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lene (10.1-14.2%). The leaf oils, which were characterized by
a high content of o-copaene (14.2% against 1.0% and 0.9%
for the bark and root oils), present the most complex chemical
composition, with 6.4% of oxygenated sesquiterpenes (against
2.7% and 2.1% for the bark and root oils).

On another hand, no significant antiradical activity of these
essential oils could be observed according the DPPH method;
finally, considering the lack of inhibitory effect on the soybean
lipoxygenase activity, the use of this plant as an anti-inflammatory
drug should not be recommended in traditional medicine.
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Composition of Ceanothus gregii Oil as
Determined by Steam Distillation and Solid-Phase
Microextraction
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Abstract

Ceanothus gregii Gray was collected from the Jornada Experimental Range in south central New Mexico.
Current year’s growth was collected from ten plants found within an approximate 50 m radius of N32°40.605" and
W106°33.486’at an altitude of 1,741 m during July 2001. Composite samples of the plants were steam distilled in
triplicate, and the composite oil was analyzed using both GC-FID and GC/MS. The volatile composition of the same
plants was also examined using solid-phase microextraction (SPME) with a 100 um polydimethylsiloxane fiber. Mass
spectra and retention indices were used to identify 41 previously described compounds. Methyl salicylate (16.8%),
hexanal (11.8%) and decanal (7.0%) were the major identified compounds.
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Introduction

Ceanothus greggii Gray, commonly known as desert ceano-
thus or red root, is a woody shrub of the family Rhamnaceae
found in desert shrub communities throughout the southwest-
ern United States and northern Mexico. The genus Ceanothus
contains 54 other species endemic to North America (1).
Species within the genus have been described with respect to
genetic diversity (1,2), wildlife forage value (2,3) and traditional
medicinal uses (4). Ceanothus species, including C. greggii,
have been used by herbalists to treat pharyngitis, tonsillitis,

headaches, splenitis, and red blood cell clumping (5). Little
attention has been given to the essential oil composition of the
genus. No published essential oil compositions were found
for C. greggii.

Experimental

Plant material was collected from the USDA-ARS Jornada
Experimental Range in southern New Mexico, at an altitude
of 1,741 m above sea level. Ten plants were randomly selected
from within a 50 m radius of N32°40.605” and W106°33.486".

Table I. Percentage composition of the oil and SPME headspace volatiles of Ceanothus greggi

TIC Area %

FID Area %

RI Compound oil SPME oil SPME
797 hexanal nd 0.1 11.8 10.7
835 isovaleric acid t 0.1 0.1 0.2
868 hexanol 2.3 0.5 4.6 1.7
899 heptanal 0.5 2.9 nd 0.1
939 o-pinene t 0.2 nd 1.0
970 heptanol t 1.2 nd 0.0
981 B-pinene t 1.3 nd 0.1
986 6-methyl-5-hepten-2-one 0.1 t nd 0.3
991 dehydro-1,8-cineole 0.5 0.5 0.1 nd
992 myrcene t 22.2 nd 4.9
1001 octanal 0.1 t 1.8 0.1
1012 d-3-carene t t nd 4.3
1031 limonene 0.1 0.4 2.1 8.6
1066 acetophenone 0.1 0.5 0.7 0.1
1072 octanol t 0.2 t nd
1075 m-cresol 1.2 0.7 t 0.2
1089 p-mentha-2,4(8)diene 0.5 t t 0.1
1093 unknown’ 0.1 0.3 3.4 t
1099 unknown? 3.4 0.1 2.4 0.1
1113 unknown?® 4.8 0.1 2.4 t
1137 cis-p-mentha-2,4-dien-1-ol 0.2 t t 0.1
1143 cis-verbenol 0.1 0.2 t 0.1
1147 trans-verbenol 0.6 1.2 t t
1171 ethyl-benzoate 0.2 0.1 t 0.3
1178 terpinen-4-ol 1.2 0.1 t 0.9
1184 p-cymen-8-ol 4.2 0.2 t 6.2
1190 a-terpineol 0.2 0.1 t 0.1
1192 methyl salicylate 8.7 0.6 16.8 0.2
1204 decanal 0.7 t 7.0 t
1206 verbenone 0.8 t 0.2 0.1
1229 nerol 0.3 t t 1.4
1245 ethyl phenylacetate 0.3 0.3 t 0.1
1256 geraniol 0.7 0.3 t 0.1
1262 (E)-2-decenal 0.5 0.1 t t
1306 undecanal 0.5 t t t
1357 eugenol 0.2 0.2 t 0.3
1383 (E)-B-damascenone 1.6 0.1 1.0 0.1
1408 dodecanal 0.6 t t t
1485 (E)-B-ionone 0.3 t t 0.9
1612 tetradecanal 0.1 t t 0.1
1632 (2)-3-hexenyl phenylacetate 0.1 0.5 t 0.1
1650 B-eudesmol t t t t
1761 benzylbenzoate 0.1 0.2 nd nd
1827 isopropyl tetradecanoate 0.4 0.3 nd nd

Compounds identified by retention index (RI) and 70eV mass spectra in steam distilled oil or SPME extracts of Ceanothus greggii; Compounds with peak areas that
comprised less than 0.1% of the chromatogram are indicated with “t” for “trace”; “nd” indicates that a compound was not detected; '41(21), 43(14), 44(100), 45 (15), 50(28),
51(44), 77 (62), 92(11), 105(51); 241 (80), 42(12), 43(100), 53(15), 55(44), 67(24), 69(24), 71(49), 79(16), 80(30), 81(41), 91(10), 92(13), 93(44), 121(12); *41(100), 42(37), 43(42),
44(13), 50(14), 51(20), 53(22), 55(17), 63(11), 65(20), 67(34), 77(18), 79(34), 81(19), 91(32), 95(41), 109(89), 119(12).
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Coordinates were determined using a Garmin GPS 12 personal
navigator. Samples consisted of ten 15 cm leaders of current
year’s growth from each of 10 plants. These samples were col-
lected on July 27, 2001, immediately placed on dry ice, and
stored at -20°C until steam distillations, SPME, and dry mat-
ter analyses were conducted. A voucher specimen identified
as Ceanothus greggii (Gray) was placed in the Department of
Animal and Range Science Herbarium located at New Mexico
State University in Las Cruces, NM.

Leaf and small stem tissues (approximately 1 mm in diam-
eter) from the 10 plants were combined and ground to a coarse
powder in liquid nitrogen. Hydrodistillation was carried out
as previously described (6), using a 500 mL flask and 250 mL
water. The oil retrieved from each distillation was dissolved
in 100% ethanol for GC/MS analysis, and injected as pure oil
for GC-FID analysis.

SPME was performed in triplicate by equilibrating 0.2 g
of plant tissue (ground with liquid nitrogen as above) in 4 mL
autosampler vials with PTFE/silicon septa for 4 h at 50°C. A
100 um polydimethylsiloxane (PDMS) SPME fiber purchased
from Supelco (Bellefonte, PA) was placed in a manual fiber
holder (also from Supelco) and exposed to the headspace of the
sample for 30 min atadepth of 1 cm. The fiber was injected into
the GC/MS and desorbed for 3 min. Blank injections followed
each sample to verify the absence of residual compounds on
the SPME fiber. The fiber was then re-exposed to the sample
as before, injected into a GC-FID, and desorbed for 3 min.

GC/MS analysis was performed using a Varian model 3400
GCwithaDB-5 column (30 mx0.25 mm fusedsilica capillary col-
umn, film thickness 0.25 pim) coupled to a Finnigan ion trap mass
spectrometer (EL, 70 eV). Helium at approximately 1 mL/min
was used as a carrier gas, and injector and transfer line tem-
peratures were set at 220°C and 260°C, respectively. The
initial column temperature was 60°C, and alinear temperature
increase of 3°C/min was programmed into each 65 min run.
When injecting oils, a series of large (500 ng) to small (50 ng)
injections were used to validate retention times for both
low- and high-concentration components. Compounds were
identified by comparing mass spectra and retention indices
with literature data (7,8) and with the authors” own MS library,
developed using authentic standards.

To validate peak area percentages from the total ion
chromatograms, the oil was also analyzed using a Shimadzu
GCSAPF equipped with a flame ionization detector and fitted
for use with capillary columns. A split/splitless injector was
used, and the column type, temperature gradient rates, and He
flow rate were identical to those used for the GC/MS analysis.
The injector temperature was 250°C. Dry matter percentages
were estimated by drying triplicate, 2 g samples of ground plant
tissue at 100°C for 24 h.

Results and Discussion

Dry matter accounted for 84.2% of the tissue fresh weight.
The steam distillate contained 0.38 mg of oil per g of dry mat-
ter. Table I shows the identities, retention indices (RI), and
the percent compositions of the oil components that were
identified in either steam distilled oil or SPME injections.
Positive identification required both an RI within five units of
reported values (7,8), and an MS library fit score greater than
950 as determined by Magnum 3.0 software. Peaks eluting
prior to the first alkane used for determining retention indices
(2.03 min and 2.18 min) accounted for 12.5% of the FID chro-
matogram. These peaks could not be observed in the total ion
chromatograms (TIC) due to the 3 min solvent delay utilized.
Because mass spectra were unavailable for these peaks, the
compounds could not be identified. Four other compounds,
with RIs of 1198, 1713, 2183, and >2200 accounted for 5.5%,
5.4%,6.1%,and 4.8% of the FID chromatograms, respectively.
However, these compounds produced small TIC peaks and
poor spectra, hence they were omitted from Table I. Forty-
one compounds were positively identified, accounting for
only 46.3% of the steam distilled oil fraction. Low molecular
weight compounds were more abundant in SPME than in
steam distilled extracts. Methyl salicylate, an important plant
defense compound with pharmaceutical applications (9,10)
comprised 16.8% of the steam distilled oil. Hexenal (11.8%)
and decanal (7.0%) were also identified as major compounds
in the steam distilled oil.
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