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Abstract Dihydroxynaphthyl aryl ketones 1-5 ex-
hibit activity as tubulin polymerization inhibitors by 
targeting the colchicine binding site of microtubules 
making them potential anticancer drugs. Therefore, 
analogues 1-5 have been evaluated for their cytotoxic 
activity against the cancer cell lines DU-145 (prostate), 
T24 (bladder) and MCF-7 (breast). notable differenc-
es in biological activity were observed for compounds 
1-5, most likely related to the nature of the aryl sub-
stituent bonded to the carbonyl group. among the test-
ed compounds, only compound 5 showed selectivity 
for cancer cells over healthy, non-transformed cells. 
T24 cancer cells treated with compound 5 presented 
a concentration-dependent decrease in cell prolifera-
tion and a loss of migration ability. The cytotoxicity 
of compounds 1-5 on the selected cell-based assays is 
discussed in terms of it lipophilicity and polarizability 
parameters.
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The critical role play by microtubules in cell division 
makes them a desirable target for the development of 
chemotherapeutic agents directed against rapidly di-
viding cancer cells1. numerous drugs that are currently  
used in clinical as antimitotic agents, including vin-
cristine, vinblastine2 and epothilones3,4, exert their ac-
tion by interrupting the dynamic instability of micro-
tubules5-7. nevertheless, due to the appearance of se-
vere side effects8 their applicability is limited for the 
treatment of cancer.

We have recently reported a flexible and eco-friend-
ly procedure to synthesize diaryl ketones by means of 
solar photo-Friedel-Crafts acylation of 1, 4-naphtho-
quinone with aldehydes9. This procedure was success-
fully extended to the synthesis of a range of antipro-
liferative dihydroxynaphthyl aryl ketones10. Taking 
advantage of the simple access to ketones 1-5 and their 
structural analogy to the tubulin polymerization in-
hibitors nocodazole11,12 and naphthylphenstatins13,14, 
compounds 1-5 (Figure 1) were tested as potential tu-
bulin polymerization inhibitors leading to disruption of 
microtubule assembly in vitro. The study revealed that 
compounds 1-4 exhibited higher affinity than 5 for tu-
bulin. This fact was attributed to the polar heterocyclic 
fragments of the former compounds, which favoured 
molecular interactions with the protein15.

Based on these precedents and due to the importance 
of microtubules in cancer cell growth, the aim of this 
work was to evaluate compounds 1-5 as cytotoxic 
agents against cancer cell proliferation and migration. 
To this end, the biological activity was assessed using 
the reduction of MTT to formazan blue in a panel of 
three cancer cell lines, namely T24 (a human bladder 
carcinoma cell line), MCF-7 (a human breast adeno-
carcinoma cell line) and DU-145 (a human prostate 
carcinoma cell line). The activity was expressed as 
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iC50 values and was compared then to that obtained 
against Balb/3T3 cells (normal fibroblast). in addition, 
a clonogenic assay and a cell migration test were also 
performed to confirm the in vitro anti-tumour activity 
of the dihydroxynaphthyl aryl ketones 1-5.

Cytotoxic effects of compounds 1-5 on cancer and 
non-cancer cells

Table 1 shows the effects of compounds 1-5 on cell 
survival using a panel of 3 different cancer cells types 

(T24, DU-145 and MCF-7) and non-transformed Bal-
b/3T3 cells. Cytotoxicity is expressed as iC50 values 
at concentrations ranging from 0.001 to 100 μM and 
these values were calculated by measuring the reduc-

tion of MTT to blue formazan. in addition, by calcu-
lating the ratio between the iC50 of normal fibroblasts 
and the iC50 of tumour cells, a specific antitumor ef-
fect, termed selectivity index was determined.

Compound 5 showed more potent cytotoxicity than 
compounds 1-4, with a selectivity index (iC50 non-tu-
mour cells/iC50 tumour cells) of 2.16. indeed, com-
pound 5 was cytotoxic toward the three cancer cell 
lines, but it was less active in the non-transformed 
cells. no particular difference was observed for iso-
mers 1 and 2, indicating that additional pathways other 
than tubulin polymerization are involved in the loss of 
cellular viability. Compound 4, the best tubulin poly-
merization inhibitor15, retained its activity against the 
3 cancer cell lines but also against normal fibroblasts 

Table 1. iC50, ClogP and CMr values for compounds 1-5.

iC50±SeM (μM)a

n° T24b DU-145c MCF-7d niH 3T3e Sif ClogPg CMrg

1 32.29±3.1 32.75±2.9 37.87±4.2 33.36±3.6 0.98 3.89 7.50
2 35.00±4.1 33.42±4.3 38.08±3.2 36.93±4.6 1.05 3.89 7.50
3 33.67±2.5 32.14±3.4 31.23±3.5 27.23±2.4 0.84 3.36 6.90
4 20.37±1.2 30.38±2.9 29.04±2.3 22.58±1.6 0.88 2.83 7.12
5 17.49±1.3   8.67±1.1 17.70±0.9 28.28±1.8 2.16 3.36 9.54

aIn vitro inhibitory effect of compounds 1-5 expressed as iC50 values of the human-derived tumour cell lines, bT24 (bladder), cDU-145 (prostate) 
and dMCF-7 (breast), and enon-tumour fibroblasts (niH 3T3). Data represent mean average values±SeM for three separate experiments. fSelective 
index = iC50 values for non-tumour cells/iC50 values for tumour cells. gClogP = calculated lipophilicity and CMr = calculated molar refractivity 
index were determined by using the Chemdraw Ultra software.

Figure 1. Structures of compounds 1-5, nocodazole and naphthylphenstatin. Structural analogy between nocodazole and quinones 1 
to 4 showing the substituent group of 5-atoms. naphtylphenstatins is close related to quinone 5.
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(Balb/3T3 cells), indicating a lack of selectivity. in ad-
dition, none of the compounds 1-5 was able to induce 
caspase-3 activation (data not shown) ruling out an 
apoptosis-like cell death.

Effect of compound 5 on cancer cell proliferation 
and cell migration

in T24 cells treated with compound 5 (from 0.1 to 10 

μM), a concentration-dependent decrease in cell pro-
liferation was observed (Figure 2). at the highest con-
centration used (10 μM), which is below its IC50 val-
ue, compound 5 impaired the capacity of T24 cells to 
proliferate, and it induced clonogenic death. notably, 

increased cell proliferation is a key characteristic of 
malignancy.

Figure 3 shows that migration of the control cells 

(untreated T24 cells) was detectable after 12 hours of 
incubation, and from this point forward, migration was 
consistent, resulting in layer closure within 24 hours. 
T24 cells notably lost their motility when treated with 
compound 5 at either 1 or 10 μM.

Compound 5 induced a concentration-dependent 
inhibition of proliferation in T24 cells, resulting in 
clonogenic death (i.e., a strong loss of proliferation). 
Moreover, in T24 cells treated with compound 5, cell 
motility was markedly reduced compared to that ob-
served in the untreated control cells.

Figure 3. effect of compound 5 on cell migration. The motility of the T24 cells was assessed by incubating the cells for different 
times in a culture insert plate in the absence (control) or in the presence of 1 and 10 μM compound 5, as described in Materials and 
Methods.

Figure 2. effect of compound 5 on cell proliferation. T24 cells were incubated for 24 h with different concentrations of compound 5, 
as indicated in the figure. After 10 days, the colonies were stained and counted. The figures are representative of three independent 
experiments.
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Discussion

We have recently shown that compounds 1-5 are com-
petitive inhibitors of colchicine binding to tubulin15, 
therefore the question was raised about their potential 
inhibitory activity on eukaryotic cell growth. To this 
end, experiments of cell proliferation using normal 
and cancer cell lines were performed. in addition, the 
effect of compound 5 was also examined with regard 
to cancer cell motility. indeed, the inhibition of T24 
cancer cell migration by compound 5 (Figure 3) is im-
portant because the transit of cancer cells towards the 
tissue surrounding the tumour and the vasculature are 
the first steps in the spread of metastatic cancers16. The 
iC50 values (Table 1) for the inhibition of cell prolifera-
tion show that compound 5 is the most active member 
of the group.

Molecular descriptors such as atomic masses, van 
der Waal volume, electronegativity, dipole moments 
and polarizabilities are associated with pharmacokin-
etic profiles, which affect the activities of compounds. 
These chemical properties together with lipophilicity 
and steric bulk are important factors facilitating cell 
entry, a crucial step that allows compounds to reach 
the intracellular target sites and to interact with them. 
The lipophilicity of a compound, logP17, is often cor-
related with activity as well as molar refractivity (Mr) 
that serve as convenient estimate of molecular polar-
izability and steric bulk17-21. Comparison of the ClogP 
and CMr parameters of compounds 1-5 (Table 1) in-
dicated that such compounds do not exhibit significant 
differences on their lipophilicities. nevertheless, it can 
be observed that among the ketones 1-5, compound 
5 have the greatest CMr value. Hence, it may be as-
sumed that the polarizability or steric bulk properties 
in this class of ketones could be associated with the 
cytotoxic activity.

in conclusion, the results reported here indicate that 
compounds 1-5 have good activities in biochemical 
assays and good translation to cellular assessment of 
cytotoxicity and motility. The limitations of the ke-
tones 1-5 include their selectivity and likely metabolic 
liabilities in the hydroquinone moiety. indeed, hydro-
quinones are generally less reactive than semiquinone 
radicals and are conjugated with glucuronic acid or 
sulphate, and eliminated from the cell22. However, a 
potential metabolic effect can be discarded because 
the hydroquinone residue, which is common in com-
pounds 1-5, is stabilized in part by intramolecular 
hydrogen bond through the ortho carbonyl group and 
also because compound 5 shows a higher cytotoxic 
effect compared to their analogues 1-4. accordingly, 
prior to conclude about a specific mechanism of action 
and to move on with sophisticated in vivo experiments, 

more active molecules are needed. Studies are now in 
progress taken compound 5 as a template to develop a 
new generation of more potent ketone compounds.

Materials & Methods

Dihydroxynaphthyl aryl ketones 1-5: Compounds 
1-4 were prepared from 1,4-naphthoquinone and the 
corresponding aldehydes: thiophene-2-carbaldehyde; 
thiophene-3-carbaldehyde; furan-2-carbaldehyde and 
1H-pyrrole-2-carbaldehyde9. The structure of com-
pounds 1-4 were confirmed by comparing the 1H-, 
13C-nMr spectral data to the data reported in the liter-
ature9. Compound 5 was prepared from 1,4-naphtho-
quinone and 3,4,5-trimethoxybenzaldehyde, and the 
spectral data were in agreement with those reported in 
the literature10,23.

Chemicals and cells culture conditions

MTT [3-(4,5-dimethylthiazolyl-2)-2,5-diphenyltetra-
zolium bromide] and dimethyl sulfoxide (DMSo) were 
purchased from Sigma-aldrich Chem. Co. (St. louis, 
Mo, USa). all other chemicals were aCS reagent 
grade.

Human cancer cell lines (T24, DU-145, MCF-7) 
were cultured in high-glucose Dulbecco’s modified 
eagle medium (gibco, grand island, nY, USa) sup-
plemented with 10% foetal calf serum, penicillin (100 

U/ml), and streptomycin (100 μg/mL). Balb/3T3 cells 

(normal mouse fibroblasts) were cultured in the same 
medium, except that the foetal calf serum was replaced 
by 10% new-born calf serum. all cultures were kept 
at 37°C in 95% air/5% Co2 at 100% humidity. Phos-
phate-buffered saline (PBS) was purchased from gib-
co. Cells were incubated at the indicated times at 37°C 
with or without dihydroxynaphthyl aryl ketones 1-5 at 
various concentrations.

Cell viability assay

The cytotoxicity of compounds 1-5 was evaluated for 
their in vitro antiproliferative activity against a panel 
of four cell lines, including non-tumour Balb/3T3 fi-
broblasts and three human-derived tumour cell lines, 
namely DU-145 (prostate), T24 (bladder) and MCF-7 

(breast), using conventional microculture MTT tetra-
zolium reduction assays24. Briefly, 104 cells/well were 
plated in 96-well plates, and after confluence, they 
were exposed to different dihydroxynaphthyl aryl ke-
tones at concentrations ranging from 0.001 to 100 μM 
for 48 h. The cells were then washed twice with PBS 
and incubated for 2 h with MTT (0.5 mg/ml). DMSo 
was added to dissolve the formazan crystals (100 μL/
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well), and the resulting absorption of the coloured sol-
utions was read at 550 nm. The iC50 values were calcu-
lated using the graphPad Prism software (San Diego, 
Ca, USa).

Clonogenic survival assay

The potential to induce clonogenic death was evaluat-
ed according to Franken et al.25 using the T24 cell line. 
These cells were selected due to their facility to enu-
merate when they form colonies. indeed, the other cell 
lines proliferate by forming cellular aggregates mak-
ing difficult the colony counting. Using 6-well plates, 
trypsinized cells (500) were seeded at a single cell den-
sity and were allowed to adhere overnight. Cells were 
treated with vehicle alone as a negative control or with 
compound 5 (0-10 μM). After 24 h, a double wash with 
warm PBS was performed, and fresh medium was add-
ed. Colony formation was allowed to proceed for 10 
days. Finally, the colonies were fixed and stained with 
crystal violet to measure the clonogenic survival.

Cellular migration assay

Cell culture plates with inserts (Culture insert - ibidiTM) 
were used to evaluate cell migration, according to the 
manufacturer’s protocol. in each plate-set, the inserts 
formed two small chambers separated by a septum. 
each chamber was filled with 70 μL of a T24 cell sus-
pension at 7 × 105 cells/ml. We preferred the use of 
these cells because their rapidity to migrate. Cells were 
allowed to set overnight. at time zero, the inserts were 
removed using sterile tweezers, resulting in two con-
fluent cell populations separated by a 500-μm gap in 
each plate. Then, fresh serum-free medium containing 
vehicle alone as a negative control or compound 5 (0-10 

μM) was added. Thereafter, images were captured at 
regular intervals under a microscope coupled to a cam-
era.
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