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Trehalose Lipid Biosurfactant Reduced Cancer Cell
Viability but Did not Affect the Isometric Contraction
of Rat Mesenteric Arteries in vitro
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Abstract: Trehalose lipid biosurfactant from Nocardia farcinica strain is a naturally derived
substance with potent anticancer activity. The increasing interest in naturally derived
substances-based modality of cancer treatment requires investigations of the possible
adverse effects of these substances, including the effects on vasculature. Therefore the
present study was designed to investigate the effect of Trehalose lipid on isometric
contraction of isolated rat mesenteric arteries. The contractile responses of arteries under
Trehalose lipid was studied using wire myography for small blood vessels. The isometric
contractions of rat mesenteric artery rings with intact endothelium were examined. The effect
of this biosurfactant was assessed in arteries precontracted with 42 mM KCI as a vascular
smooth muscle depolarizing stimulus. The results showed that Trehalose lipid (75 uM) failed
to change high K*-induced contractions. The observed lack of effect of Trehalose lipid
biosurfactant on the contractility of rat mesenteric arteries in vitro together with finding of
reduced cancer cells viability makes it to be a suitable for potential medical application.

Keywords: Trehalose lipid, Breast cancer cells, Mesenteric artery, Isometric contraction,
Vascular smooth muscle, Rat.

Introduction

Biosurfactants produced by microorganisms are promising molecules due to their structural
novelty, surface activity, versatility, and diverse properties for many biomedical applications.
Various Trehalose containing glycolipids playing role of biosurfactants are known to be
produced by microorganisms belonging to mycolates group such as Arthrobacter, Nocardia,
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Rhodococcus and Gordonia. From the biomedical point of view, Trehalose lipid
biosurfactants have been shown to exert an impressive number of physiological and
pathophysiologically-related properties such as antimicrobial, antiviral, anti-adhesive,
anticancer or immunomodulating properties [6].

The anti-tumor potential of these molecules is being studied, although results are still scarce
and few data are available regarding the mechanisms underlying such activity [1, 5].

The biosurfactants such as Trehalose lipid can act as therapeutic agents due to their functions
in cell membrane interactions. Trehalose lipids possess antitumor activity on hematopoietic
human cell lines and the antiproliferative effect is dose dependent [3].

During chemotherapy the antitumor drugs for solid tumors are injected predominately in the
blood. While evaluations of Trehalose lipid biosurfactant from Nocardia farcinica strain as a
perspective anticancer agent have expanded [3], scientific data concerning possible side
effects or its toxicity were almost completely lacking. The cardiovascular system and
particularly blood vessels represent such a common target for undesired actions of many
drugs, including anticancer ones during cancer medication treatment [12]. Furthermore, it is
well established that the alterations in the artery contractility coincide with vasospasm for
example hence leading to life-threatening conditions [7]. The investigation of the vasomotor
properties of arteries upon treatment with a substance of interest as a sign of the toxicity of
such a compound is already implemented in similar experimental design [13].

Therefore, the scientific area of physiology and pathophysiology of blood vessels
continuously attracts the scientific interest and the research efforts in terms of the importance
of this topic. Moreover, the investigation dedicated exclusively to mesenteric artery blood
vessels, could contribute sufficiently to the impact of every research using these arteries as
objects at least due to the fact that mesentery was designated as an organ fairly recently [4].

Hence, the present study was aimed to examine the complex interaction between Trehalose
lipid biosurfactant from Nocardia farcinica strain and vascular smooth muscle contraction
machinery during isometric contraction of isolated rat mesenteric artery in order to ensure its
proper biomedical application.

Materials and methods
Trehalose lipid biosurfactant was isolated from Nocardia farcinica strain BN26. Isolation,
purification and characterization were previously described [3].

Cell line

The breast cancer cell line MDA-MB231 was cultivated in RPMI-1640 medium (Invitrogen,
Karlsruhe, Germany) supplemented with 10% fetal calf serum (FCS) and 2 mM L-glutamine.
The cells were maintained at 37 °C in an incubator with humidified atmosphere containing
5% CO2 and were routinely passaged when 80-85% of cells were confluent using 0.25%
trypsin and 0.02% EDTA (Invitrogen, Karlsruhe, Germany).

Cell viability assay

The cytotoxicity effect of Trehalose lipid was assessed by MTT (3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide) test. Cells were seeded at concentration 1x10° cells/ml 24 h
prior treatment for the adhesion. Therechalose lipid in corresponding concentrations
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(15 uM; 25 uM; 35 uM; 45 uM; 50 uM; 60 uM) was added. Cells were exposed to the
substance for 24 h. Every treatment point was triplicated. After Trehalose lipid treatment
MTT solution (10 mg/ml) was added to each well. The plates were incubated 3 h at 37 °C and
the formed formazan crystals were dissolved with 110 pl of 5% formic acid in 2-propanol.
Absorption was measured at 580 nm. The controls were treated in the same way without
Trehalose lipid.

Contraction study

Procedures with rat mesenteric artery were performed in accordance with the Declaration of
Helsinki and were approved by Ethics Committee of the Institute of Neurobiology, Bulgarian
Academy of Sciences. Arterial segments were isolated from rat mesentery (male matured rat,
six rats, n = 6). Contractile responses of the artery preparations were registered using the
precise method of myography of small artery by Mulvany-Halpern wire myograph
(Model 410 A, DMT, Denmark) [10]. Segments of rat mesenteric artery with intact
endothelium and perivascular nerves suspended in modified physiological salt solution were
normalized and contracted twice by 125 mM KCI-containing physiological salt solution
(PSS), the last consisting of (in mM): 120 NaCl, 4.5 KCI, 1.0 MgS0O4, 25 NaHCO3,
1.2 NaH2PO4, 0.025 EDTA, 2.5 CaCly, 5.5 glucose; pH 7.4 at 37 °C). An application of 25 ul
(final concentration 75 uM) of Trehalose lipid or the its vehicle — DMSO (25 ul) were added
to the organ bath on the steady-state contractile response elicited by 42 mM KCI-containing
physiological salt solution approximately for one hour. The concentration of Trehalose lipid
chosen for the in vitro contraction experiments was in accordance with the previously
published data reporting the concentration of DMSO below 1% in the organ bath as suitable
for revealing the proper contraction properties of arteries [11]. At the end of each experiment,
arterial strips were contracted with noradrenaline (10 M) in order to confirm the viability of
the artery preparations. The measurements were done Trehalose lipid application on 42 mM
KCl-containing PSS-developed isometric contraction at 10, 20 and 30 minutes.

Analysis of data and statistics

Measurements of Trehalose lipid-developed tension are presented as a percentage of 42 mM
KCl-elicited isometric contractions (in mN/mm). Data on the figures are expressed as
means = SEM and n indicates the number of isolated rat mesenteric artery segments.
The results were compared statistically by means of one-way ANOVA with Bonferroni
correction; p < 0.05 was considered to be significant.

Results and discussion

The cytostatic effect of Trehalose lipid was assessed by MTT. High metastatic breast cancer
cell line MDA-MB 231 was treated for 24 h with 15 uM; 25 uM; 35 uM; 45 uM; 50 uM;
60 uM, respectively. The response was dose dependent upon the applied treatment (Fig. 1).
Calculated 1Cso = 46.919 uM.

For the second part of experiments choose concentration was 75 pM, almost two times higher
than calculated ICsg. Different exposure time during the contractile response experiments
(up to 1 h) was reason for increase of the concentration.

The results demonstrated that Trehalose lipid (75 uM) did not potentiate or attenuate the
contractile responses of the endothelium-intact rat mesenteric arteries in the conditions of
depolarization (by 42 mM KCI) of vascular smooth muscle (Fig. 2 and Fig. 3). Moreover, the
observed slight relaxation of isometric artery preparations in the medium of Trehalose lipid
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plus DMSO, as well as the DMSO alone-treated mesenteric segments is completely due to the
vehicle of the Trehalose lipid — DMSO.
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Fig. 1 In vitro cytostatic effect of Trehalose lipid on MDA-MB 231 cell line viability,
24 h after treatment. The data are averaged from three independent experiments.
Bars — SD (standard deviation).
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Fig. 2 Effect of Trehalose lipid biosurfactant from Nocardia farcinica strain on isometric
contraction of rat mesenteric arterial segments with intact endothelium precontracted
with 42 mM KCl-containing PSS. Dose-response curves were constructed from the mean
values of the measurements of tension (MN/mm). Squares: tension developed under
stimulation with Trehalose lipid biosurfactant from Nocardia farcinica strain.
Diamonds: control experiments, in which DMSO (vehicle of the substance) was applied in
corresponding volumes. Bars are SEM; ANOVA test with Bonferroni correction
was performed at p < 0.05.
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Fig. 3 Typical original traces exemplifying the effect of Trehalose lipid biosurfactant from
Nocardia farcinica strain on rat mesenteric artery contraction in vitro.
Black line: time course of artery isometric contraction upon consequent stimulation with
125 mM KCl-containing PSS, 42 mM KCI-containing PSS, Trehalose lipid biosurfactant
from Nocardia farcinica strain-containing PSS and 10 mM noradrenaline (NA)-containing
bath solution. Grey line: time course of artery isometric contraction upon consequent
stimulation with 125 mM KCl-containing PSS, 42 mM KCI-containing PSS,
DMSO-containing PSS and 10 mM noradrenaline (NA)-containing bath solution.

Recently, glycolipid biosurfactants including Rhamno lipid, Trehalose lipid, Succinoil-
trehalose lipid have been shown to have effects on cancer cells [2, 3, 8]. It was found that
Rhamnolipids are less effective compared to Trehalose lipid [2, 3]. As it is shown (Fig. 1) the
anticancer effect of Trehalose lipid is in micromolar concentrations. Our data about reduced
cell viability of breast cancer cells (MDA-MB231) as well as the lack of data about vascular
toxicity of Trechlose lipid isolated from Nocardia farcinica encouraged us to conduct the
present study. This is the first study investigating the effect of biosurfactants on
cardiovascular system in vitro. A lack of toxicity on vascular smooth cell contractility was
found thus suggesting the potential of the use of Trechlose lipid in the field of biomedical
applications. These findings are in concert with mainstream scientific opinions pointing out
that biosurfactant are generally considered safer than synthetic pharmaceuticals, due to their
biological origin [12]. The present results showing the non-toxic effect of Trehalose lipid are
in concert with previously published data [9, 12]. Nevertheless, the data demonstrating some
level of toxicity of Treholose lipid-containing biosurfactant also exist in the literature [6].
This suggests the need of further thorough investigation of every different type of toxicity of
Trehalose lipids with a potential to be involved in biomedical treatment protocols.

Conclusion

This is the first study in the literature investigating the role of Trehalose lipid on arterial
smooth muscle function thus contributing to the scientific knowledge of crosstalk of this
perspective antitumor substance and cardiovascular system. The obtained results could be
aimed at the development of adequate disease treatment.
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