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Semisynthetic derivatives of parthenolide (1) were tested on NF-kB driven transcription and metallopro-
teinase-9 (MMP-9) expression and secretion. The four membered ring compounds 5 and 6, obtained by
acidic treatment of 1, exhibited a higher activity with respect to 1 in all the biological assays. Then an
increased ability of the 5 and 6 to inhibit NF-kB driven transcription may lead to a down-regulation of
MMP-9 expression and secretion. This work provides new details about the structural requisites for
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Parthenolide is the major active principle of Tanacetum parthe-
nium (L.) Schultz Bip. (Asteraceae) used for the treatment of mi-
graine and other pathologic situations related to inflammatory
processes.! The anti-inflammatory activity of parthenolide and
other sesquiterpene lactones (SLs) is exerted through the inhibition
of the nuclear transcription factor-kB (NF-kB).2~> This transcription
factor, when activated, induces the expression of a variety of genes
that are known to be involved in atherosclerosis, cancer, and
inflammatory diseases.® Matrix metalloproteinase-9 (MMP-9) is a
member of a family of structurally related zinc-containing en-
zymes,” whose expression is partly controlled by NF-kB.2 MMP-9
is overexpressed in many pathological conditions like cancer inva-
sion and metastasis,® cartilage destruction in arthritis, atheroscle-
rotic plaque rupture,'® and gastric ulcer.!!

Previous studies investigated the influence of chemical func-
tionalities and molecular conformations of SLs in order to find
a relationship between chemical structure and biological activ-
ity.!2"1® Despite this intensive research, the question of defin-
ing the pharmacophore for designing better pharmaceutical
compounds remains open. In a previous study we prepared
and tested semisynthetic derivatives of parthenolide on human
leukocyte chemotaxis.'® The results lead to the new hypothesis
that the pharmacophore structure should be searched in the
bicyclic core of the sesquiterpene compound. Since NF-kB rep-
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resents the central mediator of the immune system and the
target for parthenolide antinflammatory activity, in the present
study we investigated the effect of the parthenolide semisyn-
thetic derivatives previously described'’® on the NF-kB driven
transcription and MMP-9 secretion and expression, with the
aim to obtain more information about the structural require-
ments for NF-kB inhibition. The present study helps to high-
light that stereochemistry and the hydroxyl functional groups
of the carbocyclic skeleton modulate the parthenolide
bioactivity.

NF-kB driven transcription was evaluated by transient transfec-
tion in Human Embryonic Kidney cells (HEK293) challenged with
phorbol myristate acetate (PMA) 100 nM, as pro-inflammatory
agent.2° MMP-9 transcription was performed in HEK293 cells,?°
and MMP-9 secretion?! was evaluated in THP-1 macrophages trea-
ted with 10 nM PMA.?? Cytotoxicity of the compounds towards
THP-1 and HEK293 cells was investigated by the MTT assay.?
Structures of the compounds under study are reported in Figure
1. Electrophilic transannular cyclization reaction on 1 performed
in methanol at acidic pH lead to the synthesis of compounds 3-
5.9 Taking into account that the physiological environment is
aqueous, the cyclization was carried out in acetone/water mixture,
thus obtaining 6,24 which revealed to be spectroscopically identical
to michampanolide previously isolated from Michelia champaca L.
(Magnoliaceae).?> We also performed this reaction in water and
strong proton exchanger beads as catalyst thus affording identical
products.
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Figure 1. Chemical modifications of parthenolide (1).

Table 1
Effect of parthenolide derivatives on NF-kB driven transcription

Compound IC50 = SD (uM)

9.76 £ 0.83
7.4+0.85
8.8+0.42
6.0+1.31°

2.04 +0.36°
2.8+0.12°

AU A WN =

2 ICs0 0f 4 (p < 0.05), 5, and 6 (p < 0.01) are statistically different with respect to 1
(parthenolide).

Table 2
Effects of parthenolide derivatives on MMP-9 gene transcription

Compound IC50 = SD (uM)

6.6+1.2
85+1.1
6.6+1.7
86+16
3.2+0.5°
3.8+£0.3°

QU B WN =

2 ICs0 of 5 (p<0.01) and 6 (p < 0.05) are statistically different with respect to 1
(parthenolide).

The results of the bioassays are shown in Tables 1 and 2 and Fig-
ure 2. Statistical analysis was performed by one-way Anova analy-

= 1257
S
°
2 1001 " T T
X *%
c 75 i
0
° *k
& 50
@
»
o
a 251
s
0 T T T T T T T T

ctrl EGCg 1 2 3 4 5 6

Figure 2. Effects of parthenolide derivatives on MMP-9 secretion in THP-1
macrophages. Compounds were tested at 20 uM; this concentration was not
cytotoxic, as assessed by the MTT test. Results are expressed as OD units normalized
for the intracellular protein content, and are calculated as % versus ctrl treated only
with vehicle. Results are the mean+SD of three experiments in triplicate.
Epigallocatechin-3-gallate (EGCg) 20 pM was used as reference compound. 5 and
6 are statistically different with respect to parthenolide (p < 0.05). "p < 0.01 versus
ctrl.

sis of variance with post-hoc Bonferroni test, using Graph Pad
Prism 4. LogP values were calculated by a software ACD/
ChemSketch.11.

Regarding the effect on NF-kB driven transcription, ICsos of
compound 2, and 3 were not statistically different when compared
with 1, while compounds 5 and 6 showed IC5os 3-5 fold lower than
that of 1 (Table 1). The inhibitory effect on MMP-9 transcription
and secretion exerted by 2-4 did not significantly differ from that
of 1. Conversely, the higher inhibitory potency against NF-kB was
reflected in a higher effect of 5 and 6 on MMP-9 transcription (Ta-
ble 2) and secretion (Fig. 2). At 20 uM, the highest concentration
used in the experiments, the derivatives were not cytotoxic.

In previous studies,'>!”!® the biological activity of 1 and other
SLs has been related to the alkylating ability of the conjugated exo-
methylene lactone. This moiety is kept unaltered in the derivatives
presently tested, therefore the alkylating potential is not sufficient
to explain the differences highlighted in our experiments and other
chemical and structural properties must be taken into
consideration.

Compounds 3-6 are more polar than 1 because of their hydro-
xyl group at C4 (3 and 4, 3° alcohol oriented below the main molec-
ular plane) or C5 (5, 2° alcohol oriented above the main molecular
plane) or C5 and C10 (6, 2° and 3° alcohols oriented above and be-
low, respectively). Such a different polarity is mirrored by the shift
of log P values, from 2.42 + 0.42 of 1 to 0.86 + 0.42 (mean * SD) of 6.
A linear correlation was found between the logP values and the
ICsps calculated for NF-kB inhibition (r = 0.83). The direct correla-
tion between partition coefficient and inhibitory activity may sug-
gest two different possibilities: either compounds 5 and 6 are more
accessible to the site of action because they diffuse better, or the
higher is the hydrophilia the better is the conformation in aqueous
solution thus facilitating the interaction with the target protein.

From a structural point of view, compounds 3 and 4 or 5 and 6
belong to the [5.3.0] or [6.2.0] decane ring systems so that their
docking features may be different and also modulated by the dif-
ferent accessibility of 3° versus 2° alcohol. Moreover, the hydroxyl
group at C10 in 6 gives additional proton donor character in the
hydrogen bond formation.

At this stage, we may conclude that the bioactivity of partheno-
lide derivatives depends on the carbocyclic skeleton as well as on
its stereochemistry and functionalization.

One more clue from this study is the instability of 1 in aqueous
medium at acidic pH (Fig. 1), from which we may assume that in
the gastric environment 1 is transformed into more active metabo-
lites. The hypothesis that 1 may behave as a pro-drug was previously
formulated® and receives further support from this study. Data on
metabolic transformation of 1 in vivo are not reported, but patients
treated daily with an oral dose of a feverfew preparation containing
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up to 4 mg of parthenolide had undetectable plasma concentrations
of parthenolide.?® If further ADME studies confirm our hypothesis,
new perspectives will open for drug optimization.
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