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A MICRO METHOD FOR THE QUANTITATION 
OF TRYPTOPHAN IN BIOLOGICAL FLUIDS 

BY HPLC-EC 

N. Narasimhachari 
Department of Psychiatry 

Medical College of Virginia1 Virginia Commonwealth University 
Richmond, Virginia 23298 

A B S T R A C T  

A micromethod for the quantitation of tryptophan in 
biological fluids, such as whole blood, RBC, serum, plasma or 
tissue homoyenates using HPLC and electrochemical detection is 
described. -Methyl tryptophan is used as an internal standard. 
Ten microliters of the sample are added to a mixture of 50 ul 
o f  acetonitrite and 10 ul of internal standard (20 ng/ul). 
This mixture is then diluted with 180 ul of triethylamine 
phosphate-buffer (pH 3.0). After centrifugation 25 ul of the 
sample are injected into H P L C  system. Standards containing 100 
ng and 200 ng o f  tryptophan are similarly prepared and 25 ul 
aliquot injected into H P L C .  

I N  TRODU CT I ON 

In a recent communication we described a method for the 

quantitation of tryptophan in biological fluids using 
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2224 NARASIMHACHARI 

6 - h y d r o x y t r y p t a m i n e  ( 6 - H T )  as an i n t e r n a l  s t a n d a r d  ( 1 ) .  I n  

t h i s  method we e s t a b l i s h e d  t h e  h i g h  s e n s i t i v i t y  of t h e  

e l e c t r o c h e m i c a l  d e t e c t o r  makes i t  p o s s i b l e  t o  use s m a l l  volumes 

o f  t h e  sample f o r  q u a n t i t a t i o n .  F u r t h e r  we showed t h a t  p r i o r  

sample c l e a n  up i s  n o t  n e c e s s a r y  and t h e r e f o r e  we c o u l d  use t h e  

b a s i c  compound 6-HT as an i n t e r n a l  s t a n d a r d  wh ich  made i t  

p o s s i b l e  t o  q u a n t i t a t e  s e r o t o n i n  and t r y p t o p h a n  i n  t h e  same 

sample. 6-HT i s  n o t  e a s i l y  a v a i l a b l e  f rom commer ica l  sources  

and t h e r e f o r e  we have i n v e s t i g a t e d  o t h e r  c l o s e l y  r e l a t e d  

n o n b i o l o g i c a l  compounds as i n t e r n a l  s t a n d a r d s .  We chose 

1 - m e t h y l t r y p t o p h a n  and d - m e t h y l t r y p t o p h a n  f o r  t h i s  purpose.  

F u r t h e r ,  i n  v iew o f  t h e  r e l a t i v e l y  h i g h  c o n c e n t r a t i o n  o f  

t r y p t o p h a n  compared t o  o t h e r  amines and t h e i r  m e t a b o l i t e s  we 

found t h a t  m i c r o  q u a n t i t i e s  (10 u l )  o f  t h e  samples a r e  adequate 

f o r  r a p i d  d e t e r m i n a t i o n  of t h i s  i m p o r t a n t  amino a c i d  i n  v a r i o u s  

t y p e s  o f  b i o l o g i c a l  m a t e r i a l s ,  such as b lood,  serum, t i s s u e  

homogenates e t c .  Such a method wh ich  has been i n  r o u t i n e  use 

i n  o u r  l a b o r a t o r y  f o r  t h e  p a s t  few months i s  d e s c r i b e d  i n  t h i s  

s h o r t  communicat ion.  

M a t e r i a l s  and Methods: 

1-Methy l  t r y p t o p h a n  and@-methy l  t r y p t o p h a n  were purchased 

f r o m  Sigma Chemical Company ( S t .  L o u i s ,  MO.). A l l  s o l v e n t s  

were h p l c  grade and t h e  chemica ls  a n a l y t i c a l  grade.  B l o o d  

samples were c o l l e c t e d  f rom normal  h e a l  thy  v o l u n t e e r s ,  
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TRYPTOPHAN IN BIOLOGICAL FLUIDS 2225 

psychiatric patients on antidepressant medication, in green top 

venoject tubes (heparin), or red top tubes for serum. In 

addition 10 microliters of whole blood samples were obtained 

from volunteers by the needle puncture technique using an 

autolet instrument. Amniotic fluid samples were from the 

toxicology laboratory and cerebrospinal fluid samples were 

those received for catecholamine metabolite levels. Human 

brain autopsy samples were received for antidepressant levels 

from over dose suicide cases and the homogenates prepared for 

drug assays ( 2 )  were used for tryptophan assay. 

blood and CSF samples were obtained from experimental animals 

from ongoing studies on drug metabolism ( 3 ) .  All tissues were 

homogenized with 4 volumes of phosphate buffer (pH 7.0, 0.1 M.) 

with a polytron homogenizer and centrifuged at 2500 rpm for 10 

minutes and the supernatant used for tryptophan assay. 

Rat and rabbit 

Ultrafiltrates: 

Ultrafiltrates from plasma, serum, CSF and amniotic fluid 

were obtained by three different methods, using Amicon 

centrifree, Amicon Cones or filter discs (0.25 microns). 

HPLC Conditions: 

The HPLC system consisted of M-45 Waters pump, Rheodyne 

valve with 200 ul loop and Bio Analytical Systems (BAS) 
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2226 NARASIMHACHARI 

electrochemical detector (LC-4B) with a glassy electrode. The 

oxidation potential was set either at 0.85 or 0.90 V.  A wide 

variety of columns were used to evaluate the resolution 

characteristics and also for cross validation of results and 

are listed in Table I. 

Mobile Phase: 

Triethylamine phosphate buffer (pH 3.0) was prepared by 

adding 7 ml of phosphoric acid to 4 liters of deionized 

distilled water followed by 14 ml of triethylamine. The same 

buffer of pH 3.5 was prepared by mixing 6 ml of phophoric acid 

and 1 4  ml o f  triethylamine. To each of the buffer solutions 50 

mg/L of EDTA disodium salt and sodium heptane sulfonate were 

added. In addition, ammonium acetate buffer (pH 4 .5 )  was 

prepared by mixing 40  ml of distilled glacial acetic acid and 

20 ml of conc ammonium hydroxide solution in 4 L of deionized 

water. Acetonitrile was mixed with the buffer solutions 

ranging from 1%-7.5% depending on the column used for analysis 

(Table I ) .  All solutions were microfiltered and degassed 

before use. 

Sample Preparation: 

Ten microliters of the sample of whole blood, plasma, 

serum, RBC or tissue homogenate are added to 50 u l  of 
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TRYPTOPHAN IN BIOLOGICAL FLUIDS 2227 

TABLE 1. R e t e n t i o n  Data f o r  Tryp tophan and s C - M e t h y l t r y p t o h a n  

Col umn M o b i l e  Phase F low Rate  R e t e n t i o n  Time ( m i n s )  
+ % CH3CN m l / m i n  TRP OC -MeTRP 

PE C a r t r i d g e  3 cm 
3 Um c 8  

Ran in  5 cm 3um c8 
SGE 10 cm 3 Um c 8  

PE 3 cm 3um c18 

MP-1 + 2 

MP-1  + 4 
MP-1  + 4 
MP-1  + 4 
MP-1 + 6 
M P - 1  + 4 
MP-2 + 3 

c18 MP-1 + 6 

c18 M P - 1  + 7 
MP-1 + 5 

Beckman 7.5 cm 3 um 

Vydac 25 cm 10 urn 

1.2 

1.2 
1.2 
1.4 
1.2 
1.0 
1.0 

1.5 

5 1.4 
1.4 

3.36 

2.64 
2.88 
4.08 
4.0 
1.92 
3.36 

3.6 

5.28 
7.2 

5.76 

4.8 
4.32 
7.2 
6.0 
3.36 
4.8 

5.5 

7.44 
11.3 

a c e t o n i t r i l e  i n  a 5 ml c u l t u r e  t u b e .  I n  t h e  case o f  a m n i o t i c  

f l u i d  50 u l  of t h e  sample was used. To t h i s  m i x t u r e  a r e  added 

200 n g  o f d - m e t h y l t r y p t o p h a n  (10 u l  of 20 n g / u l )  as i n t e r n a l  

s t a n d a r d  and 180 u l  o f  TEA PO4 b u f f e r  pH 3.0. 

v o r t e x e d  f o r  10 secs and c e n t r  fuged f o r  5 m i n u t e s  and 25 u l  o f  

t h e  c l e a r  s u p e r n a t a n t  i n j e c t e d  i n t o  h p l c  system. F i v e  

m i c r o l i t e r s  o f  CSF sample o r  u t r a  f i l t r a t e  sample and 5 u l  o f  

i n t e r n a l  s t a n d a r d  ( 2  n g / u l )  were d i r e c t l y  i n j e c t e d  i n t o  h p l c  

system. 

The m i x t u r e  was 

S t a n d a r d  S o l u t i o n s :  

Ten m i c r o l i t e r s  o f  s t a n d a r d  t r y p t o p h a n  s o l u t i o n s  

c o n t a i n i n g  10 n g / u l  and 20  n g / u l  a r e  added s e p a r a t e l y  t o  two 
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2228 NARASIMH ACHARI 

t u b e s  S 1  and S 2  c o n t a i n i n g  a m i x t u r e  o f  50 u l  a c e t o n i t r i l e ,  10 

u l  o f  i n t e r n a l  s t a n d a r d  (200 n g )  and 180 u l  o f  TEA PO4 b u f f e r  

pH 3.0. These two s t a n d a r d s  of  100 ng ( S 1 )  and 200 n g  ( S 2 )  a r e  

p r e p a r e d  f r e s h  d a i l y  and used as s t a n d a r d s  a t  t h e  b e g i n n i n g  and 

t h e  end o f  t h e  sample runs .  25 u l  o f  t h e  s t a n d a r d s  a r e  

i n j e c t e d  i n t o  h p l c  system. 

A l l  t r y p t o p h a n  l e v e l s  a r e  c a l c u l a t e d  f r o m  peak h e i g h t  

r a t i o s  o f  t r y p t o p h a n / & - m e t h y l t r y p t o p h a n  o f  t h e  samples and 

s t a n d a r d s .  

RESULTS 

The r e t e n t i o n  t i m e s  f o r  t r y p t o p h a n  a n d Q - m e t h y l t r y p t o p h a n  

f o r  d i f f e r e n t  columns and column c o n d i t i o n s  a r e  g i v e n  i n  T a b l e  

I. 1 - M e t h y l t r y p t o p h a n  e l u t e s  a f ter&-methy l t ryptophan.  

However, we f o u n d  t r y p t o p h a n  as a contaminant  (1%) i n  t h e  

sample o f  1 - m e t h y l t r y p t o p h a n  and t h e r e f o r e  d i d  n o t  use i t  as an 

i n t e r n a l  s t a n d a r d .  The a p p l i c a b i l i t y  o f  t h i s  m i c r o  method f o r  

a v a r i e t y  o f  b i o l o g i c a l  samples i s  c l e a r l y  i l l u s t r a t e d  i n  F i g  1 

and 2. The c l e a n  chromatograms w i t h  w e l l  s e p a r a t e d  peaks f o r  

t r y p t o p h a n  and t h e  i n t e r n a l  s t a n d a r d  w i t h o u t  any i n t e r f e r e n c e  

f r o m  o t h e r  endogenous compounds r e n d e r  i d e n t i f i c a t i o n  and 

q u a n t i t a t i o n  much s i m p l e r .  

f o r  s t a n d a r d  m i x t u r e s  under  d i f f e r e n t  column c o n d i t i o n s  a r e  

The peak h e i g h t  r a t i o s  of Trp / I .S .  
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CSF 

2 

1 TRP 

2 I S  

PLATE LET 

2 

1 

6 6 

1 

1 

J 

PLASMA 

1 

2 

Ifa 

STD 

1 

2 2 . 5 n A  1 

F i g .  1. Chromatogram o f  standard a n d  samples. P la te le t  sample was 
from a volunteer 1 1 / 2  hours a f t e r  0.5 g oral tryptophan and had 2.8 
ug/1o9 p l a t e l e t s .  
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E 

2 1  

I 6 A S 
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C 

1 
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b 4 

B 

1 TRP 
2 I S  I."* 

2 

k 

rl 

A 

2 

1 

i 
6 

5 

F i g .  2. Chromatogram o f  ( A )  s tandard ,  (B,C) serum ( d u p l i c a t e ) ,  ( D , E )  
a m n i o t i c  f l u i d  ( d u p l i c a t e ) .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
4
8
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1
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shown i n  T a b l e  2. R e p l i c a t e  a n a l y s i s  o f  two samples i s  a l s o  

shown i n  T a b l e  2. Samples a n a l y z e d  b y  t h e  e a r l i e r  method (1) 

were r e a n a l y z e d  b y  t h i s  m i c r o  method and t h e  r e s u l t s  compared 

v e r y  w e l l  ( r=0 .99) .  S e r i a l  samples drawn f r o m  t h e  same s u b j e c t  

at. d i f f e r e n t  t i m e  i n t e r v a l s  i n  a day and on d i f f e r e n t  days b y  

t h e  p i n  p r i c k  method were a n a l y z e d  b y  t h i s  p rocedure .  The 

r e s u l t s  a r e  shown i n  Tab les  3 and 4. S i m i l a r l y  whole b l o o d  

samples were o b t a i n e d  b y  t h e  same p r o c e d u r e  f rom v o l u n t e e r s  

r e c e i v i n g  a s i n g l e  o r a l  dose o f  0.59 o r  1.09 of t r y p t o p h a n .  A 

dose dependent r i s e  was observed between 1 1 / 2  and 2 h o u r s  and 

r e t u r n e d  t o  base l i n e  l e v e l s  a t  8 h o u r s  ( T a b l e  5 ) .  Tryp tophan 

l e v e l s  i n  d i f f e r e n t  b l o o d  components u s i n g  t h i s  mic romethod a r e  

p r e s e n t e d  i n  T a b l e  6. 

D I S C U S S I O N  

The m i c r o  method d e s c r i b e d  h e r e  has s e v e r a l  advantages 

o v e r  t h e  e a r l i e r  methods. S i n c e  t h e  c o n c e n t r a t i o n  o f  

t r y p t o p h a n l m l  e i t h e r  i n  serum o r  who le  b l o o d  i s  u s u a l l y  i n  

mic rogram l e v e l  (8-10 u g h l ) ,  10 u l  o f  t h e  sample i s  adequate 

because of t h e  h i g h  s e n s i t i v i t y  o f  LC-EC method. 

d e p r o t e i n i z a t i o n  does n o t  p roduce any changes i n  t h e  pH v a l u e  

and d i l u t i o n  w i t h  t h e  m o b i l e  phase p r o v i d e s  smooth L C  r u n .  I n  

most  cases t h e  q u a n t i t y  i n j e c t e d  i s  10 t o  20% o f  t h e  f i n a l  

A c e t o n i t r i l e  
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Table 2. Peak Height Ratios ( P H R ) ,  Trp/-MeTrp Of Standards and 
Samples I n  Rep1 i ca t e  Analyses. 

PH R 

Standards Samples 

1.51 - + 0.01 1.80 - + 0.01 1.1 0.008 1.30 - + 0.02 2.15 2 0.03 

(N=5 1 (N=6) (N=5)  (N=4) (N=5 ) 

Table 3. Mean Tryptophan Levels in Normal Volunteers of Six 
Samples Drawn in 24 hour period 

Number 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 

Sample 

P1 asma 
Whol e blood 
Whol e blood 
Ser um 
Serum 
Serum 
Serum 
Ser urn 

Tryptophan 
u g h 1  (Mean + SD) 

10.87 + 0.4 
7.47 7 0.77 

10.97 T 1.63 
10.04 T 0.45 
12.83 T 1.17 
12.42 T 1.18 
9.01 T 0.57 
9.94 5 1.6 

Table 4 .  Serum Tryptophan Levels From Normal Volunteers on 
Samples Drawn on Different Days 

Tryptophan ug/ml 

Subject No. 6/12/85 6/18/85 6/19/85 

1 13.6 15.1 12.9 
2 12.0 12.6 10.3 
3 9.8 7.8 5.7 
4 12.5 10.7 15.2 
5 9.2 8.8 8.3 
6 9.0 8.8 9.0 
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TRYPTOPHAN IN BIOLOGICAL FLUIDS 2233 

Table 5. Whole Blood Tryptophan Levels After Single Oral Dose 

Dose Dose 
Time 0.59 1 .og 
(Hours 1 Who1 e 51 ood Tryptophan u g h 1  

0 
0.5 
1 .0  
2.0 
3.0 
4.0 
6.0 
8.0 

24.0 

10.0 
28.0 
40.0 
31.2 
n.d.  
18.5 
12.0 
10.2 
9.8 

10.0 
55.0 
73.2 
54.6 
36.2 
40.5 
19.1 
12.0 
9.2 

Table 6.  Tryptophan leve ls  in blood components from normal 
volunteers 

Subject Whole blood RBC P1 asma Serum 

7.7 3.3 10.2 12 
8.4 3.8 10.24 11.6 
7.5 3.7 10.3 
9.6 3.2 11.7 
4.2 3.1 4.95 5.3 

volume, equivalent t o  1 or 2 u l  of the  blood or serum. I n  the  

case o f  CSF a n d  u l t r a f i l t r a t e  samples 5 ul of the  sample i s  

found t o  be adequate t o  give measurable peak height a t  the  

oxidation potent ia l  of 0.9 V.  We f o u n d  a small volume (0 .2  

ml) and a short  centr i fugat ion time of 10 minutes adequate f o r  

obtaining u l t r a f i l t r a t e  samples. We observed differences 
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between t r yp tophan  va lues  on whole CSF o r  amn io t i c  f l u i d  

samples and t h e i r  u l t r a f i l t r a t e s  i n d i c a t i n g  some p r o t e i n  

b i n d i n g  i n  these ins tances  a lso .  We found s i g n i f i c a n t  

d i f f e r e n c e  between p l a t e l e t  r i c h  plasma and t h e  p l a t e l e t  poor 

plasma which prompted us t o  l o o k  f o r  t r yp tophan  i n  pure  

p l a t e l e t  p repara t i ons .  We c o u l d  i d e n t i f y  and measure 

t r yp tophan  i n  homogenates o f  p l a t e l e t  p e l l e t s  ( f i g .  1). RBC 

samples a l s o  c o n t a i n  h i g h  l e v e l s  o f  t r yp tophan  bo th  f r e e  and 

bound. I n  t h e  present  s tudy  we found t h a t  6-HT c o u l d  n o t  be 

recovered q u a n t i t a t i v e l y  when added t o  RBC o r  whole b lood and 

t h e r e f o r e  was n o t  s u i t a b l e  as an i n t e r n a l  standard.  

Tryptophan i s  f i n d i n g  i n c r e a s i n g  use as a chemotherapeut ic 

agent e i t h e r  a lone o r  i n  combina t ion  w i t h  o t h e r  drugs and t h e r e  

i s  a need t o  assess t h e  t r yp tophan  d e f i c i e n c y  and a l s o  t o  

f o l l o w  t h e  pharmacok ine t ics  a f t e r  o r a l  a d m i n i s t r a t i o n  o r  

i n t ravenous  p e r f u s i o n  ( 4 ) .  T h i s  s imp le  m i c r o  method u s i n g  

m i c r o q u a n t i t i e s  o f  whole b lood  samples ob ta ined  by needle 

punc ture  w i l l  be a f a s t  and l e s s  i n v a s i v e  techn ique f o r  g e t t i n g  

m u l t i p l e  samples f rom t h e  same sub jec t .  The t i m e  f o r  o b t a i n i n g  

t r yp tophan  l e v e l  f rom b lood  drawing can be as s h o r t  as 1 5  

minu tes  and 40 samples can be assayed i n  a 6 hour run. 

We have used t h i s  method i n  r e c e n t  s t u d i e s  on depressed 

p a t i e n t s  on MA0 i n h i b i t o r ,  phene lz ine  o r  l i t h i u m  ( 5 , 6 )  and a l s o  

f o r  t r yp tophan  de te rm ina t ion  i n  d i s c r e t e  r e g i o n s  o f  t h e  r a t  

b r a i n .  F u l l  d e t a i l s  w i l l  be pub l i shed  elsewhere. 
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