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Introduction. In the development of regenerative medicine, an important role is designat-
ed to the search of nontoxic and biocompatible compounds to be used in cell treatment of
skin injuries. We assume that compounds used in pharmaceutical and cosmetic industries,
such as Natrosol 250 MR, Stabileze QM, Carbopol ultrez 20, sodium azide, thimerosal and
glycerol, could be applied in cell technologies as well.

Materials and methods. The cytotoxicity of the compounds tested in our study was
assessed by estimating spleen and bone marrow cell viability in light microscopy, using the
trypan blue exclusion test.

Results. After treatment of primary cell cultures with Natrosol 250 MR, Stabileze QM,
Carbopol ultrez 20, sodium azide and glycerol, the viability of cells was found to be de-
creased by 1-8%, while thimerosal caused death in 71-74% of these cells.

Conclusions. Our studies revealed that these gel-forming polymers are not toxic to
bone marrow and spleen cells. They may slightly, if at all, influence the viability of cells.
Furthermore, the use of the preservative sodium azide and glycerol in the development of
cell culture technologies was proven to be quite acceptable. However, thimerosal cannot be

applied in these technologies because of its high toxicity.
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INTRODUCTION

The development of regenerative medicine, namely the
treatment of skin injuries by using cells, made evident and
necessary the search of non-toxic and biocompatible com-
pounds. A potential source of such substances could be the
gel-forming polymers that are already successfully applied
by the pharmaceutical industry and cosmetics. Stabileze
QM, Natrosol 250 MR and Carbopol ultrez 20 have become
an issue for certain therapeutic products associated with
cell technologies. As efficient stabilizers and thickeners,
they are incorporated in the products and make 0.2% to
4.0%.

Natrosol 250 MR (hydroxyethylcellulose) as an additional
component is found in the content of vitamins, drugs and
cosmetics. This polymer is used in food industry, as well as in
the production of dyes, glues, industrial coatings and even in
the restoration of documents.
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Stabileze QM (methylvinylether / maleic anhydride co-
polymer) could be found in gels, creams, lotions, hair and
skin treatment formulas.

The acryl acid copolymer Carbopol ultrez 20 is used in
pharmaceutical compositions (gels, healing plasters) and
body care products. However, tests have proven its slightly
toxic effect.

Sodium azide is a common preservative often used to
store laboratory reagents and other biological liquids. It is
a very toxic, mutagenic and potentially cancerogenic com-
pound applied as a biocide. Exposure to sodium azide may
cause hypotension, bradicardia and headache (1).

Thimerosal, a mercury-containing compound, is re-
ported to have antimicrobial and antifungal activity. It is
used as a preservative in biological products and vaccines at a
concentration ranging from 0.003% to 0.1% (30-100 pg/ml)
(2). An association between the use of thimerosal-containing
vaccines and the disorders of the nervous system has been
described. However, to prove this statement, additional in-
vestigations are necessary (3). Besides, it has also been noted
that cosmetic products containing thimerosal may cause al-
lergic reactions (4).
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Still another compound used in pharmacy and food in-
dustry is glycerol. It is included in the composition of soaps,
detergents, pesticides and other products. Data in the litera-
ture show its harmful effect on sensitizing eyes and skin, as
well as being slightly toxic. Although this compound is nei-
ther cancerogenic nor does it express teratogenic properties,
it may induce acute renal failure (5).

General requirements for the production of cosmetics and
pharmaceuticals include the safety of the compounds used,
but there is only scarce data on the toxicity of the above-de-
scribed substances. Even less is known about their effect on
cell cultures. Routine cytotoxicity tests are performed in vitro
using cell lines, although primary cell cultures (which were
used in our investigation) have been proven to be more sensi-
tive to the influence of the toxic compounds (6). In this study,
we examined the effect of the above-described compounds
on primary murine cell cultures. We failed to find any data on
similar investigations of the cytotoxicity of the compounds
under study.

MATERIALS AND METHODS

Isolation of mouse bone marrow cells

Isolation of mouse bone marrow cells was performed as de-
scribed by Joupperi (7) with some modifications. BALB/c
mice, 6-8 weeks old, were sacrificed by cervical dislocation.
Their femurs and tibias were removed aseptically and placed
on a Petri dish containing Hanks' balanced salt solution
(HBSS). Bone marrow was obtained by flushing with sterile
HBSS through one of the femoral epiphyses, using a syringe
needle (27-gauge). The bone marrow cells were collected in
sterile HBSS and washed three times by centrifugation for 6
min at 300 g. Mononuclear cells were obtained by separation
of mouse bone marrow cells in Ficoll-Paque (GE Healthcare
Bio-Sciences AB, Uppsala, Sweden) density gradient; 3 ml al-
iquot of Ficoll-Paque was placed into a plastic tube, and the
same amount of bone marrow cell suspension in RPMI was
layered on the top. This was centrifuged for 40 min at 400 g.
The cell fraction harvested from the interface between these
two media was washed immediately and suspended in HBSS.

Isolation of mouse spleen cells

BALB/c mice were sacrificed by cervical dislocation. Spleens
were removed aseptically and placed on a Petri dish contain-
ing 3 ml HBSS. Spleens were perfused through one cutting
end. Subsequently, the spleen cells were flushed into a Petri
dish. Cells and fragments were dispersed by repeated pipet-
ting. In order to remove stroma residual, the cells were passed
through a mesh. Spleen cells were washed three times by cen-
trifugation for 6 min at 300 g. Mononuclear cells were obtained
by the same procedure as in the case of bone marrow cells.

Evaluation of cell concentration
Cells were counted using a hemocytometer according to
equation: X = a x b x 10*, where X is the number of cells per

ml, g is the mean number of cells in the one square, and b is
the dilution rate.

Preparation of test compouds

0.5, 1,3 and 5% solutions of the test polymers were prepared.
The compound-forming gels were dispensed in deionized
water. If needed, neutralization was performed with sodium
hydroxide. To accelerate the process, the solutions were stired
and heated in a water bath (to 80 °C). Besides, 0.1, 0.01 and
0.003% solutions of glycerol, sodium azide and thimerosal
were prepared. About 500 pl gel and the test compound solu-
tions were added into a plate with 48 wells. All experiments
were performed at least in triplicate.

Cell cultivation and viability evaluation

Bone marrow and spleen mononuclear cell suspensions
(2 x 107 cell/ml) were prepared in RPMI medium supple-
mented with 10% fetal bovine serum; 400 pl of each sus-
pension was added on the top of gels tested. The other com-
pounds (glycerol, thimerosal and sodium azide) were stired
with 400 pl of cell suspension. After 4 h of incubation ina CO,
termostat at 37 °C, cell viability was tested. To determine the
percentage of viable cells in a population, the cell suspension
was mixed with trypan blue. The percentage of viable cells
was counted and compared with the control group in which
cell viability was equaled to 100%.

Statistical analysis

Statistical analysis was performed using Microsoft Excel (ver-
sion 7.0). Differences between mean values were determined
using Student’s t test. Differences were considered significant
at p < 0.05.

RESULTS

Mononuclear cells isolated from spleen and bone marrow
were incubated for four hours in CO, thermostat in the pres-
ence of the compounds investigated and without them. Af-
ter treatment of primary spleen cell cultures with polymer
Natrosol 250 MR (hydroxyethylcellulose), the strongest effect
was achieved at the polymer concentration of 1%. At this
concentration the viability of cells decreased by 7%. However,
low concentrations of this gel (0.5% and 0.25%) had almost
no effect. The cell viability was approximately 98 and 96%,
respectively. The results presented in Fig. 1 show an even
lesser effect of Natrosol 250 MR on bone marrow cells. The
cell viability ranged within 96-97% in the presence of this
compound.

The effect of Stabileze QM on spleen and bone marrow
cells was not significant, either (Fig. 2). The viability of spleen
cells was decreased by 3-5% and of bone marrow cells by
3-6%.

A similar picture was noted while analyzing the effect of
Carbopol ultrez 20 (acryl acid copolymer) on primary cell
cultures (Fig. 3). The viability of spleen cells treated with this
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Fig. 1. The effect of Natrosol 250 MR on the viability of spleen (m) and bone marrow (=) cells
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Fig. 2. The effect of Stabileze QM on the viability of spleen (m) and bone marrow () cells
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Fig. 3. The effect of Carbopol ultrez 20 on the viability of spleen (m) and bone marrow () cells
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Fig. 4. The effect of sodium azide on the viability of spleen cells. * The difference between the
control and the test group s statistically significant (p < 0.05)

on cells. As is seen in Fig. 4, the viability
of cells, as compared to the control group,
was decreased only by 3% (at 0.003% con-
centration of sodium azide). However, this
decrease was statistically significant.

Analysis of the effect of thimerosal on
spleen cells revealed its toxicity. Of all the
compounds studied, it showed the greatest
impact on cells. Data on cell viability af-
ter treatment with thimerosal are given in
Fig. 5. At the concentrations of 0.003, 0.01
and 0.1%, it significantly decreased and re-
mained only at a level of 26-29%.

Assessment of glycerol cytotoxicity
showed that higher amounts (10% and 5%)
of this compound decreased cell viability by
8 and 6%, respectively, whereas low concen-
trations (1% and 0.01%) had no significant
effect (Fig. 6).

DISCUSSION

Data in scientific literature indicate that
products created on the basis of cellulose
polymer are not toxic (8) or express only an
average cytotoxicity (9, 10). Furthermore,
such polymer as carboxymethylcellulose is
used in preparing eye drops (artificial tears).
Because of a higher gel viscosity it prolongs
tear-retention time in the eye and even en-
hances its positive effect (11). Interacting
with corneal cells, it facilitates the convales-
cence of injuries in corneal epithelium [12].
Our results show that Natrosol 250 MR only
insignificantly influences the viability of
cells and thus confirm the literature data on
the nontoxicity and biocompatibility of cel-
lulose compounds. However, maleic anhy-
dride polymers were found to be cytotoxic
and anti-tumorous (13). Because of their
biodegrading adhesive properties these pol-
ymers are used in pharmacy. Besides, meth-
ylvinylether / maleic acid inhibits alkaline
phosphatase in Escherichia coli (14). The
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Fig. 6. The effect of glycerol on the viability of spleen cells. * The difference between the control

and the test groups is statistically significant (p < 0.05)

Stabileze (methylvinylether / maleic acid) polymer included
in the composition of pesticides prolongs the viability of
the microorganisms (15) and effectively stabilizes bacterial
cultures (16, 17). The effect of Stabileze QM on spleen and
bone marrow mononuclear cells, as determined in our study,
was not significant; however, according to other investigators,
maleic anhydride polymers are cytotoxic (13). Our results
show that low concentrations of this polymer do not exert a
significant influence on the viability of cells.

Literature data on the toxicity of acryl acid copolymers
describe their effect as slightly toxic and potentially irritating.
Nevertheless, they are used as thickeners in the production
of different pharmaceutical products (gels, healing plasters
and body care products). Our tests revealed Carbopol ultrez
20 gels to show no cytotoxicity at the concentrations of 0.3,
0.2 and 0.1%.

From literature we know that the most commonly reported
effects of sodium azide exposure are hypotension, bradicardia
and headache (1). However, sodium azide combines with wa-
ter to form the highly volatile hydrazoic acid. Both substances
are known to produce hypotension in laboratory animals and
humans because they form strong complexes with hemo-
globin and block oxygen transport in the blood. The dose of
<700 mg (10 mg/kg) is lethal for humans (18). On the cellular
level, this compound blocks ATP production by inhibiting the
breathing tract, i. e. blocking the activity of cytochrome oxi-

production of reactive oxygen radicals and to
decrease the content of thiols in the endothe-
lium of blood cells, thus activating phospho-
lipase D (24).

As regards glycerol, only higher amounts of this com-
pound exhibited a weak cytotoxicity. Data in literature show
that glycerol concentrations higher than 100 pM are not toxic
to mammalian cells. Experiments in vivo proved that ad-
ministering glycerol to mice per os, the LD, is 4090 mg/kg,
whereas when subcutaneously injected it is 91 mg/kg. Tests
on rats showed that glycerol could induce the sensitivity to
endotoxin (25). Besides, it may stabilize the membranes and
inhibit the effect of exotoxins (26). Tests in vivo also revealed
the subsidiary effect of glycerol in restoring the structure of
heat-denaturated luciferase and protecting cells from heat-
induced cytotoxicity (27). Our results are confirmed by lit-
erature data on a weak cytotoxic effect of glycerol on mam-
malian cells.

CONCLUSIONS

To summarize the results, we could assume that all gel-
forming polymers at the given (tested) concentrations are
not toxic to primary spleen and bone marrow mononuclear
cells. They either do not influence or only slightly affect the
viability of these cells and therefore could be used in the
innovative technologies for preparing cell/ gel samples. Ac-
cording to the literature data, the most effective is Natrosol
250 MR (hydroxyethylcellulose polymer) because of its
well-expressed biocompatibility. The use of the preservative



96

Aida Vaitkuviené, Vytautas Kaséta, Giedré Ramanauskaité, Gené Biziuleviciené

sodium azide and glycerol in cell cultures is quite acceptable,
too, because these compounds are not cytotoxic at the con-
centrations tested. However, the use of thimerosal, because
of its high cytotoxicity, is not advisable. Our results prove
the potential use of the test polymers in creating cell-based
healing technologies.
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GEL] FORMUO]ANCIU POLIMERU, KONSERVANTU

IR GLICEROLIO POVEIKIS PIRMINEMS PELIU
LASTELIY KULTUROMS

Santrauka

Ivadas. Plétojantis regeneracinei medicinai bei tobuléjant odos pa-
zeidimy gydymo technologijoms, susijusioms su lasteliy panaudo-
jimu, tampa aktuali netoksisky ir biosuderinamy junginiy paieska.
Manome, tam galéty praversti kosmetikos ir farmacijos pramoné-
se jau naudojamos medziagos, tokios kaip Stabileze QM, Natrosol
250 MR, Carbopol ultrez 20, natrio azidas, timerosalis ir glicerolis.

Medziagos ir metodai. Visy tiriamyjy medZiagy citotoksisku-
mg nustatéme jvertine tripano méliu dazyty bluznies ir kauly ¢iul-
puy lasteliy gyvybingumga $viesiniu mikroskopu.

Rezultatai. Natrosol 250 MR, Stabileze QM, Carbopol ultrez 20,
natrio azidas ir glicerolis Iasteliy gyvybinguma sumazino 1-8 %,
tuo tarpu timerosalis — net 71-74 %.

I$vados. Masy tyrimai rodo, kad $ie gelj formuojantys polime-
rai néra toksiski bluznies ir kauly ¢iulpy lasteléms, t. y. neveikia ar
tik silpnai veikia $iy lasteliy gyvybinguma. Be to, nustatéme, kad
konservanto natrio azido ir glicerolio panaudojimas kuriant su
lasteliy kult@iromis susijusias technologijas yra visi$kai priimtinas,
kadangi $ios medziagos nebuvo citotoksiskos, tuo tarpu timerosalis
dél per didelio toksiskumo $iam tikslui néra tinkamas.

Raktazodziai: citotoksiskumas, gelj formuojantys polimerai,
peliy kauly ¢iulpy ir bluZnies Igstelés
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