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M) Check for updates Abstract

Extract of feverfew (Tanacetum parthenium) has anti-inflammatory effect with various therapeutic
benefits. Alpha-unsaturated gamma-lactones including parthenolide were recognized as part of the
major active ingredients but with undesirable allergic reactions. In this research paper, feverfew extract
substantially free of parthenolide and other alpha-unsaturated gamma-lactones was investigated. We are
reporting the identification of more than twenty ingredients from this feverfew extract. The ingredients
mainly include caffeoyl derivatives and flavonoids. Four ingredients, caffeic acid methyl ester (2), cynarin
(13), 4-methoxyl caffeic acid (22) and 3,4-dimethoxyl caffeic acid (27), were discovered in feverfew for
the first time. The identification works were performed primarily using HPLC-UV and HPLC-APCI-MS
analyses and comparing with reference compounds. Ingredients caffeic acid (1), caffeic acid methyl ester
(2), quercetagetin 3, 6-dimethyl ether (3), apigenin (4), and santin (6), were isolated by semi-preparative
HPLC; and their structures were further confirmed by NMR analyses. The application of APPI-MS on the
analyses of 1 and 2 enabled successful molecular weight determination and eliminated lingering ambiguity
caused by weak signals from APCI-MS detection. The extract of feverfew also demonstrated considerably
high antioxidant capacity using a DPPH (1,1-diphenyl-2-picrylhydrazyl) free radical scavenging model
likely due to its caffeoyl derivatives and flavonoid ingredients with phenolic moieties to contribute to its
pharmacological benefits.

Introduction

Feverfew (Tanacetum parthenium) is a medicinal plant that
can be found in old gardens or hedgerows. The name of the
herb was derived from the Latin word febrifugia, meaning
“fever reducer”. It has a long history of usages in traditional
and alternative medicines. It was believed to have anti-
inflammatory effect and widely used to treat diseases such as
fevers, arthritis, digestive problems, migraines and various
other conditions. Feverfew is rich in sesquiterpene lactones,
essential oils, flavonoids and other minor chemicals [1-5].
Williams, et al., found several flavonoids in feverfew such as
tanetin and other flavanol methyl esters, apigenin, luteolin,
chrysoeriol as well as their glucuronides and glycosides
[6-8]. Other research groups reported the identification of
jaceidin, centaureidin, sudachitin, aceronin, nevadensin.
and polyphenolic acids [9-12]. The focus initially was on
parthenolide which is the predominant sesquiterpene
lactone presented in feverfew and has been considered as

the compound mainly responsible for the anti-inflammatory
effect [1-5,13]. The mechanism of action is presumably
through the covalent bonding by Michael addition reaction of
alpha-methylenebutyrolactone moiety with cysteine residue
of relevant enzymes or proteins [13]. It was also known that
allergic reaction to the extract may be caused by sesquiterpene
lactones such as alpha-unsaturated-gamma-lactones
including parthenolide. Therefore, the therapeutic applications
of feverfew extract containing less sesquiterpene lactones were
widely sought after [14,15]. Considering the interest generated
in feverfew, we initiated a study to profile the structures of the
active ingredients in feverfew extract that are substantially free
of parthenolide and other alpha-unsaturated gamma-lactones.
Twenty-eight ingredients (1-28) in the tested feverfew extract
were observed. Two main groups of ingredients, flavonoids and
caffeoyl derivatives, were identified. Five of the ingredients,
1, 2, 3, 4 and 6, (Figure 1) were isolated. Modern analytical
instrumentation such as HPLC-UV, HPLC-APCI-MS, APPI-
MS, and NMR were used to confirm their structures. The
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Figure 1: Structures of ingredients 1, 2, 3, 4 and 6.

structural identification and isolation of caffeic acid methyl
ester (2) and discovery of additional caffeoyl derivatives (13,
22, 27) in feverfew extract have not been reported in literature.
The findings are a valuable step towards unraveling the entire
constituents of feverfew, especially the ones with potential
biological functions. It is known that both flavonoids and caffeoyl
derivatives are antioxidants with anti-inflammatory and other
valuable therapeutic activities [1-12,16-18]. It remains to be
seen whether caffeoyl derivatives in feverfew extracts play an
independent or synergistic role along with flavonoids and other
ingredients. Considerably high antioxidation activity of the
feverfew extract that are substantially free of parthenolide and
other alpha-unsaturated gamma-lactones was demonstrated
by using the DPPH (1,1-diphenyl-2-picrylhydrazyl) free radical
scavenging model [19].

Experiments

Chemicals: HPLC grade acetonitrile and water were obtained
from J.T. Baker. Trifluoroacetic acid (certified) and HPLC grade
dimethyl sulfoxide were obtained from Fisher Scientific. The
methods for the preparation of feverfew extracts that are
substantially free of parthenolide and other alpha-unsaturated
gamma-lactones were disclosed in US Patent 6224875B1 [20].
The reference compounds for the confirmation of feverfew
ingredients were obtained from multiple sources.

HPLC-UV analyses: The analytical HPLC method (HPLC
Method I) used a C, column (ZorbaxSB-C,, 5um, 25x0.46cm,)
at 40°C. A binary gradient elution using mobile phase A and B
was conducted (0-20min, linear gradient from 10 to 30% B;
20-25min, linear gradient to 40% B; 25-35min, linear gradient
to 60% B; 35-50min, linear gradient to 80% B) at a flow rate
of 0.85mL/min. Mobile phase A contained water with 0.01% of
trifluoroacetic acid while mobile phase B contained acetonitrile
with 0.01% of trifluoroacetic acid. The injection volume was
10pL. An UV PDA detector was used for online UV spectral
collection with wavelength at 340nm for chromatographic
detection.

Semi preparative HPLC-UV isolation: The semi-
preparative HPLC method (HPLC Method II) used a C18 column
(ZorbaxSB-C18, 5um, 250x0.94cm,) at 40°C. A binary linear
gradient elution using the same mobile phase A and B as HPLC
Method I was conducted (0-20min, linear gradient from 10 to
30% B; 20-25min, linear gradient to 40% B; 25-35min, linear
gradient to 60% B; 35-50min, linear gradient to 80% B) at
a flow rate of 4.omL/min. The detection wavelength was at
340nm. Injection volume was 0.8mL from a solution of 2grams
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of extract in 20mL of dimethyl sulfoxide. The collected fractions
were transferred to individual flasks and evaporated to dryness
using a Brinkmann Evaporator at 45-50°C under vacuum.

HPLC-MS and NMR analyses: HPLC-MS was performed
on a Thermo Scientific LXQ HPLC-MS system in APCI or APPI
positive ion mode under optimized conditions. HPLC condition
was the same as HPLC method I. A Bruker AVII400 FT-NMR
Spectrometer was used for NMR analyses with acetone-d, as
the solvent.

Results
HPLC-UV screening

The feverfew extract was dissolved in a mixture of dimethyl
sulfoxide and water (1:1) at 1% concentration and analyzed
by HPLC-Method I. The resulted chromatogram is shown in
Figure 2. Twenty-eight ingredient peaks (1-28) were observed.
The major ingredients (>10% per peak area%) of the extract
were 16, 17, 14 and 7. The pairs of ingredients, 16 and 17, as well
as 10 and 11, were coeluted. Ingredients 15 and 23 were barely
separated. Further details of these ingredients are described in
following sections.

Identification of caffeoyl derivatives

It was found that peaks 1, 2, 8, 20, 21, 22, 23, 27 and 28 all
have very similar UV spectra, which suggests that they may
be analogues structurally related to each other. Typical UV
spectrum of 1 is presented in Figure 3.

Ingredients 1, 2, 8, 20, 21, 22, 23, 27 and 28 did not show
reasonable responses to HPLC-APCI-MS detection in positive
ion mode. There were no satisfactory mass spectra obtained for
molecular weight information. This was likely due to their poor
thermal stability at elevated ionization source temperature.

1 and 2 were isolated as pure compounds using
semipreparative HPLC Method II as described in section of
Experiments. They were analyzed by direct infusion APPI-MS
in positive ion mode and NMR. The structures of 1 and 2 were
determined as caffeic acid and caffeic acid methyl ester. Their
APPI-MS spectra are shown in Figure 4 and their 'H and 3C
NMR data are presented in Table 1.
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Figure 2: HPLC chromatogram of feverfew extract (1% in dimethyl sulfoxide and

water, 1:1).
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Figure 3: UV spectrum of 1.
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Figure 4: APPI-MS spectra of ingredients 1 and 2.

Table 1: Proton and carbon NMR data of ingredients 1 and 2.

1 2
Position  Proton § Carbon Proton 3 Carbon &

(ppm) J (Hz) (ppm) (ppm) J (Hz) (ppm)

1 168.13 167.80
2 6.27,d 16.0 115.79 6.28,d 15.6 115.32
3 7.54,d 16.0 145.87 7.54,d 15.6 145.70
1 127.66 127.57
2' 7.16,d 2.2 115.21 7.16,d 2.2 115.17
3 146.32 146.29
4 148.69 148.74
5' 6.88,d 8.4 116.40 6.87,d 8.2 116.37
6' 7.04,dd 8.4,2.2 122.39 7.05,dd 82,22 122.49
CH 3.72,s 51.45

APPI-MS spectra of 1 and 2 exhibited protonated molecular
ions at m/z 180 and 194 respectively. 1 and 2 showed very
similar '"H NMR or 3C NMR resonance patterns except that
2 exhibited signal for an extra CH, group. 1 and 2 were also
confirmed by comparing their exact same HPLC-UV features
with corresponding reference compounds of caffeic acid and
caffeic acid methyl ester.

Ingredients 22 and 27 were identified as 4-methoxyl caffeic
acid and 3,4-dimethoxyl caffeic acid respectively, solely based
on comparing their exact same HPLC retention times and UV
spectra with that of corresponding reference compounds.

The absolute structures of ingredients 8, 20, 21, 23, and 28
remain to be established. They are likely caffeoyl derivatives
based on their similar UV absorption pattern and poor APCI-
MS response feature.
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Ingredient 7, 13, 14, 16 exhibited protonated molecular ions
at m/z 355, 517, 517, and 517, respectively; they were identified
as chlorogenic acid (7), cynarin (13), 3,4-di-O-caffioyl quinic
acid (14), and 3,5-di-O-caffioyl quinic acid (16). The structures
of 7, 13, 14, and 16 were all confirmed by comparing their exact
same HPLC-MS and HPLC-UV features with corresponding
reference compounds. Ingredient 16 coeluted with 17 which
was identified as apigenin-7-O-glucuronide (see following
section). Ingredients 7,13, 14, and 16 are also caffeoyl derivatives
but containing sugar moiety. They showed adequate APCI-MS
responses. The possible impacts of sugar moieties on their
APCI-MS responses remain to be understood.

Ingredients 1, 7, 14 and 16 were previously observed in
feverfew extract [11,12]. However, the detection of ingredients
2, 13, 22 and 27 in feverfew extract were reported for the first
time to the best of our knowledge.

The observed ingredients of feverfew extract and HPLC-
APCI-MS screening results are summarized in Table 2 along
with their relative levels per HPLC-UV chromatographic peak
area%.

Identification of flavonoids and parthenolide

Ingredients 3, 4, and 6 exhibited protonated molecular
ions at m/z 347, 271, and 345. They were isolated by semi-
preparative HPLC as described in the experimental section and
analyzed by 'H NMR. The NMR data are presented in Table 3.
Ingredients 3, 4, and 6 were determined as quercetagetin 3,
6-dimethyl ether, apigenin, and santin, respectively, which are
all flavonoid analogues with similar UV spectral features. As
an example, the UV spectrum of apigenin (4) is presented in
Figure 5.

The NMR data obtained for 3 and 6 in Table 3 matched well
with what published for quercetagetin 3,6-dimethyl ether and
santin [7,9]. The structures of 4 and 6 were further confirmed
by comparing their exact same HPLC-UV features with that of
corresponding reference compounds.

Ingredients 5 and 18 exhibited protonated molecular ions at
m/z 361and 331. The similar UV absorption patterns of these two
ingredients to that of ingredients 3, 4 and 6 suggest that they
likely contain flavonoid chromophore. Considering the works
by Williams, et al. [6-9] and the mass spectrometric and UV
data, we speculate that ingredient 5 may be either quercetagetin
3,6,3’-trimethyl ether or quercetagetin 3,6,4’-trimethyl ether;
while 18 may be either jaceosidin or 3,6-dimethoxyapigenin.
Both 5 and 18 are flavonoids.

Ingredient 9 exhibited protonated molecular ion at m/z 271
which is the same as that of apigenin (4). Ingredient 9 also
showed very similar UV spectral features to that of ingredient
4, which suggests ingredient 9 likely to be an isomer of 4. Its
absolute structure remains to be established.

Ingredient 10, 11, 12, 15, and 17 exhibited protonated
molecular ions at m/z 479, 449, 463, 433, 447, respectively.
They were identified as quercetin-7-glucuronide (10),
luteolin-7-0-glucuronide (11), luteolin-7-0-glucuronide (12),
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Table 2: Observed Ingredients of Feverfew Extract and HPLC-APCI-MS Screening Results along with Their Relative Levels per HPLC-UV Chromatographic Peak Area%.

Ingredient Peak Name Calculat.ed Molecular Observed Protonated Molecular Relative Level (HPLC
Weight (M) lon (M+H*)? Peak Area %)
1 Caffeic acid 180 1.56
2 Caffeic acid methyl ester 194 3.78
3 Quercetagetin 3, 6-dimethyl ether 346 347 0.89
4 Apigenin 270 271 5.56
5 Quercetagetin 3, 6, 3'—trimethyl ether or Quercetagetin 360 361 0.78
3, 6, 4-trimethyl ether
6 Santin 344 345 1.1
7 Chlorogenic acid 354 355 12.00
8 Unknown (caffeoyl derivative) 2.22
9 Unknown (isomer of apigenin) 271 1.78
10 Quercetin-7-glucuronide 478 479 1.89¢
11 Luteolin-7-O-glucoside 448 449
12 Luteolin-7-O-glucuronide 462 463 2.56
13 Cynarin 516 517 4.56
14 3,4-Di-O-caffeoyl quinic acid 516 517 23.33
15 Apigenin-7-O-glucoside 432 433 1.56°
16 3,5-Di-O-caffeoyl quinic acid 516 517 31.78°
17 Apigenin-7-O-glucuronide 446 447
18 Jaceosidin or 3,6-dimethoxyapigenin 330 331 0.11
19 Parthenolide 248 249 <0.07
20 Unknown (caffeoyl derivative) 1.78
21 Unknown (caffeoyl derivative) 0.78
22 4-Methoxyl caffeic acid 194 1.00
23 Unknown (caffeoyl derivative)
24 Apigenin-7-0-B-D-glucuronide methyl ester or isomer 460 461 0.78
25 Unknown (flavonoid) 263/330¢ 0.78
26 Unknown 0.22
27 3,4-Dimethoxyl caffeic acid 208 0.22
28 Unknown (caffeoyl derivative) 1.00

Note: a) No protonated molecular weights were observed by HPLC-APCI-MS for 1, 2, 8, 20, 21, 22, 23, 26, 27, 28; b) The value reflects the total level of coeluted 16 and 17; c)
The value reflects the total level of coeluted 15 and 23; d) The value reflects the total level of coeluted 10 and 11; e) The values reflect observation of two major mass ions.

Table 3: "H NMR data of ingredients 3, 4 and 6. N . N .
o aa el " 6 apigenin-7-0-glucoside (15) and apigenin-7-0-glucuronide

Position | @ s (oom)| J(H2) Protons (ppm) J(Hz) Proton s (ppm) J(Hz) (17). They were confirmed by comparing their exact same
el — i HPLC-UV and HPLC-MS features with corresponding reference

3 6.64, . .
s compounds. Ingredients 10 and 11 coeluted. Ingredient 17
6 6.26,d 2.4 . . . e .
coeluted with 16 which was identified as 3,5-di-O-caffeoyl
8 6.58, s 6.55, d 2.4 6.60, s .. . . . . .
T quinic acid as described in previous section. Ingredients 10, 11,
> 771.d 91 7.05,d 9.0 811.d 94 12, 15, and 17 are all flavonoids.
¥ 7.04.d 9.0 712.d 9.4 Ingredient 19 was a trace level ingredient (<0.07%) and
5, 7.00,d 8.4 exhibited protonated molecular ion at m/z 249. It was identified
6 7.59,dd 84,21 as parthenolide and confirmed by comparing its exact same
CH, 3.88,s 3.88,s HPLC-UV and HPLC-MS features with a reference compound.
CH, 3.87,s 3.88,s
CH, 3.92,s Ingredient 24 exhibited protonated molecular ion at m/z
OH 13.01,s 13.03,s 12.98,s 461 with typical UV absorption of flavonoid similar to Figure
5. Ingredient 24 was proposed to be apigenin-7-O-B-D-
“DADT, 28.902 (201 mAU, - ) Ref=28.308 & 20.255 of 01150326.0 glUCuronide mEthyl ester or its isomer.
mAU
s ] Ingredient 25 exhibited ions at m/z 263 and 330 with UV
o] absorption features of flavonoid to suggest that it may be
another flavonoid analogue. No satisfactory MS spectrum nor
= UV spectrum was obtained from ingredient 26 which is a very
1004 minor ingredient. The structures of 25 and 26 remain to be
9 determined.
50
2 Antioxidant activity of feverfew extract by DPPH free
ol radical scavenging assay
200 2 ‘5 25‘0 ‘5 360 32‘5 35‘)0 37‘5 460 42‘5

DPPH (1,1-diphenyl-2-picrylhydrazyl) is a stable free

Figure 5: UV spectrum of Apigenin (4), a flavonoid analogue.
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radical and has been widely used in evaluating free radical
scavenging capability of natural extracts to access their
associated antioxidant activity. DPPH exhibits characteristic
color of purple with strong absorption at 517nm. Direct
colorimetric method has been used to monitor the decrease of
DPPH as a result of reaction with antioxidant [19]. However,
this direct colorimetric method suffers from interference with
tested materials of complicated composition, especially those
that have colors. In this report, a reversed-phase HPLC method
was developed and used to monitor the change of DPPH during
the course of reaction with antioxidants to avoid interference
from tested materials or reduced DPPH. The antioxidant
activity of feverfew extract along with chlorogenic acid
which is a major ingredient of the extract, ascorbic acid, and
o-tocopherol were compared. Ascorbic acid and a-tocopherol
are well known potent antioxidants.

The HPLC-UV method utilized a reversed-phase C,
column with binary gradient elution and UV detection at
517nm to monitor the levels of DPPH which was incubated
with antioxidants at different concentration levels at room
temperature for one hour and analyzed subsequently by HPLC.
Typical linear relationship between remaining DPPH level and
initial concentration of antioxidant can be obtained. A linear
regression was utilized to calculate IC,, values, which is the
initial concentration of antioxidant needed to reduce DPPH
level to 50% of its original concentration. Lower IC,, indicates
higher antioxidant activity. The results are listed in Table 4. It
indicates that the feverfew extract exhibited considerably high
antioxidant activity.

Table 4: Antioxidative Activity.

Antioxidant IC,, (mg/mL)

Feverfew Extract 0.22

Chlorogenic acid 0.06

Ascorbic acid 0.03

a-Tocopherol 0.07
Discussion

Like most botanicals, feverfew is chemically very complex,
containing sesquiterpene lactones, flavonoid glycosides,
pinenes and other compounds. The specific role that each of
these component compounds plays in the biological activity of
feverfew, however, is not to date fully understood. However,
parthenolide has been thought to be the most active chemical
component in feverfew and its anti-inflammatory activities
were proposed to be associated with specifically binding to and
inhibiting IxB kinase complex (IKK)p which plays an important
role in pro-inflammatory cytokine-mediated signaling [1,21].
Chloroform leaf extracts, rich in sesquiterpene lactones
including parthenolide, inhibit production of inflammatory
prostaglandins in rat and human leukocytes. Inhibition was
irreversible and the effect was not caused by cytotoxicity.
Studies have shown that lipophilic compounds other than
parthenolide may be associated with anti-inflammatory
activity, particularly with reducing human neutrophil oxidative
burst activity [1,22-24]. Inhibition of prostaglandin synthetase
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also has been documented for parthenolide [1,25,26]. The
anti-inflammatory effects of feverfew could also be caused
by a cytotoxic effect. Feverfew extracts were found to inhibit
mitogen-induced tritiated thymidine uptake by human
peripheral blood mononuclear cells, interleukin-2-induced
tritiated thymidine uptake by lymphoblasts, and prostaglandin
release by interleukin-1-stimulated synovial cells. Parthenolide
was demonstrated to block tritiated thymidine uptake by
mitogen-induced human peripheral blood mononuclear cells
[1,27]. Parthenolide has been widely used as an active marker
for standardization and quality control. Feverfew products are
required to contain no less than 0.1% parthenolide in France
and 0.2% parthenolide in the US, UK and Canada [28]. Many
solvent systems have been reported to extract feverfew for high
recovery of parthenolide. It was observed that methanol and
50% ethanol are the two best candidates for highest percentage
of parthenolide from feverfew, 50% ethanol is a little better
for feverfew extract, while methanol works better for feverfew
crude material [28].

However, it is believed that alpha-unsaturated gamma-
lactones such as parthenolide could cause many allergic
reactions [14,29-33], which arose the interest of using
feverfew extract with reduced levels of alpha-unsaturated
gamma-lactones including parthenolide for therapeutic
applications since feverfew also contain other ingredients
such as flavonoids which exhibit anti inflammatory activities
[34]. Bombardelli and Morazzoni [20], disclosed a procedure to
prepare extracts of feverfew with a reduced content of alpha-
unsaturated gamma-lactones, particularly of parthenolide by
multistep extraction and elution on basic resins.

Thisstudyinvestigated theingredientsoftheaforementioned
feverfew extract substantially free of parthenolide and other
alpha-unsaturated gamma-lactones. It was confirmed that the
level of parthenolide (19) is pretty low (<0.07%, Table 2) with no
other alpha-unsaturated gamma-lactones detected. More than
twenty ingredients were characterized to belong mainly to two
categories, caffeoyl derivatives and flavonoids. Four caffeoyl
derivatives, i.e. caffeic acid methyl ester (2), cynarin (13),
4-methoxyl caffeic acid (22), and 3,4-dimethoxyl caffeic acid
(27), were observed for the first time from feverfew extract to
the best of our knowledge. The extract was especially enriched
in caffeoyl derivatives including chlorogenic acid (7) (12.00%),
3,4-di-0O-caffeoyl quinic acid (14) (23.33%), and 3,5-di-
O-caffeoyl quinic acid (16) (31.78% together with coeluted
apigenin-7-0-glucuronide (11)). It is worthwhile to point out
that caffeoyl derivatives appears to be overlooked ingredients
in feverfew as reflected in almost all the review articles on
feverfew with less attention. Both caffeoyl derivatives and
flavonoids are well known antioxidants. Caffeoyl derivatives
may even have higher antioxidative potency due to their
polyphenolic features, which is consistent with the measured
antioxidative activity by DPPH free radical scavenging assay
(Table 4) to indicate that the feverfew extract exhibited
considerably high antioxidant capacity. Antioxidation is closely
associated with anti-inflammatory and other therapeutic
benefits. The feverfew extract investigated is substantially free
of parthenolide and other alpha-unsaturated gamma-lactones.
It is reasonable to expect that the extract still has favorable
pharmacological properties together with reduced risks of
allergic reactions.
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Conclusion

The feverfew extract that was substantially free of
parthenolide (<0.07%) and other alpha-unsaturated gamma-
lactones was analyzed with twenty-eight ingredients observed.
Thstructuralidentities of theingredients were elucidated mainly
using HPLC-UV, HPLC-MS and comparison with reference
compounds. Five ingredients were isolated and characterized
further using NMR analyses to determine their structures.
Two major groups of ingredients, caffeoyl derivatives and
flavonoids as well as parthenolide at trace level, were observed.
Four ingredients, i.e. caffeic acid methyl ester (2), cynarin (13),
4-methoxyl caffeic acid (22), and 3,4-dimethoxyl caffeic acid
(27), were new findings in feverfew extract to the best of our
knowledge. The feverfew extract displayed considerably high
antioxidant capacity in a DPPH free radical scavenging assay,
which is likely due to the existence of phenolic moieties in
caffeoyl derivative and flavonoid ingredients. The extract was
especially enriched in caffeoyl derivatives including chlorogenic
acid (7) (12.00%), 3,4-di-0-caffeoyl quinic acid (14) (23.33%),
and 3,5-di-O-caffeoyl quinic acid (16) (31.78% together with
coeluted apigenin-7-O-glucuronide (11)). The antioxidant
capacity may potentially contribute to its pharmacological
benefits such as anti-inflammatory, inhibition of UV induced
matrix metalloproteinase-1 (MMP-1), prevention of smoke-
induced loss of thiols, etc. [14,15]. The feverfew extract
investigated was substantially free of parthenolide and other
alpha-unsaturated gamma-lactones to reduce undesirable
allergic reactions.
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