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Cytotoxic Activity of Ammonium Tellurates

Pavel Arsenyan and Irina Shestakova
Latvian Institute of Organic Synthesis, Riga, Latvia

The cytotoxic activity of a series of methylammonium tellurates on human fibrosar-
coma HT-1080, mouse hepatoma MG-22A, and mouse fibroblasts 3T3 cell lines is
described. The role of tellurates as free radical regulators is discussed.

Keywords Acute toxicity; cytotoxicity; tellurium

INTRODUCTION

In last decade the investigation of tellurium compounds as antitumor
agents has attracted much attention.! Selenium and tellurium share
unique chemical characteristics; however, there are some differences
that make tellurium compounds of interest. Inorganic tellurium deriva-
tives exhibit high toxicity to the central nervous system of rodents.?
Inorganic tellurium (IV) compounds are metabolized by a route similar
to selenium (IV), but in contrast to selenium, the methylated products
of tellurium are considered more toxic to mammals.? It has been shown
that sodium tellurite exhibits a cytotoxic effect on cultured HeLa cells.*
The immunomodulator ammonium trichloro(dioxyethylene-O-O’) tel-
lurate (AS101) has been shown to possess antitumor properties in the
early stage of Madison 109 lung adenocarcinoma. Treatment with op-
timal doses of Taxol (25 and 17 mg/kg) and AS101 (0.5 mg/kg) resulted
in 66.6 and 43.3% cures.® Previously, we reported that hydroselen-
ites are able to activate nitric oxide generation in various tumor cell
cultures.®~8 The activation of nitric oxide production is especially pro-
longed in HT-1080 and MG-22A cell lines. The amount of nitric oxide
produced depends on the type of tumor and the cation structure. Ac-
cording to the literature and our results, we propose that the antitumor
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effect of hydroselenites stems from the fact that they are able to regu-
late the free radical balance in vitro and in vivo. In the current study,
we report the cytotoxic activity of selected organoammonium tellurates
in vitro against HT-1080, MG-22A, and NIH 3T3 cell lines. The role of
tellurates as free radical regulators is discussed.

RESULTS AND DISCUSSION

It has been shown that telluric acid (1) readily reacts with ammonia,
methyl amine, and dimethyl amine in water to give the corresponding
ammonium tellurates 2—4.

The reaction proceeds easily at room temperature with quantitative
yields.

The results of in vitro experiments are summarized in Table I. The
majority of tested tellurates 1-4 exhibited slight activity in vitro on
human fibrosarcoma HT-1080 (MTT test) and good activity on mouse
hepatoma MG-22A tumor cell lines. Telluric acid (1) shows high cyto-
toxic effect on the MG-22A cell line (TD5¢ = 0.2 ug/mL, MTT test). The
conversion of 1 to ammonium salts (2-4) leads to a decrease of the cy-
totoxic effect on both studied tumor cell lines (TD5g = 14 = 61 pug/mlL,
MTT test). It should be noted that in the same concentrations telluric
acid (1) and their ammonium tellurates 2—4 very selectively act against
tumor and normal mouse fibroblast (NTH 3T3) cells. Moreover, in spite
of the literature data, this series of tellurium containing compounds
exhibits very low LDsq toxicity (1236—2080 mg/kg).

The role of NO in biosystems has attracted considerable attention in
the last decade. NO is formed by enzymatic and nonenzymatic mecha-
nisms. Because of its molecular weight and high lipophilicity, NO has

TABLE I In Vitro Cytotoxicity in Monolayer Tumor Cell Lines
HT-1080 (Human Fibrosarcoma), MG-22A (Mice Hepatoma), NIH 3T3
(Normal Mouse Fibroblasts) and Caused by Tellurates 1-42

HT-1080 MG-22A 3T3
TDso, TDsp, NO  TDsp, TDsp, NO LDso,
Compound Ccv MTT 100% Ccv MTT 100% TDsy mg/kg
1 HgTeOg >100 26 13 34 0.2 72 427 1236
2 (NHy)g TeOg >100 52 13 71 15 25 545 1726
3 (NMeHj3)g TeOg >100 61 11 74 16 18 614 2080
4 (NMegHs)g TeOg  >100 52 9 30 14 88 330 1870

2TDs5p: Concentration (ug/mL) providing 50% cell killing effect; NO concentration
(%) (CV: coloration).



17: 08 27 January 2011

Downl oaded At:

Cytotoxic Activity of Ammonium Tellurates 2429

good diffusion properties. It may act not only in the cell where it is pro-
duced but also in nearby tissues. Biologically produced NO originates
from oxygen and L-arginine in the reaction catalyzed by NO synthase.
NO, a long-lived radical with a wide range of actions, is known as a reg-
ulator of a variety of biological processes.? 11 It was shown (Table I) that
telluric acid (1) is NO radical protector on MG-22A cell line (TD1o9 =
72%). An inspection of the ability of ammonium tellurate (2) to protect
cells from free radical influence shows that compound 2 is a strong
NO-inhibitor (TD199 = 25%). The introduction of one methyl group into
the ammonium cation 3 leads to extended NO-protecting properties
(TD19p = 18%). Besides, the experimental data of the dimethyl am-
monium analogue 4 show only a slight free radical protecting effect
(TD19p = 88%). According to our investigations, the studied ammonium
tellurates have no influence on tumor and normal cell phenotype.

EXPERIMENTAL
In Vitro Cytotoxicity Assay

Monolayer tumor cell lines: MG-22A (mouse hepatoma), HT-1080 (hu-
man fibrosarcoma), and normal mouse fibroblasts (NIH 3T3) were
cultured in a standard medium DMEM (Dulbecco’s modified Eagle’s
medium) without an indicator (Sigma) supplemented with 10% heat-
inactivated fetal bovine serum (Sigma). After the ampoule was thawed,
the cells from 1 to 4 passages were used. About 2-5 x 10* cells/mL (de-
pending on line nature) were placed in 96-well plates immediately after
the compounds were added to the wells. The control cells without test
compounds were cultured on a separate plate. The plates were incu-
bated for 72 h, 37°C, 5% COg. The number of surviving cells was deter-
mined using tri(4-dimethylaminophenyl)methyl chloride (Crystal Vio-
let) or 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolinium bromide
(MTT). The quantity of live cells on the control plate was taken in
calculations as 100%.1%12 The concentration of NO was determined ac-
cording to Gryess method (by NOy level in cultural medium). Sodium
nitrite standard solution was used for the calibration curve.!?

Morphology Assay

The change in cell morphology caused by tellurates was investigated
on Nikon ECLIPSE TE 300 microscope slides. Crystal violet and acri-
dine orange stains were used. The adherent cells were stained in the
plate wells following culture of the cells with tellurates. Chromatin
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condensation in apoptotic cells was visualized by staining the cellular
DNA with the dye acridine orange.*
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