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QWINTITATIW OF SERXGNIN I N  HJMAN PIASMA, S W M  AND 
CEREBFCSPINAL FLUID SAMPLES BY HPX-EC USING 6-HYDEIOXYTRYPTAMINE 

As AN I r n X  STANDAm 

N. Narasirrhachari 
Departments of Psychiatry and Pharmacology 

Medical College of Virginiaf l i rginia  C m n w e a l t h  University 
Richmnd, Virginia  23298 

A sirrp?le mthod fo r  s q l e  clean up and concentration of 
serotonin (5-HT) i n  biological samples, such as h u m  cerebr- 
sp ina l  f lu id  ard serum, is described. To the  sanple 6-hydroxy- 
tryptamine (6-HT) is added as an in te rna l  standard and it is then 
absorbed e i t h e r  on c 1 8  SEP-PAK car t r idge  or Biorex-70 short 
column. 5-HT and 6-W are then eluted f ran  the colurm with 
methanolic formic acid. After evaporation, the residue is 
dissolved i n  the mbile phase and an al iquot  is used for LC-EC 
quant i t a t  ion. 

-ION 

I n  previous cxrmnunication, the use of 5-hydroxyindole as an 
in te rna l  standard fo r  the quant i ta t ion  of  5-hydroxytryptwhan, 
5-hydroxytryptamine (serotonin, 5-HT), 5-hydroxyindoleacetic acid,  
homvani l l ic  acid was  described ( 1  ). In  t h i s  instance, samples 
such as cerebrospinal f lu id  (CSF), blood platelets and tissue 
h o m e n a t e s  wre d i r ec t ly  injected in to  the X-EC system with t h e  
in te rna l  standard (+HI) added to the  sample. However, the  o the r  
biological samples s q l e s  such as s e r u m  or plasma, 93me tissue 
h o m e n a t e s  need extensive sample cleamp before quant i ta t ion  by 
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2680 NARASIMHACHARI 

LC-EC. Extract ion procedures or ion exchange colurms here ac id i c  
and basic conponents are separated have been used f o r  the clean up 
(2,3),  Various types of canpounds were used as in te rna l  stardards 
by some inves t iga tors  while others have used no in t e rna l  s tandard 
a t  a l l  (2,3,4). 
metabolite by Gc and G C B  successful ly  used isomeric compounds as 
in te rna l  standards (5). I now report the use of 
7-hydroxytryptamine (6-HT) as an in t e rna l  standard for t h e  
quant i ta t ion  of 5-€IT i n  biological sanples. 

I n  cur earlier w r k  w i t h  a catechola- mine 

MATERIAISANDMGMODS 

Serotonin hydrod-doride a d  6-hydroxytryptamine c rea t in ine  

A l l  so lvents  were HPLC grade fran Burdick and Jackson or 
s u l f a t e  were obtained from Sigma Chemical Company (St. Louis, 

M3). 
Baker  Chenical Canpany. c18 SEP-PAK ca r t r idges  were obtained 
from Waters Associates (Milford, MA). HPLC-E systen is from 
Bioanalyt ical  Systems (BAS, West Lafayette,  I N )  W i t h  LC-4 
detector .  C18 reverse phase calm, 5 urn 15  x 0.46 cm, 3 um 
10 x 0.46 an from Rainin, 5 um 10 x 0.46 an from Biorad, 5 and 3 
um 15 x 0.46 cm f r a n  Supelco were used. Two m b i l e  phases (1 ) 
0.05 M Triethylamine phosphate (@ 3.0) with acetonitrile 3.5% and 
( 2 )  0.035 M ammnium acetate b f f e r  (pH 4.6) containing 5% 
a c e t o n i t r i l e  were used. 
millipore filters and degassed before use. 
a t  0.65 V. 

A l l  solvents  were f i l t e r e d  through 
The ion iza t ion  was set 

Gc/hS Conditions: 

A Finnigan 4000 6110 Data System w a s  used for G C B  
analysis.  
used f o r  GC at an w e n  temperature 180°C isothermal. A l l  quanti- 

t a t i v e  G~/Ms analyses were carried out  a t  ionizat ion poten t ia l  
70ev, separator temperature 250"C, ion source tenperature 260°C 

A 3% OV-17 on G a s  Chrm Q c o l u m  (2m x 4nrn i.d. ) was 
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QUANTITATION OF SEROTONIN 2681 

and ionization current  0.45 A. The standard method (6) using 
d4-5-HT as in te rna l  standard and t r i - t r i f l uo race ty l  (TF'A) deri- 
vat ive w a s  used fo r  val idat ing LC-EC resu l t s .  Ions m/z 351 and 
354 were mni tored  for  5-HT an3 in te rna l  standard. 

To one milliliter of plasma, 200 ng of the in te rna l  standard 
(6-HT) w a s  added, the sanple a lkal inized with 0.5 m l  10% sodium 
carbonate, and the  mixture passed through a c18 SEP-PAK 

cartr idge act ivated prior to use (7). 
1 ml of water wash, 5-HT and internal  standard were e l u t e d  by 
passing 4 m l  of methanolic formic acid (90 m l  methanol + 10 ml 
formic acid)  through the C18 car t r idge.  The e lua t e  was 
collected, evaporated under nitrogen and the  residue redissolved 
i n  0.2 m l  of the rrobile phase and 50 u l  used for LC-EC. 

A standard ca l ibra t ion  curve w a s  obtained by using 50, 100, 
150 a d  200 ng of 5-HT and 200 ng of 6-HT (internal standard and 
p lo t t ing  peak height ratio vs. concentration of 5HT. 

with 200 ng of dq-5-m added as in te rna l  standard. 
a f t e r  evaporation under nitrogen w a s  heated with t r i f l uo roace t i c  
adydri.de fo r  15 min. i n  a reac t ive  v i a l  a t  60'C. 
remved under nitrogen, residue dissolved i n  20 ul and 2 u l  
injected in to  system. Frcm a standard ca l ibra t ion  a r v e  
obtained under sam conditions 5-€IT in  plasm san-ple is 
calculated . 

The plasma w a s  followed by 

The procedure was repeated on dupl icate  sannples of plasm 
The e lua t e  

The reagent was 

Plasma Ion Exchange Procedure: 

A 2.5 cm long 0.5 cm diameter colunm of Biorex 70 (H' form) 
w a s  prepared by pourirq s lu r ry  of the r e s in  in to  small chromato- 
graphic colms (Bio rad )  with s intered discs .  The colm was 
washed with deionized g lass  d i s t i l l e d  water prior to use. To 1 ml 
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2682 NARASIMHACHARI 

of plasma smple i n  a test tube 200 ng of 6-€IT ( in t e rna l  standard) 
w a s  added i n  the plasm and 1 ml of water wash pushed throu& the  
colurm. This was followed by 2 m l  of dist i l led water wash and 1 
m l  of methanol wash. 5-HT and 6-HT were then eluted with 2 ml of 
mthanol ic  formic acid (90 ml methanol and 10 m l  10% formic acid). 
The eluate  w a s  collected i n  a 5 ml centr i fuge tube, evaporated 
under nitrogen, residue dissolved, i n  200 u l  of mbile phase ard 
40 u l  of t h i s  injected i n t o  HPIC system. 

water solutions containing 50, 100, 150, 200 ng of  5-HT and 200 ng 
of 6-HT as in te rna l  standard following the saw procedure. Peak 
height ratios o f  5-HT and 6- were plotted against  5-HT concen- 
trations. 

A standard ca l ibra t ion  curve was obtained with 1 ml ea& of 

Platelet Sanples: 

~ l o o d  smples were collected i n  d i m  citrate tubes, the  
samples centrifuged at  low speed tm obtain p l a t e l e t  rich plasma. 
After  okkaining the  platelet count (rarrge 500,000 to 600,000 u l )  
0.5 ml of the  sample w a s  d i lu ted  with an equal wlum of m b i l e  
phase, 500 ng of internal  standard added. The mixture w a s  then 
sonicated for 30 sec and 25 u l  injected d i r ec t ly  i n t o  WE. 
r e m i n i m  sample was then divided in to  two equal parts a d  one 
part processed through SEP-PAK after adding 0.5 m l  of carbonate 
buffer. The second part is adjusted to #I 6.5 with carbonate 
buffer ( 4  drcps) and processed through Biorex-70 colunn as 
described above. 

The 

Cerebrospinal Fluid Sanples: 

To 2 ml of CSF sanple 5 ng of 6-HT is added a d  the  sanple is 
processed through e i t h e r  SEP-PAK cartridge or Biorex-70. 
former case, the  sanple is made a lka l ine  with 0.5 m l  of carbonate 
buffer. The SEP-PAK cartridge is washed with 1 m l  of h e m e  and 

I n  t h e  
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QUANTITATION OF SEROTONIN 2683 

then eluted with 2 ml of methanolic formic acid. 

m l m  is washed with 2 m l  of water, 1 ml of methanol and then 

eluted with 2 ml of methanolic formic acid. The e lua tes  are 
evaporated to dryness under nitrogen a t  40°C, the  residue is 
dissolved i n  100 u l  of m b i l e  phase and 40 u l  used for HPK. 

ca l ibra t ion  mrve is obtained using 1,  2, 3 and 4 ng of 5-fIT 

standards i n  water following the  same procedure. 

The ion exchange 

A 

RESULTS 

The separat ion of 5-HT and 6-HT standar-; an i n  a plate-?ts 
sample by d i rec t  inject ion is shown i n  Figure 1. 
da t a  on d i f f e ren t  m l m s  and m b i l e  phases are sbwn i n  Table I. 

Samples run without the in te rna l  standard indicated no in te r -  
ference f r m  any endogenous ccmpound. Further,  the  SEP-PAK and 
Ion exchange procedures were standardized by using d4-5-HT as 
in te rna l  standard and quant i ta t ing  5-HT by GC/MS method (1 ,6) .  
The reproducibi l i ty  by both mthods was good (c.v. 1.7%, n 4 ) .  I n  
four experiments using 1 ml a l iquots  of t he  same 5-HT/6-HT 
mixture, the  ratio of peak heights  was very reproducible; mean 
+ SD + 0.03 by SEP-PAK method and 1.35 2 0.03 by Biorex-70 method. 

A standard ca l ibra t ion  curve with 4 ,  5, 6,  a d  8 ng of 5-HT and 
10 ng 6-HT gave a value o f  0.992. 
plasm serum and platelet rich plasm s q l e s  by both methods are 
shown i n  Table 11. Further,  
i n  platelet r ich plasma sanples the  r e s u l t s  are also oanparable to 
the values obtained by d i r e c t  in jec t ion  of platelet samples (Table 
11). 

using e i t h e r  6-HT or 5-hydroxyindole as in te rna l  standard,  by 
d i r e c t  inject ion method. The values by e i t h e r  of these methods 
rarqe between 700 and 1300 ng/109 platelets with a mean 851 - + 
120 ng/109 platelets i n  agreement with the value reported by 

The r e t en t ion  

. - -  

The values f o r  5-HT on some 

The r e s u l t s  are i n  close agreemnt.  

I n  all, we analyzed 30 cont ro l  platelet rich plasma sanples 
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FIGURE 1A. Chromatograms of standard mixture of 5-HT and 6-HT 
(5 ng each) and plasma sample of phenelzine-treated 
subject using Biorex-70. 
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FIGURE 1B. Chromatgrams of cerebrospinal fluid (CSF) and amniotic 
fluid (AF) samples, 2 ml sample was used in each case 
with 10 ng of 6-HT for CSF and 25 ng f o r  AF. 
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TABLE 1 

Retention Data for 5-HT and 6-HT 

NARASIMHACHARI 

Column M3BIIE PHASE 5-I-rr 6-HT 
Flaw Rate 

Minutes 

Rainin C185u A.0.8 ml. 3.75 4.50 
15 x 4.6 

Rainin c183U C.0.8 m l .  1.25 1.5 
100 x 4 mm 
Same B.1.0 ml. 4.33 5.66 

Biorad C185u Same 2.8 3.44 
15 x 4.6 
SC3IW B.l m l .  3.18 4.18 

Supleco C183u B.0.8 ml. 1.63 2.13 
Same c.1.0 nil. 

S U p l C o  c185u c.1 lnl. 

A. 4.65 5% cH3cN. 
B. @I 3.0 3.5% cH3cN. 
C. @I 4.65 7.5% cH3cN. 

Markey et  al. using a GCm method (8). 
cor re la t ion  using a d i f f e ren t  GC/hS methcd (1,6). 

We have fourd a similar 

The 5-HT l eve l s  i n  a few CSF samples run on SEP-PAK or 

Biorex-70 colurrns are shown i n T a b l e  111. 
leve l  i n  cur present mthod is 200 pg/ml. 
obtained are i n  the range reported i n  the literature using 
radioenzymeassay procedure or rdio~mmoassay procedure (9). 
reproducibi l i ty  of the assay is establ ished & replicate ana lys i s  
(Table 111). I n  three l i m n  m i o t i c  f l u i d  s q l e s  run on 
Biorex-70 m l m ,  5-Wl! levels were 3.5, 2.8 and 3.2 ng/ml. 

The l i m i t  of detectable 
The values we have 

The 

The 
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TABLE 2 

2687 

Serotonin Levels  i n  Plasma, Serum and P l a t e l e t - r i c h  Plasma 
Samples. ng/ml 

~ ~~ 

Sample Biorex-70 SEP-PAK D i r e c t  I n j e c t i o n  

Plasma (MAOI) 
Plasma (MAOI) 

Serum p l e d  (N=4) 
PRP 

PFQ 
PRP 

PRP 
PRP 

728 730 

550 500 
110+13 

930 960 

51 0 525 
750 728 

920 

650 

- 

TABLE 3 

Serotonin Levels  i n  Hurnan CSF 

970 
510 

760 

900 

63 0 

~ ~ ~~~~ 

1 0.81 SEP-PAK c18 

2 1.25 SEP-PAK c18 

3 0.33 B iorex-70 

4 0.5 Biorex-70 

Pooled CSF (N=4) 1 .25+0.15 - SEP-PAK 

Standard Calibration Curve 1: = 0.992 
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2688 NARASIMHACHARI 

dmxnatograms of plasma, CSF and mio t i c  f lu id  are shown i n  
Figure 1. 

DISCUSSICN 

Several methods are reported i n  the literature fo r  the 
quant i ta t ion of  5-HT and the r e l a t ive  merits of the methods have 
been discussed ( 10 ) . Of these, the mst spec i f i c  method is the  
G€B method using d4-5-WI! as in te rna l  standard (6). 

recently, t he  HPLC method w i t h  amperometric detect ion has been 
used for  5-HT determination i n  biological  f l u ids  (1-4). However, 
samples need cleanup, especial ly  those w i t h  very lcw levels. 
Solvent extract ion methods give very p r  ext rac t ion  eff ic iency 
(8) .  Methock t~ improve 5-HT recovery have been reported (8) .  
Earlier methods using a canbination of ion exchange procedure fo r  
sanple cleanup and HPLC-Ex: for  quant i ta t ion  did not u s e  an 
internal  standard (2,3). We have not found any interference by 
ary endogenous compound under the  WLC conditions used i n  t h i s  
study. The method has k e n  successfully @plied to a var ie ty  of 
biological samples such as serum, platelets, cerebrospinal f l u i d  
and the  r e su l t s  validated by G C B  method. 
reported an elegant methcd for  extract ion of trace amines using 
c18 SEP-PAK car t r idges  and have tlow extended it for the 
extract ion of serotonin f r m  plasm and CSF samples with t h e  
isomeric 6-HT as in te rna l  standard. 
useful for  CSF samples where the l eve ls  are extremely low (1  
ng/ml) and ary organic solvent extract ion w i l l  only yield 
extremely poor recoveries. 
isomeric non-biological ccmpound i n  LC-EX analysis. 
demnstrated an a l t e rna te  ion exchange procedure hi& gives 
canparable r e s u l t s  and is less expensive. 
over the R I A  method. We have validated t h e  LC-Ex: r e s u l t s  with 
platelets, or platelet- r ich plasma using e i t h e r  SEP-PAK or ion 
exchange colunn procedure by ccmparing the  r e s u l t s  of d i r e c t  

More 

We have recently 

This method is par t icu lar ly  

"his is the  f i r s t  report of the  use of  
We have also 

This  is an improvement 
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QUANTITATION OF SEROTONIN 2689 

in jec t ion  with 6-HT as internal stamlard and GC/llS procedure. 
This method is now i n  routine u s e  i n  our laboratory for the  assay 

of 5-HT i n  serum and CSF samples of d i f f e ren t  diagnost ic  groups of 
pat ients .  

p l a t e l e t  or plasma or serum serotonin w u l d  be a be t t e r  indicator  

of treatment response w i t h  W inh ib i tors  (trarylcypromine or 
phenelzine) (10).  The HPW-EC method described here khich is 
readi ly  accessible and less expnsive m l d  be used i n  c l i n i c a l  

s tud ies  with MA0 inhibi tors .  

In  an earlier study, we suggested tha t  measuremnt of 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 
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