Cytotoxic Activity of Orsellinates
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The series of 2,4-dihydroxy-6-methylbenzoates 2—10 (methyl to hexyl orsellinates) pre-
pared by alcoholysis of lecanoric acid (1) — a natural product from the lichen Parmotrema
tinctorum (Nyl.) Hale — was submitted to the brine shrimp lethality test (BST), which was
also performed for 2,4-dihydroxy-6-methylbenzoic acid (11) (orsellinic acid) and the deriva-
tive ethyl-2-hydroxy-4-methoxy-6-methylbenzoate (12) (4-methoxy-ethyl orsellinate), in or-
der to detect new substances with probable antineoplasic activity. Results showed that chain
elongation — increase in lipophilicity (log P) — causes a rise in the cytotoxic activity of
orsellinates. Hexyl orsellinate (7) showed the highest cytotoxic activity (LCso = 31 um). A
correlation between lipophilicity (log P) and cytotoxic activity (log 1/LCs) is presented.
Compounds with ramified chains — iso-propyl, sec-butyl and fert-butyl orsellinates (8—10) —
were less active than those with the correspondent linear chain. The activities presented by
4-methoxy-ethyl orsellinate (12) and ethyl orsellinate (3) suggest that the hydroxy group at
the C-4 position causes effect in the cytotoxic activity of orsellinates against Artemia salina.
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Introduction

Because many natural compounds, upon being
isolated and characterized, are not submitted to
biological assays, their biological properties may
remain unknown for years. This lack may be ex-
plained by difficulties in performing biological as-
says in laboratories of natural products, since the
search for specific pharmacological activities, such
as antineoplasic activity, relies on expensive and
time-consuming procedures. Generally bioassays
are therefore employed if the detection of large
spectra of pharmacological activities is seen as de-
sirable. For this purpose, the brine shrimp lethality
test (BST) has proved to be an excellent proce-
dure for performing an early scanning for bioac-
tive compounds that can subsequently be submit-
ted to more refined tests for biological activities
(Meyer et al., 1982).

Solis et al. (1993), evaluating the cytotoxic acti-
vities of 21 compounds against the microcrustacean
Artemia salina (brine shrimp), found that nearly all
of the active substances tested also presented tox-
icity against KB cells (human nasopharingean car-
cinoma), the exceptions being two compounds
that required metabolic activation in humans.

The cytotoxic activity against A. salina can thus
be regarded as a useful method for carrying out a
preliminary search for candidate substances to be
later tested for their ability to act as antineo-
plasic agents.

Many phenolic substances isolated from lichens,
as well as their derivatives obtained by structural
modification, are known for their ample variety of
pharmacological activities, including antineoplasic
ones (Fournet et al, 1997; Neamati et al., 1997;
Ing6lfsdéttir et al., 1998; Perry et al., 1999; Kumar
and Miiller, 2000; Hirayama et al., 1980; Takai et
al. 1979).

In order to obtain potentially bioactive com-
pounds, and mainly those with the desirable anti-
neoplasic activity, lecanoric acid (1) — the main
constituent of the lichen Parmotrema tinctorum
(Nyl.) Hale — was chemically modified to produce
as derivatives the 24-dihydroxy-6-methylbenzo-
ates 2—10 (methyl to hexyl orsellinates). The deri-
vatives 2,4-dihydroxy-6-methylbenzoic acid (11)
(orsellinic acid) and ethyl-2-hydroxy-4-methoxy-6-
methylbenzoate (12) (4-methoxy-ethyl orsellinate)
were also obtained, so that the influence of se-
lected functional groups on the cytotoxic activity
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against A. salina could be investigated. Studies
concerning quantitative relationships between cy-
totoxic activity and chemical structures (QSARs)
were also performed for the derivatives obtained.

Material and Methods
Preparation of derivatives

Lecanoric acid (1) was isolated and purified
from Parmotrema tinctorum according to Ahmann
and Mathey (1967). This lichen was collected in
Mato Grosso do Sul state, Brazil, in March 1999,
and a voucher specimen is kept in our laboratory
for future reference.

The 2,4-dihydroxy-6-methylbenzoates 2—10 (or-
sellinates) were obtained through alcoholysis of 1
(Scheme 1) according to the methodology de-
scribed by Bachelor et al (1979). These com-
pounds were then separated in a flash silica gel
chromatographic column with CHCl;. Orsellinic
acid (11) was separated with CHCls/acetone (93:7
v/iv).

The derivative 4-methoxy-ethyl orsellinate (12)
was obtained through methylation of ethyl orselli-
nate (3), following the methodology described by
Elix et al. (1990). It was separated in a flash silica
gel chromatographic column with hexane/ethyl ac-
etate (70:30 v/v).

The 'H NMR (300 MHz) and '3C NMR (75
MHz) spectra were obtained with the use of the
solvents DMSO-dg for 1, acetone-dg for 2—11 and
CDCl; for 12. FT-IR and EI mass spectra were
also obtained. The spectroscopic data of com-
pounds 1-12 were in accordance with those of
Huneck and Yoshimura (1996).

Bioassays against Artemia salina (BST)

BST followed the methodology described by
Meyer et al. (1982). The dried brine shrimp (A.
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salina) eggs were bred in saline solution (38 g L~!
in distilled water) and the recipient was illumi-
nated with a 40 W lamp. After 48 h the larvae of
A. salina were collected and added (ten per vial)
to solutions of the compounds 1-12, which were
solubilized in saline solution with 1% DMSO. At-
ropine sulfate was used as control. The biossays
were conducted in triplicate, and after 24 h contact
the survivors were counted and LCs, values calcu-
lated using the software PROBITOS (Finney,
1971). QSAR studies were conducted by relating
the cytotoxic activities against A. salina and the
lipophilicities of the derivatives expressed by their
log P values. Such log P values were determined
with the software ACD LogP (ACD/LogP 1.0, Ad-
vanced Chemistry Development INC.; ACD/LOG
1.0, Toronto, 1994). The pK, values were calcu-
lated with SPARC (2004).

Results and Discussion

All the derivatives obtained were active against
A. salina. Some of them, as was the case for n-
pentyl orsellinate (6) and n-hexyl orsellinate (7),
displayed pronounced activities as compared with
known cytotoxic agents such as podophyllotoxin
and emetine. The log P values and the results for
the cytotoxic activity of the compounds against A.
salina are listed in Table L.

Table I reveals that an increase in lipophilicity,
mainly because of chain elongation and evidenced
by an increase in the log P values, causes an incre-
ment in the cytotoxic activity. This can be seen in
the homologous series methyl orsellinate (2) -
hexyl orsellinate (7).

Lipophilicity was also affected by interchanges
in the functional groups, which significantly al-
tered the biological activity within the series. The
validity of the log P values as a predictor of biolo-
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Scheme 1. Alcoholysis of lecanoric acid (1) producing 2,4-dihydroxy-6-methylbenzoates 2—10 (methyl to hexyl or-
sellinates) and 2,4-dihydroxy-6-methylbenzoic acid (11) (orsellinic acid).
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CHy O
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] Table 1. Cytotoxic activity
Compound R! R? log P* LCs [um]® against brine shrimp (Ar-
temia salina) and log P
2 OCH H 238+ 033 1100 + 108
3 OCH,CH; H 291 + 033 495+ 36 f:slyee; for the compounds
4 O(CH,)>CH; H 3.44 + 033 137 + 13 :
5 O(CH,);CH; H 3.97 +0.33 85+ 25
6 O(CH,),CH; H 450 + 0.33 39+ 8 . _ .
7 O(CH,)sCH; H 5.03 +0.33 31+ 6 Values with a 95% con-
8 OCH(CH,), H 3.26 + 0.33 229 + 24 fidence interval, ob-
9 OCH(CH;)(CH,CH;) H 3.79 + 0.33 123+ 11 tained with the software
10 OC(CH,); H 3.61 +0.33 210 £ 26 , ACD-Logh.
11 OH H 2.06 + 0.33 > 800 Values with a 95% con-
12 OCH,CH, CH, 342 +034 93 + 45 fidence interval, ob-
Atropine sulfate - - - >1000 tained with the soft-
Emetine HCI - - - 29+ 68 ~ ware PROBITOS.
Podophyllotoxin _ _ _ 15 + 36° ¢ Values obtained by Solis

et al. (1993).

gical activity can be perceived when the activities
of ethyl orsellinate (3) and 4-methoxy-ethyl or-
sellinate (12) are compared: indeed, the latter, be-
ing more active because of its greater log P value.
Another interesting aspect is the similarity in the
activities of substances with similar log P values,
as, for example, propyl orsellinate (4) and 4-meth-
oxy-ethyl orsellinate (12). Also noteworthy is the
decreasing activity shown in BST of the com-
pounds with chain ramification. Indeed, propyl or-
sellinate (4) is more potent than iso-propyl orselli-
nate (8), and butyl orsellinate (5) is more active
than sec-butyl orsellinate (9) and fert-butyl orselli-
nate (10).

Most of the phenols exert their toxicity via hy-
drophobicity by perturbing the protective lipid
membrane bilayer surrounding cells. However,
pK., is also another parameter that contributes to
the toxicity of phenols. The effects of phenoxyl
radicals would depend on the type of chemical en-
tities with which they interact, their location in the
cells and their importance in the various phases of
the cell cycle. The problem is complex and has
been the aim of several studies (Hansch et al.,
2000; Selassie et al., 1998). The compounds 2—-10
have pK, values (C4—OH) around 8.0 and they
are nearly 10% ionized at pH 7.0. Although these
compounds produce phenoxyl radicals, the differ-
ence of toxicity of them depends mainly on the
hydrophobicity and in this case on the chain elon-
gation of the ester. There are many studies about

toxicity of phenols where good correlations have
been obtained based on hydrophobicity alone (Se-
lassie et al., 1998).

A quantitative correlation between lipophilicity
and cytotoxic activity against A. salina was per-
formed for substances 2-11 according to the
model proposed by Hansch et al. (2000), namely
log (1/LCsg) % log P:

log (1/LCso) = —5.9 (£ 2.56) + 1.48 (% 1.39)
log P - 0.12 (£ 0.19) (log P)?, €)

n=10, r2=09284, s=0.1428, F = 4542,
p < 00001, g2=09356, Spress = 0.0513.

The correlation presented a suitable extinction
coefficient (r? = 0.9284), and extrapolation to
maximum activity led to a log P value close to 7,
which would correspond to decyl orsellinate. Cross
validation (Gaudio and Zandonade, 2001) con-
firmed the applicability of the model (¢? = 0.9356,
Spress = 0.0513). In Table II the predictions for cyto-
toxic activity obtained by using the equation (1)
of the above-mentioned model are compared with
the experimental values.

Overall, the results shown in Table II reveal that
the activities of the orsellinates were predicted
with good precision. Another important aspect is
the possibility of inferring the activities of substan-
ces within the same series. These mathematical
models can also be used for predicting the activi-
ties of analogous compounds, for which it is suffi-
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Table II. Comparison between experimental and calcu-
lated values of LCs, for the cytotoxic activity of orselli-
nates against A. salina.

Compound LCsq [um] LCsq [uMm] calculated by
experimental regression using
log P xlog (1/LCs)
2 1100 + 108 1140
3 495 £ 36 407
4 137 £+ 13 169
5 85+ 25 82
6 39+ 8 47
7 31 6 31
8 229 + 24 224
9 123+ 11 103
10 210 £ 26 132
12 93+ 45 172

cient to substitute the log P value of the substance
into the equation of the model proposed.

According to Gaudio and Zandonade (2001),
the validation of this model, and hence of the pre-
dictions shown in Table II, can be confirmed by
obtaining the linear correlation between the val-
ues of experimental log (1/LCsg) and calculated
log (1/LCsg). Fig. 1 shows the results of this analy-
sis.

For the model (Fig. 1), only two out of 10 com-
pounds studied lie outside the area defined by the
solid line, which corresponds to the graph region
where there is a 95% probability for the experi-
mental-versus-calculated LCso line to be located.
These two compounds [fert-butyl orsellinate (10)

r=0.9635
|1 n=10

Log(1iLC,)..,

Gl T T
32 30 28 26 24 22 20 4.8 A5 1.4

Log(1iLC,)

exper

Fig. 1. Linear correlation between experimental cyto-
toxic activity against A. salina and calculated activity
for orsellinates.
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and 4-methoxy-ethyl orsellinate (12)], however,
are not far enough from this region to be regarded
as outlying. The mathematical model thus satisfies
the correlation between cytotoxic activity against
A. salina and lipophilicity of orsellinates.

It is important to point out that, because the
mathematical model presented only takes lipophil-
icity into account, it may fail to predict whether
other variables can have an influence on the activ-
ity. Such variables might include, for example, spa-
tial and electronic order, or might be related to a
specific metabolism of action which is different
from that one presented by the substances of this
work. It is also important to point out that, until
the moment, the elucidative mechanism for the cy-
totoxic action of this class of compounds against
A. salina is unknown.

Conclusion

Through alcoholysis of lecanoric acid (1) the ho-
mologous series methyl orsellinate (2) — hexyl or-
sellinate (7) was obtained, along with orsellinic
acid (11) and compounds with ramified chains —
iso-propyl (8), sec-butyl (9) and tert-butyl orselli-
nates (10). 4-Methoxy-ethyl orsellinate (12) was
also prepared.

SAR and QSAR studies were employed to in-
vestigate the derivatives obtained regarding their
cytotoxic activities against the microcrustacean
Artemia salina. Results showed that chain elonga-
tion — increase in lipophilicity evidenced by log P
values — causes a rise in the cytotoxic activity of
orsellinates. Hexyl orsellinate (7) was the com-
pound that displayed the highest cytotoxic activity
(LCso = 31 um). In contrast, ramification in the
carbon lateral chain led to a decreased activity.
The compounds with chain ramification — iso-pro-
pyl orsellinate (8), sec-butyl orsellinate (9) and
tert-butyl orsellinate (10) — were less active than
the correspondent compounds of linear chain —
propyl orsellinate (4) and butyl orsellinate (5). The
activity of 4-methoxy-ethyl orsellinate (12) indi-
cates that the hydroxy group in position 4 is an
acessory site to the cytotoxic activity.

The quantitative correlation between lipophilic-
ity and cytotoxic activity against A. salina pre-
sented a suitable extinction coefficient and the
mathematical model reveal that the activities of
the orsellinates were predicted with good preci-
sion. The validation of the model was confirmed
by obtaining the linear correlation between the
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values of experimental log (1/LCsg) and calculated
log (1/LC50)

Acknowledgements

Financial support from CPq-PROPP-UFMS,
CNPq and FUNDECT is gratefully acknowledged.

Ahmann B. and Mathey A. (1967), Lecanoric acid and
some constituents of Parmelia tinctorum and Pseudo-
evernia intense. The Bryologist 70, 93-97.

Bachelor F. W., Cheriyan U. O., and Wong J. D. (1979),
Cleavage of depsides by tert-butyl alcohol. Phyto-
chemistry 18, 487-488.

Elix J. A., Jiang H., and Wardlaw J. H. (1990), A new
synthesis of xanthones: 2.4,7-trichloronorlichexan-
thone and 4,5,7-trichloronorlichexanthone, two new
lichen xanthones. Aust. J. Chem. 43, 1745-1758.

Finney D.J. (1971), Probit Analysis, 3"¢ ed. Cambridge
University Press, Cambridge.

Fournet A., Ferreira M. E., Arias A. R., Ortiz S. T., In-
chausti A., Yaluff G., Quilhot W., Fernandez E., and
Hidalgo M. E. (1997), Activity of compounds isolated
from Chilean lichens against experimental cutaneous
leishmaniasis. Comp. Biochem. Physiol. 51, 51-54.

Gaudio A.C. and Zandonade E. (2001), Proposicao,
Validacao e andlise dos modelos que correlacionam
estrutura quimica e atividade bioldgica. Quim. Nova
24, 658-671.

Hansch C., McKarns S. C., Smith C. K., and Doolitle
D. J. (2000), Comparative QSAR evidence for a free-
radical mechanism of phenol-induced toxicity. Chem.
Biol. Interact. 127, 61-72.

Hirayama T., Fujikawa F., Kasahara T., and Nishida N.
(1980), Anti-tumor activities of some lichen products
and their degradation products. Yakugaku Zasshi.
100, 755-759.

Huneck S. and Yoshimura I. (1996), Identification of Li-
chen Substances. Springer, Berlin.

Ingdlfsdéttir K., Chung G. A. C., Skilason V. G. S., Gis-
surarson R., and Vilhelmsdéttir M. (1998), Antimyco-

657

Thanks are due to Dr. M. Fleig for identifying
the lichen, to C.J. Toledo for the preparation of
ethyl 2-hydroxy-4-methoxy-6-methylbenzoate and
to E. A. Severino for measuring the EI mass spec-
tra. A.T.G. also thanks CAPES for the grant pro-
vided.

bacterial activity of lichen metabolites in vitro. Eur. J.
Pharm. Sci. 6, 141-144.

Kumar K. C. S. and Miiller K. (2000), Depsides as non-
redox-inhibitors of leukotriene B, biosynthesis and
HaCaT cell growth. 2. Novel analogues of obtusatic
acid. Eur. J. Med. Chem. 35, 405-411.

Meyer B. N,, Ferrigni N. R., Putnam J. E., Jacobsen L. B.,
Nichols D.E., and McLaughlin J. L. (1982), Brine
shrimp: a convenient general bioassay for active plant
constituents. Planta Med. 45, 31-34.

Neamati N., Hong H., Mazumder A., Wang S., Sunder
S., Nicklaus M. C., Milne G. W. A., Proksa B., and
Pommier Y. (1997), Depsides and depsidones as inhi-
bitors of HIV-1 integrase: discovery of novel inhibi-
tors through 3D database searching. J. Med. Chem.
40, 942-951.

Perry N. B, Benn M. H., Brennan J. N., Burgess E.J,
Ellis G., Galloway J.S., Lorimer D., and Tangney
R. S. (1999), Antimicrobial, antiviral and cytotoxic ac-
tivity of New Zealand lichens. Lichenologist 31,
627-636.

Selassie C. D., DeSoyza T. V., Rosario M., Gao H., and
Hansch C. (1998), Phenol toxicity to leukemia cells: a
radical process? Chem. Biol. Interact. 113, 175-190.

Solis P. N., Wright C. W., Anderson M. M., Gupta M. P,
and Phillipson J. D. (1993), A microwell cytotoxicity
assay using Artemia salina (brine shrimp). Planta
Med. 59, 250-252.

SPARC (On-line Calculator) (2004), http://ibmlc2.chem.
uga.edu/sparc/index.cfm - 30/04/2004.

Takai M., Uehara Y., and Beisler J. A. (1979), Usnic acid
derivatives as potential antineoplastic agents. J. Med.
Chem. 22, 1380-1384.



