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Background: Betulin, a natural pentacyclic triterpene with the lupane structure that is present in significant
amounts in the outer bark of birch, is known for its broad array of biological and pharmacological properties.
Betulin has attracted attention as a potential, natural-origin antimicrobial substance. The literature describes it as
selectively toxic to neoplastic cells but safe for normal cells.

The research aim was to evaluate the basal cytotoxicity of betulin towards fish (BF-2) and murine (NIH/3T3)
fibroblasts. We used four colorimetric tests that provide a preliminary evaluation of possible mechanisms of the
cytotoxicity of a compound to assess the degree of the toxicity of betulin after 24, 48 and 72 h of incubation with
cells: the MTT assay (mitochondrial activity assessment), the NRU assay (lysosomal membrane integrity assessment),
the LDH assay (cellular membrane integrity assessment) and the SRB assay (total cellular protein content

Results: The results revealed an exceptionally high sensitivity of mitochondria to the effect of betulin, with the
other endpoints being less sensitive. Although murine fibroblasts were more vulnerable to the toxic effect of
betulin than fish fibroblasts, the betulin CCsq values for both cell lines were comparable with analogous 1Cs values
determined by other researchers in studies involving cancerous cells.

Conclusions: The results indicate the need to verify the claim about the selective toxicity of betulin towards
malignant cells and to conduct safety/toxicity tests before any potential therapeutic use of betulin in veterinary

Background

Betulin (betulinol, betuline, betulinic alcohol, BE) is a
plant-derived, natural pentacyclic triterpene with the
lupane structure. It has been extracted from many plant
species, but it is most abundant in the outer bark of
birch, which also contains the natural BE derivative
betulinic acid (BA), a product of betulin oxidation [1-4].

* Correspondence: joanna.malaczewska@uwm.edu.pl

'Department of Microbiology and Clinical Immunology, Faculty of Veterinary
Medicine, University of Warmia and Mazury in Olsztyn, Oczapowskiego Street
13, 10-719 Olsztyn, Poland

Full list of author information is available at the end of the article

K BMC

Numerous scientific studies have confirmed the medi-
cinal properties of birch and other members of the Betu-
laceae family, which have been known in traditional
medicine for ages. To date, a broad spectrum of bio-
logical and pharmacological characteristics of BE and
BA have been described, including anticancer, antiviral,
antibacterial, antifungal, antimalarial, antiallergic, antian-
giogenic, anti-inflammatory, antifibrotic, anticonvulsant,
hepatoprotective and chemopreventive properties [1-4].
In the age of increasing antimicrobial resistance and
emergence of new multidrug-resistant pathogens there is
a constant search for new and safe antimicrobials with
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novel modes of action and reduced risk for the develop-
ment of resistance amongst pathogens [5, 6]. Oloyede
et al. [7] have recently proved that antibacterial activity
of betulin towards Escherichia coli, Pseudomonas aerugi-
nosa and Staphylococcus aureus is the result of oxidative
stress caused by this compound in bacterial cells. Des-
pite its promising pharmacological characteristics, betu-
lin is not being used in veterinary practice so
far. Reports on the antibacterial, antifungal and antiviral
properties of betulin [7—10] encouraged us to undertake
a study on the antimicrobial activity of this natural com-
pound towards some veterinary pathogens, both bacter-
ial and viral pathogens. To our disappointment, our
research did not confirm the antimicrobial activity of BE
towards any of the tested pathogens (data not shown).
However, we were surprised by the high level of toxicity
of betulin towards cell lines that were used to evaluate
the antiviral activity of BE. Despite published reports on
the toxicity of BE towards normal cells [11-14], a linger-
ing belief in the literature is that betulin, similar to betu-
linic acid [15], is selectively toxic towards neoplastic
cells but is only weakly toxic towards normal cells [1-3].
To date, the effect of betulin on normal cells (mainly fi-
broblasts) has rarely been tested and typically only using
a single cytotoxicity assay; these cells are usually treated
as a reference for neoplastic cell lines used for the in
vitro assessment of the anticancer activity of betulin
[11-14, 16, 17]. Established murine and human fibro-
blast cell lines are amongst the most frequently used
cells in basal cytotoxicity testing [18, 19]. However, at
least two different cytotoxicity assays should be per-
formed to monitor different endpoints of basal cytotox-
icity of a compound [19]. The Interagency Coordinating
Committee on the Validation of Alternative Methods
(ICCVAM) recommends using well established basal
cytotoxicity assays that have good interlaboratory repro-
ducibility and determine either cell proliferation or cell
viability (e.g. NRU, MTT or XTT assays) [18]. To the
best of our knowledge, none of the references in the
available literature describe the effect of betulin on fish
cells. Fish cell lines are not recommended by ICCVAM
for basal cytotoxicity testing due to relatively long doub-
ling time [18]. Castano and Gémez-Lechdén [20] proved,
however, that there is good linear correlation of ICsy values
between fish and mammalian cells. Fish cells are better pre-
dictors for chemicals toxicity towards aquatic organisms
than mammalian cells. Fish BF-2 fibroblasts were proven to
be a sensitive indicator for evaluating aquatic ecotoxicology
[21]. They were used successfully for basal cytotoxicity test-
ing of graphene oxide and nickel nanoparticles [21, 22].

A serious limitation to testing the biological activity of
betulin is its poor solubility in aqueous media resulting
from its lipophilic nature [1-4]. Dimethyl sulfoxide
(DMSO) is predominantly used as a solvent in in vitro
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studies on betulin. DMSO is an organic polar aprotic
solvent that is frequently used to dissolve polar and non-
polar hydrophobic compounds. It is preferred due to its
miscibility in water and some other organic solvents.
However, some studies indicate a relatively high level of
toxicity of DMSO towards different cell types, including
fibroblasts [23, 24]. Vehicles used in cell biology should
not be toxic to cells; thus, cytotoxicity studies of organic
solvents are necessary, and the most validated and stan-
dardized test to evaluate the safety of using a solvent is
the MTT assay [25].

Considering this information, after determining the
biocompatibility of DMSO with the MTT assay, we de-
cided to test the basal cytotoxicity of betulin towards
two animal fibroblast cell lines, NIH/3T3 (murine fibro-
blasts) and BF-2 (fish fibroblasts), using four different
colorimetric cytotoxicity assays that analysed the effect
of a tested substance on the activity of mitochondria
(MTT assay), cellular (LDH assay) and lysosomal (NRU
assay) membrane integrity, and the total cellular protein
content (SRB assay).

Results

Betulin solubility and vehicle (DMSO) cytotoxicity

In our experiment, the maximum solubility of betulin in
DMSO at room temperature was 2500 pg/mL. We were
able to dissolve 5000 pg of betulin in 1 mL of DMSO, al-
though it required heating, and the solution remained
unstable. After mixing with the cell culture medium, the
solution immediately became slightly turbid. Therefore,
a 2500 pg/mL stock solution of betulin in DMSO and a
series of 2-fold increasing dilutions of the stock solution
in cell culture media were prepared (final working con-
centrations of 0.244, 0.488, 0.976, 1.95, 3.9, 7.8, 15.625
and 31.25 pg/mL).

The cytotoxic effect of DMSO towards both cell lines
used in our experiment was dose-dependent, and time-
dependent only in relation to murine fibroblasts. Murine
fibroblasts proved to be more sensitive (CCs values ran-
ging between 1.635 and 2.989 %) than fish fibroblasts
(CCsp values ranging between 4.434 and 5.031 %) (Fig. 1;
Table 1).

The maximum tolerable DMSO concentration was
deemed to be the concentration at which the viability of
cells exceeded 90 % throughout the experiment, and this
concentration was 0.625% DMSO for NIH/3T3 cells
and 1.25% DMSO for BF-2 cells. These concentrations
of the vehicle corresponded to betulin concentrations of
15.625 and 31.25 pg/mL, respectively. Hence, the range
of tested betulin concentrations in our subsequent ex-
periments was slightly different for the two cell lines and
equalled 0.244-15.625 pg/mL (7 concentrations) for
murine fibroblasts and 0.244—31.25 pg/mL (8 concentra-
tions) for fish fibroblasts.
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Fig. 1 Cytotoxicity of DMSO after (A) 24, (B) 48 and (C) 72 h of cells exposure (MTT assay)Cell viability expressed as the percentage of control
(untreated) cell viability. DMSO concentrations in %. All data expressed as means + SD (standard deviation) for n =3 independent experiments.
Asterisks refer to statistically significant differences between control and treatments analyzed by one-way ANOVA followed by Dunnett's posttest;
** p<0.01, *** p<0.001. Lower case letters indicate significant differences between the two cell lines at the same time points determined using

Student's t-test; *p<0.05, °p<0.01, <p<0.001
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Table 1 CCs, values for vehicle (DMSO) and betulin
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cell line DMSO (MTT) betulin
MTT NRU SRB
24 h 48 h 72 h 24 h 48 h 72 h 24 h 48 h 72 h 24 h 48 h 72 h
NIH/3T3 2989 2374 1635 1.532 1.585 1.853 15,625 7329 12.954 10.87 4.051 3.756
+0.159 +0.395 +0423 +0.005 +0.64 +0.647 +2942 +2942 +7.338 +1.242 +0.572
BF-2 5.031 4434 4,794 33%4 2.751 3.021 27615 16462 14516 >31.25 >31.25 >31.25
+0423 +0.717 +0.337 +0.903 +1.051 +1.034 +9.006 +3.599 +341

DMSO concentrations in %, betulin concentrations in pg/mL. CCso (50 % cytotoxic concentration) values expressed as means + SD (standard deviation) for n=3
independent experiments. CCs, values were calculated using the Quest Graph™ ED50 Calculator (AAT Bioquest, Inc.)

Betulin cytotoxicity

The cytotoxicity of betulin towards NIH/3T3 (concen-
trations 0.244—15.625 pug/mL) and BF-2 cells (concentra-
tions 0.244-31.25 pg/mL) was evaluated using four
different colorimetric tests after 24, 48 and 72 h of incu-
bation, and the CCs, values obtained from the MTT,
NRU and SRB assays are shown in Table 1. In all three
assays, murine fibroblasts were characterized by a higher
sensitivity to the toxic effect of betulin than fish fibro-
blasts (lower CCsq values). In most of the experiments,
the level of betulin cytotoxicity increased up to 48 h,
after which it became stabilized (similar CCsy, values
were observed after 48 and 72 h). The only exception
was the results of the MTT assay applied to NIH/3T3
cells. The lowest CCs, values for both cell lines were ob-
tained in the MTT assay, regardless of the incubation
time, which implies the highest sensitivity of this cyto-
toxicity assay for betulin. The CCsq values determined in
the NRU assay were several times higher than those ob-
tained in the MTT assay. In the case of NIH/3T3 cells,
the results obtained in the SRB assay corresponded bet-
ter to the results of the MTT assay than to those ob-
tained with the NRU test. The results were different
when the assays were applied to BF-2 cells. The viability
of fish cells in this assay upon exposure to the tested
range of betulin concentrations did not decrease below
50 %, which made it impossible to determine the CCs,
values.

Figures 2, 3, 4 and 5 present the dose-response curves
for the four assays after 24, 48 and 72 h of exposure of
NIH/3T3 and BF-2 cells to betulin. Similar levels of sen-
sitivity were achieved for both cell lines only in the
MTT assay (Fig. 2). A statistically significant decrease in
the viability of fibroblasts after 24 h of incubation was
noted at betulin concentrations >1.95 pg/mL. This
threshold value persisted until the termination of the ex-
periment using mouse cells. With respect to fish cells,
however, starting at 48 h of incubation, a considerable
decrease in the viability of these cells was also observed
with a lower betulin concentration (0.976 pg/mL), al-
though the CCsq values for BF-2 lines were approxi-
mately twice as high as those for murine fibroblasts. The
underlying cause of these differences was higher values

for the standard deviations of the results obtained from
NIH/3T3 cells. The results of the MTT assay corre-
sponded well with the microscopic observations of the
cells. Regarding the cells incubated with betulin concen-
trations that considerably decreased their viability in the
MTT assay, morphological changes such as cell shrink-
age, rounding and loss of adhesion (at higher concentra-
tions) were observed under an inverted phase contrast
microscope (Additional files 1 and 2).

The results of the MTT assay using NIH/3T3 cells
best corresponded to the SRB assay results (Fig. 3),
where after a 72 h incubation, a considerable decrease in
the total cellular protein content was observed in cells
exposed to betulin concentrations > 1.95 pg/mL. Simul-
taneously, the lowest sensitivity of this assay was ob-
served in BF-2 cells, and a considerable decrease in the
number of these cells was caused by betulin concentra-
tions of at least 15.625 pg/mL.

Likewise, the sensitivity of the NRU assay was higher
for murine cells than for fish cells (Fig. 4). A consider-
able decrease in the viability of NIH/3T3 cells was ob-
served beginning at 48 h of incubation with betulin
concentrations > 3.9 pug/mL, whereas in the case of BF-2
cells, these effects occurred at concentrations of at least
15.625 pg/mL, regardless of the time of incubation.

For the LDH assay, a considerable leakage of LDH
from both types of cells was observed at betulin concen-
trations > 3.9 pug/mL (after a 72 h incubation in the case
of murine cells and after 48 h in the case of fish cells),
although the readings from this test were higher when
applied to fish fibroblasts, which implies a higher sensi-
tivity of the cytoplasmic membrane of these cells
(Fig. 5).

Discussion

As mentioned above, due to the poor solubility of betu-
lin, DMSO was used as a solvent and we determined the
level of its toxicity towards the cell lines used in the ex-
periment and subsequently selected a range of
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Fig. 2 Cytotoxicity of betulin after (A) 24, (B) 48 and (C) 72 h of cells exposure (MTT assay)Cell viability expressed as the percentage of control
(untreated) cell viability. Betulin concentrations in ug/mL. All data expressed as means + SD (standard deviation) for n =3 independent
experiments. Asterisks refer to statistically significant differences between control and treatments analyzed by one-way ANOVA followed by
Dunnett's posttest; * p<0.05, ** p<0.01, *** p<0.001. Lower case letters indicate significant differences between the two cell lines at the same time
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Fig. 5 Cytotoxicity of betulin after (A) 24, (B) 48 and (C) 72 h of cells exposure (LDH assay)Cytotoxicity expressed as the percentage of LDH
leakage to the culture media in control (nontreated) cells. Betulin concentrations in pg/mL. All data expressed as means + SD (standard deviation)
for n=3 independent experiments. Asterisks refer to statistically significant differences between control and treatments analyzed by one-way
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concentrations of betulin that we would be able to test
under the experimental conditions. Fish cells were char-
acterized by lower sensitivity to the toxic effect of
DMSO than murine fibroblasts (maximum tolerable
concentrations of 1.25 and 0.625 %; CCs, values after
72 h of 4.794 and 1.635 %, respectively). The results we
obtained correlate with published data to some extent.
Adler et al. [23], who tested the toxicity of DMSO to-
wards murine Balb/3T3 fibroblasts using the MTT assay,
determined an ICso (50 % inhibitory concentration) value
of 2.75%. In turn, Singh et al. [24] used the trypan blue
dye exclusion assay and found that DMSO concentra-
tions ranging from 0.5 to 3% led to a reduction in the
viability of GSF3.2 goat skin fibroblasts in a dose-
dependent manner. DMSO concentrations ranging from
5 to 9 % killed all GSF3.2 cells, and at concentrations less
than 0.1 %, the cited authors observed a significant in-
crease in the number of live cells. In our study, the ab-
sence of any measurable activity of mitochondria was
observed in murine and fish fibroblasts at concentrations
as high as 10 and 20 % DMSO, respectively. We also did
not observe a higher viability of cells incubated with low
concentrations of the solvent.

In our experiment, murine fibroblasts were more sen-
sitive than fish cells to the toxic effect of betulin, as indi-
cated by the values of betulin CCs, concentrations for
both cell lines determined using the MTT, SRB and
NRU assays. The same relationship related to the sensi-
tivity of the cells to the harmful influence of the vehicle
(DMSO). The finding that different cell lines manifest
different levels of sensitivity to both betulin and DMSO
is consistent with published data [2, 3, 24].

The considerable differences in CCs, concentrations
observed depending on the applied assay are also unsur-
prising because these assays evaluate different parame-
ters (see the Methods section). Because the MTT assay
detects only viable cells while the SRB assay does not
distinguish between viable and dead cells, the CCsq
values of compounds tested using the SRB assay are usu-
ally higher [26]. The results from the present study
clearly indicate the particularly high sensitivity of mito-
chondria to the effect of betulin, with other endpoints
being less sensitive. Similar observations were reported
by Pfarr et al. [27], who analysed the cytotoxicity of
betulin (concentrations of 0-150 uM) towards two mel-
anoma cell lines (B164A5 and B16F10). B16 cells treated
with 150 pM betulin exhibited a trypan blue exclusion
capacity of 60 %, while an almost complete lack of cell
mitochondrial activity in the MTT assay was observed
beginning at a low betulin concentration of 15 pM. Ac-
cording to the authors, the results implicated an arrest
in proliferation without killing the cells. A similar effect
on normal cells was reported by Lin et al. [28]. At con-
centrations up to 5.12 pg/mL, betulin did not affect the
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integrity of the cytoplasmic membrane of porcine chon-
drocytes in an LDH assay, while a considerable decrease
in the viability of cells was observed in the MTT assay at
a concentration of 0.02 pg/ml. For neoplastic cells, the
main mechanism responsible for the cytotoxic activity of
betulin is presumed to be the stimulation of the intrinsic
pathway (mitochondrion-dependent) of cell apoptosis
[3]. An analogous mechanism may occur in noncancer-
ous cells.

The comparison of our results with those reported in
the literature is challenging because, as we have already
mentioned, the cytotoxicity of betulin towards normal
cells has not been the subject of many studies conducted
to date, and few studies have simultaneously applied
various cytotoxicity assays. Two articles authored by the
same team of researchers [13, 14] have examined the
same line of murine fibroblasts as used in our research
(NIH/3T3). However, these scholars did not determine
the CCs, concentration; instead, they measured the in-
hibitory activity of betulin by incubating cells with a
concentration of 20 puM (8.9 pg/mL) for 72 h, after
which they determined the viability of these cells using
the MTT assay. The inhibitory effect of betulin on mur-
ine fibroblasts in both of these reports was approxi-
mately 30%. In our experiment, the most approximate
concentration is listed above, as after 72 h of incubation,
a concentration of 7.8 pg/mL caused an approximately
80 % decrease in cell viability in the MTT assay. The
aforementioned authors did not test betulin from the
birch tree but derived it from two other plants (Belam-
canda chinensis and Cyrtomium fortumei, respectively),
which may explain the observed discrepancies in the
sensitivity of cells. In a study by Boryczka et al. [16],
murine fibroblasts (Balb 3T3 line) were also distin-
guished by a lower sensitivity to the toxic effect of betu-
lin. The ICsy value measured in an SRB assay equalled
47.3 pg/ml. Although the cited researchers did not pro-
vide specific data on the duration of the incubation of
cells with betulin, the CCs, of betulin obtained in our
study using the SRB assay ranged from 3.756 to
10.87 pg/ml, depending on how long the cells were incu-
bated with the compound. The only difference between
the NIH/3T3 and Balb 3T3 lines is that cells originate
from different strains of mice, and this difference was
very unlikely to be the cause of such considerable dis-
crepancies in the betulin CCso values. On the other
hand, substantial differences in the ICs, values of betulin
determined in exactly the same cancer cell lines were
observed in research conducted by different authors [3].

Other studies on the toxicity of betulin towards fibro-
blasts were conducted using human cells. All possible
differences in the results achieved in this study com-
pared to the present study obviously may arise from the
fact that these are cells from different species.
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Nonetheless, we were still surprised to note that the ac-
tual differences were not large. The ICsq of betulin in
human lung fibroblasts (W1 38) determined using the
trypan blue exclusion test after a 72 h incubation was
152 pM (ca. 6.75 pg/ml) [11], similar to the values we
obtained in some of our experiments. A result that is
even closer to ours was reported by Gauthier et al. [12]
from their study on human skin fibroblasts (WS1) after
a 48 h incubation of cells with betulin. The ICs, deter-
mined in this study using the resazurin reduction test
(RRT) was 3.58 uM (ca. 1.6 pg/ml). The RRT is an assay
that evaluates the metabolic activity of mitochondria,
which resembles the MTT assay employed in our study,
and the results reported by the cited authors correspond
perfectly with the outcome of the MTT assay performed
in our study. Likewise, in a study conducted to assess
the effect of betulin on human skin fibroblasts (HSF),
Rzeski et al. [17] concluded that after 24-h exposure of
cells, betulin concentrations up to 5 pM (ca. 2.2 pg/ml)
were not toxic, but concentrations > 10 uM (ca. 4.4 pg/
ml) caused considerable LDH leakage into the culture
medium. In our study, after 24 h of incubation, regard-
less of the cell line, substantial LDH leakage was induced
by 7.8 pg/ml betulin, whereas the dose of 3.9 pug/ml was
toxic towards both types of cells after 48 or 72 h of
exposure.

The main objects of in vitro studies involving betulin
conducted to date have been various types of neoplastic
cells, as reviewed by Krdl et al. [3] and Hordyjewska
et al. [2]. The authors of these comprehensive reviews
highlight considerable differences in the anticancer ef-
fects of betulin, depending on the cancer cell type, with
ICso values ranging from 1.1 to more than 100 pg/ml
The betulin CCs, values determined in our study using
murine and fish fibroblasts indicate the high sensitivity
of normal cells, approaching the maximum threshold of
sensitivity of neoplastic cells. Our observations confirm
the results of studies described in several of the papers
cited earlier in this article, where fibroblasts were treated
as a point of reference to the tested neoplastic lines [11—
14]. In their study, Hata et al. [11] reported that the ICs,
values of betulin towards three leukaemia (HL60, U937,
and K562), two melanoma (G361 and SK-MEL-28) and
two neuroblastoma (GOTO and NB-1) cell lines were
14.7, 14.4, 14.5, 124, 16.2, 17.1 and 16.5 pM, respect-
ively, whereas the ICsy for human lung fibroblasts (W1I
38) equalled 15.2 pM. Furthermore, Gauthier et al. [12]
reported that human skin fibroblasts (WS1) were char-
acterized by a higher sensitivity to betulin than the
tested neoplastic lines A-549, DLD-1 (human cancer)
and B16-F1 (mouse melanoma). In this study, the ICsos
of betulin were 3.58, 3.8, 6.6 and 13.8 pM, respectively.
Two other papers provided similar data concerning the
sensitivity of fibroblasts and neoplastic cells, although
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the IC50 was not determined in these experiments [13,
14]. The inhibitory activity of betulin at a concentration
of 20 uM towards the neoplastic lines MGC-803 (stom-
ach cancer), Bcap-37 (breast cancer), MCF-7 (breast can-
cer), PC3 (prostate cancer) and A375 (melanoma)
reached 43.7-45.1, 53.2, 53.2, 17.3-18.4 and 33.9 %, re-
spectively, while it reached approximately 29.8-33.5%
for the NIH/3T3 murine fibroblasts. Only a study by
Boryczka et al. [16] reported a higher ICsq of betulin in
the normal murine fibroblast Balb3T3 (47.3 pg/ml) than
in the neoplastic lines SW707 (colorectal adenocarcin-
oma), CCRF/CEM (leukaemia), T47D (breast cancer),
P388 (murine leukaemia), for which the ICs5, values were
22.9, 10.9, 32.4 and 5.5 pg/ml, respectively. However, the
authors cited above used two different cytotoxicity as-
says: the MTT assay for leukaemia cells and SRB assay
for other cell types. Any comparison of the ICs, values
obtained with the MTT and SRB assays that are so dif-
ferent from each other appears difficult, and this prob-
lem is distinctly manifested in the results of our present
research.

Conclusions

The research presented above revealed the high level of
cytotoxicity of betulin towards animal fibroblasts, where
cellular mitochondria were shown to be particularly vul-
nerable to this compound. The research results suggest
that the claim about selective toxicity of betulin towards
malignant cells, which still persists in the literature, must
be verified. Thus, intensive safety/toxicity tests are ne-
cessary before considering any potential therapeutic use
of betulin in veterinary medicine.

Methods

Chemicals and reagents

Betulin (=98 % purity), Dulbecco’s modified Eagle’s
medium (DMEM), minimum essential medium (Eagle,
EBSS), foetal bovine serum, antibiotic-antimycotic solu-
tion, nonessential amino acids (NEAAs), glutamine, Tri-
ton X-100, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide (MTT), neutral red based in vitro
toxicology assay kit (TOX4), lactic dehydrogenase based
in vitro toxicology assay kit (TOX7) and sulforhodamine
B based in vitro toxicology assay kit (TOX6) were pur-
chased from Sigma-Aldrich, Poland. Dimethyl sulfoxide
(DMSO) was purchased from Chempur, Poland.

Compound preparation

A stock solution of betulin was prepared in DMSO at a
concentration of 2500 pg/mL, and working solutions
were prepared in cell maintenance media (serum-free) at
final concentrations of 0 (control cells), 0.244, 0.488,
0.976, 1.95, 3.9, 7.8, 15.625 and 31.25 pg/mL immedi-
ately before use in cell culture.
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Cell lines

NIH/3T3 (ATCC CRL-1658) mouse embryonic fibro-
blasts were grown in Dulbecco’s modified Eagle’s
medium (DMEM) supplemented with 2 mM glutamine,
10% foetal bovine serum and a 1% antibiotic-
antimycotic solution at 37 °C in a humidified atmos-
phere with 5% CO,.

BF-2 (ATCC CCL-91) bluegill caudal trunk fibroblasts
were grown in minimum essential medium (Eagle, EBSS)
supplemented with 1% nonessential amino acids
(NEAAs), 10 % foetal bovine serum and 1% antibiotic-
antimycotic solution at 23 °C in a humidified atmos-
phere with 5% CO,.

NIH/3T3 and BF-2 cells were seeded in 96-well plates
at a density of 1x 10* or 2 x 10* cells per well, respect-
ively. After 24 h of incubation at an appropriate
temperature, cells were exposed to betulin at the con-
centrations mentioned above for 24, 48 and 72 h. Con-
trol (untreated) cells served as the negative control and a
reference point. Triton X-100 treated cells served as the
positive internal control in MTT, NRU and LDH assays.
Due to the specific character of SRB assay, there was no
positive control in this test. After 24, 48 and 72 h of
treatment, the four different cytotoxicity assays were
performed. All experiments were repeated three times.

Cytotoxicity assays

Four in vitro cytotoxicity colorimetric assays were con-
ducted to identify possible mechanisms of betulin cyto-
toxicity, namely, the MTT reduction assay, the neutral
red uptake assay (NRU), the lactate dehydrogenase leak-
age assay (LDH) and the sulforhodamine B assay (SRB).

MTT assay

The MTT assay is used to estimate mitochondrial dam-
age, since it determines the activity of mitochondrial en-
zymes. These enzymes reduce the water-soluble
tetrazolium dye MTT to insoluble purple formazan,
which accumulates inside viable cells [29].

The MTT assay was conducted using the protocol
described by Mosmann [29], with some modifications
described in our previous article [30]. The results are re-
ported as the percentage of control (nontreated) cell
viability.

The MTT assay was used to determine the cytotoxicity
of both betulin and the vehicle (DMSO).

NRU assay

The NRU assay evaluates lysosomal membrane integrity.
It measures neutral red dye accumulation within lyso-
somes of viable cells. This phenomenon depends on the
capacity of viable cells to maintain a pH gradient; hence,
dead cells are unable to retain the dye [31].
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The NRU assay was performed using a commercially
available kit (TOX4) (Sigma-Aldrich, Poland) according
to the manufacturer’s protocol. The full description of
the test procedure was also provided in a published art-
icle [30]. The results obtained are reported as the per-
centage of control (nontreated) cell viability.

LDH assay

The LDH assay measures leakage of the stable cytosolic
enzyme lactate dehydrogenase into the culture medium,
which is an indicator of irreversible cell membrane dam-
age and cell death [32].

The LDH assay was performed using a commercially
available kit (TOX7) (Sigma-Aldrich, Poland) according
to the manufacturer’s protocol. The full description of
the test procedure was also reported previously [30].
The results obtained are reported as the percentage of
LDH leakage to the culture media in control (non-
treated) cells.

SRB assay

The sulforhodamine B colorimetric assay measures the
cellular protein content, and the assay results are pro-
portional to the number of cells. This assay has been
used to determine the cell density; however, it does not
distinguish between living and dead cells [33].

The SRB assay was performed using a commercially
available kit (TOX6) (Sigma-Aldrich, Poland) according
to the manufacturer’s protocol. In this assay, SRB binds
to protein components of trichloroacetic acid-fixed cells,
and the protein-bound dye is extracted with Tris. The
results obtained are presented as the percentage of the
total cellular protein content in control (nontreated)
cells.

Statistical analysis

All experiments were repeated three times. The results are
presented as the mean values + SD (standard deviation).
Statistical analyses were performed using GraphPad Prism
software (GraphPad Software, USA). Data were subjected
to one-way analysis of variance (ANOVA). Dunnett’s post-
test was used to determine differences between control
and betulin-exposed cells at the same time points. Differ-
ences between the two cell lines at the same time points
were determined using Student’s ¢-test. The 50 % cyto-
toxic concentrations (CCs, defined as the concentration
of the compound that reduced cell viability by 50 %) were
calculated using the Quest Graph™ ED50 Calculator (AAT
Bioquest, Inc.) [34].
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