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Abstract-3-Indole carboxyhc acid (ICA) has been characterm=zl as an endogenous constituent of Plnus sylvestris 
needles Quantltatrve estimates of 3-mdole acetic acid (IAA) and ICA, corrected for both sample losses and the 
conversion of IAA to ICA occurring durmg purdicatlon, indicate that Pms needles contain 24 5 f 6 5 ng WA/g and 2 3 
f 0 4 ng ICA/g 

INTRODUCTION 

There are many reports m the literature on the catabolism 
of 3-mdole acetic acid (IAA) m both zn vwo and In wtro test 
systems In particular, the products and pathways of IAA 
catabohsm m bactenal cultures and horseradish per- 
ox&se preparations have been extensively mvesti- 
gated [l] Although several mdoles have been implicated 
as products of IAA catabolism m higher plants [2], to date 
only 3-mdole carboxaldehyde [3-81, 3-mdole carboxyhc 
acid (ICA) [3,4] and 3-oxmdole acetic acid [9] appear to 
have been identified m higher plant extracts on the basis of 
strict physicochemlcal evidence [lo] It has, however, 
been suggested that at least m the Brasslcaceae, rather 
than being natural constituents, mdole carboxaldehyde 
and ICA may be artefacts generated durmg sample 
preparation [ll, 121 The basis for this proposal 1s that 
members of that Brasslcaceae contam the enzyme myro- 
smase along with glucosmolates such as glucobrasslcm 
and neoglucobrasslcm Myrosmase catalyses the conver- 
sion of glucosmolates to 3-mdole acetomtnle which, 
under the acidic condltlons that prevarl at certain points 
durmg sample purification, can breakdown to produce a 
range of mdoles mcludmg IAA which can be further 
degraded to 3-mdole carboxaldehyde and ICA 

Extraction 

(1 kg tissue) 

The purpose of the present study was to mvestgate the 
occurrence of ICA m Pmus sylvestns and to determine if It 
1s a true endogenous component or merely a breakdown 
product arising from IAA during sample preparation 
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RESULTS AND DISCUSSION 

Qualitative analysis of ICA m an extract from 1 kg of 
Pznus sylvestm needles was attempted usmg the pro- 
cedures outlined m Fig 1 Reverse-phase HPLC of the 
partially putied sample showed a maJor peak which co- 
chromatographed with ICA (Fig 2) This peak was col- 
lected and further analysed by normal-phase HPLC 
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Rg 2 Reverse-phase HPLC of a semi-purified extract from 
Pmus syluestrls needles Arrow indicates peak co- 

chromatographmg with ICA 

which showed a single fluorescent component which co- 
chromatographed with ICA The ICA-like material was 
methylated and analysed by GC/MS The predominant 
constituent m the total ion current trace yielded a mass 
spectrum very similar to that of authentic ICA methyl 
ester (ICA Me) (Fig 3) It can therefore be concluded that 
the purified Pmus extract contained ICA However, since 
at least a portion of the ICA pool could have orlgmated 
from degradation of IAA during sample preparation, It 1s 
not possible to conclude further at this Juncture that ICA 
1s an endogenous constituent of Pmus needles 

In order to investigate the possible natural occurrence 
of ICA m Plnus needles, quantitative analyses of ICA and 
IAA were carned out using the analytical procedures and 
internal standards shown m Fig 4 Imtmlly, 100 g samples 
of tissue were extracted along with 25 kBq [2-14C]IAA 
(2 6 pg) and 10 pg ICA The amounts of unlabelled ICA 
and IAA remaining at the end of the analytical sequence 
were estimated from the size of the appropriate fluor- 
escent HPLC peaks while radlolabelled species were 
quantified from the response of an on-line HPLC radloac- 
tlvlty monitor These data provided a measure of the 
percentage breakdown of IAA to ICA (Y) calculated from 
equation (1) 

Y = (ICA added) ([14C]ICA detected) x 100 
(ICA detected) ([14C]IAA added) ’ (‘) 

In a second series of experiments, 20 g of Pmus needles 
were analysed using 1 5kBq [2-14C]IAA (156ng) as an 
internal standard As the amounts of IAA and ICA 
detected were substantially lower than those encountered 
m the previous expenments, the homogeneity of the 
reverse-phase HPLC peaks used for quantlficatlon was 
confirmed by normal-phase HPLC Quantltatlve es- 
tlmates of endogenous IAA (X) and endogenous ICA (Z) 
were calculated according to equations (2) and (3) 
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Fig 3 Electron-impact mass spectra of authentic ICA Me and 
putative ICA Me from a punfied methylated extract of Pmus 

syluestrrs needles 

While processmg the data m this manner provides a 
means of estimating both sample losses and the amount of 
ICA orlgmatmg from IAA, the relatively low specific 
activity of the [2-14C]IAA and the lack of an ICA mternal 
standard labelled with a different radlolsotope necessitate 
a number of compromises m experimental design As a 
consequence, ICA losses had to be calculated indirectly 
from [2-14C]IAA recoveries Furthermore, as values of Y 
could not be determined for individual extracts, allowance 
for this factor had to be based on a mean value obtained m 
prehmmary expenments in which 25 rather than 1 5 kBq 
of [2-14C]IAA was used as an internal standard 

Apphcatlon of equation (1) to the data obtained from 
three analyses of 100 g tissue samples, to which 25 kBq [2- 
14C IAA I and 10 pg ICA had been added as mternal 
standards, indicated that 0 6 f 0 1 0/O of the IAA pool was 
broken down to ICA durmg purlficatlon Subsequently, 
three 20 g samples of Pmus needles and 1 5 kBq [2- 
14C]IAA were extracted and analysed When processed by 
equation (2), the data obtained indicated an endogenous 
pool of 24 5 + 6 5 ng IAA/g (+ s d ) Equation (3) pro- 
vided an estimate of 2 5 + 0 4 ng ICA/g of which 2 3 ng 
was calculated to represent endogenous ICA and 0 2 ng 
assessed as having originated from the breakdown of both 

x = (IAA detected) ( [14C]IAA added) 
( [14C]IAA detected) 

- [ (sp act [14C]IAA) ([14C]IAA added)] (2) 

z = (ICA detected) ([14C]IAA added) 
([ 14C]IAA detected) 

-(X + [(sp act [14C]IAA) ([14C]IAA added)] x Y) (3) 
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Extraction 

(a) 100 gm tissue plus 25 kBq [2-%]IAA and 1Opg ICA 

(b) 20 gm tissue plus 1.5 kBq [2-laC]IAA 
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Fig 4 Procedures used for quantltatlve analysis of IAA and 
ICA m Pmus syluestrls needles 

endogenous IAA and IAA added to extracts as an Internal 
standard This IS the first report to estabhsh that ICA 1s a 
natural constituent of higher plant tissues 

EXPERIMENTAL 

Plant maternal Current year needles of Scats pine (Pmus 
syluestrrs L ) were harvested m the last week of July 1982 from 2- 
year-old seedlings grown outdoors m mineral wool The plant 
material was immediately frozen m hqmd N2 and stored at - 80 
pnor to extraction and analysis 

Extractjon and wntud purtjicatlon Needles were homogemzed 
m - 20” MeOH (0 5 g/ml) contammg 0 02 mol/l of the antloxld- 
ant sodmm dlethyldlthmcarbamate The antloxldant was sml- 
larly added to all solvents used m the prehmmary punficatlon 
steps as well as subsequent HPLC analyses The tissue homo- 
genate was extracted for 2 hr at room temp filtered and the 
methanohc extract reduced to dryness m uucuo at 40” The extract 
was dissolved m 200 ml 0 1 M phosphate buffer @H 8 0) and 
partmoned x 5 agamst half vols of petrol The buffer phase was 
then run through a 450 x 10 mm Ed column of msoluble 
polyvmylpyrrohdone (PVP) which was further eluted with 
300 ml 0 1 M phosphate buffer (pH 8 0) [13] T’he combmed 
eluant from the PVP column was adJusted to pH 27 with 
phosphonc acid and run through a 150 x 10 mm Ed column of 
Amberhte XAD-7 (300-1000 pm) [14] The column was eluted 
with EtOH and the 5-30 ml fraction, winch contamed both ICA 
and IAA, collected and reduced to dryness pnor to HPLC 

HPLC An Altex Model 110 pump was used for lsocratlc 
analyses whde a Spectra-Physics Model 3500 hqmd chromato- 
graph was used for separations mvolvmg grachent elutlon 
Samples were introduced off-column ~a a Valco InJector with a 
100~1 loop Column effluent was momtored w%h a Spectra- 
Physics SF 970 spectrofluonmetnc detector (excltatlon 285 
f 5 nm, emlsslon 360 + 10 nm) with a 5 pl flow cell When 

radmactlve components were analysed, effluent leaving the 
fluonmeter was dIrected to a Reeve AnalytIcal radmacnvlty 
monitor operatmg m the heterogeneous mode with a 170 ~1 flow 
cell packed unth a cenum-activated hthmm glass scmtdlator [ 151 
A counting efficzency of ca 20% was obtamed when “C-labeJled 
solutes were analysed by reverse-phase HPLC An effiaency of co 
80% was obtamed with normal-phase HPLC 

Samples were mltlally pm-died by s&a gel partltlon chromato- 
graphy usmg a 500 x 10 mm 1 d column packed wth a 10 m 
RoSIL slhca gel support coated with a 0 5 M HC02H stationary 
phase (40 % w/w) [ 163 The column was eluted at 2 ml/mm with a 
moblle phase of hexane_EtOAc (4 1) saturated with 0 5 M 
HCOzH The 14 O-16 5 ml and 16 5-18 0 ml fractions, which 
corresponded to the elutlon vols of IAA and ICA respectively, 
were collected for further analysis 

Stenc exclusion HPLC was camed out on an Ultrastyrogel 
support with an exclusion hmlt of 1500 daltons A 300 x 7 8 mm 
I d column was eluted with 0 5 % HOAc m THF at a flow rate of 
1 ml/mm ICA had a retention vol of 7 1 ml 

A 150 x 4 6 mm 1 d 5 pm LlChrosorb RP- 18 column was used 
for reverse-phase HPLC analyses Samples were eluted at a flow 
rate of 1 ml/mm with a 25 mm gradient of 2&60 % MeOH m 1% 
aq HOAc IAA and ICA had retention times of 6 3 and 6 7 mm, 
respectively Fractions collected from reverse-phase HPLC for 
further analysis were dduted with 0 1% aq HOAc and absorbed 
onto a 200 x 4 mm I d Amberhte XAD-7 column, as described m 
the previous section, and eluted with EtOH poor to bemg 
reduced to dryness 

Normal-phase HPLC was carned out on a 250 x 4 6 mm Ed 
5 gm Nucleosd-CN column eluted at a flow rate of 1 ml/mm with 
EtOAc-hexane-HOAc (73 25 2) The retention time of ICA was 
5 8 mm 

Combzned GC/MS The instrument used comprised a Hewlett 
Packard 5710A gas chromatograph lmked via Jet separator to a 
VG M~cromass 7070H mass spectrometer equipped with a DEC 
PDP 8A computer system Samples methylated with ethereal 
CH2N2 m 10 % MeOH were Introduced via an mJector at 240 
mto a 2 m x 2 nun] d glasscolumnpacked with 1% SP21OOona 
100-200 mesh Supelcoport support The column temp was held 
at 120” for 4 mm after sample InJection and then programmed 
from 120 to 200” at 16”/mm The earner gas flow rate was 
30 ml/mm The Interface temp was 240” PosItwe Ion electron- 
unpact spectra were recorded at 70 eV with a 10 set/decade scan 
rate and a 0 5 set mterscan delay 

Internal standards When quantltatlve analyses were under- 
taken, 1Opg ICA and 1Opg IAA and/or [2-“C]IAA (sp act 
163 GBq/mmol, Amersham InternatIonal) were added to meth- 
anohc tissue homogenates to faclhtate the estlmatlon of sample 
losses and the conversion of IAA to ICA encountered durmg 
punficatlon 
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