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A series of novel 6-substituted 5,6-dihydro-5-hydroxy-a-pyrone esters, 1 -3, isolated from
fermentations of a Phomopsis sp. (Xenova culture collection no. X22502) have been identified
as inhibitors of lipopolysaccharide (LPS)-induced cytokine production. These include the
(66r)-4,6-dimethyldodecadien-2£',4JEI-dienoyl ester of phomalactone, 1, and two analogues

bearing a prop-2J£'-enoic acid moiety at the 6-position of the a-pyrone ring. (65r)-4,6-Dimethyl-
2^,4^-dienoic acid, 4, and a hydroxylated analogue, 5, were also isolated and characterised.
The most potent cytokine production inhibitor was 1, which inhibited LPS-induced tumour
necrosis factor a (TNFa) production by U937 cells and LPS-induced interleukin 1/3 (IL-1/?)
production by peripheral blood mononuclear cells (PBMC) with IC50 values of 80nM and
190nM respectively. The effect of 1 in PBMCwas selective for IL-1/3 relative to TNFa. The
inhibition of IL-lj8 production by 1 involved a post-translational mechanism of action at the
leyel of IL-1/3 secretion as demonstrated by the lack of an effect on cell-associated IL-1/?
production. 1 showed no effect on the activity of caspase 1 in cytosolic extracts from the THP1
monocytic cell line.

The pro-inflammatory cytokines tumour necrosis factor
a (TNFa) and interleukin 1/3 (IL-1/3) are known to be of

great importance in the regulation of immuneresponses.1}
Both cytokines are important targets for the discovery
of potentially useful anti-inflammatory agents for the

treatment of conditions such as Crohn's disease, multiple
sclerosis and rheumatoid arthritis. TNFa and IL-ly8 have
similar actions and are produced in response to similar
stimuli. The regulation of secretion of IL-l/J differs from
that of TNFa in that it is secreted by a mechanism
independent of the Golgi and the endoplasmic reticulum
because it does not have a signal sequence.2 3)
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Wehave reported the development of a high-throughput
screen for identification of inhibitors of TNFaproduction
by U937 cells.4) This assay has been used to conduct a
screening programmeconcentrated on microbial samples
and resulted in the identification of a series of novel

5,6-substituted 5,6-dihydro-a-pyrbnes produced in
fermentations of a Phomopsis sp., which exhibit potent
cytokine production inhibitory activity. On further

evaluation using normal cells, the most potent of these, 1,
was found to be selective for inhibition of IL-1/? relative

to TNFa production. The taxonomy of the producing
organism, fermentation, purification and structure elu-
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Fig. 1. The Structures of compounds 1-5.

cidation of these compounds 1-3, and the related fatty

acids, 4 and 5 are reported herein, together with further
biological studies of 1. The structures of compounds 1-5
are shown in Fig. 1.

Results

Taxonomy of Fungus X22502

This fungus was identified as a strain of the coelomycete
Phomopsis sp. on the basis of its morphological

characteristics following inoculation of its A-conidia (see
below) at the centre of Petri dishes containing 2%malt

extract (Difco Laboratories) agar. At 24°C it produced a

dense, dark grey-olivaceous mycelium with a white lobate
margin (colony colours according to a standard mycological
identification chart.)5) After 7 days the mycelium attained
a diameter within the range 2.5-3.5cm. Conidiomatal
development was stimulated by exposure to near-UV

light. Conidiomata were solitary, carbonaceous, unilocular,
ostiolate and measured 1.5-2.0mm wide and 1.25-2.0
mmhigh. Conidiogenous cells were borne on branched
conidiophores which lined the conidiogenous cavity. These

cells were hyaline, obclavate to cylindrical, integrated,

phialidic and measured 16-20 ^mX 1.5-2.0 /xm. Conidia
were hyaline, aseptate and generally of three types:

A-conidia (5.5-7.5^111X1.5-3.0^111) were ellipsoid to

fusiform, usually with acute apices and a guttule at each
end; B-conidia (20-30/imX<l /im) were hamate and

filiform; C-conidia (9.5-ll.5/umX1.5-3.0^m) were

obclavate with acute apices and usually at least three
guttules. All three conidial types could be found within a
single conidioma.

The strain is accommodated in the form genus
Phomopsis (Saccardo) Bubak based on the above
morphological characters. The observed microscopical

characters and lack of host plant data did not allow further
classification to species.

Fermentati on
The increases in dry cell weight (DCW) and titres of

metabolites 2 and 1 that occurred during a typical
fermentation of Phomopsis sp. X22502 are shown in
Fig.2.

Structure Elucidation
The physico-chemical properties, !H and 13C NMR

spectral data for compounds1-5 are summarised in Tables
1 to 3 respectively. All five compounds were isolated as

colourless oils.
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Fig. 2 Typical fermentation timecourse for the production of2 and 1 by Phomopsis sp. X22502.

Table 1. Physico-chemical properties of compounds 1-5.

1 2 3 4 5

DCI-MS (m/z) 378 (MNH4+) 408 (MNH4+) 424 (MNH4+) 242 (MNH4+) 258 (MNH4+)
361(MH+) 391 (MH+) 407 (MH+) 225 (MH+) 240 (M+)

High resolution EI-MS (m/z)
Found 360.2315 390.2050 406.2014 224.1776 . 240.1714

Calcd 360.2302 390.2043 406.1992 224.1777 240.1726

Molecular formula C22H32O4 C22H30O6 C22H30O7 C 14H24O2 C 14H24O3
uv ;Lax nm 204, 274 206, 276 205, 274 265 266

IR (KBr) u cm"1 3390, 2960, 3391, 2960, 3400, 2900, 2900, 2685, 3363, 1692,
2928, 1720, 2928, 2855, 1714, 1620, 2589, 1687, 1622, 1285,

1615, 1560, 1717, 1620, 1286, 1247, 1618, 1459, 1198, 1029,

1250, 1180, 1570, 1396, 1156, 1106, 1417, 1285, 983

1010, 980 1285, 1250, 980 1207, 1028,
1161, 1024, 984, 940, 852,

980 700

The major component isolated from fermentations of
Phomopsis sp. X22502 was 2. This compound is soluble in

organic solvents such as methanol and DMSO and is
insoluble in water and very non-polar solvents such as

hexane. The lR and 13C NMRspectra of 2 exhibited 22

carbon and 29 proton signals respectively. DEPT spectra

revealed the presence of three CH3, five CH2, ten CHand
four quaternary carbons. An HMQĈH-^C correlation)
experiment established the one bond connectivities of the
proton and carbon atoms. Consideration of the chemical
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Table 2. *H (400MHz) NMRspectral data for compounds 1-5.
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<5H/ppmin MeOH-J4:coupling constants expressed in Hz are given in parentheses
Position

1 2 3 4a 5

2

3

4

5

6

7

8

9

l'OH
2'

3'

4'

5'

6'

7'

9'

10'

ll'

12'

13'

14'

6.29 (1H, d, 9.8)
7.18 (1H, dd, 9.8, 5.6)

5.48 (lH, dd, 5.6, 3.1)
5.19 (1H, dddd, 7.2, 3.0, 0.9, 0.9)

5.72 (1H, ddq, 15.4, 7.2, 1.7)

6.05 (1H, dqd, 15.4, 6.6, 1.1)
1.84 (3H, ddd, 6.8, 1.7, 0.8)

5.95 (1H, d, 15.7)

7.41 (1H, dd, 15.6, 0.8)

5.83 (lH, brd, 9.2)

2.65 (1H, m)
1.4 (10H, m)
1.4 (10H, m)
1.4 (10H, m)
1.4 (10H, m)
1.4 (10H, m)
0.95 (3H, t, 6.9)
1.81 (3H,d, 1.2)

1.09 (3H, d, 6.6)

6.35 (1H, d, 9.7)
7.21 (1H, dd, 9.7, 5.6)
5.64 (lH, dd, 5.6, 3.0)
5.49 (1H, m)
6.91 (lH, dd, 15.7, 5.0)
6.32 (lH, dd, 15.7, 1.8)

5.88 (1H, d, 15.6)
7.4.1 (1H, dd, 15.6, 0.6)

5.83 (1H
2.66 (1H
1.3-1.5
1.3-1.5
1.3-1.5

1.3-1.5
1.3-1.5
0.97 (3R
1.87 (3R
1.08 (3H

:,brd, 9.8)
,m)
(10H, m)
(10H, m)
(10H, m)
(10H, m)

(10H, m).
,t, 6.9)

:,d, i.i)
:, d, 6.6)

6.35 (lH,d, 9.8)
7.21 (1H, dd, 9.8, 5.8)
5.67 (1H, dd, 6.3, 5.3)
5.52 (1H, m)
6.98 (1H, dd, 15.7, 4.7)

6.31 (1H,dd, 15.7, 1.9)

5.87 (1H, d, 15.6)

7.40 (1H, d, 15.5)

5.83 (lH, brd, 9.9)

2.67 (1H, m)
1.3-1.55 (8H, m)
1.3-1.55 (8H,m)
1.3-1.55 (8H, m)
1.3-1.55 (8H, m)

ll.70(lH,brs)
5.77 (1H, d, 15.6)
7.39 (lH, d, 15.6)

5.72 (1H, d, 9.8)

2.53 (1H-, m)
1.2~1.4 (10H, m)
1.2-1.4 (10H, m)
1.2-1.4 (1OH, m)
1.2-1.4 (10H, m)

3.77 (1H, m) 1.2-1.4 (10H, m)
1.23 (3H, d, 6.1) 0.87(3H,t, 6.7)

1.88 (3H, d, 1.0) 1.78 (3H, d, 0.8)

1.08 (3H, d, 6.6) 0.98 (3H, d, 6.6)

5.85 (lH, d, 15.6)

7.40(lH, d, 15.7)

5.75 (1H,d, 9.8)
2.65 (1H, m)
1.4-1.6 (8H, m)
1.4~1.6 (8H, m)
1.4-1.6 (8H, m)
1.4-1.6 (8H,m)
3.78 (lH, m)
1.20 (3H, d, 6.2)

1.90 (3H, s)

1.10 (3H,d, 6.6)

Measured in CDCL.

Table 3. 13C (100MHz) NMRspectral data for compounds 1-5.

<5c/ppm in MeOH-<i4
Position

3 4a 5

2

3

4

5

6

7

8

9

1

2

3

4

5

6

7

8

9

10
ll
12
13
14

165.5
126.1

143.4

65.6

81.4

125.5

138.8

18.2

168.0

115.5

153.2

133.1

151.5

34.8

38.6

33.2

30.7
28.9

23.9
14.6
12.7
20.9

164.6

125.6

143.4

64.9

79.6

139.6

128.2

170.7

168.0

115.3

153.5

133.3

151.7

35.0
38.7

33.4

30.9
29.0

24.1

14.8

12.9

21.1

173.1 171.0

114.7 116.8
152.1 151.6

131.2 132.8

149.8 149.7

33.2 34.4

37.1 38.4

31.8 28.7

29.3 27.Q

27.3 40.2

22.5 68.6
13.9 23.6

12.1 12.6

20.2 20.9

Measured in CDCL.
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Fig. 3A. Long range lH-l3C correlations observed
in the HMBCNMRspectrum of2.

Fig. 3B. NOE's observed in the NOESYNMR
spectrum of 2.

shift data indicated that the 64.9 and 79.6ppm CH carbons
and the quaternary carbons at 164.6, 168.0 and 170.7ppm
were attached to oxygen. The presence of seven double

bonds was deduced from the observation of eight olefinic
(115.3, 125.6, 128.2, 133.3, 139.6, 143.4, 151.7 and 153.5

ppm) and three carbonyl (164.6, 168.0 and 170.7ppm)

carbons. Mass spectrometric data indicated a molecular
weight of 390 and a likely molecular formula of C22H30O6.
Inspection of the ^^H coupling constants and 2D-COSY
data, and consideration of *H and 13C chemical shift data
suggested the presence of a 5,6-dihydro-a-pyrone fragment

bearing an oxygen substituent at the 5-position and an
olefinic side chain at the 6-position. The ^^H coupling
constants around this system matched very closely with
those previously reported for other metabolites containing

this moiety such as phomalactone,6 7) asperlin8) and pho-

mopsolides A and B9) suggesting a similar stereochemical
arrangement. This fragment was confirmed by HMBC
1H-13C data which also led to the identification of a

4,6-dimethyldodeca-2,4-dienoyl side chain attached to the
5-position of the pyrone ring by an ester linkage. The
protons at the 6-position of the pyrone ring, and of the
olefinic moiety attached to it all showed correlations
to the carbonyl at 170ppm, which was deduced to
be a carboxyl carbon. This was later confirmed by
derivatisation experiments (data not reported here). A

NOESYexperiment established the stereochemistry of the
olefinic groups of the 4,6-dimethyldodeca-2,4-dienoyl side
chain as 2E, 4E, consistent with the coupling constant of
1.5.6Hz between H-2' and H-3'. The 'H-^C correlations
observed in the HMBCexperiment and NOEinteractions

observed in the NOESYexperiment are shown in Fig. 3.
Mass spectrometric studies of compound 1 indicated a

molecular weight of 360 and a molecular formula of

C22H32O4. The *H and 13C NMRspectra of 1 were very
similar to those of 2 except for the signals associated with
the olefinic side chain at the 6-position of the pyrone ring.
These were nowconsistent with a prop-2£-enyl moiety.

Thus 1 is a novel 4,6-dimethyldodeca-2is,4is-dienoyl ester
of phomalactone. The *H and 13C NMRdata associated

with the phomalactone moiety of 1 matched very closely
with those reported for phomalactone.6'10)

The only previous reports of a 4,6-dimethyldodeca-

2^,4^-dienoyl side chain concern aranorosin and related

metabolites from Pseudoarachniotus roseus,n'l2) where it is
present as an amide moiety. Compound4 had a molecular
weight of 224 and molecular formula C14H24O2. Its *H
and 13C NMR spectra were as expected for 4,6-

dimethyldodeca-2.£T,4J£T-dienoic acid. Both enantiomers

of 4,6-dimethyldodeca-2ii,4is-dienoic acid have been
synthesised during the total synthesis of aranorosin.13)

Comparison of the reported [a]D values for these

enantiomers with that measured for 4 ([a]^ =+41° (c 0.7,
CH2C12)) indicated that 4 had S stereochemistry at position

6. This is in contrast to aranorosin which has R
stereochemistry at the 6-position of its 4,6-dimethyldodeca-
2^,4^-dienoyl fragment.13) Compound 1 has been
synthesised by esterification of 4 with phomalactone
obtained from a fermentation of a Paecilomyces sp.

(Wrigley et aL , in preparation).
Compound 3 had a molecular weight of 406, and

molecular formula C22H30O7, indicating the presence of
one extra oxygen compared to 2. Inspection of its NMR
spectra indicated that this was present as an extra hydroxyl
substituent in the 4,6-dimethyldodeca-2JET,4J£'-dienoyl side

chain, at position 1 1.
Compound5 was similarly found to be an analogue of
4,6-dimethyldodeca-2£,4.E-dienoic acid hydroxylated at the
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1 1 position.

Biological Activity
The IC50 values of 1~5 for inhibition of LPS-induced

TNFa production from U937 cells, the assay used for
screening and to guide purification, are shown in Table 4.
Further evaluation wasbased on the effects on normal
peripheral blood mononuclear cells (PBMC) and the IC50
values of 1-5 for inhibition of LPS-induced IL-1/3

production from PBMC are also shown in Table 4.

Compound1 was the most potent studied, with IC50 values

Table 4. IC50 values of compounds 1-5 for the

inhibition of LPS-induced cytokine production.

IC50 Gum)

Compound LPS-induced TNFa LPS-inducedIL-1/3
production in production by

U937 Cells Monocytes

1 0.08 0.19

2 2 2

3 31 >6

4 54 >6

5 52 >6

Fig. 4. Inhibition ofIL-1/3 and IL-1aproduction by 1 in PBMC.

Cells were exposed to ranges of concentration between 0.025~2jUM1 and stimulated with 1 ng/ml LPS as
described. A: Comparison of effects on IL-1/3, TNF-a, IL-6 and cell cytotoxicity. Cytotoxicity determined using the
redox potential sensitive dye, resazurin. B: Comparison of inhibition of IL-l a and IL-1/3 production with minimal
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for inhibition of TNFa production from U937 cells and
IL-1/3 production from PBMC of 80nM and 190nM
respectively. Compound 2 also demonstrated significant
cytokine production inhibitory properties with IC50s of

2 /dM in both assays. The more polar 3 only demonstrated
moderate activity while the activity of the fatty acids 4 and

Fig. 5. Effect of 1 on cell associated IL-l/5
expresion.

Compound 1 has no significant effect on cell
associated IL-1/3 expression. Effects of 1 at
concentrations between 0.11~1.75/zm on IL-1fi
secretion in cell culture supernatant compared to cell

associated IL-1/3 from cell lysates by ELISA.

5 was weak.
Compound1 was consistently five to ten fold more
potent for the inhibition of IL-1/3 relative to TNF-a
and IL-6 production in culture supernatant from LPS

activated PBMC(Fig. 4A). Cytotoxicity was observed at
concentrations above 2jiu. Studies of the effect of 1 on

interleukin l a (IL-1 a) secretion indicated that it inhibited
both IL-ly3 and IL-1 a production with similar potency (Fig.
4B). No significant change in the levels of cell associated

IL-1ft expression was observed in the presence of 1
at concentrations up to 1.75/im indicating that 1 in-

hibited IL-1/3 secretion by a post-translational mechanism
(Fig. 5). Studies of the effect of 1 on the activity ofcaspase
1 (interleukin 1/3 converting enzyme (ICE))-like enzyme in
cell extracts from THP1monocytic cells using published

methods14) indicated that, in contrast to ICE inhibitor

1 (Ac-Tyr-Val-Ala-Asp-CHO) it minimally modulated
caspase 1 like activity. Inhibition of ICE-like activity by

ICE inhibitor 1 was dose dependent with maximum
inhibition observed at 100/xM inhibitor concentration
(Fig. 6). ATP is known to promote IL-1 secretion by a

post-translational mechanism. 15 16)

Discussion

A series of a-pyrone esters and their corresponding

Fig. 6. Effects of ICE inhibitor I (Ac-Tyr-Val-Ala-ASP-CHO) and 1 on caspase 1-like activity from THP1
monocytic extract.

Negative control (Neg) fluorescence indicates substrate alone, in the absence of added cell lysate as a source of
caspase 1-like activity. Positive control (Pos) indicates total caspase 1-like activity in fluorescence units detected in
cell extracts from THP1 cell line. Samples were treated with 100, 20 and 2fiM Ice Inhibitor I (Ice Inh I) or with 10, 2
and 0.2 jllm 1 as indicated, in the presence of substrate and THP1cell extract as a source ofcaspase 1-like activity.
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free fatty acids have been isolated from Phomopsis sp.
X22502 and studied for their cytokine production
inhibitory properties. The most potent compound in
the series, 1, is a novel ester of the known fungal

metabolite phomalactone, (6,Sr)-4,6-dimethyldodeca-2£',4J£T-
dienoyl phomalactone. Phomalactone itself has been
reported to have immunosuppressive properties, although
these have not been studied in detail.6) Compound 1 is

significantly more potent than phomalactone in terms of
inhibition of cytokine production, as will be discussed in a
subsequent publication (Wrigley et ai, in preparation).

Compounds2 and 3 are analogues of 1 bearing a prop-2£-
enoic acid side chain at the 6-position of the a-pyrone ring
in place of the propenyl moiety present in 1. No such
analogues of phomalactone bearing an acidic side chain

have been previously reported.
Compound1 was studied for its inhibition of production

of the pro-inflammatory cytokines IL-1/3 and TNFa. In
normal PBMC 1 was selective for inhibition of IL-1/3
production, and our studies of its mechanism of action
show that it acts via inhibition of IL-l/J secretion. This

conclusion was based on the lack of inhibition of IL-l/J
mRNAexpression (data not shown) and cell-associated

IL-1/3 production by 1. Compound 1 also showed no effect
on the activity ofcaspase 1.
Caspase 1 is primarily important for the regulation of the

cleavage of IL-1/3 precursor to its mature form and is also
thought to be important in facilitating the release of both
membrane associated IL-1/3 and IL-l a.17 18) However, it is
not knownif the catalytic activity responsible for the
cleavage of the precursor form is also involved in the
release of IL-1 from the cell membrane. The assay for the
caspase 1 activity using THP1 cell extract does not
necessarily differentiate between these two activities and

the possibility that 1 affects this latter activity of caspase 1
remains.

IL-1, like the acidic and basic fibroblast growth factors
(FGF) and interleukin 18 (IL-18), is expressed without
a signal sequence and secreted by a process independent
of the Golgi and endoplasmic reticulum.19'20) Common

regulatory mechanismsmaycontribute to the release of
IL-1/3, IL-18 and FGF from the cell membrane. Addition
of ATP at concentrations from 0.25-1mM enhanced
LPS-induced IL-l/J release and overcame the 1-mediated

inhibition of IL-1/3 production, suggesting that 1 acts

via an ATP-dependent mechanism (data not shown). Thus
it is possible that 1 can inhibit IL-18 and FGF as well as
IL-1 secretion. Further studies of the effects of 1 on FGF
and IL-1 8 secretion would address this issue.
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Experimental

Source of Organism
The micro fungus designated Xenovaculture collection

number X22502 was isolated from foam in a tropical forest
stream, Thailand, and accessed by the collection in March
1991. The strain X22502 was deposited under the Budapest
Treaty at the Centraalbureau voor Schimmelcultures,
Baarn, The Netherlands, on 19 March 1996, and was
assigned the reference number CBS 3 13.96.

Fermentati on
A 1.5ml cryovial containing lml of macerated

vegetative mycelium suspended in a 10% glycerol solution
was retrieved from storage at -135°. A preculture was
produced by aseptically placing 1 ml of starting material
in a 250ml baffled Erlenmeyer flask containing 40ml of
nutrient solution S (1.5% glycerol, 1.5% soya bean peptone,
1% D-glucose, 0.5% malt extract, 0.3% NaCl, 0.1% CaCO3,
0.1% Tween 80, 0.1% Junlon PW1 10 [suppliers: Honeywell
and Stein Ltd., Times House, Throwley Way, Sutton,
Surrey, SMI 4AF] adjusted to pH 6) shaken at 240rpm for
3 days at 25°C.

An intermediate culture was generated by aseptically

transferring the preculture to 2 liters of nutrient solution S
in a 3 liter fermenter. The fermenter was agitated at 500
rpm, aerated at 0.5 vvm, and the temperature controlled at
25°C for 3 days.

A production culture was generated by aseptically
transferring an intermediate culture to a 75 liter fermenter

containing 50 liters of nutrient solution P (3.6% molasses,
0.2% casein hydrolysate, 0.004% phytic acid, 0.09%
calcium chloride, 0.1% Tween 80, adjusted to pH 5). The
production fermenter was stirred at 350rpm, aerated at
0.5 vvm, and temperature controlled at 25°C. After 5 Vi days
incubation the fermentation was stopped and the culture
was harvested.

Dry cell weights (DCW) were determined during the

fermentation as follows: whole culture (10 ml) was pipetted
into a preweighed centrifuge tube and centrifuged at
3000 # for 15 minutes. After removal of the supernatant the
biomass was lyophilised. The tube and dried biomass were
then reweighed to give the DCW.

Purification

A 50 liter fermentation broth was harvested by filtration
using a Schenk Niro 430 filter press, the clarified filtrate
was discarded and the retained biomass was extracted

with 25 liters of recirculating methanol for 24hours. The
methanolic extract was harvested via filtration through the
filter press and evaporated to an aqueousconcentrate using
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a thin film evaporator.
The aqueous concentrate (10liter) was then extracted

with 2X7liters of ethyl acetate-hexane (1 : 1). The solvent
extracts were pooled and evaporated to a gum under

reduced pressure and redissolved in 50 ml of ethyl acetate -
hexane (1 : 1). Purification was achieved by normal
phase chromatography using a Biotage Flash 75L
chromatography system and a Flash 75 KP-Sil silica

(32-62jam 60A) column (ID 7.5X30cm length) and an
isocratic mobile phase (ethyl acetate-hexane 1 :1,
200ml/minute flow rate). 1 liter fractions were collected

and analysed by thin layer chromatography on silica gel
plates [Merck 5554, 20cmX20cm, 0.2mm thickness of

silica gel 60F254] using the same mobile phase as the

developing solvent.
Compounds 1 (Rf0.89), 2 (Rf0.53) and 4 (Rf0.75) rich

fractions were pooled, evaporated to dryness under reduced
pressure and subjected to further purification by preparative
reversed phase HPLCusing a Waters NovaPak C18 (100A
5/lim) column (ID 2.5X20cm length) and an isocratic

mobile phase (80% acetonitrile: 20% water plus 0.1% v/v
glacial acetic acid, flow rate 50ml/minute). Wavelength
monitoring was at 278nm. The peaks collected at

ll-14 minutes, 19-21 minutes and 30-32minutes were
evaporated to dryness to yield 1 (0.9g), 2 (7.5g), and 4

(0.35 g) respectively.
Compounds3 and 5 were isolated from the fractions

eluting from the Flash 75 KP-Sil silica column after those
containing compounds 1, 2 and 4. These fractions were
concentrated and purified by semi-preparative reversed
phase HPLC on two Prep Nova-Pak HR C18 radial
compression cartridge columns (40mmXl0cm, 6mM
particle size, 60A pore size, (Waters WAT037704)

connected in series in a Prep-Pak Holder Assembly with
Extension (Waters) along with a Prep Nova-Pak HR C18
Guard-Pak (Waters WAT037854)eluted isocratically with
a mobile phase comprising acetonitrile-Water (39 : 61)

containing 0.05% v/v trifluoroacetic acid at a flow rate of
50 ml/minute. The eluate was monitored at 278 nm and the
peaks eluting after 8.0 and 13.3 minutes were collected and
evaporated to dryness to yield 5 (31 mg) and 3 (102mg)
respectively.

Determination of Physico-chemical Properties
UV/visible spectra were measured on a Perkin-Elmer

Lambda 17UV/visible spectrometer. IR spectra were
recorded in KBr on a Nicolet 5PC FTIR spectrometer. Low

resolution EI-MS and DCI-MS were obtained on a Finnigan
Mat 95 mass spectrometer. *H and 13C NMRspectra were
recorded at 308Kon a Bruker ACF400spectrometer at
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400 MHz and 100 MHz respectively. All chemical shifts (8)
are quoted in ppm and are referenced to external TMS
(Oppm). Standard techniques were used to obtain the
DEPT, COSY-45, HMQC, HMBCand NOESY spectra. In

HMQCexperiments the lJCH was optimised for 145 Hz. In
HMBC experiments the long range coupling constant

3~VCHwas optimised for 5Hz. A mixing time of 1 second
was used in the NOESYexperiment.

TNF-a Release from U937 Cells
The screening assay used to detect compounds 1-5

measured TNF-a release using a known method.4) The
human histolytic lymphoma U937 cell line was obtained
from a commercial source (ECACC,Salisbury, UK) and
maintained in RPMI 1640 medium supplemented with
2mML-glutamine and 5% fetal bovine serum (FBS). The
cells were pretreated with 25ng/ml phorbol myristate
acetate (PMA) for six hours and then exposed to dose
ranges of samples or compounds to be tested followed by
the addition of 1 ng/ml LPS. After 18 hours incubation at
37°C with 5% CO2 the cell culture supernatants were
harvested and stored at -70°C, until required for
determination of TNF-a secretion4) by dissociation

enhanced lanthanide fluorescence immunoassay. The effect
of the compoundson cell cytotoxicity was measured using
the tetrazolium salt, XTT (2,3-bis [2-methoxy-4-nitro-5-
sulphophenyl] -2H-tetrazolium-5 -carboxanilide salt).

Cytokine Production from Peripheral Blood Mono-

nuclear Cells
Peripheral blood mononuclear cells (PBMC) were

separated from Buffy coats on Lymphoprep and
resuspended in RPMI 1640 medium with 5% FBS. Cells
were exposed to a concentration range of 0.01-2.5^m 1
and 1 ng/ml LPS and incubated at 37°C with 5% CO2 for
20 hours. Cell culture supernatant was then harvested for
determination of cytokines, IL-l a, IL-l/J, TNF-a and IL-6.
A human IL-la ELISA kit (TCS biologicals Ltd, Bucks,
UK), and an in-house IL-1/3 sandwich ELISA, using a

monoclonal anti-IL-1/3 (R & D Systems, UK) as coating
antibody and a polyclonal anti-IL-1/3 (R & D Systems,
UK) as detection antibody, were used respectively for
quantification of IL-la and IL-1/3 concentrations. The

IL-1/3 ELISA did not distinguish between mature and
precusor forms of IL-1/3. Similarly TNF-a and IL-6

concentrations in the cell culture supernatant were
quantified using sandwich ELISAs for each cytokine. For

TNF-a a monoclonal anti-TNF-a was used as a coating
antibody and a polyclonal anti-TNF-a as a detection
antibody.4) The IL-6 sandwich ELISA consisted of a
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monoclonal anti-IL-6 coating antibody and a polyclonal

goat anti-IL-6 antibody (kind gift of Dr. S. Poole, NIBSC)
for detection.21} For cytotoxicity assessment the cells

were incubated at 37°C with 5%CO2in the presence of
the redox potential sensitive dye, resazurin (BDH, UK)
for 20hours and optical density reading at 570/600nm
determined.

Alternatively the cells were lysed following the addition
of 200^1 lysis buffer (300mM NaCl, 50mM Tris-HCl, pH
7.6, 0.5% Triton XI00, 0.1 mMAEBSFprotease inhibitor)
for determination of cell associated IL-1ji levels.

Caspase 1 Activity in Cytosolic Extracts from THP1
Monocytic Cell Line

THP1 cell extract were prepared essentially as
described.14) Briefly, 2X108 cells resuspended in 1.2ml

extraction buffer (50 mM PIPES-NaOH-pH 7.0, 50 mMKC1,
5him EGTA, 2mMMgCl2 1 dim DTT, 20^m cytochalasin
B, 1 mM. PMSF, 1 /Lig/ml Leupeptin, 1 jug/ml pepstatin A,
50/ig/ml anti-pain, 10/ig/ml chymopain) were lysed by
four repeated freezing on dry ice and thawing, with a

hand homogenizer. The cell suspension was then spun at
14000rpm for 15minutes and the lysate diluted 1 :5 in

standard buffer (100mM HEPES-KOH pH 7.5, 10%

sucrose, 0.1% CHAPS, 10mM DTT, 0.1 mg/ml ovalbumin).
Cell extracts were incubated at 30°C in the presence of
0.2-10/xm 1 or 2-lOO^M ICE inhibitor I (Ac-Tyr-Val-
Ala-Asp-CHO, BACHEM, Cat No. H8410) for 30minutes
and the caspase 1 specific fluorogenic tetra-peptide substrate,
Ac-Trp-Glu-His-Asp-AMC22) (BACHEM, Germany) at the

optimal concentration of 10 ^m added and incubated for a
another 60minutes at 30°C.22) Changes in fluorometric

reading quantified as a measure of Capase 1 like activity.

Chemicals and Biochemical Reagents
Unless stated otherwise, all reagents were obtained from

Sigma Chemical Co., UK.
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