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The sensitivity of the human keratinocyte cell line HaCaT to several lichen metabolites isolated from
Parmelia nepalensis and Parmelia tinctorum was evaluated. The tridepside gyrophoric acid (6), the
dibenzofuran derivative (+)-usnic acid (1), and the didepside diffractaic acid (5) were potent antipro-
liferative agents and inhibited cell growth, with IC50 values of 1.7, 2.1, and 2.6 µM, respectively. Methyl
â-orcinolcarboxylate (2), ethyl hematommate (3), the didepside atranorin (4), and (+)-protolichesterinic
acid (7) did not influence keratinocyte growth at concentrations of 5 µM. Keratinocytes were further
tested for their susceptibility to the action of the potent antiproliferative agents on plasma membrane
integrity. The release of lactate dehydrogenase activity into the culture medium was unchanged as
compared to controls, documenting that the activity of gyrophoric acid (6), (+)-usnic acid (1), and diffractaic
acid (5) was due to cytostatic rather than cytotoxic effects.

In the course of our search for plant-derived antiinflam-
matory and antiproliferative agents that could be useful
for the development into antipsoriatic drugs, we have
isolated several compounds from Parmelia nepalensis Tayl.
and Parmelia tinctorum Nyl. (Parmeliaceae):1,2 (+)-usnic
acid (1), methyl â-orcinolcarboxylate (2), ethyl hematom-
mate (3), atranorin (4), diffractaic (5), gyrophoric (6), and
(+)-protolichesterinic acid (7). Of these structurally dis-
similar lichen-derived metabolites, the didepsides 4 and 5
and also the aliphatic R-methylene butyrolactone 7 have
been identified as nonredox inhibitors of the biosynthesis
of leukotriene B4 (LTB4), the product of the 5-lipoxygenase
(5-LO) pathway.1

Leukotrienes have been considered to be important
mediators of inflammation.3 Among the variety of diseases
in which the leukotrienes may play a symptomatic or
causative role is the dermatological condition psoriasis.4,5

Psoriasis is a common, hyperproliferative and inflamma-
tory skin disease, mainly characterized by abnormal ke-
ratinocyte proliferation, accumulation of polymorphonu-
clear leukocytes in the skin, and T-cell activation.6 LTB4

stimulates epidermal keratinocyte proliferation,7,8 and
application of LTB4 to normal human skin induces changes
similar to those found in psoriatic skin. Furthermore, the
5-LO pathway has been shown to be involved in T-cell
activation.9 It therefore seems reasonable that inhibitors
of the enzyme be targeted for the treatment of psoriasis.

With respect to biological activity studies related to the
pathological features of psoriasis, lichen-derived metabo-
lites such as lobaric acid and 7 have been shown to exhibit
antiproliferative activity against malignant cell lines,10 and
7 is also an inhibitor of human DNA ligase I11 and cellular
DNA polymerase â.12 Probably the most extensively de-
scribed lichen metabolite is the dibenzofuran derivative 1,
whose antitumor activities were revealed more than two
decades ago.13,14 It was later found to exhibit antimitotic
activities.15,16 However, relatively little information is
available about the activity of other small-molecule lichen-
derived metabolites on cultured cells.

In the present study, we have used HaCaT kerati-
nocytes17 as a model for highly proliferative epidermis, for
example, psoriasis. This nontransformed human cell line
is a useful tool in identifying new topical antipsoriatic
agents, and it was described as an extremely sensitive
target for the antiproliferative action of the antipsoriatic
drug anthralin.18 Accordingly, we evaluated the effects of
the lichen metabolites 1-7 on the growth of cultured
HaCaT cells. Keratinocytes were also tested for their
susceptibility to the action of the most potent members of
this series on plasma membrane integrity, to confirm that
inhibition of cell growth is not a result of membrane
damage. This was assessed by the activity of lactate
dehydrogenase (LDH) released into the culture medium.

Results and Discussion

The structures of all lichen metabolites (1-7) assayed
are illustrated in the preceding paper. Each compound was
tested for antiproliferative effects against HaCaT cells, as
demonstrated by reduction in cell number over time as
compared to control plates. The concentrations required to
inhibit 50% of cell growth are shown in Table 1. The
tridepside 6 was the most potent inhibitor, with an IC50

value of 1.7 µM. The tricyclic lichen-derived metabolite 1

* To whom correspondence should be addressed. Phone: +49 251-
8333324. Fax: +49 251-8332144. E-mail: kmuller@uni-muenster.de.

† Universität Regensburg.
‡ Universität Münster.

Table 1. Antiproliferative Activity and Cytotoxicity against
HaCaT Cells by Lichen Metabolites

lichen metabolites AAa IC50 (µM) LDHc (mU)

(+)-usnic acid (1) 2.1 ( 0.7b 168
methyl â-orcinolcarboxylate (2) >5 ND
ethyl hematommate (3) >5 ND
atranorin (4) >5 ND
diffractaic acid (5) 2.6 ( 0.4b 136c

gyrophoric acid (6) 1.7 ( 0.4b 138c

(+)-protolichesterinic acid (7) >5 ND
anthralind 0.7 ( 0.3b 294

a Antiproliferative activity against HaCaT cells, as demon-
strated by reduction in cell number over time as compared to
control plates. b Inhibition of cell growth was significantly different
with respect to that of the control, n ) 3, p < 0.05. c Activity of
LDH (mU) release in HaCaT cells after treatment with 2 µM test
compound, n ) 3, SD < 10%, p < 0.05; control: 135 mU. Values
are not significantly different with respect to vehicle control.
d Standard antipsoriatic agent. ND ) not determined.
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and the didepside 5 exhibited comparable activity, with
IC50 values of 2.1 and 2.6 µM, respectively; whereas, the
didepside ester 4, the monomeric esters 2 and 3, and the
butyrolactone 7 were not active at the 5-µM concentration.

In a recent study on lichen-derived metabolites, it was
speculated that the observed antiproliferative effects of 7
and lobaric acid may be related to their 5-LO inhibitory
activities.10 However, among the most potent inhibitors of
HaCaT cell growth assayed in this study, only 5 was also
shown to be a potent inhibitor of the 5-LO enzyme.1 It is
also interesting to note that, although didepside 4 and
butyrolactone 7 were not active as inhibitors of cell growth
at 5 µM, they were among the most active 5-LO inhibitors
of the lichen metabolites.1 As both assays use intact cell
systems, the lack of activity cannot be easily explained by
the inability of the compounds to cross the cellular mem-
brane. However, sequestration and dispositional differences
may be responsible for the observed absence of the anti-
proliferative action.

Arachidonate lipoxygenases have been suggested to play
an important physiological role in regulating cell survival,19

and certain inhibitors of LTB4 biosynthesis were shown to
induce antiproliferative effects.20,21 LTB4 can effect kera-
tinocyte proliferation,7,8 and cultured HaCaT keratinocytes
express the 5-LO gene.22 The keratinocyte 5-LO pathway
may, therefore, play a primary role in skin biology. Ac-
cording to this study, a role for 5-LO products in modulat-
ing proliferation of keratinocytes is only consistent with
the data obtained for 5. However, the weak or negative
results obtained with 1 and 6 in the 5-LO assay1 suggest
a different mode of action for the strong antiproliferative
activity of these compounds.

To determine whether the compounds may interfere with
the functioning of the cell membrane, by causing leakage
of cytoplasm through it, cytotoxicity against the cell
cultures by the potent cell-growth inhibitors was assessed
by the activity of LDH released into the culture medium.
The release of LDH is commonly used as an indicator of
plasma-membrane damage. In this assay, LDH release by
the standard anthralin significantly exceeded that of the
vehicle control. On the other hand, the antiproliferative
activity of the potent lichen metabolites was due to cyto-
static rather than cytotoxic effects, as LDH release was
unchanged as compared to controls at 2-µM concentration
of the test compounds (Table 1). The only exception was 1,
which gave rise to a slight increase in LDH activity as
compared to vehicle controls. This may be related to its
ability to generate hydroxyl radicals, whereas the other
compounds were devoid of this property.1 Thus, even
though compounds 1, 5, and 6 were somewhat weaker
inhibitors of cell growth than anthralin, they did not cause
damage to the cell membrane as observed with this
antipsoriatic agent.

In summary, we found that the lichen-derived metabo-
lites gyrophoric acid (6), (+)-usnic acid (1), and diffractaic
acid (5) were potent antiproliferative agents against the
growth of human keratinocytes. Whether 5-LO inhibition
is a main mechanism for the antiproliferative effect is not
clear at present. Aside from the underlying mechanism of
action, the combined inhibitory actions, in particular those
of diffractaic acid (5), against 5-LO and HaCaT cell growth
suggest a beneficial effect against inflammatory and hy-
perproliferative skin diseases such as psoriasis, inasmuch
as both pathological features are targeted. The fact that
the biological activities of this compound are not mediated
by unspecific redox properties or cytotoxic effects on the
plasma membrane, as observed for the antipsoriatic agent

anthralin,23 opens new possibilities in the search for
antipsoriatic agents.

Experimental Section

General Experimental Procedures. For analytical in-
struments and methods, see Müller et al.24

Isolation and Identification of Lichen Metabolites. For
isolation and identification of the lichen metabolites, see
Kumar and Müller.1

Cell Culture and Determination of Cell Growth. HaCaT
cell17 proliferation assay was performed as previously de-
scribed.25,26 In brief, cells (2.5 × 104/1.1 mL suspension per
well) were seeded on 24-well multidishes and grown in
Dulbecco’s modified Eagle’s medium (DMEM). After 24 h of
growth the medium was replaced, and the test compounds
(0.1-5 µM) were added from stock solutions. These were
prepared in DMSO and then diluted with DMEM, the final
concentration of DMSO was 0.2% in the culture medium.
Controls were performed with DMSO or medium alone. Forty
eight hours after addition of the test compounds to the culture,
the medium was removed and each well was rinsed with
phosphate-buffered saline (PBS, 100 µL). The cells were then
incubated with sterile 0.5% trypsin, 0.2% EDTA in PBS for
20 min at 37 °C. The detached cells from each well were
suspended in DMEM and dispersed into single cells by gentle
pipetting through an Eppendorf pipet. Cell growth was
determined by enumerating the dispersed cells by phase
contrast microscopy. Inhibition was calculated by the com-
parison of the mean values of the test compound (n ) 3) with
the vehicle control (n ) 3): (1 - test compound/control) × 100.
Inhibition was statistically significant compared to that of the
control (Student’s t-test; p < 0.05). Each IC50 value was derived
by interpolation of a log inhibitor concentration versus re-
sponse plot using four or more concentrations of the compound,
spanning the 50% inhibition point.

Lactate Dehydrogenase Release.27 HaCaT cells were
incubated with the test compounds (2 µM) for 4 h at 37 °C.
Extracellular LDH activity was measured using the UV
method with pyruvate and NADH and is expressed in mU/
mL. Appropriate controls with the vehicle were performed (p
< 0.05; n ) 3, SD < 10%).
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