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Abstract

Gas chromatography in conjunction with mass spectrometry, a technique previously employed to analyze non-volatile pungent
components of ginger extracts modified to trimethylsilyl derivatives, was applied successfully for the first time to analyze unmodified
partially purified fractions from the dichloromethane extracts of organically grown samples of fresh Chinese white and Japanese
yellow varieties of ginger, Zingiber officinale Roscoe (Zingiberaceae). This analysis resulted in the detection of 20 hitherto unknown
natural products and 31 compounds previously reported as ginger constituents. These include paradols, dihydroparadols, gingerols,
acetyl derivatives of gingerols, shogaols, 3-dihydroshogaols, gingerdiols, mono- and diacetyl derivatives of gingerdiols, 1-dehy-
drogingerdiones, diarylheptanoids, and methyl ether derivatives of some of these compounds. The thermal degradation of gingerols
to gingerone, shogaols, and related compounds was demonstrated. The major constituent in the two varieties was [6]-gingerol, a
chemical marker for Z. officinale. Mass spectral fragmentation patterns for all the compounds are described and interpreted. Anti-
inflammatory activities of silica gel chromatography fractions were tested using an in vitro PGE, assay. Most of the fractions
containing gingerols and/or gingerol derivatives showed excellent inhibition of LPS-induced PGE; production.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction However, the efficacy and the potency of these supple-
ments have not been studied in great detail nor have the
active compounds been identified.

Ginger [Zingiber officinale Roscoe (Zingiberaceae)]
and supplements derived from ginger have received at-
tention for the treatment of chronic inflammation. Ad-

ministration of ginger has resulted in decreased

Chronic obstructive pulmonary disease, asthma and
rheumatoid arthritis are associated with chronic in-
flammation. Treatment of these diseases with thera-
peutic pharmaceuticals has met with some success. In
addition, patients suffering from diseases with associated

chronic inflammation are turning to alternatives for re-
lief of their symptoms or as prophylactic treatments.
These alternatives include dietary supplements that have
been purported to have anti-inflammatory actions.
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symptoms of rheumatoid arthritis (Srivastava and
Mustafa, 1992) and gingerol (a component of ginger)
has been reported to have anti-inflammatory actions,
which include suppression of both cyclooxygenase and
lipooxygenase metabolites of arachidonic acid (Kiuchi
et al., 1992; Srivas, 1984; Tjendraputra et al., 2001).
Previous quantitative analyses of ginger have shown
that gingerols, a family of homologous compounds
differentiated by the number of carbon atoms in their
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side chain, are the major pungent constituents, with [6]-
gingerol  [5-hydroxy-1-(4'-hydroxy-3’'-methoxyphenyl)
decan-3-one] being the most abundant (Govindarajan,
1982). Another homologous series which also accounts
for the pungency of ginger is the shogaol family, the
dehydrated form of the gingerols, resulting from the
elimination of the OH group at C-5 with the formation
of a double bond between C-4 and C-5. The shogaols
are known to occur naturally and also are formed
chemically from the corresponding gingerols in pH 2.5—
7.2 media and during thermal processing, long-term
storage and chromatography over silica gel and alumina
(Connell and Sutherland, 1969; Mustafa et al., 1993).
The distinct aroma of fresh ginger comes from the vol-
atile oils, the second major group of components of
ginger. The presence of these volatile oils, which were
not investigated in this study, makes the separation of
minor non-volatile pungent components difficult.

Various analytical techniques employing chromato-
graphic methods such as GLC and GC in conjunction
with mass spectroscopy have been used to analyze
pungent components in ginger by modifying the ginger
extract and/or partially purified fractions to their trim-
ethylsilyl (TMS) derivatives with a view to improve their
volatility, stability and separation (Masada et al., 1973;
Clark et al., 1977; Harvey, 1981; Masada et al., 1974).
More recently, He et al. (1998) described the analysis of
ginger constituents by the combination of high pressure
liquid chromatography with UV photodiode array de-
tection and electrospray mass spectrometry (HPLC-
UV-ESMYS).

We have separated organic extracts from Chinese
white and Japanese yellow ginger rhizomes by silica gel
chromatography, finding many fractions which have
in vitro anti-inflammatory activity. GC-MS analysis of
the underivatized active fractions provided excellent
resolution of the sixty three (1-63) components, most of
which could be identified from their mass spectral
fragmentations. These included 31 previously reported
ginger constituents, 20 new natural products, and 12
artifacts produced by thermal degradation of the
gingerols. Some of the active fractions contained little or
no gingerols, but these contained gingerol derivatives.

2. Results and discussion

Only those CC fractions that demonstrated anti-in-
flammatory activity in the PGE, assay were subjected to
GC-MS analysis to detect and identify the constituents
present in them. The yields of the CC fractions from
GF2-00 and GF3-00, their PGE, assay profile and the
broad spectrum of compounds detected are summarized
in Table 1. Individual compounds (1-56) identified are
listed in Table 2 together with their MS (molecular ion
and base peaks) characteristics, while thermal degrada-

tion products (57-63) with similar attributes are listed
separately in Table 3. The results of the quantitative
analyses of [6]-, [8]- and [10]-gingerols and [6]-shogaol in
the CH,Cl, extracts of white (GF2-00) and yellow
(GF3-00) gingers are summarized in Table 4. These re-
sults show that the three gingerols were predominant in
both varieties but their presence in the yellow variety
was at a higher concentration (47%) than in the white
variety (36%). The most abundant constituent was [6]-
gingerol (10), representing nearly 34% and 28% in the
yellow and white varieties, respectively, followed by [10]-
and [8]-gingerols (13 and 12). The presence of [6]-sho-
gaol (17) at a meager level of 0.35% in both varieties
suggests that it could be either an artifact derived from
[6]-gingerol (10) via dehydration during processing or a
naturally occurring minor constituent.

The efficacy of the methodology employed in this in-
vestigation is illustrated with GC chromatograms of three
CC fractions in Fig. 1. Peaks with retention times Rt < 20
min were not studied except for the compounds in which
the peak at m/z 137 was seen as the base peak (or shifted
upward by 14 mass units to m/z 151 or downward by 30
mass units to m/z 107), the most distinctive peak associ-
ated with the 4'-hydroxy-3'-methoxybenzyl cation
(CgHyO, by HRMS) seen in the mass spectra of almost all
compounds identified in this investigation. Compounds
listed in Table 3 (57-63) were detected in the region below
Rt < 20 min. Other compounds in this region appeared to
be mostly C;sHy; and C;sHy4 sesquiterpenes and hy-
droxylated sesquiterpenes based on the observed molec-
ular ion ([M]*) and subsidiary peaks (Yu et al., 1998;
Sharma et al., 2002). All other compounds listed in Table
2 (1-56) were detected in the region Rt > 20 min.

All compounds listed in Table 2 have the 4’-hydroxy-
3'-methoxyphenyl moiety (two in 48 and 49) and a
substituent at C-3 except 46 which lacks the methoxy
group in the phenyl ring. The OH group in the phenyl
ring is methylated in methyl ether derivatives. Except for
paradols (1-8), all compounds have a substituent at C-5
which is replaced by a double bond between C-4/C-5 in
shogaols (16-22) and in 46 and 48. Dehydrogingerdi-
ones (28-31 and 50) contain an additional double bond
between C-1 and C-2.

2.1. Fragmentations

The main fragmentation routes in the mass spectra of
compounds listed in Table 2 are directed by the sub-
stituents at C-1, C-3 and C-5, thus offering a means for
identification of their nature and location. This together
with the size of the molecule from their molecular ion
peak and the occurrence of a base peak at m/z 137 (the
benzylic cleavage product associated with the 4'-
hydroxy-3’-methoxybenzyl cation), which is a feature of
the mass spectra of all compounds except in dehy-
drogingerdiones, showed the chain length. The upward



Table 1
Summary of extraction and column chromatography fractionation profile of white and yellow ginger varieties: yields, activity in inhibiting in vitro PGE, production and the general class of
compounds detected by GC-MS in the active fractions

White ginger (GF2) Yellow ginger (GF3)
Extract/fraction Yield (g) Cytotoxic dose  PGE,ICs, Components Extract/fraction Yield (g) Cytotoxic dose  PGE,ICs Components
(png/ml) (ng/ml) (pg/ml) (ng/ml)

GF2-Z2Z 222 - 3.47 - GF3-Z2Z 1.72 - -

GF2-00 16.56 10 0.051 Original GF3-00 17.90 50 0.072 Original

GF2-01 1.590 5 0.082 Sesquiterpenes and GF3-01 1.108 1 9.9 a
non-gingerols

GF2-02 0.688 - 0.336 GF3-02 0.396 - 5.07 a

GF2-03 0.197 50 0.066 GF3-03 0.161 10 0.320 2

GF2-04 0.092 50 0.06 GF3-04 0.390 - 40.87 a

GF2-05 0.138 - 0.076 Paradols GF3-05 0.663 - 0.068} Paradols

GF2-06 0.566 - 0.056 GF3-06 1.200 50 0.064

GF2-07 0.972 50 0.053 GF3-07 0.127 - 0.093 Shogaols and

} dehydrogingerdiones

GF2-08 0.706 50 0.054 Shogaols and GF3-08 0.596 50 0.082
dehydrogingerdiones

GF2-09 0.099 50 0.054 GF3-09 0.331 - 0.074 Acetyl derivatives of

} gingerols

GF2-10 0.351 50 0.054 GF3-10 0.310 10 0.071

GF2-11 0.247 50 0.053 Acetyl derivatives of GF3-11 0.727 50 0.068 Gingerols
gingerols

GF2-12 0.291 50 0.054 GF3-12 3.172 50 0.068

GF2-13 1.133 50 0.053 Gingerols GF3-13 2.077 - 0.068

GF2-14 1.639 - 0.07 GF3-14 0.592 - 0.064

GF2-15 1.500 - 0.066 GF3-15 0.235 10 0.065

GF2-16 0.345 50 0.069 GF3-16 1.141 50 0.069 Gingerdiols

GF2-17 0.307 50 0.079 GF3-17 1.186 50 0.374 2

GF2-18 1.293 - 0.068 Gingerdiols GF3-18 3.180 - 9 2

GF2-19 1.067 50 0.978 a

GF2-20 3.280 50 9.82 a

#Not subjected to GC-MS analysis.
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Table 2
Compounds identified by GC-MS in the column chromatographic fractions of fresh white (GF2) and yellow (GF3) ginger
Structure Cpd n R M+ Base Name
o 1 6 H 278 137 [6]-Paradol
CH, 2 7 H 292 137 [7]-Paradol
" 3 8 H 306 137 [8]-Paradol
RO 4 9 H 320 137 [9]-Paradol
OMe 5 10 H 334 137 [10]-Paradol
6* 11 H 348 137 [11]-Paradol
7 13 H 376 137 [13]-Paradol
gd 6 Me 292 151 Methyl [6]-paradol
9 2 H 266 137 [4]-Gingerol
10 4 H 294 137 [6]-Gingerol
11° 5 H 308 137 [7]-Gingerol
o 12 6 H 322 137 [8]-Gingerol
13 8 H 350 137 [10]-Gingerol
14° 2 Me 280 151 Methyl [4]-gingerol
15 4 Me 308 151 Methyl [6]-gingerol
o 16 2 H 248 137 [4]-Shogaol
v 17 4 H 276 137 [6]-Shogaol
18 6 H 304 137 [8]-Shogaol
RO 19 8 H 332 137 [10]-Shogaol
OMe 20 10 H 360 137 [12]-Shogaol
21 4 Me 290 151 Methyl [6]-shogaol
22 6 Me 318 151 Methyl [8]-shogaol
O  OAc 23 2 H 308 137 Acetoxy-[4]-gingerol
-CH, 24 4 H 336 137 Acetoxy-[6]-gingerol
2540 6 H 364 137 Acetoxy-[8]-gingerol
RO 264" 8 H 392 137 Acetoxy-[10]-gingerol
OMe 27 4 Me 350 151 Methyl acetoxy-[6]-gingerol
o 9 28 1 H 248 145 1-Dehydro-[3]-gingerdione
X -CH, 29 4 H 290 177 1-Dehydro-[6]-gingerdione
30 6 H 318 177 1-Dehydro-[8]-gingerdione
RO e 31 8 H 346 177 1-Dehydro-[10]-gingerdione
OH OH 32 2 H 268 137 [4]-Gingerdiol
-CH, 33 4 H 296 137 [6]-Gingerdiol
34° 6 H 324 137 [8]-Gingerdiol
RO 35 8 H 352 137 [10]-Gingerdiol
OMe
OH OAc 36* 2 H 310 137 5-Acetoxy-[4]-gingerdiol
-CH, 37 4 H 338 137 5-Acetoxy-[6]-gingerdiol
38 5 H 352 137 5-Acetoxy-[7]-gingerdiol
RO 39 2 Me 324 151 Methyl 5-acetoxy-[4]-gingerdiol
Ve 40¢ 4 Me 352 151 Methyl S-acetoxy-[6]-gingerdiol
OAc OAc 41 2 H 352 137 Diacetoxy-[4]-gingerdiol
-CH, 42 4 H 380 137 Diacetoxy-[6]-gingerdiol
43" 2 Me 366 137 Methyl diacetoxy-[4]-gingerdiol
RO 44 4 Me 394 151 Methyl diacetoxy-[6]-gingerdiol
OMe 45* 8 Me 460 330 Methyl diacetoxy-[10]-gingerdiol
OH 464° 4 - 248 107 3-Dihydro-[6]-demethoxyshogaol
% r‘CHS
B W
R
O OMe 47* 4 H 308 137 5-Methoxy-[6]-gingerol

CH,
n
HO



Table 2 (continued)

S.D. Jolad et al. | Phytochemistry 65 (2004) 1937-1954

1941

Structure Cpd R M* Base Name
* 48 - 356 137 1,7-bis-(4'-Hydroxy-3'-methoxy-
O “ O phenyl)-4-heptene-3-one
HO
OMe OMe
Q 494 - 372 137 1,7-bis-(4'-Hydroxy-3'-methoxy-
O O phenyl)-3,5-heptadione
HO
OMe OMe
OH O 50> 8 - 348 177 1-Dehydro-3-dihydro-[10]-ginger-
X - dione
HO
OMe
OR 5124 6 H 280 137/138 6-Dihydroparadol
- 52° 6 Ac 322 131 Acetoxy-6-dihydroparadol
HO
OMe
o] 53 H 248 137 1-(4-Hydroxy-3'-methoxyphe-
xR nyl)-7-octen-3-one
54 CH,Me 276 137 1-(4-Hydroxy-3'-methoxyphe-
HO ou nyl)-7-decen-3-one
¢ 55 (CH,);Me 304 137 1-(4-Hydroxy-3'-methoxyphe-
nyl)-7-dodecen-3-one
OH Q 56¢ 2 - 266 137 [4]-Isogingerol
. W
OMe
#Not previously reported from ginger.
Not detected in white ginger.
¢ Not detected in yellow ginger.
dReported as a synthetic product.
Table 3
Thermal degradation products detected by GC-MS
V4
X 2 R
P
X
Y
Cpd X Y V4 R [M]* Base Name
57 OH H 2-keto Me 164 107 4-(4-Hydroxyphenyl)-2-butanone
58 OH OMe 2-keto H 180 137 4-Hydroxy-3-methoxybenzenepropanal
59 OMe OMe 2-keto H 194 151 3,4-Dimethoxybenzenepropanal
60 OH OMe 2-keto Me 194 137 Zingerone
61 OMe OMe 2-keto Me 208 151 Zingerone methyl ether
62 OH OMe OH Me 196 137 Gingerol
63 OH OMe OMe Me 210 137 Zingerol 2-methyl ether
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Table 4

Summary of quantification of [6]-, [8]- and [10]-gingerols (10, 12 and 13) and [6]-shogaol (17) in white (GF2-00) and yellow (GF3-00) ginger extracts

Sample name/ID Sample composition (%)

[6]-Gingerol (10)

[8]-Gingerol (12)

[10]-Gingerol (13) [6]-Shogaol (17)

White ginger ext (GF2-00)
Yellow ginger ext (GF3-00)

27.56+0.04
33.96+0.17

3.20+0.04
4.64+£0.10

5.384+0.00
7.91£0.19

0.36+0.02
0.35+£0.02

(a) (b) " (c)

£ 17
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Fig. 1. GC chromatograms of fractions GF3-13F06 (a), GF3-13F08
(b) and GF3-13F10 (c), showing the resolution of peaks denoted by
compound numbers listed in Table 2.

shift of the base peak from m/z 137 to 151 in the methyl
ether derivatives and a nearly identical breakdown pat-
tern with the appropriate shift of the molecular ion peak
in the mass spectra of homologs further facilitated their
identification.

Each compound was identified based on its charac-
teristic fragmentation pattern, [M]" peak homology,
subsidiary peaks derived from [M]", by comparison
with the spectra of homologs and with published data as
well as from the peak shifts in the spectra of naturally
occurring derivatives present in the fractions. Gingerol,
shogaol and paradol homologs were identified by com-
parison of their spectra with those of [6]-gingerol (10),
[6]-shogaol (17) and [6]-paradol (1), respectively. The 5-
acetyl derivatives of gingerols, which produced intense
M-HOACc ions corresponding to M-H,O ions in their
parent compounds, fully supported the designated
structures. The isolation of pure 1-dehydro-[6]-ginger-
dione (29) and its unique GC-MS fragmentation pattern
allowed its use as a model from which to identify its
homologs and related compounds. The diols were rec-
ognized from their two successive dehydration peaks
from [M]", [M]" peak homology and the high intensity
auxiliary peaks [(M-HOAc and M-(2HOACc)] appropri-
ately shifted in the spectra of their naturally occurring
mono- and diacetyl derivatives, respectively. Diaryl-
heptanoids exhibited pairs of diagnostic peaks adding
up to the Mr suggesting the presence of two 4’-hydroxy-
3’-methoxybenzyl moieties. Methyl ether derivatives

were clearly recognized, even in the presence of peaks
associated with their parent compounds, from the di-
agnostic peaks appropriately shifted to higher m/z val-
ues by 14 mass units.

2.2. Gingerols (9-15)

[6]-Gingerol (10), the major constituent in the di-
chloromethane extracts of white (GF2-00) and yellow
(GF3-00) fresh ginger, and its [8]- (12) and [10]- (13)
homologs were identified by HPLC comparison
with reference standards (Fig. 2). In the GC-MS, [10]-
gingerol (13) was not detected but [4]- (9), [6]- (10), and [8]-
(12) homologs in addition to the methylated derivatives

F 6] - Shogaol a
- [ 8] - Gingerol lel e ( )
- [ 6] - Gingerol [10]- Gingerol
= 10 (b)
b 12 13
E: T 3 % 3 F T T
10 (c)
I
[
I
60 54 ‘
' 10+15
JL,J Lll 55 42 19
| P W S
Nz s e e g
TR "7s | =2do 2ds 2d.0 TN

Fig. 2. (a) HPLC chromatogram of mixed reference standards (de-
tection =210 nm). (b) HPLC chromatogram of CC fraction GF3-F12.
(¢) GC chromatogram of CC fraction GF3-F12 showing thermal
degradation products of gingerols. Peaks in (b) and (c) are identified by
compound numbers listed in Table 2.
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of [4]- (14) and [6]- (15) gingerols were identified. Their
GC-MS spectra were very informative, exhibiting [M]*
peak homology at m/z 266 (in 9), 294 (in 10) and 322 (in
12) with appreciable intensity. The most distinctive peak
with high abundance in these spectra, besides the base
peak at m/z 137 associated with the 4’-hydroxy-3'-
methoxybenzyl grouping, was at m/z 194, a product of
McLafferty rearrangement (MLR). Another notable
feature was a peak at m/z 205, resulting from the
cleavage of the C-5/C-6 bond in the dehydrated (M-
H,0) ions at m/z 248 (in 9), 276 (in 10) and 304 (in 12),
same as the molecular ion peaks of [4]- (16), [6]- (17) and
[8]- (18) shogaols, respectively. This key fragment at m/z
205 stands out in the GC-MS spectra of all [n]-shogaols
(16-22) detected in this study. The GC-MS spectrum of
[6]-gingerol (10), reproduced in Fig. 3, serves as an ex-

1943

ample and the geneses of major fragment ions are ra-
tionalized in Scheme 1.

The thermal degradation and dehydration of com-
pounds containing B-hydroxyketone groupings, e.g. the
[n]-gingerols, to aliphatic aldehydes and zingerones and
to the corresponding [n]-shogaols under gas chromato-
graphic conditions has long been noted (Connell and
Sutherland, 1969; Connell and McLachian, 1972). To
further test the validity of this phenomenon under our
GC-MS conditions, a fraction (GF3-12) that contained
a mixture of [6]- (10), [8]- (12) and [10]- (13) gingerols
with no trace of shogaols as judged by HPLC (Fig. 2)
was subjected to GC-MS. The chromatogram exhibited
peaks representing [6]- (10) and [8]- (12) gingerols, and
[10]-shogaol (19), zingerone (60) and traces of 58 and 61
but no peak corresponding to [10]-gingerol (13) was
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Fig. 3. Mass spectra of compounds 1, 10, 24 and 17 listed in Table 2.
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MLR (R=H) .

OMe

10 m~z294[M]t RrR=H
24 m/z336 [ M R=Ac

-CO
m/z 177 <-—— +

HO

OMe

m/z 205

HOR

OMe

17 m/z276 [M] *

#

CsHyy

OMe OMe

Scheme 1. Major fragment ions in the mass spectra of [6]-gingerol (10) Ac-[6]-gingerol (24) and [6]-shogaol (17).

detected (Fig. 2). Two additional peaks in the chro-
matogram are thought to be due to [6]- and [8]-shogaols
(10 and 12) based on their [M]* and very close Rt. Their
spectra were very similar to those of [6]- and [8]-shogaols
(10 and 12) except for the presence of an MLR peak at
m/z 194 (Fig. 4), suggesting that they could be the iso-
meric form of [6]- and [8]-shogaols (54 and 55) pre-
sumably formed from gingerols via dehydration
followed by isomerization under the GC conditions.
Another fraction (GF3-F11), which contained [10]-
gingerol (13) as the major constituent by HPLC, showed
[10]-shogaol (20) as the major component with no trace
of [10]-gingerol (13) in its GC chromatogram. Similarly,
fraction GF3-F13, which contained [6]-gingerol (10) as
the major peak and a trace of [10]-gingerol (13) by
HPLC, displayed in its GC chromatogram [6]-gingerol
(10) as the major peak along with minor peaks corre-
sponding to 54, 58 and 60. It is concluded from the
above results that the higher members of gingerol ho-
mologs (n > 8), because of their long retention times
(even at temperatures as high as 250 °C), undergo
complete thermal dehydration while the lower members
suffer partial dehydration and isomerization as well.
Despite the thermal formation of shogaols (and isomers)
from gingerols under the GC conditions they also co-
occur with gingerols as natural ginger constituents as
demonstrated by the HPLC/LC-MS analysis of the CC
fractions.

No peak associated with zingerone (60) was detected
in any of the nonpolar fractions but its appearance and
dramatic increase in abundance was observed in the
polar fractions (see Fig. 2), especially two [6]-gingerol
(10) enriched fractions (GF2-F13 and GF2-F14) in
which zingerone (60) appeared as the major peak. It
appears, therefore, that zingerone (60) is not a natural
ginger constituent but an artifact (could be a retro-aldol
product) formed from [6]-gingerol (10) and/or its ana-
logs under the GC conditions, an inference supported by
the LC-MS in which no zingerone was detected. Simi-
larly, other compounds listed in Table 3, like zingerone
(60), appeared to be artifacts since none of them were
detected by LC-MS.

The presence of methyl-[6]-gingerol (15) was recog-
nized from all the diagnostic peaks of [6]-gingerol (12),
m/z 294 [M]" (308), 276 (290), 205 (219), 194 (208), 151
(165), 150 (164) and 137 (base) (151, base), shifted up-
ward by 14 mass units in its GC-MS spectrum, shown in
italic boldface. However, despite these peak shifts the
presence of pronounced peaks at m/z 137 (91%), 194
(35%) and 205 (11%) together with the absence of a [6]-
gingerol [M]" peak at m/z 294 clearly suggested that it
contains [7]-gingerol (11) as an unresolved mixture. The
occurrence of a base peak at m/z 151 (shifted from m/z
137 in 10) clearly shows that the OH group in the aro-
matic ring is methylated in 15. Methyl [4]-gingerol (14)
was identified similarly. The presence of [4]-gingerol (9)
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Fig. 4. Mass spectra of compounds 54, 46 and 47 listed in Table 2.

was observed in GF2-00 and GF3-00 but its methyl to that of 9 (Fig. 5) except for the MLR peak at m/z 194

ether derivative (14) and isomer (56) were detected only which was shifted downward by 14 mass units to m/z
in GF2-00, the latter for the first time. The mass spec- 180 and the appearance of peaks at m/z 163 and 162.
trum of 56 with a base peak at m/z 137 was very similar These key fragments led us to postulate that 56 possesses
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Fig. 5. Mass spectra of compounds 9 and 56 listed in Table 2.
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the same skeletal framework as 9 except for the sub-
stituents at C-3 and C-5 in 9 which are switched in 56 as
shown and ruled out a demethyl-[5]-gingerol structure.

2.3. Shogaols (16-22)

Shogaols (16-22) were readily recognized by the
presence of three peaks which dominated their spectra:
an intense [M]" peak, a base peak at m/z 137 and a
striking peak at m/z 205 with high abundance resulting
from cleavage of the C-5/C-6 bond as rationalized in
Scheme 1. Additional diagnostic peaks at m/z 177 (m/z
205-CO) and 150/151 (C-2/C-3 cleavage with and with-
out H transfer) were seen as a minor fragmentation
process. The GC-MS spectrum of [6]-shogaol (17), re-
produced in Fig. 3, serves as a typical example. The
existence of homology within the family of [n]-shogaols
(n =4, 6, 8, 10 and 12) was clearly seen in their GC-MS
spectra. The presence of [6]-shogaol (17) was also iden-
tified by HPLC using a reference standard. In the
methylated derivatives of shogaols (21-22), all the
fragment ions observed for their parent compounds
shifted upward by 14 mass units.

2.4. Paradols (1-8)

Paradols are 5-deoxygingerols. The GC-MS spec-
trum of [6]-paradol (1), reproduced in Fig. 3, shows a
typical paradol fragmentation pattern. An abundant
[M]" peak, a base peak at m/z 137, a C-3/C-4 fission
peak at m/z 179, a pair of peaks at m/z 150/151 and an
MLR peak at m/z 194 were the main GC-MS features
of [n]-paradols. Except for [12]-paradol, which was not
detected, the family of [n]-paradols (n = 6 to 11 and 13)
clearly demonstrated the homologous relationship in
their GC-MS spectra. In the methylated derivative of
[6]-paradol (8), the above characteristic peaks observed
in the parent molecule (1) now occurred with increments
of 14 mass units [m/z 292 [M]*, 208, 193, 165/164 and
151 (base)], suggesting that the OH group in the aro-
matic ring is methylated. Reported for the first time are
[11]- (6), [13]- (7) and methyl [6]- (8) paradols. Com-
pound 8 is known only by synthesis (Galal, 1996).

2.5. Gingerol acetates (23-27)

The four acetyl gingerol homologs (23-27), which
contain an acetyl group at C-5, behaved very much the
same way as the shogaol homologs after the deacetyla-
tion step. They exhibited an intense [M]* peak at m/z
308 (in 23), 336 (in 24), 364 (in 25) and 392 (in 26),
represented by their daughter ions (M-HOACc) at m/z
248 (in 23), 276 (in 24), 304 (in 25), and 332 (in 26), the
molecular ion peaks of [4]-, [6]-, [8]-, and [10]-shogaols,
respectively, and the rest of their spectra nearly super-
imposed on the GC-MS spectra of the four shogaols

(16-19). The methylated derivative of [6]-gingerol ace-
tate (27) showed all the expected ions [m/z 350 [M]*,
290, 219, 191, 177, 165/164 and 151 (base)] shifted to
upper mass units by 14. The GC-MS spectrum of [6]-
gingerol acetate (24), reproduced in Fig. 3, serves as a
typical example. Reported for the first time are com-
pounds 23, 25 and 26.

2.6. Gingerdiols (32-35)

The presence of four gingerdiol homologs (32-35) was
marked by their successive double dehydration process
from [M]* exhibiting [M]" peak homology at m/z 268 (in
32), 296 (in 33), 324 (in 34) and 352 (in 35), a strong (M-
H,0) peak followed by a weak but discernible (M-2H,0)
peak. The presence of these two subsidiary peaks, a base
peak at m/z 137, and very similar fragmentation pattern
in the lower mass region of their spectra allowed their
identification as [4]-, [6]-, [8]-, and [10]-gingerdiols (32—
35). Further support came from the reported EIMS m/z
values for [6]-gingerdiol [isolated from Z. officinale (Ki-
kuzaki et al., 1992)] which are in accord with the GC-MS
spectral values [m/z 296 [M]*, 278 (M-H,0), 260 (M-
2H,0), 207, 190/189, 180, 175, 164/163, 151/150, and
137(base)]. The GC-MS spectrum of [6]-gingerdiol (33),
reproduced in Fig. 6, serves as a typical example.

2.7. Monoacetyl derivatives of gingerdiols (36—40)

Monoacetyl derivatives of gingerdiols (36-40) exhib-
ited identical diagnostic peaks for all the structural ele-
ments of gingerdiols following the deacetylation and
dehydration steps. The presence of two auxiliary peaks,
(M-HOACc) and (M-HOACc-H;0), clearly indicated that
one of the two OH groups in gingerdiols is replaced by
an acetate group. This suggests that the fragmentation
routes in gingerdiols and monoacetyl derivatives of
gingerdiols eventually leads to common ions after ini-
tial dehydration and deacetylation, respectively. The
GC-MS spectrum of 5-acetoxy-[6]-gingerdiol (37), re-
produced in Fig. 6, serves as a typical example. The
isolation and identification of 37 from Z. officinale has
been reported (Kikuzaki et al., 1992) but as an unre-
solved mixture with its isomer (OAc at C-3). The EIMS
m/z values of this mixture are in accord with our GC-
MS data. The presence of methylated derivatives of
gingerdiol monoacetates (39—40) was recognized from
the characteristic peaks that occur upward by 14 mass
units. This paper constitutes the first report of detection
of compounds 36 and 38-40.

2.8. Diacetyl derivatives of gingerdiols (41-45)
The diacetates of gingerdiols (41-42) and the

methylated derivatives (43-45) fragmented in an iden-
tical fashion exhibiting peaks basically similar to those
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which appeared in the spectra of gingerdiols following
the elimination of two elements of acetic acid from [M]"
except that the peaks in 43—45 were more pronounced
than those in 41-42 and shifted upward by 14 mass
units. The GC-MS spectra of [6]-gingerdiol diacetate
(42) and its methylated derivative (44) are reproduced in
Fig. 6. Compounds 41 and 42 are known to occur in
Japanese and Chinese gingers as demonstrated not only
by the GC-MS analysis of a fraction modified to the
TMS derivative (Masada et al., 1974) but also by their
isolation and identification by spectral analysis (Kiku-
zaki et al., 1992). The reported EIMS m/z values for 41
and 42 are in accord with our data (Scheme 2).

2.9. Dehydrogingerdiones (28-31)

The isolation and spectral identification of 1-dehy-
dro-[6]-gingerdione (29), m.p. 84-85 °C, from Z. offici-

nale has been recently reported (Charles et al., 2000).
Our compound had the same mp and its 'H NMR
spectral data were in accord with the reported data. The
GC-MS data of our sample, however, was not in full
accord with the reported EIMS data. The reported
fragment ions for 29 at m/z 290 [M]*, 219, 191 and 177
(base) were observed in the GC-MS spectrum of our
sample but the most striking difference compared with
the EIMS of 29 was the occurrence of a strong peak at
m/z 272 followed by pronounced peaks at m/z 216, 201,
145 and 117 as shown in Fig. 7. The formations of these
peaks are rationalized in Scheme 3. This very charac-
teristic behavior of 29 under GC-MS conditions offered
a simple means to detect and identify the presence of its
homologs (30-31) which exhibited nearly superimpos-
able spectra with [M]" and (M-H,0) peaks shifted up-
ward by 28 mass units (318/300 in 30 and 346/328 in 31).
Interestingly, similar high intensity peaks at m/z 177,
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m/z (base) 137 137 137 151
m/z 151 150 150 150
TOY ()¢
f
RO
OMe
33 37 42 44
[M]" 206 338 380 394
R H H H Me
X H Ac Ac Ac
Y H H Ac Ac
HOX

\J

mz 278 278 320 334
HOY

\J
m/z 260 260 260 274

'
m/z 203 203 203 217
m/z 190 190 190 204
mz 189 189 189 203
mz 175 175 175 189
mz 163 163 163 177

Scheme 2. Diagnostic fragment ions in the mass spectra of [6]-gin-
gerdiol (33), Ac-[6]-gigerdiol (37), DiAc-[6]-gingerdiol (42) and Me-
diAc-[6]-gingerdiol (44).

145 and 117 were reported in the EIMS of 1-dehy-
droshogaol homologs ([6], [8] and [10]) isolated and
characterized from Z. officinale (Wu et al., 1998). The
presence of abundant peaks at m/z 192 (via MLR), 177,
161/160 (192-MeOH), 145 (base) and 117 together with
an intense [M]' peak at m/z 248 followed by a sub-
sidiary peak at m/z 219 in the GC-MS spectrum of 28
immediately suggested that this compound is 1-dehydro-
[3]-gingerdione. Surprisingly, the dehydration peak,
which is the precursor for the formation of ions at m/z

216 and 201 in 30-31 as shown in Scheme 3, was not
seen in 28. The absence of a M-H,O peak and the lack
of a y-hydrogen available for MLR explains the absence
of peaks at m/z 216 and 201 in 28. The GC-MS spec-
trum of 28, a synthetic product (Belliotti et al., 1987) but
reported here from a natural source for the first time, is
reproduced in Fig. 7. Compounds 30 and 31 have been
previously isolated from Z. officinale and characterized
by 'H and 3C NMR (Masanori et al., 2002).

2.10. Diarylheptanoids (48—49)

Two diarylheptanoids (48 and 49), were detected in
the high Rt region of the GC-MS. The shogaol equiv-
alent of diarylheptanone, gingerinone A (48), showed an
[M]" peak at m/z 356 with appreciable intensity. Besides
the base peak at m/z 137, three pairs of peaks (m/z 151/
205, 150/206, and 137/219) adding up to the Mr, two
daughter ions of m/z 206 at m/z 162/163 and a dis-
cernible but diagnostic peak at m/z 179 supported our
identification. The isolation, spectral and chemical
characterization of 48 from Z. officinale has been re-
ported (Endo et al., 1990). Mass spectral fragmentation
data for this compound is not reported but for a com-
pound in which the 4'-hydroxy-3’-methoxyphenyl group
at C-7 in 48 is replaced by a 3'.4'-dihydroxyphenyl
moiety, similar fragment ions are reported in addition to
the ion representing this moiety (Kikuzaki et al., 1991).

The gingerdione equivalent of diarylheptanoid 49,
like 48, exhibited a strong [M]* peak at m/z 372, 16 mass
units higher than 48, a base peak at m/z 137, two pairs
of peaks (m/z 179/193 and 151/221) adding up to the
Mpr, but the peaks at m/z 162/163 and 205/206 observed
in 48, were completely suppressed suggesting the ab-
sence of a double bond between C-4/C-5 in 49. Instead, a
weak peak occurred at m/z 194, the product of MLR,
not observed in 48. These data supported the designated
structure for 49, a tetrahydrocurcumin derivative pre-
pared from curcumin (Somepalli et al., 2000) but not
hitherto reported as a constituent of ginger.

2.11. Miscellaneous compounds

2.11.1. Compound 50

This compound exhibited a [M]* peak at m/z 348,
suggesting that it could be a reduction product of co-
occurring 1-dehydro-[10]-gingerdione (31) in which ei-
ther the double bond between C-1 and C-2 is reduced to
form [10]-gingerdione [reported from Z. officinale (He et
al., 1998)] or one of the two keto groups was reduced to
form a secondary alcohol. The former was ruled out
based on the presence of two key fragment ions, the
dehydration peak at m/z 330 and 4'-hydroxy-3'-meth-
oxycinnamoyl cation as the base peak at m/z 177 rep-
resented by two daughter ions at m/z 145 and 117 — a
feature of the GC-MS of all 1-dehydrogingerdiones
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Scheme 3. Major fragment ions in the mass spectrum of 1-dehydro-[6]-gigerdione (29).
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detected in this investigation. Though the site for the
OH group at C-5 is more favorable since 1-dehydro-[10]-
shogaol, a naturally occurring compound isolated from
Z. officinale, could arise from 50 via dehydration and
because of the ease of formation of the base peak at m/z
177, but no MLR peak at m/z 192, a notable feature of
the GC-MS of [n]-gingerols, was seen and the mass
spectral data reported for 1-dehydro-[10]-shogaol (Wu
et al., 1998) were not fully compatible, especially the
occurrence of an abundant ion at m/z 194 (82%) in 50.
The structure with the OH group at C-3 permits the
generation of the two key fragments (m/z 177 and 194)
as rationalized in Scheme 4. Compound 50 (its GC-MS
is reproduced in Fig. 7) is therefore, identified as 1-
dehydro-3-dihydro-[10]-gingerdione. Its verification by
synthesis would be desirable.

2.11.2. Compounds 51 and 52

Compound 51 (Fig. 8) gave an intense [M]' peak at
m/z 280 followed by an equally pronounced dehydra-
tion (M-H,O) peak at m/z 262, suggesting 51 is either a
gingerol homolog, [5]-gingerol, or a reduction product
of [6]-paradol in which the keto group at C-3 is reduced
to a secondary alcohol. The possibility of 51 being [5]-
gingerol was readily ruled out based on its fragmenta-
tion pattern, especially the occurrence of an abundant
peak at m/z 131, a base peak at m/z 138 (represented
by a daughter ion at m/z 123) in addition to the usual
peak at m/z 137 (99%), two pronounced peaks at m/z
163 and 150 (represented by a daughter ion at m/z 122),
and the absence of MLR peak at m/z 194 — a feature of
the GC-MS of all the [n]-gingerols detected in this in-
vestigation. These features were reminiscent of the
fragmentation pattern of gingerol (62), a thermal deg-
radation product of gingerols. The genesis of m/z 131
from m/z 163 via the elimination of MeOH, similar to
the formation of m/z 145 from m/z 177 via the loss of
MeOH proposed in Scheme 3, is invoked to locate the

ome  M/z 348 [M]+

o

OH group in 51. This rationale was supported by an-
other compound (52) which displayed a strong [M]*
peak at m/z 322, 42 mass units more than 51, an
abundant auxiliary (M-HOAc) peak at m/z 262 (95%)
and a spectrum showing all the characteristic mass
spectral features of 51 except for changes in the relative
intensities of the peaks (see Fig. 8). This indicated 52 to
be a monoacetate of 51.The location of the OH group
at C-3 in 51 comes from a peak at m/z 177, barely seen
in 51 but with appreciable intensity in 52, resulting
from cleavage of the C-4/C-5 bond after dehydration/
deacetylation. Compound 51 was reported previously
(Masada et al., 1974) as a synthetic as well as an en-
zymatic reduction product of [6]-shogaol (Surh and
Lee, 1992).

2.11.3. Compound 46

This compound exhibited a [M]* peak at m/z 248,
same as the [M]" peak of [4]-shogaol (16) and 1-dehy-
dro-[3]-gingerdione (28) but both were immediately
discounted from the breakdown pattern. Its base peak at
m/z 107, 30 mass units lower than the base peak at m/z
137 observed in all the compounds referred to above,
clearly suggested that 46 contains the demethoxyphenyl
moiety HOC¢HsCH,. Confirmation came from the
revelation that, in addition to the dehydration peak at
m/z 230, all the major characteristic fragment ions seen
in 5-acetoxy-[6]-gingerdiol (37, m/z 338 [M]*, shown in
parenthesis and in boldface) were also present in 46 but
shifted downward by 30 mass units (m/z 248 [M]") (278,
M-HOAc), 230 (M-H,0), [260 (278-H,0)], 160 (190),
159 (189), 150 (180), 149 (179), 134 (164), 133 (163), 120
(150) and 107 (base) (137, base). This fragmentation
behavior of 46 (Fig. 4), analogous to the behavior of 37,
together with the detection of 57, a thermal degradation
product, sufficed to permit recognition of 46 having the
structure shown in Table 2. Reported for the first time as
a natural product is 46.

330 — »

[0}
N -
-H
— 177 (BASE) —»
HO
OMe 178

Scheme 4. Major fragment ions in the mass spectrum of 1-dehydro-3-dihydro-[10]-gigerdione (50).

see Scheme 12 for daughter
ions at m/z 145and 117 from
177 and m/z 216 from 330
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Fig. 8. Mass spectra of compounds 51 and 52 listed in Table 2.

2.11.4. Compounds 53-55

The occurrence of [M]" peaks at m/z 248 in 53, 276 in
54 and 304 in 55, same as the [M]" peak of [4]- (16), [6]-
(17) and [8]- (18) shogaols, respectively, together with
distinctive peaks at m/z 205 and 137 (base) were remi-
niscent of the fragmentation behavior of [n]-shogaols,
offering strong evidence for 53-55 possessing the [4]-,
[6]- and [8]-shogaol carbon skeletons, respectively. But
the position of the double bond between C-3 and C-4 as
in shogaols was ruled out based on the presence of an
MLR peak at m/z 194, which stands out in all three
spectra, a feature of the GC-MS of [n]-gingerols in
which the OH group at C-5 is a requisite for MLR.
However, 53-55, which displayed superimposable spec-
tra below the [M]* peak with no dehydration peak,
clearly suggested that they contained no OH group.
These mass spectral evidences pointed strongly towards
a shogaol skeleton with the double bond placed as
shown in Scheme 5, the only structure that permits the
generation of both key fragments at m/z 205 and 194.
The fact that 53-55 are not [4]-, [6]- and [8]-shogaols,
respectively, came because the HPLC chromatogram of
the fractions in which these compounds were detected by
GC-MS (54 and 55 in GF3-F12 and 53 in GF3-F14)
exhibited none of the peaks that corresponded to [4]-,
[6]- and [8]-shogaols although their retention times in
the GC chromatogram plots were very close [21.075
(53)/21.080 (16), 22.927 (54)/22.965 (17), 24.682 (55)/
24.678 (18)]. Hence the possibility that 53-55 might be
the isomeric forms of shogaols formed from gingerols
under the conditions of gas chromatography was not
ruled out; substantiation requires synthesis and further
study. The GC-MS spectrum of 54, reproduced in
Fig. 4, is shown as a typical example.

b

205 < 206 <——

(base) 137 <——

HO
194 <=—
OMe a
M1* R
53 248 H
54 276 CH,Me
55 304 (CH,);Me

Scheme 5. Major fragment ions in the mass spectrum of 53-55.

2.11.5. Compound 47

The occurrence of an [M]* peak in the MS of the new
compound 47 (Fig. 4) at m/z 308 (14 mass units more
than 10), the loss from [M]*of 32 mass units, equivalent
to MeOH (m/z 276, the [M]" peak of 17), and the
presence of peaks at m/z 205 (diagnostic peak in [n]-
shogaols), 151/150 and 137 (base) sufficed to permit
recognition of the side chain OH at C-5 in 10 being
methylated, a deduction strongly supported by the ab-
sence of a MLR peak at m/z 194. A peak at m/z 292,
appears to come from the loss of CHy.

Except for major differences in the amounts of [6]-,
[8]- and [10]-gingerols (10, 12 and 13), notably [6]-
gingerol (10), and minor variations in the amounts of a
few minor constituents, the white and yellow ginger
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varieties appeared to be basically similar, as can be seen
from the two chromatograms reproduced in Fig. 9.
Judging from the very low concentration of [n]-shogaol
compared to the high concentration of gingerols in the
two fresh ginger varieties, shogaols seem to originate in
nature as minor constituents. [n]-Gingerols, without
modification, undergo degradation to zingerone and
related products as well as dehydration to the corre-
sponding [n]-shogaols. Lower homologs (n < 8) suffer
partial dehydration followed by partial isomerization of
the dehydrated products, while higher homologs
(n = 10) completely convert to the corresponding
shogaols. Whether the [n]-paradols (1-8) are derived in
nature from the reductive degradation of [n]-shogaol
precursors or produced artificially during the commer-
cial production of ginger requires further study.

3. PGE, production and cytotoxicity

Of the CC fractions analyzed for biological activity,
cytotoxicity only occurred at fairly high doses (greater
than 50 pg/ml; Table 1). Therefore, inhibition of PGE,
production was not due to the toxicity of the fractions.
All of the fractions analyzed had high activity (ICs
between 50 and 100 ng/ml). This is comparable to the
ICsy for indomethacin in our assay system. Tjendrapu-
tra et al. (2001) have demonstrated that pure com-
pounds found in ginger have varying abilities to inhibit
PGE, production. The inhibition depended on the
length of the carbon chain as well as the presence of
modifying groups. Our studies show lower ICs, values
than those reported by Tjendraputra et al. (2001) by
more than an order of magnitude. This could be due to
use of different cell types in the in vitro assay or to the
fact that our tests were performed on mixtures of ginger
constituents rather than on pure compounds.

4. Experimental
4.1. Plant material

Chinese white and Japanese yellow ginger seed rhi-
zomes were planted in March 2002 and the resulting
plants were grown amended only with organic fertilizer
at Hilo Hawaii for the next several months. Mature
rhizomes from these plants were harvested in March
2003, two days prior to shipment to Tucson, Arizona,
for storage (two weeks at 4 °C) and subsequent chemical
analysis.

4.2. Extraction

Rhizomes of the yellow variety (GF3, 3.3 kg) were
sliced into small pieces, blended with MeOH (10 1) and

stirred mechanically for 18 h at RT. The liquified ginger
was filtered and after washing the marc with fresh
MeOH, the organic phase from the combined filtrate
and washings was stripped off. The remaining aq. phase
was diluted with water and the oily content was ex-
tracted with CH,Cl, to afford 17.9 g (0.54%; GF3_00).
Further extraction of the aq. phase with n-butanol
provided an additional 1.72 g (0.052%; GF3_ZZ).
Repetition of the above procedure under identical con-
ditions with rhizomes of the white variety (GF2, 3372 g)
afforded 16.56 g (0.49%) of CH,Cl, extract (GF2_00)
and 2.22 g (0.062%) of n-butanol extract (GF2_ZZ).

4.3. Fractionation

The CH,Cl, extracts of white (GF2-00;16.35 g) and
yellow (GF3-00;17.5 g) gingers were fractionated by CC
on silica gel following methodology developed in our
laboratory for the separation of gingerols in gram
quantities for in vivo assay from a commercial dry
ginger powder. Multiple CC fractions collected were
reduced to 20 fractions (GF2-01 through GF2-20) in
the case of GF2-00 and 18 fractions (GF3-01 through
GF3-18) in the case of GF3-00 based on the TLC and
HPLC profiles and tested along with the originals
(GF2-00 and GF3-00) and n-butanol extracts (GF2-ZZ
and GF3-ZZ) for anti-inflammatory activity in the
PGE; in vitro test system by standard ELISA assays
(Lantz et al., 1995).

4.4. Gas chromatography—mass spectrometry

GC-MS data were recorded with a Varian Saturn
2100T. The gas chromatograph was fitted with a
Chrompack capillary column (CP Sil 8 CB; 30 m x 0.25
mm). Operating conditions: column oven temperature
programmed at 80 °C for 5 min and then to 280 °C at 10
°C/min; injector/transfer line/trap temperatures 250/250/
200, respectively; electron voltage, 50-80 e¢V. UHP
helium was used as the carrier gas at a flow rate of 1.2
ml/min. Each fraction (~1 mg) was dissolved in
CH,Cl; (0.5 ml) and injected (1 pl) directly into the
chromatograph.

4.5. High-pressure liquid chromatography

Sample preparation: Each sample (~1-3 mg) was
dissolved in a mixture of MeOH (1 ml) and CH,Cl, (3
drops) and filtered through 0.45 m Nylon filter (What-
man) before injecting onto the HPLC column. Agilent
1100 HPLC system; Detector: DAD; Column: Luna
C18(2), 5 um, 250 x 4.6 mm (Phenomenex); Guard col-
umn: Security Guard AJO-4287 (Phenomenex); Mobil
phase: nanopure water (A) and HPLC grade acetonitrile
(B); Flow rate: 1 ml/min; Injection volume: 20 pl/inj;
Detection: 210, 230 and 280 nm.
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Fig. 9. GC chromatogram of dichloromethane extracts of fresh white (GF2-00) and yellow (GF3-00) ginger.

4.6. Liquid chromatography-mass spectrometry

Sample preparation: Each sample (~2 mg) was dis-
solved in MeOH and filtered as above. MS system:

Agilent 1100 HPLC system tandem with Agilent
LC-MSD-Trap-SL ion trap mass spectrometer;
Column: Synergy Hydro, 4 p, 250 x 4.6 mm (Phenom-
enex); Guard column: Security Guard AJO-4287
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(Phenomenex); Mobil phase: 500 pl acetic acid/l of
nanopure water (A) and 500 pl acetic acid/l of acetoni-
trile (B); Flow rate: 1 ml/min; Injection vol.: 20 pl. The
acquisition parameters for MS were: positive ESI mode,
drying gas temperature 350 °C, drying gas flow rate 10 I/
min, nebulizer pressure 35 psi, HV capillary 3500 V, HV
end plate offset —500 V, capillary current 24.4 nA, cur-
rent end plate 1138.6 nA, RF amplitude capillary exit
158.5 V, skimmer 40.0 V.

4.7. Immunoassay for inhibition of PGE, production

The in vitro biological activity of the extracts was
evaluated based on the ability of the compounds to in-
hibit LPS-induced production of PGE,. HL-60 cells
were stimulated with 1 pg/ml of LPS in the absence or
presence of various concentrations of extracts. The
concentration of extract that inhibited PGE, levels to
50% of the LPS alone level was used as a measure of the
potency of the extracts (ICsyp; Lantz et al., in press).
None of the compounds were cytotoxic at the levels
tested.
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