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SWMMARY 

A method for the determination of biogenic 5hydroxy- and 5methoxyindoles 
using high-performance liquid chromatography with fluorescence detection was de- 
veloped_ The specific fluorescence of these indoles induced by perchloric acid was 
utilized as the post-column detection system. The determination limits were 3 pmol 
for 5-hydrosy-i-tryptophan and 5 pmol for serotonin (5HT) and 5-hydrosyindole-3- 
acetic acid (HI_4A). The method was applied to the determination of 5-HT and 
HIAA in rat brain tissues using 5-hydroxygramine as the internal standard_ 

INTRODUCTION 

LMany high-performance liquid chromatographic (HPLC) methods have been 
developed for the analysis of biogenic indole compounds owing to their physiological 
importance in neurochemistry and clinical chemistry’-‘. In many of these HPLC 
methods, fluorescence detection’-3*5.6 using native fluorescence based on the indole 
skeleton and electrochemical detection ‘*’ have been used_ However, as these detec- 
tion methods are not always specific for biogenic indoles, the determinations have 
been often disturbed by co-esisting biological substances in the samples and suitable 
pre-treatment such as organic solvent extraction’ has been necessary before applying 
samples to these HPLC systems. 

Recently, we have developed a method for the fluorimetric determination of 
biogenic indoles using perchloric acid (PCA)‘. Indoles substituted at the 3-position 
gave specific fluorescence in PCA solution, the spectral characteristics of which are 
further separated into two types depending on whether the 5-position of the indole 
ring is substit&d by a hydroxy (or methoxy) group or not; the former fluorescence 
has excitation and emission masima at around 300 and 530 nm, respectively, and the 
latter at around 425 and 525 tun, respectively. 

In this work, we attempted to apply the fluorogenic reaction to the specflc post- 
column detection of 5-hydroxy- and 5-methoxyindoles after HPLC separation and 
the method was applied to the determination of serotonin and 5-hydroxyindole-3- 
acetic acid in rat brain tissues. 
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EXPERIMEKfAL 

Maleriais 
5-Benzylosygramine was purchased from Aldrich (Milwaukee, WI, U.S.A.). 5- 

Hydrosy~amine (5-H@ hydrochloride was synthesized from 5-benzyloxygramine 
according to the method of Trosler et ~1.~. 

Tryptamine hydrochloride and all 5-hydrosy- and 5methosyindoles were pur- 
chased from Si_gma (St_ Louis, MO, U.S.A.). r_-Tryptophan and indole-3-acetic acid 
were obtained from Nakarai Chemicals (Kyoto, Japan). Perchloric acid (70x, w/v) 
was purchased from Kanto Chemical (Tokyo, Japan). 

-All other chemicals used were guaranteed reagents. 
The acetate buffers were prepared by adjustins the pH of 20 mM sodium 

acetate solution with glacial acetic acid. 

HPLC qstenz 
Fig. 1 shows the chromatographic system. Indoles were separated on a re- 

versed-phase Finepak SIL C,s-IO column (10 pm, 250 x 4.6 mm I.D.; Japan Spec- 
roscopic, Tokyo, Japan) at ambient temperature with either a mixture of 20 m&f 
acetate buffer and methanol or a misture of 20 m&z acetate buffer and acetonitrile 
delivered by a double plunger type pump (Type KHU-W-5ZH; Kyowa Seimitsu, 
Tokyo, Japan)_ Samples were applied through a line sample injector (Type KLS3-T; 
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Fig. 2. Pulse-damping system for PCA solution. Two chromatographic tubes (500 x 8 mm I.D.) made of 
Pyrex glass with iheir top ends plugged were connected in parallel at their lower ends and placed bctwccn 
the pump and the pulse-damping Pyrex column (200 x 2 mm I.D.) packed with glass beads (20 
mesh). 

Kyowa Seimitsu) connected to a six-way valve (Type KHM-6V; Kyowa Seimitsu). A 
plunger damper (Type KD-300; Kyowa Seimitsu) was placed between the pump and 
the sample injector_ Tubings placed before the separation column were made of 
stainless steel of OS mm I-D_, and other tubings were PTFE of 0.5 mm I.D. The 
column eluate was mixed in a three-way tee-piece (Type KYS-16; Kyowa Seimitsu) 
with 70 % PCA delivered by a plunger type pump (Type KHU-26; Kyowa Seimitsu). 
To decrease the pulse of the flow of 70% PCA caused by the plunger pump, an air 
damper (Fig. 2) was used. 

The mixture was introduced into the SO-PI flow cell by an Aminco Fluoro- 
Colorimeter (Type 54-7439; American Instrumen: Co., Silver Spring, MD, USA-) 
equipped with a low-pressure mercury lamp coated with a fluorescent material (SPD- 
:9B, 1, = 312 nm; Toshiba, Tokyo, Japan)_ Coloured glass filters, UV-D33S (Tos- 
hiba) transmitting between 220 nm and 420 nm and Y-49 (Toshiba) transmitting 
above 480 nm, were used as the primary and secondary filters, respectively. 

Native fluorescence was detected with a Shimadzu fluorescence detector (Type 
FLD-1; Shimadzu Seisakusho, Kyoto, Japan) equipped with a low-pressure mercury 
lamp (i._ = 254 mn). A Shimadzu EX-1 filter (transmitting only around 254 nm) 
and a Shimadzu EM-I filter (cutting off below 330 run) were used as the primary and 
secondary filters, respectively. 

Pre-treatment of rat brain tissues 

Male Wistar rats weighing 220-230 g were used. Although the light and shade 
was not strictly controlled, all rats were killed at between 10.00 and t 1.00 a.m. After 
removing brain tissues, about 100 mg of brain tissues were immediately mixed with 
0.2 ml of 0.4 M PCA and 10 fl of 50 FM 5-HG (500 pmol), and homogenized with a 
Potter-Elvehjem homogenizer. After centrifugation at 15,000 g for 1.5 min, the super- 
natant was neutralized with 1 1M potassium hydrogen carbonate solution_ The resul- 
tant precipitate (potassium perchlorate) was remol:ed by centrifugation and the super- 
natant was applied to the HPLC system. When a pineal gland (ca. 1 mg) was the 
sample, it was mixed with 0.1 ml of 0.4 M PCA and 5 fl of 50 fl5-HG (250 pmol) 
and homogenized, then the same procedure used for other tissues was folIowed. 
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Fie X EtEcr of thr flow-rate ratio (K) of PCA to the eluate on the development of fluorescence from S-HO- 
r-Trp. EIution was performed with a mkture of 20 m_V acetate buffer (pH 4-l) and methanol (8:3) at a 
fiow-rare of 0.9s ml ‘min_ The conccmraiion of PCA solution was varied from 10 T;, to 70 %_ The reaction 
coil kngtb ‘HXS 10 m and the rempcrature was ambient. 

RESULTS 

Ophnization for fluorescence detection 
Using 5-hydroxy-L-tryptopha (5-HO-L-Trp), 5-hydroxytryptamine (5HT), 

5-hydrosyindole-3-acetic acid (HIAA), 5-methoxy-Dr_-tryptophan (5-MeO-or_-Trp) 
asd N-acetylserotonin (NAS) as representatives of %hydroxy- and 5-methoxyin- 
doles, the conditions for fluorescence detection were investigated. 

First, the effect of the PCA concentration on the development of fluorescence 
was studied with 5-HO-L-Trp by mkin~ the various concentrations of the post- 
cohunn PCA reagent with the eluate at various flow-rate ratios (K in Fig. 3). Similar 
resuhs were obtained with other 5-hydrosy- and 5-methoxyindoks. From the data in 
Fig. $70 o/0 was chosen as the concentration of PCA solution_ As illustrated in Fig. 4, 
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Fig. 4. Effrct of the flow-rate ratio (K) of 70% PCA to the eiuate on the development of tluorescznce. 
Chromato_gaphic conditions as in Fig. 3. Abbreviations: S-HO-L-Trp = ihydroxy-y-r-tryptophan; 5-HT 
= 5hydroxytryptamine; HIAA = 5-hydroxyindole-3-acetic acid; ~-M&J-DL-T~~ = Imethoxy-tx-tryp- 
tophan; NAS = N-ao@serotonin. 
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Fig. 5. Effect of the reaction time on the intensities of the PCA-induced tluorescence. Chromatographic 
conditions as in Fig. 3 except for reaction coil length; 70% PCA was mised with the eluate at a flow-rate of 
032 ml/min. 

K did not have a marked influence on the fluorescence development with the five 
indoles tested_ A K value of 0.33 was tentatively chosen. 

Fig. 5 shows the reIationship between the Iength of the reaction coil and the 
fluorescence intensity (peak height). All indoles gave the highest fluorescence in- 
tensities about 7 set (reaction coi1 = 1 m) after mixing with 70 7: PCA. 

Separarion of biogenic indoles 
The separation of biogenic indoles was successfully performed by stepwise 

elution with mixtures of20 mMacetate buffer (pH 3.6) and methanoi. The mixing ratio 
82 was changed to 6:4 at 30 min (FI,. -m 6). Although L-tryptophan. tryptamine and 
indole3-acetic acid were eluted in 13.5, 37.5 and 42 min, respectively, they were not 
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Fig. 6. Chromatogram of standard biogenic indoles; 50 pmol of each indole were injected. Buffer A, 20 m&I 
acetate bufT?r (pH 3.6)-MeOH (8:2); bufk B, 20 n&f acetate buffer (pH 3.6)-MeOH (6:4). Flow-rates: 
eluent, 0.75 ml/min; 70% PCA, 0.25 ml/n&. Reaction coil length: 1 m. Abbreviations: L-TV = L- 

tryptopban; TrpNH, = txyptamine; S-MeO-TrpNH, = 5-methosytryptamine; 5-MeO-IAA = 5- 

methoxyindole-3-a&c acid; Mel = melatonin; others as in Fig. 4. 
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Fig_ 7. Chromatogram obtained from rat brain A loO_fl volume of sample solution was applied to the 
HPLC system. The p~lis m,,. m,. m2_ m, and m, u-cre unidcntifi~ Chromato_mphic conditions as in Fig. 
6. 

detectable under the present detection conditions owing to the lack of a hydrosy or 
methosy group at the 5-position. 

Sensiririg and reprodrrcibikx of rlre HPLC method 
The calibration graphs were linear at concentrations up to 10 nmol and the 

determination Emits were 3 pmoi for 5-HO-L-Trp, IO pmol for NAS and 5 pmol for 5 
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Fig. S. Chromatogram of standard biogenic S-hydroxy- and S-methoxyindoles. Abbreviations: ~-HO-L- 
Trp= ~--hvdro~~-r-t~~to_phan; ‘5-HT = serotooin; HIM = S-hydroxyindoie-3-acetic acid: 5-HG = S- 
hydroxy_&ne; NAS = N-acetylserotonin; 5-P&O-TrpNH2 = Z-methoxytryptamine; S-~UeO-IAA = 
S-metboxyindole-j-acetic acid: Mel = mekttonin. The amounts injected were 250 pmol each except for 5- 
HG (500 pmol). Stepwise elrrtion was performed with 20 mM acetate (pH 4_0)-acetonitrile (90:10, buffer 
-4) and 20 mM acetate (pH 3.6 jacetonitrile (7525, buffer B). The column temperature was maintained 
at 3O’C 
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HT, HIAA and 5-MeO-Dr_-Trp. The relative standard deviations were 1% for 5-HO- 
L-Trp, 2 y0 for 5-HT, HIAA and 5-Me@DL-Trp and 3 y0 for melatonin when 50 pmol 
of each indole compound were analysed five times. 

_&&cation to the analysis of rat brain tissues 
A representative chromatogram obtained from rat brain (ca. 50 mg injected) is 

shown in Fig_ 7. 5-HT and HIAA were detected together with unknown compounds 
(m,-m,), although other 5-hydroxy- or 5-methoxyindoles were not detected. When 
the same sample was monitored by the native fluorescence detection system, it was 
impossible to determine 5-HT and HIM because many interfering peaks overlapped 
with the peaks of 5-HT and HIAA. 

To increase the reliability of the determinations, the addition of an internal 
standard was examined, and the reults are shown in Fig_ S. Although the peak of 5- 
HG as the internal standard is overlapped by that of 5-MeO-DL-Trp, there seem to be 
no problems for the determination of 5-HT and HIAA because the amount of 5- 
IMeO-L-Trp in rat brain sample is negligibly small, as shown in Fig. 7. 

_A whole rat brain was roughly separated into five parts and each was pre- 
treated as described under Experimental. The amounts of biogenic indoles were de- 
termined by a standard additions extrapolation method by plotting peak heights of 5- 
HT and HIAA against amounts of indoles added to the brain samples. The reproduc- 
ibility of the procedure for the determination of biogenic indoles was calculated. The 
relative standard deviations of the determined values of 5-HT and HIAA were 2 7; 
and 6%, respectively, when the same whole brain sampie was analysed five times. 

Fig_ 9 shows the chromatogram obtained from whole brain. The values de- 
termined for 5-HT and HIAA (Table I) are in good agreement with previous values’. 

DISCUSSION 

It is known that 5-HT fluoresces in hydrochloric acid solutionlo*” and this 
fluorescence has been utilized for the fluorimetric determination of 5-HT’““. The 
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Fig 9. Chromatogam obtained from rat whole brain. A lO@l portion of the deproteinized sample (equiv 
alent to cu. 30 mg of wet brain) was injected. 
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TABLE I 

5HT AND H&A CONCENTRATIONS IN RAT BRAIN TISSUES 

Eisue _Vo_ of ana&ses S-HT HI-4 -4 
(pmoI/g -_I SD_) (pmolt’g i: SD.) 

Cutbrum 6 
CerebeiIum 6 
Thkunus. H>-pcthxkun*us Hypophyis 6 
Pons. MedulIa ob:ongzra 6 
Pineall ,ohnd 3 
_---~- 

1570 1 540 2090 + 510 

210 & 60 450 5 so 
3oso 2 ‘30 %?O~lOO 

310 f s10 3260 + 960 
iso* 6W 75 3* 

l pm01 per pined &id 5 SD. 

fluorescing specks induced by PCA might be the same as that induced by hydro- 
chloric acid as the fluorescence characteristics in both acid solutions were the same: 
for example, the spectral characteristics closely resembled each other and both 
Uuorescences were reversible in acidic and neutral soIutionss~‘s. However. as the 
fluorescence induced by PCA was stronger than that induced by hydrochloric acid 
and PCA is less voIatile than hydrochloric acid. PCA seems to be more suitable as the 
post-column reagent_ 

The present HPLC method permitted the specjfic detection of biogenic indoIes 
with sensitivity comparable to that of conventional fluorescence detection meth- 
ods 1-3s-6 utilizing their native fluorescence_ In the previous HPLC methods, the 
addition of internal standard to biological samples were not utilized, and the results 
\-ere corrected by the recoveries of indoles from samples. However_ these methods 
have the disadvantage of a poor reliability of determination as the recoveries varied 
with the sample tissues examined- in contrast, the present method using 5-HG as the 
internal standard seems to give a very reliabIe determination of biogenic indoles. 
Further. when the enrichment of minor indoles in samples is required for their de- 
termination- the use of an internal standard will be particularly useful_ 
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