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Abstract

Background: The anti-inflammatory effects of daphnetin (7,8-dihidroxicoumarin) have been well-documented, but the potential
of daphnetin as an anticancer agent is controversial and remains insufficiently explored. Material and methods: In this work,
we evaluated the in vitro anti-proliferative effect of daphnetin in three cell lines by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyitet-
razolium bromide assays, as well as its in vivo antitumor effect in four different types of mouse tumor. Results: With a cor-
relation between in vitro and in vivo results, the tested cell types have different sensitivity to the compound. The following cell
lines are arranged according to the in vitro anti-proliferative potency of daphnetin: B16 melanoma cells (inhibitory concentrations
50 [IC,)] = 54 + 2.8 uM) > mitoxantrone (MXT) breast adenocarcinoma cells (IC,, = 74 + 6.4 uM) > C26 colon carcinoma cells
(IC,, = 108 £ 7.3 uM). In vivo, the optimal antitumor dose of daphnetin was 40 mg/kg and the magnitudes of inhibition were
the following: B16 tumor (48%) > MXT tumor (40%) > S180 fibrosarcoma tumor (30%) > C26 tumor (20%). Conclusion: Our
results indicate that daphnetin might have an impact as adjuvant to improve the effectiveness of conventional chemotherapy.
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Resumen

Antecedentes: Los efectos antiinflamatorios de la dafnetina (7,8-dihidroxicumarina) han sido bien documentados, pero su
potencial como agente anticanceroso es controversial y no se ha explorado suficientemente. Material y métodos: En este
trabajo se evalua el efecto antiproliferativo in vitro de la dafnetina en tres lineas celulares mediante ensayos de MTT, asi como
su efecto antitumoral in vivo en cuatro diferentes tipos de tumores en ratones. Resultados: Con una correlacion entre los re-
sultados in vitro e in vivo, los tipos de células probadas tienen diferente sensibilidad al compuesto. Las siguientes lineas celu-
lares estan ordenadas de acuerdo con la potencia antiproliferativa in vitro de la dafnetina: células de melanoma B16 (IC,, = 54
+ 2.8 M) > células de adenocarcinoma de mama MXT (IC,, = 74 + 6.4 uM) > células de carcinoma de colon C26 (IC,, = 108
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+ 7.3 uM). In vivo, la dosis antitumoral dptima de dafnetina fue de 40 mg/kg, y las magnitudes de inhibicion fueron las siguien-
tes: tumor B16 (48%) > tumor MXT (40%) > tumor fibrosarcoma S180 (30%) > tumor C26 (20%). Conclusién: Los resultados
indican que la dafnetina podria tener un impacto como adyuvante para mejorar la efectividad de la quimioterapia convencional.

Palabras clave: Dafnetina. Cumarinas. Antiproliferacion. Actividad antitumoral. Quimioterapia tumoral.

|ntroduction

Phytochemicals are natural molecules found in many
foods and medicinal plants, which play an important role
in the prevention and treatment of chronic diseases.
Because of their anti-inflammatory, antioxidant and an-
ticancer effects, phytochemicals are becoming increas-
ingly accepted in Western countries'. Some of the most
studied phytochemicals are genistein, resveratrol, epi-
gallocatechin gallate, and curcumin?. It has been pro-
posed that the implementation of these phytochemicals
as adjuvants in the treatment of cancer could improve
the efficacy of chemotherapy®. Therefore, their potential
effectiveness against different cancers is being evalu-
ated in clinical trials (http:/www.clinicaltrials.gov/). Fur-
thermore, there are other natural molecules that are
already used in humans for the treatment of other chron-
ic diseases and whose actions could also improve the
treatments by conventional chemotherapy.

Daphnetin (7,8-dihydroxycoumarin) is a secondary
metabolite of plants used in Traditional Chinese Medi-
cine for pain and rheumatoid arthritis*®. Its anti-inflam-
matory actions occur mainly through the modulation
of the immune system by downregulating the activa-
tion of NF-kB and other signaling pathways, which
suppress the production of many pro-inflammatory
cytokines®®. In addition, daphnetin also has antioxi-
dant'®, antimicrobial'', antimalarial®? and antiangiogen-
ic properties'.

Among simple coumarins, this compound has the
greatest kinases inhibitory activity™, which inhibits
several mitogenic pathways and induces an important
anti-proliferative effect in some tumor cell lines®. Its
kinase inhibitory activity is consistent with the reduc-
tion of cyclin D1 and the cell cycle inhibition in S-
phase in Michigan Cancer Foundation (MCF)-7 human
breast carcinoma cells'.

Daphnetin induces apoptosis in a concentration-
dependent manner by inhibiting the anti-apoptotic Akt/
NF-kB pathways, which produces upregulation of the
pro-apoptotic caspase-3 in A549 human lung adeno-
carcinoma cells".

Daphnetin also activates p38 mitogen-activated pro-
tein kinase in concentration- and time-dependent

manner in the A498 human kidney adenocarcinoma
cell line. That correlates with the expression of cellular
differentiation markers CK18 and CK8. In addition to its
greater cytostatic activity, the following factors contrib-
ute to making daphnetin a promising compound to be
evaluated as an anticancer agent: (a) it is not muta-
genic; (b) it does not intercalate DNA, but rather inhibits
its synthesis; () it is not a substrate for glycoprotein P,
and therefore its anti-proliferative effect will not be af-
fected by the phenotype of multiple drug resistance™.

In contrast, Kimura et al.'® did not observe the anti-
proliferative or antitumor effect of daphnetin in osteo-
sarcoma LM8 cells (in vitro) and a highly metastatic
model in LM8-bearing mice (in vivo).

To clarify the anticancer effectiveness of daphnetin,
the aim of the present work was to evaluate more
extensively the in vitro anti-proliferative effect of daph-
netin in tumor cell lines not yet studied at this respect,
and in addition, to evaluate its in vivo antitumor effect
in four different types of murine tumors.

Here, we present that based on the calculated inhibi-
tory concentrations 50 (IC,)s, daphnetin was most effec-
tive in B16 murine melanoma cells followed by
mitoxantrone (MXT) murine breast adenocarcinoma cells
and C26 murine colon carcinoma cells. Regarding the in
vitro potency of daphnetin, a correlation was observed
with the in vivo experiments. The B16 tumors were the
most sensitive to daphnetin followed by MXT tumors,
S-180 murine fibrosarcoma tumors, and C26 tumors.

Materials and methods
Compounds

Daphnetin (7,8-dihydroxycoumarin), dimethyl sulfox-
ide (DMSQ), absolute ethanol, and (3-(4,5-dimethyl-
thiazol-2-yl)-2,5-diphenyl tetrazolium bromide [MTT])
were commercially supplied by Sigma-Aldrich (St.
Louis, MO, USA).
Cell lines and tumors

B16 murine melanoma cell line, MXT murine breast
adenocarcinoma cell line, and C26 murine colon
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carcinoma cell lines were purchased from the Ameri-
can Type Culture Collection (Manassas, VA, USA).
MXT cells were routinely cultivated at 37°C in humid-
ity, with 5% CO, in Roswell Park Memorial Insti-
tute-1640 medium, supplemented with 10% (v/v) fetal
bovine serum, 1% (v/v) pyruvate, and a 1% (v/v) anti-
biotic—antimycotic mix (penicillin G sodium, strepto-
mycin sulfate and amphotericin B). B16 melanoma
cells and C26 cells were cultivated in Dulbecco’s Mod-
ified Eagle’s Medium supplemented as above. S180
sarcoma was obtained from the Chester Beatty Can-
cer Research Institute, London, UK.

Cytostatic MTT assay

The cytostatic effect of compound tested on the
tumor cells was estimated using the microculture MTT
assay. The assay is based on the reduction of soluble
tetrazolium salt by mitochondria of viable cells. The
reduced product, an insoluble purple-colored forma-
zan, was dissolved in DMSO and measured spectro-
photometrically (570 nm). Under the experimental
conditions of this study, the amount of formazan was
proportional to the number of viable cells. Cells (2 x
10%) were seeded in each well of a 96 well microplate
in a 200 pL of medium and after overnight incubation,
the medium was replaced with fresh media containing
the corresponding concentration of daphnetin (10, 20,
40, 80, 160, and 320 pM). Ethanol was used as a
solvent, and its maximal concentration in the medium
was 0.5% v/v. After 72-h exposure, the percentage of
proliferative inhibition of treated cells was estimated
against the solvent-treated control cells (P% = [T/C] x
100). P% = proliferation percentage; T = absorbance
of treated cells, C = absorbance of control cells. IC,,
was calculated from the least square concentration-
response regressions.

Animals

Female inbred BDF1 (for MXT and S180 tumors),
C57BL/6 (for B16 tumor), and BALB/c (for C26 tumors)
mice (8 weeks old) from a specified pathogen free
breeding of the Department of Experimental Pharma-
cology, National Institute of Oncology (Budapest, Hun-
gary) weighing 22-24 g were used for these
experiments. The animals were fed with a sterilized
standard diet (Biofarm, Budapest) and had access to
tap water ad libitum. They were kept in Makrolon cages
at 23-25°C (40-50% humidity), with a lighting regimen

of 12 h/12 h light/dark. The animals used in these stud-
ies were cared for according to the “Guiding Principles
for the Care and Use of Animals” based on the Helsinki
Declaration and which were approved by the local ethi-
cal committee (license number: PE/001/2574-6/2015).
In our experiments, we utilized seven mice per group.

Transplantation of the tumors

An optimal fragment (2 x 2 x 3 mm) of S180 sar-
coma, MXT breast adenocarcinoma, or C26 colon
carcinoma tumor/mouse were transplanted subcuta-
neously (s. ¢.) into the intrascapular region of the
mice®. The animals were anesthetized by i.p. injection
of 20 mg/kg ketamine (Rationpharm, Ulm, Germany)
and 12.5 mg/kg xylazine (Rompun, Bayer HealthCare,
Leverkusen, Germany). B16 melanoma cells (6 x 10%
mouse) were inoculated into the intrascapular region
of the mice. Treatment with daphnetin started after
development of the tumor (on 7" day). The animals
were distributed among groups according to a bal-
anced design based on initial tumor volume (n = 7
animals per group in each experiment), and groups
were assigned randomly to treatments.

In vivo treatment conditions, doses, and
evaluation.

Every day, before administration, fresh dilutions
were prepared diluting daphnetin in DMSO and then
in distilled water at 37°C (the final concentration of
DMSO was 4% v/v). On the basis of our previous ex-
periments, daphnetin was administrated i.p. at doses
of 10, 20 and 40 mg/kg and the mice were treated for
14 days. Ratio of the volume/body weight was 0.1
mi/10 g. In all cases, mice of the control group have
received water with DMSO at 4% (v/v). The animals
were weighed and the tumor volumes were measured
with a micro caliper on every 2" or 3 days. The tumor
volume was calculated with the following formula:
V = (7/6) x L/D? (V: tumor volume, L: longest diameter,
D: diameter perpendicular to L). Tumor volume mea-
surements were continued until day 23 for tumors B16
and until day 18 for the other tumors. The results were
expressed in means + standard error mean (SEM).

Statistical analysis

Statistical significance among groups was analyzed
employing one-way analysis of variance (ANOVA).
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Figure 1. Anti-proliferative effect of daphnetin (10-320 uM) at 3 days exposure in three murine tumor cell lines: (A) B16 melanoma cells (IC,, = 54
+ 2.8), (B) mitoxantrone breast adenocarcinoma cells (IC,, = 74 + 6.4 uM), and (C) C26 colon carcinoma cells (IC,, = 108 + 7.3 uM). In all cases,
at concentration of 80 uM daphnetin inhibited significantly the proliferation near of 50% or less: *p < 0.05, **p < 0.01, ***p < 0.001.

The significance of the differences among data of the
control and treated groups of the in vitro cell prolifera-
tion assays and the in vivo antitumor assays were
estimated by Dunn’s or Dunnett’s method, as required.
The analysis was performed using the SigmaStat 3.1
program, Systat. The results were expressed in means
+ SEM. Values of p < 0.05 were considered statisti-
cally significant. The in vitro data are representative
of at least four independent experiments.

Results

In vitro anti-proliferative effect of
daphnetin

In accordance with our previous works, at concen-
trations lower than 160 pM, although some small in-
hibitory effects were observed in all cell lines after
24- or 48-h exposure, the anti-proliferative effect be-
came significant and concentration-dependent only
after 72 h of exposure.

In all cases, at 320 pM concentration, daphnetin
produced cytotoxicity which was confirmed by Trypan
blue exclusion (data not shown), but in the case of
B16 and MXT cells the cytotoxicity become evident
even at 160 pM.

All cell lines were inhibited by daphnetin at similar
ranges of concentration, as the IC_, were in the range
between 54 and 108 puM. However, some cell lines
were more sensitive than others (Fig. 1). B16 cells
were the most sensitive to daphnetin (IC,, = 54 =+
2.8 pM) and the differences observed between the
treated cells and control cells were statistically signifi-
cant from the concentration of 20 pM. In contrast, in
MXT cells (IC,, = 74 + 6.4 uM) and in C26 cells

(IC,, =108 + 7.3 uM) were less sensitive to compound,
because their anti-proliferative effect began to be sta-
tistically significant only at concentration of 80 pM.

In vivo antitumor effect of daphnetin

The antitumor activity of daphnetin in four different
tumor types over time is shown in figure 2. The per-
centage of tumor growth produced by daphnetin at
different doses compared to the control group in the
last evaluation day is shown in table 1.

B16 MELANOMA TUMOR

A statistically significant reduction of the tumor vol-
ume (approximately 35%) was observed at day 16 and
the magnitude of the antitumor effect was increased
as time progressed. In the last evaluation day, the
dose of 40 mg/kg produced the best response with
48 % of inhibition (p < 0.05).

MXT BREAST ADENOCARCINOMA TUMOR

A significant tumor inhibition of approximately 35%
was observed at day 11; however, the magnitudes of
the effects were similar at different days. The best
response was observed at dose of 40 mg/kg with
40 % of inhibition (p < 0.05).

S180 sarRcomA TUMOR

The antitumor effect was observed from day 14 and a
clear relation dose-dependent response was observed
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Figure 2. (A-D) Tumor growth inhibition by daphnetin (10 mg/kg, 20 mg/kg, and 40 mg/kg) in four different murine tumor models: B16 melanoma,
mitoxantrone breast adenocarcinoma, S180 sarcoma, and C-26 colon carcinoma. *p < 0.05.

each day. The best response of daphnetin was observed
at dose of 40 mg/kg with 33% inhibition (p <0.05).

C26 cOLON CARCINOMA

At day 11, all concentrations produced a meaningful
antitumor effect (p < 0.05) of approximately 50 % of
inhibition in respect to the control group. On the last
measurement day, the differences between treated
and control were approximately 15%. The best effect
was observed at dose of 40 mg/kg with 20% of inhibi-
tion (p < 0.05).

Discussion

Among simple coumarins, esculetin (6,7-dihydroxy-
coumarin) is one of the most studied and it has been
proposed as a potential anticancer agent?'. Recently,
Kimura et al.'® reported that esculetin inhibited the
proliferation of osteosarcoma cells LM8 at 12 and 24 h
of exposure, whereas any effect of daphnetin was not
observed. However, it has been widely reported that
the anti-proliferative effect of coumarin derivatives is
dependent on both time and concentration and they
are considerably more active in leukemia cell lines
than in the cell lines derived from epithelial tumors?2.
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Tabla 1. Antitumor effect of daphnetin in four different murine tumor model: B16 melanoma, S180 sarcoma, MXT breast adenocarcinoma

and C-26 colon carcinoma on the last evaluation day

Tumor type Dose Dose Treatment Tumor volume T/Cx100 TGl Evaluation day?
(mg/kg) (1mol/kg) schedule (cm® = SEM) (%) (%)

B16 melanom 10 56 14 x qd 2.7 £047" 70 30 23
20 112 14 x qd 2.2 +0.20* 56 44 23
40 224 14 x qd 2.0+0.31* 52 48 23
control 14 x qd 3.9+ 051 23
MXT breast 10 56 14 x qd 28 +0.12" 71 29 18
adenocarcinoma 20 112 14 x qd 2.7 £0.26" 67 33 18
40 224 14 x qd 2.4 +0.37* 60 40 18
control 14 x qd 39+054 18
5180 Sarcoma 10 56 14 x qd 57 +0.37 88 12 18
20 112 14 x qd 51+027 80 20 18
40 224 14 x qd 43 +0.28" 67 33 18
control 14 x qd 6.4 +0.65 18
C-26 colon 10 56 14 x qd 52+0.33 87 13 18
carcinoma 20 112 14 x qd 55+0.39 93 7 18
40 224 14 x qd 4.8 +0.62 80 20 18
control 14 x qd 6.0 £0.42 18

a:The day in which the first death was observed in the control group. TGI = Tumor growth inhibition. qd = each day. * = p < 0.05

It is not clear why Kimura et al. did not observe the
anti-proliferative effect of daphnetin. In contrast with
their results, in our previous work, we have reported
that the effect of coumarins became evident only after
exposure for 72 h and daphnetin has a greater anti-
proliferative effect than esculetin in MCF-7 cell line®.
The results of the present paper agree with our previ-
ous findings as well as with the other authors’ in other
cell lines™™®. According to the estimated IC, s, daph-
netin was more active in B16 cells, followed by MXT
cells and C26 cells.

Our in vivo results demonstrated the antitumor ef-
fect of daphnetin in four different types of mouse tu-
mors. Although the antitumor effect of daphnetin has
different latency and magnitude in each mouse model,
the best response was observed at the concentration
of 40 mg/kg of the compound in all cases. Based on
the magnitude of the effect on the last evaluation day,
the sensitivity of the tumors to daphnetin was the fol-
lowing: B16 melanoma > MXT breast adenocarcinoma
> 5180 sarcoma > C26 colon carcinoma.

Kimura et al.” did not observe the antitumor effect of
daphnetin in osteosarcoma LM8-bearing mice at the
concentration of 3 mg/kg and 10 mg/kg. One part of
our results is in agreement with this report, because at
a 10 mg/kg dose, we have also observed no effect in
S180 sarcoma. However, in the B16 melanoma and

MXT breast adenocarcinoma a significant antitumor
effect were observed, this effect became more evident
at higher concentrations. In addition, in the case of
hormone dependent cancers such as breast cancer,
daphnetin could potentially be safer because it does
not have the estrogenic effect observed in esculetin'®.

In accordance with the method of body surface area
for dose translation from animal to human?:, the dose
of 40 mg/kg of daphnetin in mice corresponds to a
human equivalent dose of 3.24 mg/kg, which equates
to a 227 mg dose of daphnetin for a 70 kg person.
The oral tablet commercially available for human con-
sumption contains 300 mg of daphnetin and the usual
clinical dose range for daphnetin was 450 mg 3 times
a day®.

Our results suggest that daphnetin could be benefi-
cial to improving the efficacy of chemotherapy, as has
been observed with other phytochemicals (http://www.
clinicaltrials.gov/).

Daphnetin (7,8-dihydroxycoumarin) is a natural
coumarin that has been developed successfully as
an oral medicine for the clinical treatment of trau-
matic injury and rheumatoid arthritis in China since
the 1980s. Unlike traditional anti-inflammatory agents
(NSAIDs and glucocorticoids), its chronic use does
not produce significant adverse effects, making it
safer in humans.
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In the present work, the in vivo antitumor activity of
daphnetin was demonstrated in four different types of
mouse tumor and its in vitro anti-proliferative effect
was corroborated in three tumor cell lines. Regarding
the in vitro potency of daphnetin, a correlation was
observed with the in vivo experiments. However, the
possible changes in the expression of genes involved
in antitumoral effect of daphnetin must be evaluated
in future studies. The pleiotropic actions and low toxic-
ity of this molecule represent a great advantage for
its possible inclusion as adjuvant agent in human
protocols to improve the efficacy of chemotherapy.
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