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TRYPTOPHAN DETERMINATION IN TISSUE 
HOMOGENATES AND BIOLOGICAL 

FLUIDS USING HPLC-EC 

N. Narasimhachari, P. Ettigi, and B. Landa 
Department of Psychiatry 

Medical College of Virginialvirginia Commonwealth Univ. 
Richmond, VA 23298 

A mettlod €or qiianti tatiry tryptophan i n  tissue h o m e n a t e s  
and biological f lu ids  using 6-hydroxy-tryptamine as internal  
standard is described. 
serum or plasma can bF? q u a n t i t a t d  by d i r e c t l y  in jec t i tq  CSF or 
u l t r a f i l t r a t e  in to  t h e  HPE system with the internal  standard. 
Serum, plasma, amniotic f lu id ,  ard sal iva are deproteinized by 
addition of e q u a l  volm of ace toni t r i le .  
processed through Biorex-70 mlurms. 
comparing the values of cnlurm procedures with direct in jec t ion  
method. 

Tryptophan i n  CSF a d  free t r y p t q h a n  i n  

Urine samples are 
Cross validation was done by 

Determination of tryptophan i n  human s e r u m  and cerebrospinal 
f luid has great relevance in  the s tudies  oE psychiatr ic  disorders  
where the role of serotonin in  depression and schizophrenia has 

been w e l l  recognized ( 1,2,3, ) . 
acid f o r  serotonin synthesis am3 tryptophan leve ls  i n  the brain 
may determine the e f fec t ive  synthesis of serotonin i n  the CNS. 

Though a large volume of l i t e r a t u r e  e x i s t s  on the levels  of 

Tryptophan is the precursor amino 
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2082 NARASIMHACHARI, ETTIGI, AND LANDA 

5-hydroxy-indole-acetic acirl i n  h m  CSF i n  a v a r i e t y  of 
p s y d ~ i a c t i v e  d isorders ,  t h e  l i t e r a t u r e  on  tryptophan l e v e l s  is 
ra the r  sparse a d  t h i s  aspect is not s t u d i d  as in tense ly .  
R e e n t l y ,  with the development of HPKC systems and s e n s i t i v e  
de tec t ion  s u c h  as fluorescence de tec t ion  and electro-chemical 
de tec t ion ,  reliable mthocls arc? now ava i l ab le  €or the  de tmnina-  
t i o n  of tryptophan i n  b io logica l  f l u i d s  (4 ,5 ,6) .  CXle of t h e  
earlier mnet)wds described by KO& a d  Kiss inger  clsd an elaborate 
clean-up procedure for serum samples u s i q  ion exchanye colurrns to  
separate Eractions containing 5-HT, tryptophan, a d  5-HL4A ( 7 ) .  
'Ihe recent methods of Beck e t  a l .  ( 4 )  uses t r i ch locoace t i c  acid 

for deproteination of tryptophan i n  serum, a d  e r 2 5 r a p i n n l  f l u i d  
sanples. 
tryptophan i n  human serum d CSF usirrg 6-hydraxy-tryptamine as an 
in t e rna l  standard. 

Ilk now report a s-le an3 r ap id  HPX-EC twttxxl f o r  

MATERIALS AND MGpHoDs - --I- 
L-tryptnpha? ancl 6-hydroxy tryptamine c r e a t i n i n e  sul.fate were 

obtained Erom sigma (St. Louis, MO); a c e t o n i t r i l e  an3 e thy l  ace- 
tate wre HPLC g r d e  f r an  Burdick and Jackson. A Rainin Rabbit 

HPUJ punp with Rhdyne valve in te r€aced  with a BAS 4B electro- 
chemical detector and g lassy  electrode was used. Triethylamine 
a d  Phosphoric ac ide  e r e  ana ly t i ca l  grade. 

HPLC Conditions 

Mobile Phase: 0.25M !t"riethylamine p b s p h a t o  buffer pH 3.0 - + 
0.05, flow rats 1.0 ml/min.. Colm: Rainin Cs Suprs twr t -one  3 

um, 4.6m I D  x 5 an L., Supelm C18 15 cm with  Mobils Phase, 
pH 3.0  2 2.5% CH3CN. Waters m-45 pump, RAS 7%-48 electro&emi- 
cal detector, oxida t ion  potential 0.80 vol t .  

Serum or Plasma Tryptoph an Determination 

"he following th ree  mthods were extens ive ly  studied and 
evaluated before se l ec t ing  the  rout ine  nrethod. 
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TRYPTOPHAN DETERMINATION 2083 

Method I: 

A n ix tu re  o€ 0.25 ml of serum, 0.25 m l  OE m h i l c  phase and 
1 ug of 6-hydroxy tryptamine ( i n t e r n a l  s t anda rd )  was vortexed f o r  
30 seconds and f i l t e r e d  through a 0.45 uM f i l t e r  ( (Amicm sterile 
disposable f i l t e r s ) .  
i n j e c t e l  i n to  HPLC .system 

Ten u l  of the  clear f i l t r a t e  was d i r e c t l y  

Method 11: 

0.25 m l  of serum samp.le c o n t a i n h q  500 ng of 6-HT m s  pro- 
cessed through a short Aiorex-70 o l u l n ?  according to t h e  procc- 
durss described earlier (8)  f o r  serotonin.  The e l u a t e  €ran  the  
m l m  with w t h a n o l i c  Eonnic ac id  which contained both se ro ton in  
at13 tryptophan was evaporated under nitrogen a d  t h e  res idue  
redissolved i n  0.25 ml of mbile phase f o r  HPLC analysis. 
canple te  absorption and e lu t ion  *re m n i t o r d  by analyz i rq  
e f f l u e n t  and Fractions f r an  the column. For detennination o f  
tryptophan l e v e l s  only,  t he  co31m was e lu ted  with 1 m l  of m b i l e  
phase only  a d  50 u l  of the  e l u a t e  is in jec ted  i n t o  HPLC .system . 

The 

Method 111: 

To 0.25 of serum mnta in ing  500 ng 6-HT ( 5  u l  100 ng,/!nl) i n  
5 m l  cen t r i fuge  t u b e s  or 5 m l  cu l tu re  t u b e s ,  0.5 m l  o€ acetoni- 
t r i le was added and a f t e r  w r t s x i n g  f o r  30 s e ~ W s  t h e  mixture mas 

cent r i fuged  f o r  10 minutes, supernatant was drawn with a pasteur 
pipette, t r ans fe r r ed  to another cent r i fuge  tube or mltlire t u b e .  
me clear supernatant was evaporated to dryness under n i t rogen  i n  
a 50°C. waterbath. me res idue  was dissolved in 250 u l  mbile  

phase @I 3.0 ard ext rac ted  with 2 ml e t h y l  acetate i n  t'le same 

tube. The tubes e r e  centrifuged f o r  5 minutes ard 111 u l  aliquot 
of t h e  aqueous l aye r  was i n j ec t ed  i n t o  HPLC system. 
whole blood or 0.25 m l  of red blood cells was h m l i z e d  wi th  0.25 
m l  of deionized dist i l led water and processed exac t ly  as t h e  serum 
sanple . 

0.25 m l  of 
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NARASIMHACHARI, ETTICI, AND LANDA 2084 

Calibration airves with water stardads a n t a i n i n g  2 ug/!nl of 
6-HT and 5 ,  7.5, 10, and 12 ug of tryptcphan were n m  under t h e  
sane d i t i o n s  for each mthod. A similar standard airve was 
obtained with 0 , 2 , 4 , 4 ,  and 8 ug/ml tryptophan added to a plasm 
sample. 

Method IV; CSF Sanples: 

20 u l  of CSF sanple arrl 5 u l  (10 ng) &HT. !ere d i r e c t l y  

-___ 

injected i n t o  fPX system. 
Tryptopham/6-KT of the sample and the standard, tryptophan levels  
i n  the sanple were calculated. 

Fran the peak height ratios of 

Free Tryptoph an inserum or Plasma: 

0.5 m l  or 1 m l  al iquots  of serum or plasma sanples wre 
transferred to Amiam Centrifree f i l t e r s  (Amicon Corp., mnvers,  
MA) and centrifuged a t  3000 rpm for 1 hour. The u l t r a € i l t r a t e  
volm was measured and 5 u l  of the  f i l t r a t e  d i r e c t p i  injected 
along with 5 u l  of internal s t a d a d  6-€IT, (10 ny).  
height ratio of Tryptophan/6-tlT for  samples a d  the standard, 
tryptophan level i n  5 u l  of ultrafiltrate is calculated.  
known mlume of u l t r a f i l t r a t e ,  free tryptophan S r  m l  of serum or 
plasma is calculated fran the equation: 

where V ~ l v o l m  of ul t raf  iltrate 

Fran the peak 

Wan the 

Tryptophan i n  5 u l  of UF x V ~ / O . 0 0 5  x 1/vs 

Vs=volume of saple taken €or f i l t r a t i o n  

RESULTS 

The separation of 5-W, 6+I!, and tryptophan on a C@u 
short collmn 5 an is shom i n  Fig. 1. 

5-m, 6-m, and tryptophan are 2.88, 3.36, and 4.68 minutes 
respectively. 
tryptophan is not extracted into ethyl acetate. 
te inizat ion u s i q  ace toni t r i le ,  tryptophan is quant i ta t ively 

The retent ion times for 
' 

In the extraction procedure used for 5-HT (8)  

In  the  &pro- 
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TRYPTOPHAN DETERMINATION 2085 

A C D 

s 

FIGURE 1. Chranatograms of Standards. B. 6-HT ard Tryptophan. 
D. 5-FIT, 6-HT, and Tryptophan. Ssrum Sampl,?s A by 
Metlmd I,  C by Method 11. 

recovered an3 6-HT as internal  stanilard mpensates f o r  m l m  
changes ad losses i n  manipulation. 
here (0.80 V) it provided d i m  s e n s i t i v i t y  mre than dequate 
for the  levels found i n  senm and CSF. 
by the 11% of the three rntlmds described are shown i n  Fig. 1 arfl 
2. 
shown i n  Fig. 3 ( r~O.998) .  
the curve was 5.38 ug/ml and by d i r e c t  calculat ion of peak height 
ratio of !+W/6-HT was 5.20 ug/ml. 
by the three methods are canparable. Hawever, reproducibi l i ty  is 
better i n  Methods I and 111. The main disadvantage i n  the d i r e c t  

A t  oxidation po ten t i a l  used 

The chrornatogram obtained 

'Ihe standard curve with added tryptophan to a p l a s m  sample is 
The tryptophan l eve l  i n  plasma fran 

The quan t i t a t ive  data obtained 
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4ug/ml 

1 I 
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FIGURE 2?  Chromatogran of Part of a Calibration C u m  with Mded 
Tryptophan to Serum Samples, Me- I1 L. 

pHRl 1.2 

FIGURE 3: Standard Curve of a Plasma Sanple with Added Tryptophan 
(-0.998 ) 
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E D C 

1 

I 

B 

2 

1 

I i 

FICUU 5 Chronatgraph of Ultrafiltrates f r an  Plasm With a d  
Without Internal  Standard 10 ng 6-HT. A,B,C=UF t 6-HT: 
D,E=UF no 6-H". 

injection is the E a s t  deter iorat ion of the guard coluim a d  build 
up of 'back pressure. 
evaporation is not a time-consumily procedure, we have adopted 
t h i s  €or our routine laboratory use. 

minations give very clean &randtograms, e.g.,  very oEtsn with 
only a tryptcphan peak i n  tha t  region. 
internal  standard to ampensate for any variat ions i n  detector 
sens i t iv i ty ,  par t icu lar ly  because it e l u t e s  close to tryptcphan. 
the chranatogrm with a d  w i t h o u t  internal s t d a d  for a l o w  a d  
a high level of tryptcqhan in  tm CSF samples and 4 u l t r a f i l t r a t e s  

S i n e  deproteination with aoetoni t r i lc  a d  

Very lw volumes (20 u l )  of CSF used for tryptopiian deter-  

6-HT serves as a useful 
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TRYPTOPHAN DETERMINATION 2089 

frm serum or plasma are shown i n  Fig. 4 ,  5. me general applic- 
a b i l i t y  of t h i s  method is i lus t ra ted  by the  analysis  of armiot ic  
f l u i d ,  sa l iva ,  human brain,  and urine sanples (Fig. 6, 7 ) .  Only 
in  the case of urine, the colurm procedure w a s  u s d .  
f lu id  anrl sal iva e r e  treated by t!ie a c e t o n i t r i l e  procedure 
(Methorl 111); the h a m  brain h a q e n a t e  (1:4)(pH 7.0, 0.lM 
phosphate bufFer) was mntr i fugrsd awl 20 u l  of supernatant wis 
directby i n j e c t d .  
using t h i s  method f r m  d i f fe ren t  diagnostic categories such as 
depression, alcoholism, h e l l  injury,  depressed pat ients  on Lithium 
or MA0 inh ib i ta r  (phenclziiie) and also normal controls. 
w i l l  he publish& i n  appropriate s tudies  along with c l i n i c a l  
correlates. A few i l l u s t r a t i v e  values a re  given i n  Table 1 and 

Table 2. 

Anniotic 

WE! have analyzed a var ie ty  of c l i n i c a l  sampler, 

"he da ta  

DISCUSSION -- 
Several mthorfs have appeared r e e n t l y  on the quant i ta t ion of 

tryptophan i n  serum and CSF using WKC and both fI.uoresmnce and 
electro-chemical detection (4,5,6). Of these,  the m t W  of Beck 

et  a'l. uses 1 and 2 m l  of serum arrl deproteinization with -A. 

"he nrthocl of Laakso et  al. (5) for CSF uses  a very high sensiti- 
v i t y  and a phenyl colum for  separation. The peak heights for  
tryptophan are small anrl they reamn~ .nd using 200 u l  of CSF to cpt 

a l l  the other metabolites, tm. 
dmnstrat& d i r e c t  inject ion u s i q  small vo lum~?s  (5 to 10 u l  E x  

serum, 20 u l  for  CSF) a d  a mnmn internal  standard for 542 as 
ell as tryptophan. 
describe3 where a c e t o n i t r i l e  is used as a deproteinizing reagent. 
I n  t h i s  an extra s t e p  of solvent extrackion r m v e s  neutral  a d  
acidic  f ract ion,  reducing the HPIL run t i m e  a d  also minimizing 
interfer ing peaks. me general w p l i c a b i l i t y  of t h i s  method is 
i l l u s t r a t e d  by the analysis  of other biological f l u i d s  such as 
anniot ic  f lu id ,  sa l iva ,  brain hawqenate, and urine sanples. 
method is well tes ted by reproducibil i ty s tudies ,  canparison of 
data by two methDds, and increnent analysis. hk have studied a 

In t h i s  present study, we have 

A second prmxdure for 5-HT aid tryptophan is 

me 
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FIGURE 6. Chromatograph oE Amniotic Flu id  a d  Hiimn Saliva,  No 
Internal Standard. A. Standard: R. Aimiotic Fluid; 
C.  Saliva: D. Standard. 

I, S 

FIGURE 7. Chromatograph of Urine and Brain Hom3genate. A. 
Urine: B. 
Directly Injected).  

Brain (20 u l  Centrifuged Hanogenate is 
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TABLE 1 

Illustrative Tryptophan Values in Sennn, Plasma and 
U1 traf iltrates 

Serum Plasma 

Normal serum 

Normal plasma 

Alcohol serum 

Lithium Serum 

ultrafiltrates 

Serum 

7.35 ug/ml tryptophan 
5.55 
4.07 
3.09 

8.76 
7.22 
8.12 
8.07 

10.18 
13.15 
12.87 
6.20 

14.17 
9.07 

12.78 
11  .a5 

238 ug/ml tryptophan 
419 
103 
593 
453 
61 0 
557 

TABLE 2 _- .- 

Illustrative Tryptophan Values in Amiotic Fluid and CSF 

Amniotic F X  

Head Injury 

Depression 

326 ng/ml tryptophan 
229 
697 

2008 
1373 
1988 
969 
809 
775 
494 

106 
41 
422 
65 
57 
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2092 NARASIMHACHARI, ETTIGI, AND LANDA 

nurrber of c l i n i c a l  samples and i n  t hese  s t u d i e s  our f ind ings  are 
i n  q r e e n t  w i t h  those of others i n  the literature (5 ,7) .  ~e 

t he re fo re  consider t h i s  as an usefu l  addition i n  the mthodology 
f o r  tryptophan determinations. 
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