  ( 6 ) .  

0.003, n.6). 

111 our  exper ience plasma and water  s tandards gave s i m i l a r  va lues f o r  

The r e p r o d u c i b i l i t y  o f  t h e  

The normal l e v e l s  found i n  serum v a r y  as 

Plasma samples o b t a i n e d  f r o m  vo lun tee rs ,  

However, i f  these  plasma 

P l a t e l e t  r i c h  plasma samples gave 

Amn io t i c  f l u i d  samples were assayed b o t h  b y  column and e x t r a c t i o n  

procedures;  and t h e  l e v e l s  ranged between 5 ng and 40 ng/ml. 

inade t o  a s c e r t a i n  t h e  stage o f  pregnancy o r  any o t h e r  c l i n i c a l  p i c t u r e  o f  

these sub jec ts  as t h i s  was o n l y  i n tended  t o  develop an a n a l y t i c a l  method. 

U r i n e  samples a l s o  g i v e  a r e l a t i v e l y  c l e a n  chroinatograin by t h i s  e x t r a c t i o n  

procedure and LC-EC (F ig .  2 ) ;  and t h e  l e v e l s  were i n  t h e  range o f  50-180 ng/ml 

i n  t h e  f o u r  sainples o f  norinal v o l u n t e e r s  and much h i g h e r  i n  p h e n e l z i n e - t r e a t e d  

p a t i e n t s  (Tab le  4). 

No a t tempt  was 

D I  SCUSS I O N  

We had r e c e n t l y  r e p o r t e d  a column procedure f o r  t i l e  e x t r a c t i o n  of  low 

l e v e l s  o f  s e r o t o n i n  f rom ce reb rosp ina l  f l u i d ,  serum, plasma, a m n i o t i c  f l u i d  

and u r i n e  samples u s i n g  e i t h e r  SEP-PAK c18 c a r t r i d g e  o r  B iorad-70 i o n  exchange 
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I754 NARASIMHACHARI AND LANDA 

C 

ant 

I 

B A 

r 

F i g u r e  2 .  Chromatograms s h o w i n g  e x t r a c t s  o f  ( A )  w a t e r  
s t a n d a r d s  ( 6 )  u r i n e  samp le  f r o m  p h e n e l  z i  ne 
t r e a t e d  s u b j e c t  a n d  (C) b a s e l i n e  u r i n e  
sample  f r o m  t h e  same s u b j e c t .  

columns (6). We have now extended t h i s  study us ing  a simple ex t rac t i on  

procedure and the  same 6-HT as an i n t e r n a l  standard and va l ida ted  the  method 

by comparing the r e s u l t s  w i t h  column procedure. Serum, plasma, and u r ine  

samples contain adequate l eve l s  o f  5-HT (20 ng/ml) making ex t rac t i on  with 

e thy l  acetate feas ib le .  

i s  quan t i t a t i ve  and reduces the  sample handl ing time. 

p la te le t -poor  plasma samples and amniotic f l u i d  we were able t o  quan t i t a te  

l eve l s  as low as 5 ng/ml using t h i s  procedure. 

samples, with the  mobi le phases we used and the ox ida t i on  po ten t i a l  o f  0.65 V, 

the chromotagrams were very c lean showing i n  most cases only two peaks o f  5-HT 

and 6-HT w i thout  i n t e r f e r i n g  shoulders o r  over lapping peaks. With u r i ne  

The back ex t rac t i on  i n t o  the  mobi le phase a t  pH 3.0 

Thus. for example, i n  

Further,  i n  serum o r  plasma 
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SEROTONIN IN BIOLOGICAL FLUIDS 1755 

Table 4. Serum 5-HT Levels I n  D i f f e r e n t  C l i n i c a l  Samples. 

Nature of Sample 5-HT ng/ml 

Serum (normal ) 

Serum (depressed pa t ien ts )  

Serum (MAOl) 

P1 ate1 e t - r i  ch P1 asma 

U r i  ne (normal ) 

Ur ine  (MAOI) 

Amniotic F l u i d  

111 
95 

107 
140 

73 
67 
94 
82 

260 
391 
289 
419 

600 
800 
720 
650 

53 
141 
180 
162 

543 
2962 
1440 
3000 

32 
20 

5 
39 

samples espec ia l l y  from subjects on MA0 i n h i b i t o r ,  we observed more peaks i n  

the chromatograms which we cou ld  i d e n t i f y  as tyramine, metanephrine, and 

3-methoxy-tyramine. The accuracy o f  the ex t rac t i on  method was checked by 

cross va l i da t i on  of the assay by column procedure o r  LGC-MS procedure (6 ) .  

The c o r r e l a t i o n  between d i f f e r e n t  methods (r.0.971 was more than adequate f o r  

assay o f  b io log i ca l  samples. 

than the butanol-HCL method where i t  i s  not se lec t i ve  and o the r  i ndo le  

compounds cou ld  i n t e r f e r e  , espec ia l l y  i n  f luoromet r ic  detect ion.  

The two-step ex t rac t i on  method i s  much simpler 

I n  our 
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1756 NARASIMHACHARI AND LANDA 

experience the d i r e c t  i n j e c t i o n  o f  serum sainples deproteinized w i t h  pe rch lo r i c  

acid d i d  not y i e l d  reproducible r e s u l t s  due t o  i n t e r f e r i n g  substances. The 

ciiroinatograms w i t h  only measurable peaks of 5-HT and i n t e r n a l  standard 6-HT 

enhance the s p e c i f i c i t y  of the e n t i r e  procedure. 

used e thy l  acetate ex t rac t i on  f o r  b lood p l a t e l e t  samples where 3H 5-HT was 

used as an i n te rna l  standard f o r  monitor ing the ex t rac t i on  e f f i c i e n c y  which 

was around 35% ( 7 ) .  I n  our present work using 6-HT as an i n t e r n a l  standard 

the monitor ing e f f i c i e n c y  i s  57%, making i t  poss ib le  t o  determine low l e v e l s  

of 5-HT w i th  only 0.25 m l  o f  the sample. Markey. e t  a l .  ( 8 )  have used an  

ace ty la t i on  technique t o  increase the ex t rac t i on  o f  very low 

and we used the ion  exchange column procedure (6 ) .  

I n  our e a r l i e r  paper we have 

ve l s  of 5-HT; 

The pH 3.0 bu f fe r  ex t rac ts  were found t o  be s tab le  f o r  48 hours when 

stored i n  the r e f r i g e r a t o r .  

a f t e r  storage f o r  24 hours and 48 hours no s i g n l f i c a n t  d i f f e rence  was found 

between assay values. 

the s t a b i l i t y  o f  the i n t e r n a l  standard 6-HT. 

mg/ml o r  100 ng/ml was found t o  be s tab le  f o r  over a year.  

working standards 10 ng/ul, used as i n t e r n a l  standard, and 2 ng/ul used i n  

working standard mixture,  we no t iced  t h a t  6-HT samples showed a second peak 

(Fig. 3) a f t e r  2 o r  3 weeks storage; and when t h i s  happened the d e t e r i o r a t i o n  

was subsequently very fast ,  the percentage of second peak inc reas ing  r e l a t i v e  

t o  6-HT. 

week and change the standards when t h i s  contamination i s  noticed. 

standards were s tab le  when stored i n  the  r e f r i g e r a t o r  f o r  4 weeks. 

When the ex t rac ts  o f  serum samples were analyzed 

One caut ionary note has t o  be emphasized w i t h  regard t o  

Frozen standard conta in ing  1 

However, i n  d i l u t e  

I t i s  therefore necessary t o  prepare f resh working standards every 

O i l u t e  5-HT 

I n  conclusion we have t o  s ta te  t h a t  we have descr ibed a simple and 

spec i f f c  method f o r  5-HT determinat ion using an isomeric non-biological  

compound as i n te rna l  standard and as maw as 30 samples can be assayed i n  6 

hours. 

of psych ia t r i c  and o ther  c l i n i c a l  cond i t ions  (91, t h i s  method should prove 

useful  i n  such c l i n i c a l  studies. The r e s u l t s  o f  our own c l i n i c a l  s tud ies  

Since abnormal 5-HT metabolism i s  repor ted ly  associated w i t h  a number 
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1 
6 mln 

I 
6 mln Sl 

F i g u r e  3 .  Chromatogra in  o f  ( A )  m i x t u r e  o f  5 - H T  and  6 - H T  
a n d  ( B )  6 - H T  a n d  i t s  d e c o m p o s i t i o n  p r o d u c t .  

using t h i s  ana ly t i ca l  methodology on the e f fec ts  o f  1 i t h i u m  and o f  phenelzine, 

an MA0 i n h i b i t o r ,  on serum 5-HT have recen t l y  been presented (10,ll). 
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