
         

Assay of Salicylic Acid and Related Compounds
in Plant Cell Cultures by Capillary GC
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A capillary gas chromatographic (GC) method for the assay of salicylic acid (1) and related compounds in plant
cell cultures is described. The gas chromatograms were validated qualitatively by means of GC-mass
spectrometry. The detection limits of 1 (50 ng) and 2,3-dihydroxybenzoic acid (2; 125 ng), obtained in the GC split
injection mode, could be lowered 25- to 50-fold by using the splitless mode. Derivatization of these compounds
with diazomethane gave the methyl esters as major derivatization products in yields of 98% and 94%,
respectively. The extraction recoveries of 1 and 2 from lyophilized Catharanthus roseus cells were more than 95%,
using o-anisic acid as internal standard, and tetrahydrofuran was found to be a suitable extraction solvent.
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INTRODUCTION

Salicylic acid (1) has been shown to be an important
compound in the defence system of plants. It is produced by
plants upon viral or microbial infection as a signal
compound and it induces systemic acquired resistance
(SAR). In infected plants, the production of phytoalexins
(low molecular weight compounds with antifungal and
antibacterial activities) has been associated with the hyper-
sensitive response which might play a role in SAR (Malamy
and Klessig, 1992). Plant species may produce different
types of secondary metabolites as phytoalexins, not only
phenolic compounds such as anthraquinones, isoflavonoids
and coumarins, but also many terpenoids such as sesqui-
terpenes and triterpenes.

In cell cultures of Catharanthus roseus, 2,3-dihydroxy-
benzoic acid (2) was found to be produced after elicitation
of the cells with fungal cell wall preparations (Frankmann
and Kauss, 1994; Moreno et al., 1994). The production of
this compound in cell cultures was parallelled by an
increase in the activity of the enzyme isochorismate
synthase (ICS) (Moreno et al., 1994). After acid hydrolysis
of ethanolic leaf extracts of C. roseus, and some other
plants, 2 was also detected (Ibrahim and Towers, 1959).
Using feeding experiments with labelled 1, a conversion of
1 into 2 and 2,5-dihydroxybenzoic acid was found to occur
in some plant species (Ibrahim and Towers, 1959). In
microorganisms, ICS is known to be required for the
biosynthesis of both 1 and 2 (Young and Gibson, 1969).
However, until now, salicylic acid in plants is thought to be
derived from phenylalanine via trans-cinnamic acid and
benzoic acid (Lee et al., 1995).

Both gas chromatography (GC), after different deriva-
tization procedures, and high pressure liquid
chromatography (HPLC) methods have been reported for

the determination of salicylic acid and other phenolic acids
in biological materials (Blakley, 1966; Vande Casteele et al.,
1976; Kmetec, 1992; Heimler and Pieroni, 1994; Coudray et
al., 1995). In order to carry out further studies on the
pathway leading to 2 in C. roseus, i.e. in a complex matrix
of plant material, a chromatographic assay was required
which would allow coupling to mass spectrometry (MS) for
studying the incorporation rates of labelled compounds. For
this purpose GC seemed to be more suitable than HPLC. It
was therefore decided to explore the possibilities of a GC
analysis of these compounds as such, thus avoiding
derivatization methods. For comparative purposes, a GC
analysis following derivatization with diazomethane was
also performed. Moreover, a simple and reproducible
extraction method was developed for the analysis of plant
cell cultures.

EXPERIMENTAL

Chemicals. o-Anisic acid, benzoic acid, caffeic acid, trans-
cinnamic acid, o- and p-coumaric acids, 2,3- and
2,5-dihydroxybenzoic acids, ferulic acid, salicylic acid, sinapic
acid, syringic acid, vanillic acid and Diazald (p-toluenesulpho-
nylmethylnitrosamide) were obtained from Sigma Co. (St. Louis,
MO, USA). HPLC-grade tetrahydrofuran (THF) was purchased
from Aldrich (Milwaukee, WI, USA), and HPLC-grade methanol
from Rathburn (Walkerbur, Scotland).

Gas chromatography. GC analysis was performed using a non-
polar fused-silica column (20 m30.18 mm i.d.) coated with DB-1
(film thickness 0.4 mm; J and W Scientific Inc., Rancho Cordova,
CA, USA). The gas chromatograph (Packard model 436S
connected with a Packard model 439) was equipped with a flame
ionization detector operated at a detector temperature of 250°C.
The other GC conditions were as follows; injector temperature—
230°C; carrier gas—nitrogen; carrier gas inlet pressure—100 kPa;
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split ratio—1:50; oven temperature programme—150–250°C at
3°C/min. When analyses were performed using the splitless
injection mode, the oven temperature was programmed from
50–250°C at 5°C/min for the first 5 min, then at 10°C/min for the
next 5 min, and subsequently at 5°C for the rest of the programme
(30 min). For GC of methylated acids and a number of related
phenolic acids, the oven temperature programme was 100–250°C
at 5°C/min. o-Anisic acid was used as internal standard (Meuwly
and Métraux, 1993).

Derivatization. The methylation reaction was performed by the
method of Lombardi (1990). Diazomethane was produced as a
product of the reaction of Diazald (1 g/5 mL ethanol) with a
solution of KOH (18.5 M). The yellow diazomethane gas was
bubbled through the reaction mixture (consisting of 100 mg each
of 1 and 2 dissolved in 50 mL dichloromethane) together with a
stream of nitrogen for about 5–10 min. The reaction products were
kept in the solution for different periods of time, namely 15 min,
60 min, 180 min and 72 h, before the excess of gas was removed
by evaporation under reduced pressure; the residue was dissolved
in THF prior to GC analysis. The methyl derivatives were
identified using GC-MS.

Gas chromatography-mass spectrometry. GC-MS data were
obtained on a Packard gas chromatograph model 438A equipped
with a non-polar fused-silica column (50 m30.22 mm i.d.) coated
wtih CP-Sil 5 cb (film thickness 0.13 mm; Chrompack, Middel-
burg, The Netherlands) and interfaced with a Finnigan MAT 700
ion trap detector (ITD). GC-MS conditions were as follows; GC
oven and transfer line temperature—250°C; carrier gas—helium;
carrier gas inlet pressure—80 kPa; ionization energy—70 eV;
scan range—50–400 u; scan time—1 s.

Biological material. Catharanthus roseus (L.) G. Don (Mada-
gascan periwinkle) cell suspension cultures (medium:cell ratio,
5 ml/g fresh wt) were grown in Murashige and Skoog (1962)
medium with 3% sucrose but without growth regulators on
gyratory shakers (about 115 rpm) at 25±1°C under continuous
light of 2800 lux. One week after subculturing, the cells were
harvested, separated from the medium by filtration, and lyophi-
lized.

Extraction procedure. In order to determine if salicylic acid (1)
and 2,3-dihydroxybenzoic acid (2) could be thoroughly extracted
from lyophilized C. roseus cells, various amounts of 1 and 2 were
added to 100 mg of these cells in 5 mL of THF containing 0.5 mg
o-anisic acid as an internal standard. The sample was mixed using
an Ultra-turrax mixer, and then kept at 20–25°C for 3 h;
subsequently a sample of the clear supernatant was submitted to
GC analysis.

RESULTS AND DISCUSSION

Gas chromatography

A gas chromatogram of salicylic acid (1), its bioprecursors
benzoic acid and trans-cinnamic acid, and the metabolites
2,3- and 2,5-dihydroxybenzoic acids is presented in Fig.
1(A). Salicylic acid and related phenolic acids are thermally
labile compounds; therefore the injector temperature and the
solvents were carefully selected in order to avoid decom-
position. GC analysis showed that 1 decomposed at injector

temperatures above 230°C, resulting in several peaks in the
chromatogram, when it was dissolved in solvents such as
diethyl ether, chloroform, acetone and methanol. However,
when THF was used as solvent no decomposition of 1 was
observed. The non-polar DB-1 column also gave a good
resolution for seven related phenolic acids (Table 1) within
a reasonable analysis time, i.e. about 25 min, although the
oven temperature programme was changed to some extent.
These acids were dissolved in methanol prior to GC
analysis.

Derivatization

Another way to circumvent the problem of decomposition is
to derivatize the phenolic acids into more volatile com-
pounds. The most frequently applied methods are
derivatization by acylation, silylation or alkylation. Since
silylation causes deposition of silica in the GC detector
system, methylation was preferred as the method of
derivatization. Diazomethane (gas) produced on a small
scale is a clean reagent that does not give rise to side
products from the reagent in the sample. Therefore,
methylation with diazomethane for derivatization of com-
pounds 1 and 2 was tested and the analysis of the products
obtained compared with that of the underivatized com-
pounds.

With regard to the efficiency of the methylation reaction
it was found that 15 min after the total amount of reaction
gas was introduced, the relative yields of the methyl esters

Figure 1. Gas chromatogram of A salicylic acid and some
related acids, and B salicylic acid and some methyl esters. (For
key to peak identities see Table 2; for GC conditions see
Experimental section. The peak marked with a p is of butylated
hydroxytoluene.)

Table 1. Gas chromatographica retention times of some plant
phenolic acids

Compound

Retention time

± standard deviation

(n=3)

o-Coumaric acid 7.79±0.01

p-Coumaric acid 9.27±0.01

Ferulic acid 11.83±0.00

Caffeic acid 14.71±0.01

Vanillic acid 17.83±0.02

Sinapic acid 17.99±0.01

Syringic acid 23.65±0.05

a For GC conditions see Experimental section.
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of 1 and 2 were 98% (with 2% of 1 being still present) and
94%, respectively. Salicylic acid was only methylated at the
carboxylic acid group, but in case of 2 a minor quantity was
additionally methylated at one of the phenolic hydroxyl
groups, either at position 2 or 3 (Fig. 1B). When the reaction
mixture was kept for 72 h, the degree of methylation of the
phenolic groups of 2 increased and the hydroxyl group of 1
was also found to be methylated.

In order to avoid degradation of the methylated com-
pounds during GC, the oven temperature programme was
changed to some extent. The derivatization procedure
improved the peak shape of the compounds under study,
however, the method also produced some disadvantages.
Firstly methylated benzoic acid derivatives may also occur
as natural compounds (El-Basyouni et al., 1964) and,
secondly, the methylation of 2 yielded some side products
as mentioned above.

Detection limit

The detection limits (taken as a peak of height 2–3 times the
noise level) of 1 and 2 were also examined. Using the split
injection mode in GC, the sensitivity was rather poor,
requiring large amounts of plant material to be extracted.
The splitless mode resulted in a 25- to 50-fold decrease of
the detection limit of 1 (from 50 ng to 2 ng) and the other
phenolic acids. The lower limits implied that the splitless
GC analysis allowed the assay of 1 in amounts that are
normally present in plants, i.e. about 0.01–37.0 mg/g fresh
wt (Raskin et al., 1990; Silverman et al., 1995). The GC
split injection mode was considered suitable for future
bioconversion studies in which the ranges varied from
50 ng/g fresh wt to 125 ng/g fresh wt for 1 and 2,
respectively.

Extraction recovery

The losses of o-anisic acid, 1 and 2 during the analysis and
extraction process were examined. First, a calibration curve
for o-anisic acid, the internal standard, was prepared.
Subsequently the extraction recovery was determined by
adding various amounts of this standard to a fixed amount of

lyophilized C. roseus cells. The detector response was linear
over a reasonable concentration range (0.1–1.5 mg) with a
correlation efficient of 0.999 (p=0.05). No loss of o-anisic
acid during the extraction process was observed and the
percentage of recovery was about 100% (results not
shown).

The linearities of response to 1 and 2 in the GC analysis
were tested over a concentration range of 0.1–3.5 mg/ml in
the same way as that for o-anisic acid. The calibration
curves obtained for 1 (y=0.96x+0.02) and for 2
(y=0.62x20.33) in the presence of C. roseus cells (1 was
shown not to be present in the cell suspension cultures of C.
roseus) showed that the detector responses were linear for
increasing amounts of the analytes, with correlation coef-
ficients of 0.994 and 0.998 (p=0.05) for 1 and 2,
respectively. The extraction recoveries were found to be
more than 95% for both of the compounds.

Gas chromatography-mass spectrometry

GC-MS analysis was performed to confirm the identity of
the peaks of the derivatized and non-derivatized forms of
salicylic acid, its bioprecursors and its metabolites. In
addition, to check for the occurrence of possible interfering
compounds that may be present in C. roseus cell extracts,
MS corresponding with each GC peak were analysed (Table
2). Even though it was observed that GC-MS was less
sensitive than GC, the resolution was satisfactory and each
compound had a sufficiently characteristic MS to confirm
the identity of each peak. In the cell extracts of C. roseus, no
interfering peaks were detected.

CONCLUSION

A GC procedure for the analysis of salicylic acid (1), its
bioprecursors and derivatives such as 2,3-dihydroxybenzoic
acid (2) has been developed. It gives a good resolution for
a number of phenolic acids without the need of derivatiza-
tion. The detection limits of 1 (50 ng) and 2 (125 ng) in the
split injection mode can be lowered up to 25- to 50-fold by
using the splitless mode. Thus, GC is a powerful tool for the
analysis of phenolic acids that are present in plant cell

Table 2. Gas chromatographica retention times of salicylic acid, related acids and some methyl esters, and the characteristic mass
fragments after GC-EIMS

Retention timeb

± standard deviation

Peak Compound (n=3) m/z (relative intensity %)c

1 Benzoic acid 5.17±0.07 122 (71; M+), 105 (100), 77 (22)

2 Salicylic acid 6.87±0.06 138 (38; M+), 120 (73), 92 (100)

3 trans-Cinnamic acid 8.86±0.02 148 (53; M+), 147 (100), 131 (22), 103 (66), 77 (55)

4 2,3-Dihydroxybenzoic acid 9.08±0.01 154 (30; M+), 136 (100), 108 (49), 80 (48)

5 o-Anisic acid 9.60±0.00 152 (49; M+), 135 (60), 105 (100), 123 (49), 77 (62)

6 2,5-Dihydroxybenzoic acid 12.15±0.03 154 (30; M+), 136 (100), 108 (49), 80 (48)

7 Methyl 2-hydroxybenzoate 9.11±0.01 152 (82; M+), 121 (36), 120 (60), 92 (100), 93 (24)

8 Methyl 2,3-dihydroxybenzoate 12.24±0.01 168 (44; M+), 137 (27). 136 (100), 108 (37), 107 (17)

9 Methyl 2-hydroxy-3-methoxybenzoate 13.90±0.00 182 (58; M+), 164 (29), 150 (64), 136 (64), 122 (13), 121 (100), 107 (73)

10 Methyl 3-hydroxy-2-methoxybenzoate 15.39±0.40 182 (56; M+), 150 (62), 122 (100), 107 (30)

2 Salicylic acid 21.49±0.00

a For GC conditions see Experimental section.
b The retention times given in the upper portion of the table correspond to those shown in the chromatogram of Fig. 1(A); those in the
lower portion of the table with Fig. 1(B). In each case, peak numbering corresponds with that shown in Fig. 1.
c GC-EIMS at 70 eV.
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cultures, and for studying the bioconversion of 1.
Although derivatization offers a good alternative method

for a GC analysis of phenolic acids, it has certain limitations
when complex matrices such as plant materials are studied,
due to the possible occurrence of alkylated phenolic acids as
natural compounds. THF is a suitable solvent for extraction
of 1 and 2 from lyophilized C. roseus cells grown in
suspension cultures. It gives high extraction recoveries and
does not lead to problems of decomposition of the

compounds in question in subsequent GC and GC-MS
analyses.
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