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Abstract

In the past few years, evidence has supported the role of plants as a valuable tool for the development of promising therapeutic
support options for many diseases, including cancer. We recently discovered that the edible wild plant Crithmum mariti-
mum L. effectively inhibits the growth of hepatocellular carcinoma (HCC) cells and we provide insights into the biological
mechanisms involved. Here, we aimed to characterize the effect of ethyl acetate extract of Crithmum maritimum on the
bioenergetic phenotype of HCC cells and if this is associated with the anti-tumour effect we previously described. Results
show that Crithmum maritimum significantly increases cellular respiration and reduces lactic fermentation in HCC cells,
and that this reduction of the fermentative glycolytic phenotype is linked to inhibition of HCC growth. These data provide
new preclinical evidence supporting the role of Crithmum maritimum L. as a nutraceutical option to expand the therapeutic

opportunities in the management of HCC.
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Introduction

The utilisation of plant extracts and plant-derived products
for therapeutic purposes is now gaining new importance for
many pathological affections, including cancer [1]. Hepa-
tocellular carcinoma (HCC) is nowadays the sixth leading
cause of tumour-related deaths worldwide and expected as
the third cause in Western countries by 2030 [2]. HCC man-
agement mainly relies on surgery, while the pharmacological
approach to tyrosine-kinase inhibitors, such as sorafenib [3],
is often combined with immunotherapy drugs. Such proto-
cols have many adverse effects and cannot be tolerated in the
long-range. Therefore, a novel effective, and better-tolerated
therapeutic options for HCC are extremely needed.
Crithmum maritimum is known for a long time as an edi-
ble plant with general beneficial health effects, with antioxi-
dant and antimicrobial properties [4]. Additional details on
botanical, geographical and traditional medicinal and food
uses are reported in Supplementary Material. We previously
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demonstrated that Crithmum maritimum ethyl acetate extract
reduced HCC cell growth with low toxicity [5] and changed
the metabolic profile, decreasing the level of choline and
phosphocholine, lactate, amino acids, and cholesterol,
directly involved in the control of cell growth [6] (Fig. S2b).
This suggests that the cytostatic action exerted by Crithmum
maritimum is at least in part due to the modulation of cel-
lular metabolism. Also, Crithmum maritimum reduced the
level of monounsaturated fatty acids (MUFA) and increased
that of polyunsaturated fatty acids (PUFA) (Fig. S2b) [6].
We also provided preclinical evidence that Crithmum mar-
itimum can be used in combination with sorafenib to reduce
its dose and toxicity (Figure S3) [7].

We have been the first to describe and characterize the
activity of Crithmum maritimum in inhibiting HCC growth
[5], associating this effect with a complex multi-target action
on HCC cell metabolism [6]. Here, we demonstrated that
Crithmum maritimum changes the bioenergetic phenotype of
HCC cells, activating oxidative phosphorylation (OXPHOS)
and decreasing lactic fermentation. These observations sup-
port the view that activation of aerobic oxidative metabolism
is associated with a reduction of tumour growth.
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Materials and Methods

The material and method section is reported in the Supple-
mentary Material.

Results and Discussion

We previously reported that Crithmum maritimum ethyl
acetate extract effectively inhibits HCC cell growth [5]
and determines a deep remodelling of the HCC cell meta-
bolic profile [6]. Here, we aimed to characterise the role
of Crithmum maritimum ethyl acetate extract on HCC cell
bioenergetic phenotype and if this is associated with its
anti-tumour effect [5, 6]. We assessed cellular respiration
by employing a polarographic oxygraphy approach and
determined intracellular lactate production and lactate
dehydrogenase (LDH) activity. Figure la-c demonstrates
the cytostatic effect after a 24 h treatment with Crithmum
maritimum ethyl acetate extract in two HCC cell lines,
HepG?2 and Huh7. A 24 h treatment in the same conditions
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Fig. 1 The inhibition of HCC cell growth by Crithmum maritimum
(CM) ethyl acetate extracts in HCC cells (a-c) is associated with
stimulation of OXPHOS (b-d), increase of oligomycin sensitivity
(e-f) and a reduction of lactic fermentation (g-h). See text for more
details. Data reported are representative of three independent experi-
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also determined a significant increase in basal respiration,
ATP-dependent respiration and respiratory reserve, in both
cell lines (Fig. 1b-d). Representative oxygraphy graphs
are shown in Figure s4. More details about oxygraphic
measurement can be found in Supplementary Material.
The increased sensitivity of HCC cells to ATP synthase
inhibitor oligomycin observed in oxygraphy measurements
was confirmed by assessing oligomycin-induced cell toxic-
ity after a 24 h pre-treatment with Crithmum maritimum
(Fig. le-f). This corroborates the effects of Crithmum
maritimum in activating ATP-dependent respiration. Fig-
ure 1b-d outlines the overall effect of Crithmum marit-
imum ethyl acetate extract on the activation of cellular
respiration. Finally, Fig. 1g-h shows a significant decrease
in intracellular lactate production and LDH activity after
24 h treatment with Crithmum maritimum. In summary,
this supports the view that Crithmum maritimum shifts
the bioenergetic phenotype of HCC cells from anaerobic
glycolysis towards OXPHOS and this results in an inhibi-
tion of tumour growth.
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ments performed in duplicate. ns not significant, **p<0.01, ***
p<0.001. Basal=Basal cellular respiration value; ATP depend-
ent=Basal-Oligomycin values; Max uncoupling carbonyl cyanide
m-chlorophenylhydrazone (CCCP)=CCCP value; Respiratory
reserve = CCCP-Antimycin A value
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Conclusions

Based on our findings, we propose Crithmum maritimum as
an effective choice for the development of new nutraceuti-
cal strategies in the treatment of HCC, aimed to support
conventional HCC pharmacological therapies and to reduce
side effects. Future research activity will be directed to the
preparation of formulations suitable for human clinical trials
to conduct case-control studies on HCC patients, combin-
ing appropriate extract preparations with standard therapies.
Overall, we believe that this edible plant owns the potential-
ity to open the way for effective therapeutic options for HCC
as well as for liver metabolic diseases, and possibly to other
types of cancers.
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