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Note 

Analysis of indole derivatives by reversed-phase high-performance liq- 
uid chromatography 

The analysis of indole derivatives is of interest both in clinical chemistry and 
plant physiolo_g. The measurement of indoles present in the brain and spinal fluirf is 
of obvious importance in neurochemistry’ and modified levels of indole derivatives 
and their metabolites have been found in patients vvith cancer of the breast’ and 
cancer of the bladde?. One of the main groups of plant hormones. auxins. are also 
indole derivatives. It is generally believed that indole-3-acetic acid (IAA) is the ausin 
with the most important growth regulatory role, although other indoles do exhibit 
biologi-cal activity’_ 

The physiological importance of ausins as plnnt growth regulators has stimu- 
lated the development of an array of methods for the analysis of endogenous IAA 
and other indole derivatives. Quantification by measuring the fluorescence of IAA 
afier its con\-ersion into indole-z-pyrone has been described’. This method is sensitive 
and is claimed to lx very selective so that it can be used to analyse IAA in impure 
samples. However. in some instances extracts have been found to contain contami- 
nants which interfere with the reaction and lead to the production of inaccurate data’_ 
Xcalgis of indoles by gas chromatography (GC) with alkali flame ionisation’ and 
ehxtron-capture detectcrsg has been described. GC of IAA requires derivatization. 
and sample recovery is not without its problems. Other methods currently in use 
include combined GC-mass speetrometry (;\lrS) _ lo Althou_h GC-MS is widely re- ,o 
garded as the method of choice, the price and high running costs of MS instrumen- 
tation place GC-MS well beyond the reach of many investigators for routine use. 

High-performance liquid chromatography (HPLC) has several advantages 
over other chromatographic procedures in the analysis of indoles: high efficiency 
coupled with high sample capacity; rapid speed of analysis; simplicity of sample 
recover)-: ability to analyse non-derivatized samples; and relatively low running costs. 
In addition. as most indoles eshibit strong native fluorescence, the use of a fluorimet- 
ric detector can facilitate analysis at the picogram level. 

Indoles have been analysed by reversed-phase’*‘O. normal-phase”, ion-p&i3 
and silica gel adsorptioni HPLC. Because of its simplicity the reversed-phase mode 
is the most commonly employed procedure_ There is, hovvever. no information in the 
literature on the relative abilities of solvents based on methanol_ ethanol or acetoni- 
trile to separate indoles by reversed-phase HPLC. This publication reports a study of 
reversed-phase HPLC of indoles in which attention was directed towards the nature 
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of the organic modifier in the mobile phase and the effects of both pH and stationary 
phase alkyl chain length_ 

EXPERIMENTAL 

The liquid chromatograph consisted of a M 45 and a M 6000 A pump, a U6K 
injector, a 660 solvent programmer (Waters Assoc.), a UV-III absorbance monitor 
(LDC) and a 3390 A printer/plotter (Hewlett-Packard). The HPLC columns em- 
ployed were a 5-pm 100 x 5 mm I.D. Rad-Pak Cis, a 10-p 100 x 8 mm I.D. Rad- 
Pak C, (Waters Assoc.) and a 5-urn 250 x 4.6 mm I.D. Hypersil ODS (Shandon 
Southern)_ Mobile phases containing acetic acid and ammonium acetate (Merck) 
were made up in doubly distilled water. HPLC grade methanol and acetonitrile were 
supplied by Rathbum (Walkerbum, Great Britain), and ethanol was obtained from 
A/S Vinmonopolet (Tromse. Norway)_ IAA, 5-hydroxy IAA, indole acetamide, 
indole-2carboxylic acid, indole-3carboxylic acid, tryptophol, indole pyruvic acid, 
indole acetonitrile, indole propionic acid, indole acrylic acid and indole butyric acid 
(Sigma) were dissolved in methanol at a concentration of 5 pg pl-’ and stored in dark 

at -2O’C Fresh solutions were prepared on a regular basis because of the limited 
stability of some of the indoles. 

RESULTS AND DISCUSSION 

Effects of pH 
In order to examine the effect of pH, samples were analysed using 10 rnbf pH 

7.0 ammonium acetate and 10 mM pH 3.5 acetic acid as the aqueous mobile phase 
and methanol as the organic modifier. The capacity factor values (k’) obtained with 
the various indoles are presented in Tables I and II, which show that acids such as 
IA4 elute much more rapidly at pH 7.0 than at pH 3.5. This is to be expected because 
at pH 7.0 the carbosyl groups are ionised, and in the reversed-phase mode charged 
molecules are distributed preferentially into the more polar aqueous mobile phase. 

TABLE I 

CAPACITY FACTORS (x-3 OF INDOLES 

Column. Rad-Pak C,,; sohent A, 10 m&f ammonium acetate in water; solvent B, 10 mM rimmonium 

acetate in methanol. 

5-Hydroxy 1AA - - - 0.08 0.15 0.23 
Indole acetic acid - 0.08 0.15 0.62 0.77 1.78 
Indole-2carboxylic acid 0.0s 0.15 0.35 0.77 1.15 1.69 
Indole-3-carbo?rylic acid 0.23 0.25 0.62 1.00 I.54 2.15 
Indole propionic acid 0.23 0.54 1.00 2.0s 3-46 5.85 
Indole acrylic acid 0.38 0.92 1.77 3.77 6.31 10.92 
Indole butyric acid 0.54 1.35 2.54 5.69 9.62 - 
Indole acctamide 1.15 2.35 5.08 11.30 - - 
Tryptophoi 2.46 5.08 10.76 - - - 

Indole pyruvic acid 2.62 562 12.0 - - - 
Indole acetonitrile 333 7.46 - - - - 
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TAElLE II 

CAPACITY FACTORS (k’) OF INDOLES 

Cotumr~, Rad-Pak C,,. - so!vent A. 10 mM acetic acid in water; solvent B, 10 mM acetic acid in methanol. 

_&-Qrnf? k’ as function of y> 

S-H_vdroq L&4 0.15 0.3 1 0.54 1.15 2.38 6.31 
IndoIe acetznide 0.23 0.31 1.08 2.54 4.92 11.31 
IndoIe Izcric acid 0.54 0.92 l-85 4.0 7.85 - 
Indole-3-carboxyIic acid 0.62 1.15 2-31 5.54 10.77 - 
TryptophoI 0.69 1.31 2.69 5.31 10.85 - 
Indole acetic acid * 0.72 1.31 2.62 5.54 11.15 - 
Indole pyru~-ic zcid O-77 1.46 2x5 5.62 11.69 - 
Indole xetonitik 0.85 1.77 3.69 8.15 - - 
Indo!e-2-carboxyk acid 1.08 2.3s 4.92 10.85 - - 
IndoIe propionic acid 1.00 2.15 4.62 IO.54 - - 
IndoIe acrylic acid 1.08 2.62 6.31 - - - 
Indole butkc xid 208 3-38 8.23 - - - 

Owing to the presence of the acarbonyl group, the side-chain of indole pyruvic acid 
is a very strong acid. This explains why the retention properties of indole pyruvic acid 
are similar at pH 3-5 and pH 7-O. 

Fig_ 1 shows that all the mofecu!es except indole Iactic acid can be analysed by 
gradient eiution with methanol and a 10 mM pH 7.0 ammonium acetate buffer. In 
this system indole Iactic acid produced late eluting, broad asymmetric peaks. In 
addition_ Shydroxy MA, indo!e-2carboxylic acid, and IAA all eluted rapidly with 
much lower effective xr’ values than would be advisable when analysing complex 
multicomponent samples in which the compounds of interest are trace constituents. 

Effecr of organic modifier 
In order to examine the effect of the organic compound in the mobile phase on 

the chromatographic properties of indoles, samples were anaiysed on a Rad-Pak C,, 
column using various ratios of 10 mM acetic acid in methanol, ethanol or acetonitrile. 

l........., 
2 4 6 8 10 12 14 min 

Fig_ 1. Scparatioa of indoIes_ Column, Rad-Pak C,,; solvent -4, 10 mM ammonium aatate in water; 
solxi~c B. IO mM ammonium acctare in methanol; giadicnt, 1 o/0 B to 50% B in 20 min; d&on, W at 
2% nm; ff ow-rate, 2.0 ml min-I_ Peaks: 1 = 5-hyclroxy IAA; 2 = indolc acctamide; 3 = indolc lactic acid; 
4 = indoIe-3cubosylic acid; 5 = tqptophol; 6 = indole zcetic acid; 7 = indok pyruvic acid; 8 = indole 
zc&oniuiIc; 9 = indok-2carboxylic acid; 10 = indole propionic acid; 11 = indole acrylic acid; 12 = 
indole butyric acid. 
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‘The k’ values obtained are presented in Tables II-IV, and the elution profiles from 
gradient analysis are illustrated in Fig. 2. 

The data in Tables II-IV show that the indoles elute more rapidly with ethanol 
and acetonitrile than with methanol Thus smaller volumes of ethanol and acetoni- 
trile are used and this can be an important cost factor_ In addition, with these sol- 
vents, there is a smaller change in background absorbance during gradient elution. 

A comparison of Tables II and III and Figs_ 21 and 211 shows that a similar 

elution order is obtained with methanol- and ethanol-based solvents. However, in 
both instances the separation of indole3carboxylic acid, IAA, indole pyruvic acid 
and tryptophol is inadequate_ Furthermore, indole-2-carboxylic acid and indole pro- 
pionic acid co-chromatograph in methanol, although they can be partially resolved 
when ethanol is used as the organic modifier. 

TABLE III 

CAPACITY FACTORS (A-‘) OF INDOLES 

Column, Rad-Pak C,,, - so!vent A, 10 m&f acetic acid in water; solvent B, 10 mM acetic acid in ethanol. 

Xame x-’ as fiction of %B 

5-Hydroxy IAA 
Indole acetamide 
Indole lactic acid 
Indole 2cetic acid 
Tryptophol 
Indole-3xarboxylic acid 
Indole pyruvic acid 
Indole acetonitrile 
Indole propionic acid 
Indole-2carboxylic acid 
Indole-3-acrylic acid 
Indole-3-buty-ric acid 

- - 0.23 0.46 
- - 0.62 1.31 
- 0.77 I.08 2.23 
- 0.69 1.15 2.77 
- 0.69 1.23 2.85 
- 0.54 1.08 2.92 
- 0.69 1.23 3.00 
- 0.92 1.77 4.38 
- 1.00 1.92 5.23 
- 1.23 223 6.00 
- 0.92 2.0 6.62 
0.62 1.62 3.08 9.38 

1.00 3.00 
2.62 6.38 
4.23 10.31 
6.00 - 
6.00 - 
6.53 - 
6.53 - 

10.23 - 

T_%BLE IV 

CAPACITY FACTORS (k’) OF INDOLES 

Column, Rad-Pak C,,; solvent A. 10 m&f acetic acid in water; solvent B, 10 m&f acetic acid in acetonitrile. 

hlne h’ as faction of %B 

5-Hydroxy IAA - 

Indole aOetamide - 

Indole lactic acid - 

Indole-3-carboxylic acid - 

Indole pyruvic acid - 

Indole acetic acid - 

Tryptoplxol - 

Indole-2xarbosylic acid - 

Iudole propionic acid - 

Indole acrylic acid - 

Indole arrtonitrile 0.62 
Indole butyric acid 0.60 

50% 

- 
- 
- 
- 
- 
- 
0.62 
0.69 
0.69 
0.62 
1.23 
1.00 

- 0.46 
- 1.00 
0.92 1.77 
0.69 1.62 
1.00 LO8 
1.00 2.15 
1.15 223 
1.38 3.38 
1.46 3.85 
1.23 3.31 
2.54 5.54 
2.23 6.08 

1.00 
2.54 
4.23 
4.62 
5.38 
5.77 
6.15 

10.15 
1223 
13.08 
15.54 
- 

la”/, 

3.77 
8.62 

13.46 
- 
- 
- 
- 
- 
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Fig. 2. Separation ofindok Column. Rad-Pak C,,. - sol\mt A. 10 m_ti acetic acid in water; detection. UV 
;(t Z-2 nm: fIoa-IXWS. 1 ml min-‘. I: Schent B. 10 mM acetic acid in methanol; -gradients, IO “d. B to 70 “A B 
in 20 min. II: Solxent B. 10 m.\f acetic acid in ethmol; gradient. 79, B to 507, B in 20 min. III: Soltent B. 
IO m.ll acetic acid in acetonitriler _errtdient_ 5”: B to 30 y0 B in 10 min. Peaks as in Fig. I _ 

It is a reasonabie assumption that indole-3carboxylic acid behaves in a similar 
manner to i&I in most of the procedures that are traditionaily employed to purify 
plant extracts. The inability of the Rad-Pak Cl8 column to separate these compounds 
when a mobile phase modified with either methanol or ethanol is used is, therefore. a 
potential source cf inaccuracy when endogenous constituents are to be analysed. 
However. the problem can be avoided because an acetonitrile-based solvent provides 
baseline separation of indole-Scarbosylic acid and IAA (Table IV and Fig. XII)]. 
The use of acetonitrile has a further advantage in that its low viscosity reduces the 
column back-pressures experienced with 3-m reversed-phase supports. 

Choice of cohomr 
_A comparisc?n of the traces in Figs. 2(I) and 3 and the data in Tables II and V 

shows that. as far’as the analysis of indoles is concerned, there are no significant 
differences in the seIectivity of the Rad-Pak C,, and H_v‘persil ODS columns- The 
theoretical plate height (n) of the two columns was similar (Rad-Pak Cl*, N = 0.026 
mm; Hypersil ODS. j?Z = 0.033 mm; both for MA, k’ = 4.0). Ho\vever_ as the length 
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of Rad-Pak columns is restricted to 100 mm, greater efficiences can be generated on a 
250-mm Hypersil ODS column. Thus in circumstances where high resolution is re- 
quired the Hypersil ODS column should be preferred. 
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Fig. 3_ Separation of indoles. Column, Hypersil ODS; solvent A. 10 mM acetic acid in water; solLent B. 10 
mdf acetic acid in methanol: gradient_ 25 y; B to 70 “,A B in 15 min. Peaks as in Fig_ 1. 

TABLE V 
. 

CAPACITY FACTORS (li’) OF IXDOLES 

Column. Hgpersil ODS: solwnt A. 10 mM acetic acid in water: sohent B. 10 m:\f acetic acid in methanol. 

A-uttte k’ usfitttdon of O‘iS 

S-Hydroxy IAA 
Indolc acctamide 
Indole lactic acid 
Indole-3-carboxyIic acid 
Indote acetic acid 
IndoIe pyrwic acid 
Tryptophoi 
Indole acetonitrile 
Indole propionic acid 
Indole-Z-carboxylic acid 
Indole acrylic acid 
Indoie butyric acid 

- 

- 
- 
- 
- 
- 
1.03 
1.19 
1.16 
1.59 

1.09 3.0 9.25 
- 1.31 2.51 4-91 - 
1.00 x1 5.43 - - 
I .11 xss 7.19 - - 
1.X 3.16 6.63 - - 
1.31 3.00 7.ocl - - 
1.38 3-03 7.22 - - 
1.75 4.53 - - - 
2.53 6.53 - - - 
2.97 6.97 - - 
1.9 1 8.63 - - - 
1.16 - - - - 

2 4 6 8 10 12 14 16 18 20 min 

Fig. 4. Separation of indoles. Column. Rad-Pak C,; solvent A. IO m&f acetic acid in water; solvent B. IO. 
m_\f acetic acid in methanol; _mdient 12°/0 B to 60% B in 30 min. Peaks as in Fig- I_ 
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In order to assess the effect of alkyl chain length, a Rad-Pak C, column was 
compared with its C,, 6quivalent using a methanol-10 m&4 acetic acid mobile phase. 
Fig. 4 and TabIe VI indicate that the mark polar C8 column possesses some distinctive 
properties, because indole-Scarbosylic and tryptophol separate from IAA, and 
indo’e-Z-carbosyiic acid and indole propionic acid are also resolved. AIthough indole 
pyruxic acid co-chromat&raphs with IAA this is not an insurmountable problem_ at 
Ieast as far as the analysis of IAA is concerned, as IAA exhibits strong native fluores- 
sence whereas indole pyruvic acid does not. 

TABLE VI 

C_AP_ACIT\L’ F-ACTORS (x-3 OF INDOLES 

Column_ Rad-Pak C,_ soIten~ A. 10 mlf acetic acid in water: sol\cnt B, 10 mM acetic acid in methanol_ 

_anre 

iHydroxy I_%4 
In&ok acetarnids 
Indok lactic acid 
Tryptophol 
Indo!e acetic acid 
Indole pyxbic acid 
Indcle-Zkarbosylic acid 
IndoIe acetonitrite 
Indole-2carboq tic acid 
Indole propionic acid 
Indo!e acqtic acid 
Indot butyric acid 

k’ a.5 fiCf&m of %i3 

6iz: >c: -roe,: 30% 2o”,i ZGZ 

- O-53 0.92 1.92 3.69 IO.iS 
- 1.0s 2.00 3.55 7.23 - 
- 1.69 3.00 5.69 11.51 - 
- 2.2 3 3.31 8.23 - - 

_ - 223 4-46 9.00 - - 
- 2.38 a.76 9.07 - - 
- 1.30 4.69 11.38 - - 

1 .I3 3.00 6.a t3_85 - - 

I.% X85 8_-l6 - - - 

1.16 3.15 8.69 - - - 

1.62 1.69 11.36 - - - 

2-08 6-09 15.09 - - - 
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