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Malignant gliomas continue to demand the search for improved chemotherapeutic solutions. In this work
the results of a preliminary in vitro screening performed on a small library of compounds are disclosed.
As a result 2-(2,4-dihydroxyphenyl)-8-hydroxy-1,4-naphthoquinone emerged as a promising therapeutic
lead.

� 2011 Elsevier Ltd. All rights reserved.
Malignant gliomas affect the Central Nervous System (CNS) and
are the most frequent subtype of primary brain tumours, being
considered one of the most aggressive human malignant diseases.1

These tumours are characterized by diffuse infiltration through the
brain parenchyma and have high resistance to the standard cancer
therapies. At present, the Food and Drug Administration (FDA) ap-
proved approach consists of neurosurgical resection, followed by
chemotherapy with an alkylating agent, such as temozolomide
(TMZ) (Fig. 1), in combination with radiotherapy.2 It is widely ac-
cepted that the anticancer activity of TMZ is due to methylation
of the oxygen-O6 of the guanine DNA base, thus inducing apoptosis
and therefore tumor regression.3

In previous years, oncogenesis has been increasingly associated
with an altered protein kinase expression.4,5b In particular it was
noticed that the interference with the protein kinase A pathway in-
duced modulations in the proliferation and cell death of glioma
cells.5a,6 Recently we described the distribution of protein kinase
A in rodent glioma models and in human medulloblastoma.5 On
this basis, a possible biological effect of compounds able to interact
with the pathways involving kinases appeared reasonable.7

This study investigated novel potential species for malignant
glioma treatment.
ll rights reserved.

otto).
Preliminary screening of a small, in house, library seemed a good
approach to find a new lead in the search of drugs for the treat-
ment of gliomas. So a panel of 30 chemical entities, many of which
Figure 1. Chemical structures of the cited compounds.
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Figure 2. GLI36 cell treated with C1 50 lM. Apoptotic cells stained with Wright
stain; direct light 40�; scale bar 30 lm.
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showed a kinase inhibitory activity, were selected on the basis
of their chemical diversity and investigated in search of
compounds having a good cytotoxicity on glioma cells and, as a re-
sult, 2-(2,4-dihydroxyphenyl)-8-hydroxy-1,4-naphthoquinone
(C1) (Fig. 1) emerged as a promising therapeutic lead.7

Adaptation and improvement of the procedure reported by
Zonta et al.8 gave a very straightforward process to synthesize
the compound C1. Resorcinol and phosphoric acid were added to
a suspension of juglone in acetic acid giving the desired compound
Figure 3. The percentage of apoptotic GLI36 cells induced by treatment with DMSO,
B = 5 lM, C = 0.5 lM and D = 0.05 lM). T-test ⁄p <0.05, ⁄⁄p <0.01, ⁄⁄⁄p <0.001, different fo
in satisfactory yield (62%), upon stirring the mixture for less than
2 h at room temperature.7

The cytotoxic effect of C1 was evaluated in the immortalized
human glioma cell line GLI36 and in a primary human glioblas-
toma cell culture, and compared with the effect induced by TMZ.
In addition, a comparison with paclitaxel (PTX) (Fig. 1), a mitotic
spindle poison clinically used, which stabilizes microtubules and
inhibits their depolymerization to tubulin,9 was also carried out
(Fig. 2).10

Remarkably, GLI36 cells treated with the juglone derivative C1
showed a statistically significant increase in apoptosis ( Fig. 3)
which was noteworthy compared to the results obtained for the
other reference substances TMZ and PTX. In addition, such a differ-
ence was found to be significant for all the tested concentrations
(Fig. 3A–D). Comparison between C1, TMZ and PTX also showed
that the necrosis induced by C1 was found to be significantly lower
at higher concentration (50 lM, 5 lM—Fig. 4A and B). Interestingly,
necrosis increased in the presence of lower concentration of C1
(0.5 lM, 0.05 lM—Fig. 4C and D).

The primary human glioblastoma cell culture treated with the
juglone derivative C1 showed a statistically significant increase
in apoptosis compared to the cells treated with other substances
(Fig. 5 A and B). As expected, the necrosis induced by C1 was sig-
nificantly lower than the other substances (Fig. 5 C and D).

In conclusion, the synthesis of 2-(2,4-dihydroxyphenyl)-8-
hydroxynaphthalene-1,4-dione C1 was successfully achieved as
described by Zonta et al.8 and improved. Characterisation of C1
by NMR spectroscopy was rather difficult, although it provided evi-
dence to prove its molecular structure. Pharmacological evaluation
C1, PTX and TMZ at different concentration of the tested substances (A = 50 lM,
rm C1.



Figure 5. The percentage of apoptotic (A and C) and necrotic (B and D) cells from a primary human glioblastoma induced by treatment with different concentration of DMSO,
C1, PTX and TMZ (A and C = 50 lM, B and D = 0.05 lM). T-test ⁄p <0.05, ⁄⁄p <0.01, ⁄⁄⁄p <0.001, different form C1.

Figure 4. The percentage of necrotic GLI36 cells induced by treatment with DMSO, C1, PTX and TMZ at different concentration of the tested substances (A = 50 lM, B = 5 lM,
C = 0.5 lM and D = 0.05 lM). T-test ⁄p <0.05, ⁄⁄p <0.01, ⁄⁄⁄p <0.001, different form C1.
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showed a remarkable increase of the in vitro apoptotic induction
on human glioma cells when compared with TMZ and PTX. Aiming
for the discovery of novel therapeutic compounds which could sig-
nificantly improve contemporary glioma chemotherapy, these pre-
liminary results prompted the preparation of novel derivatives,
whose testing is currently being carried out under the same condi-
tions. In addition, future cytotoxicity assays on different cell lines
will be considered, thus giving significant and comprehensive data
to better understand the cytotoxic effect of such compounds.
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