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Introduction

Investigations in the field of molecular biology show that most human illnesses
are so-called «molecular» diseases stemming from lack some trace elements (Se, I, Cr,
Fe, Zn, ect.) and their compounds. An important role of trace elements in human health
is the obvious reason for the development of new progressive trends in medicine,
pharmacology and biotechnology [1].

Selenium, one of the vitally meaningful elements, is a normal component of
some enzymes, proteins and aminoacryl derivatives of nuclei acids.

The diverse importance of selenium for the human organism is emphasised in
the proceedings of the 7th International Symposium Selenium-2000 (Venice, October
2000), where selenium was called «the element of the century». According to the data
of the Institute of Nourishment of the Russian Academy of Medical Sciences (Moscow),
selenium deficiency is found practically over the whole of Russia. In 1998 a programme
«Selenium, Health, Man» was launched in the Russian Federation and selenization of
the population is being carried out within its framework.

Selenium lowering may cause such diseases as cardiomyopathy, cancer,
endemic osteoarthropathy, anaemia, efc. In China there is a vast area with soils low in
selenium, the so-called «selenium-deficient zone», where these diseases of endemic
nature occur [2]. The investigations performed in the United States showed that in areas
where the selenium content of cereals is low mortality due to various kinds of cancer is
higher than in other areas [3].

The function of selenium in the organism is closely related to functions of
vitamin E and beta-carotene. According to some hypotheses, inhibition of
carcinogenesis after administering selenium is due to its antioxidant property, impact on
tumour metabolism, effect on the endocrine and immune systems, and inhibition of
specific enzymes.

Selenium takes part in photochemical reactions related to vision. Selenium also
allows detoxification of the organism by helping to bind some harmful elements, such
as As, Cd, Hr, B4, etc, to high-molecular proteins of blood plasma and to remove them
from the otganism. In the absence of selenium these elements are bound to a low-
molecular protein metallothioneine and settle together with it in kidneys [4].

It has been found that selenium added to diet in particular doses decreases the
cancer hazard, favours treatment of cardiological patients, reduces the acquired
immunodeficiency syndrome (AIDS), slows down the ageing, efc. [5,6]. On the other
hand, a high level of selenium causes toxicosis.



Another equally important element incorporated in all plants and animals is
iodine. It is vitally important for functioning, development and growth of the organism,
where it comes with food, water and air [7].

Iodine affects metabolism enhancing the oxidation-reduction processes. lodine
deficiency results in dysfunction of the thyroid, less of its hormones thyroxin and
triiodothyronine are ejected into blood, which eventually leads to hypothyroidism.

Iodine content of the air strongly depends on proximity of the area to the sea.
The sea air can satisfy the daily iodine demand of man (~200 pg). On the contrary, the
air in the mountain areas is low in iodine, which entails iodine deficiency in the human
organism and thus mass thyroid diseases.

Unfavourable environmental conditions, discharge of radioactive materials into
the air during accidents, lowering of living standards have aggravated the situation both
on the post-Soviet territories and in the whole world. In Russia about 70 % of the
population are suffering iodine deficiency in varying degrees.

Recently the symptoms and results of iodine deficiency have been more
thoroughly studied on the emotional level (irritability, memory impairment, sleepiness,
etc.), cardiological level (arteriosclerosis, arrhythmia, deformation of vascular walls,
efc.), immunodeficient level (susceptibility to infections and colds). The intelligence
quotient (IQ) is found to be directly related to the iodine concentration in the organism.

It was found out that mental retardation of 43 million people in the world is due
to iodine deficiency. Every year 100000 children suffering cretinism because of iodine
deficiency are born. Therefore, elimination of diseases caused by iodine deficiency is
one of UN priorities in the field of human health.

The experience of using iodinated salt to prevent iodine deficiency in the United
States, Switzerland, and other countries showed that iodine excess results in such a
thyroid disease as iodine-induced hyperthyroidism.

The investigations showed that only biotransformed trace elements synthesized
by protein molecules are assimilated by the organism in the required amount, neither
less nor more.

The ability to biotransform and endogenously add the desired elements (Se, I,
Cr, etc.) producing complexes easily assimilated by a human organism is a distinctive
feature of Spirulina platensis. Being a living organism, spirulina accumulates elements
strictly as much as is necessary for the organism. Spirulina-based preparations contain a
complex of biologically active agents and produce both therapeutic and health-
improving effect. This wide use is due to its fast growth, non-toxicity, assimilability
(85-95%), high protein content (60-70%), well-balanced amino acid composition,
richness in vitamins, and a great variety of biologically active agents in appreciable
amounts [8, 9].

All the aforesaid has led to a hypothesis that it would be reasonable to use
Spirulina platensis biomass as a matrix for production of Se and I-containing
pharmaceuticals to treat various illnesses.

To verify this hypothesis it was necessary:

— to study the dynamics of Se, I accumulation in the spirulina matrix at

different loading concentrations of nutrient medium;

— to study the influence of selenium loading of the nutrient medium on the

growth rate of Spirulina platensis and the quality of its biomass.

3



Experimental

Spirulina grows well in a standard alkaline mineral nutrient medium at a
temperature of 30-34°C, pH 8,5-11, under sodium lamp light. Cultivation was carried
out 4-5 days.

To study elements accumulation dynamics in the Spirulina platensis biomass
cultivation was carried out in a nutrient loading with concentrations ranging:

— for selenium — selenious acid H,SeOs; — from 0,5 to 15 mg/L;

— for iodine — potassium iodine KI — from 10%t0 10 g/L.

The growth rate, protein composition and cells conditions of spirulina biomass
are basic important qualitative characteristics which must be studied at pharmaceutical
production.

To examine the dependence of the Spirulina platensis cells growth rate on the
nutrient medium loading with selenium compound H,SeO3, cultivation was performed
at different concentrations (1-100 mg/L) introduced to the nutrient medium in the first
day of cultivation (“dose—effect”).

The protein composition was studied by the method of gel-electrophoresis and
the cells conditions was observed in the microscope.

After cultivation the spirulina cell mass was separated from the nutrient
medium, washed with distilled water three times and centrifuged. The resulting wet
biomass was lyophilically dried in a adsorption-condensation lyophilizer. The native dry
biomass was made into small pellets of various diameters and thickness by means of a
special titanium mould.

Samples was studied by epithermal neutron activation analysis (ENAA) used at
the pulsed fast reactor IBR-2 (JINR FLNP, Dubna) and described in the works [10, 11].

Results and discussion

The ENAA results of experiments with Se loading are displayed in Fig. 1.
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The concentration dependence of selenium in spirulina biomass is well
approximated by the six-order polynomial with R?>=0.99. The increase of selenium
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accumulation is observed with maximum in the range with 13 mg/L. This more precise
new results are in good agreement with our results obtained earlier [11]. For iodine
approximation is described by polynomial of the second-order.

The obtained dependence allow to determine the conditions of spirulina
biomass cultivation corresponding to the apriori given doses of Se accumulation.

The concentration dependence for iodine and the methode of optimal doses
determination for production of iodinated pills was early discribed in our work [12].

In the course of cultivation spirulina cells may assimilate some toxic elements,
like Hg, As, Cr, Cd, Pb, etc., present in the nutrient as impurity.

On the other hand, the US data on permissible doses of various elements for a
human organism (see http://www.spirulina.com/SPBNutrition.html) show that our results
ENAA obtained for this elements with chemically pure reagents and with reagents of
pure grade do not exceed the permissible level.

The results obtained in experiments «dose—effect» are shown in Fig. 2. As
follows from this figure, when the Se concentration is 50-100 mg/L, the effect of cells
growth rate elimination becomes significant after 6 days of cultivation, and on the 12
day the amount of spirulina biomass reaches 25-30% of that grown without nutritional
loading. At low concentration of selenium loading the effect of cells elimination is
insignificant.

The results obtened with gel-electrophoresis and in microscopic observation
also show that selenium loading no change the biomass quality.
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Conclusions

1. Target-oriented introduction of selenium and iodine in the spirulina biomass is
shown to be possible during cultivation. Polynomial relationship between
accumulation of selenium in the spirulina biomass and their concentration in the
nutrient is found.

2. It is demonstrated that the dangerous concentration of toxic elements can be

preliminarily determined in the course of drug production. It is found out that highly
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pure reagents are desirable for cultivation of spirulina biomass for pharmaceutical
purposes.

The chosen conditions of spirulina biomass cultivation with loading with the given
elements provides their endogenic inclusion in Spirulina biocomplexes without
deteriorating its natural features.

The present investigation was supported by the International Center for Scientific

and Technical Research (grant G-408).
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®ponracresa M. B. u np. E18-2002-107
DKcrepUMEHTATbHOE 060CHOBaHHE BO3MOXHOCTH CO3JaHHS

celyieH- U HoicolepXalluX NpenaparoB

Ha OCHOBE CHHe-3ejieHOi Bomopociu Spirulina platensis

Hcenenosana BO3MOXHOCTh MCIIONB30BaHHs CHHE-3€/IeHOH BOROpPOCHH Spiruli-
na platensis B Ka4ecTBe MAaTPULIbI U1 CO3NAHUS CelieH- M Hoicomepxalux gapma-
UEBTHYECKHX mpenapaToB. Omnpenenersl ¢ 60JbUION TOYHOCTBIO 3aBUCHMOCTH
akkymyssuuu Se u I 6uoMaccoii CIMPYJIHHEI B IIpoLecce KYTbTHBALHHU B IIMTATENb-
HOH Cpelle C Harpy3Koil COOTBETCTBYIOIIMMH dyieMeHTamu. M3ydeHa nuHamuKa
pocta GuoMacchl CIIUPYJIMHBI B THTATENBHOI cpefie C Harpy3Koii celeHoM. YcTa-
HOBJIEHO, YTO KauecTBoO GHoMacchl Spirulina platensis 03BOJSAET UCIIOIB30BATh €€
B (papMaLICBTHYECKHMX LIEIAX.

Pa6ora BomonHeHa B Jlaboparopun HeHTpoHHOM ¢H3uku uM. U. M. ®panka
OUSH u B UHcTuTyTe husuku um. D. JI. Anaponukamsuny AH I'pysumn.

TMpenpunt O6GLEAMHEHHOrO MHCTHTYTA SAEPHBIX HccrenoBanui. Jy6Ha, 2002

Frontasyeva M. V. et al. E18-2002-107
Experimental Grounds for Developing

Selenium- and Iodine-Containing Pharmaceuticals Based

on Blue-Green Algae Spirulina platensis

The possibility of using blue-green algae Spirulina platensis as a matrix
for production of the selenium- and iodine-containing pharmaceuticals was
studied. The dependence of Se and I accumulation in Spirulina biomass during
the cultivation in a nutrient medium loading of above elements was determined
more precisely. The dynamics of Spirulina biomass growth was observed with nu-
trient medium loading of selenium. It is found that Spirulina platensis biomass
quality may be used for pharmaceutical purposes.

The investigation has been performed at the Frank Laboratory of Neutron

Physics, JINR and at the E. L. Andronikashvili Institute of Physics of the Geor-
gian Academy of Sciences.
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