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In the spectral distribution of ultraweak emission of dark-adapted Nitellopsis obtusa cells one observes an increase in
the intensity within 450-610 nm induced by 1mmol/L AsA. In this region there are fluorescence bands for NADH,
FMN, Q10 as well as absorption bands for cytochrome c, b, and a3+a. This can be an evidence that there is an associa-
tion between the emission and the electron carriers of the respiration chain. This is the reason why oxygen consump-
tion by cells exposed to AsA action was tested. T1/2 equals 50 min. for oxygen consumption in the case of cells in the
dark exposed to 1 mmol/L AsA in APW solution, while in the case of a solution without cells after the addition of AsA
T1/2 equals 5.5h. Three processes can be accounted for that respiration of cells, penetration of AsA into the cells and
decomposition of AsA in outer solution. Thus obtained decay of oxygen saturation is not a mere sum of these proc-
esses.

INTRODUCTION

In the search after emitters related to ultraweak
radiation emitted by biological systems during the
metabolic processes it is necessary to take a closer
look at the respiration process (Vladimirov, Ole-
nev, Suslova & Cheremesina, 1980; Boh, Baricos,
Bernofsky & Steele,1982; Bodaness, 1982; Bo-
veris & Cadenas, 1982; Milczarek, Jaśkowska &
Gołębiowska, 1994). The more so as ultraweak
biochemiluminescence research is performed on
plants cells which must be kept in a complete
darkness for several hours before measurements
(Jaśkowska, Borc, Milczarek, Dudziak & Śpiewla,
2001). These dark conditions are necessary to
prevent long-lasting delayed photoluminescence of
chloroplasts (Lavorel, 1980; Hideg & Inaba,
1991). Under these conditions (no photosynthesis)
one of the important processes for cell metabolism
is respiration.

According to Sławinski (1989), the generalized
scheme of the biochemical model of ultraweak
luminescence accompanying the flow of electrons
and protons in the respiratory chain in mitochon-
dria, there is an electron leakage on the couplings
among flavonoproteins (FMN) and between cyto-
chromic oxidase a3 and oxygen O2. This leakage
causes uncontrolled spontaneous oxydative reac-
tions of lipid unsaturated acids in biological mem-
branes. The dismutation of superoxidative radicals
and decomposition of dioxyetane lead to a genera-

tion of electronically excited molecules. So in this
situation the photon emission might be interpreted
as „by-product” metabolism or as a result of an
electron leakage from the respiratory chain. Inten-
sity of ultraweak luminescence would be a criterion
of both the bioenergetic form of the cells and the
inefficiency of its protective mechanisms against
free radical cycling reactions. This would be an
evidence that there is an insufficient number of
antioxidative  inhibitors, like ascorbic acid or en-
zymes, neutralizing toxic peroxides, such as super-
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oxidase dismutase (SOD) (Cadenas, Brigelius and
Sies, 1983; Wefers and Sies, 1983).
On the basis of the above findings it was interest-
ing to investigate ultraweak biochemiluminescence

from Characeae cells induced by ascorbic acid, as
well as the correlation between these measure-
ments and oxygen consumption by plant cells after
their exposition to the antioxidative reagent.
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Fig. 1.  Oxygen consumption in APW solution in darkness before and after AsA addition as a function of time. The
concentration of AsA solution equals 1 mmol/L.

0.0

1.0

2.0

3.0

4.0

5.0

6.0

0 50 100 150
Time (min.)

N
or

m
al

iz
ed

 U
L 

in
te

ns
ity

AsA

Fig. 2. Normalized intensity of ultraweak luminescence from Nitellopsis obtusa intact cells before and after their expo-
sition to 1 mmol/L AsA as a function of time. The curve is the average of seven measurement series. The arrow shows
the moment of exposing cells to AsA action
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MATERIALS AND METHODS

Nitellopsis obtusa cells (Desv.in Lois) J.Gr. were
taken from Lake Zaglebocze, near Lublin, Poland,

and cultured in a laboratory aquarium with natural
pond water at room temperature under day/night
light conditions. Uncorticated cells before meas-
urements were kept in artificial pond water, con-
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Fig. 3. Oxygen consumption in APW solution in the light before and after AsA addition as a function of time. The con-
centration of AsA solution equals 1 mmol/L.
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Fig. 4. Absorbance measured for: (1) AsA alone at the concentration of 0.02 mmol/L; (2) AsA at the initial concentration
of 0.02 mmol/L, three hours after the immersion of 30 Characeae cells in the solution; (3) APW, with which the cells
removed from AsA were rinsed.
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taining (mmol/L): NaCl 0.1; KCl 0.1; CaCl2 0.1
and 20 mm/L Hepes buffer. To achieve pH 7,5,
10%  NaOH was used.

Ultraweak luminescence measurements within
the range of 340-700 nm were performed with the
use of the apparatus described earlier (Jaśkowska
et al., 2001).

An oxygen content in a solution was determined
by means of the Clark electrode connected to the
Orion dissolved oxygen meter, model 850 A plus.
The probe was placed into a bottle of 38 ml vol-
ume, fully filled with the solution and air-tight.
This apparatus was kept at the temperature of
18.5°C. In the case of the measurements with
plants, 30 Characeae cells were placed first in the
bottle. The ascorbic acid solution of 1 mmol/L
concentration was obtained by an injection of con-
centrated AsA to the APW in the bottle.

The absorbance measurements were performed
by the use of spectrophotometer Cecil CE 3021.

Ascorbic acid was purchased from SIGMA
(St.Louis, USA), Hepes from Aldrich and Sigma
(Poznan, Poland), other agents from POCh (Gli-
wice, Poland).

RESULTS AND DISCUSSION

Photosynthesis is eliminated when Characeae cells
were adapted to darkness for several hours before
ultraweak luminescence measurements. This fact is
not damaging for cells because they grow under
normal conditions several meters under the surface
of water.

In the research on ultraweak emission spectra
induced by ascorbic acid (1 mmol/L) there appears
an increase of intensity in the range of 450-610 nm
(Table 1), which might be related to the fluores-
cence of electron carriers in respiratory chain
(Milczarek et al. 1994).

The results concerning the
measurements of oxygen con-
sumption are represented at
Fig.1. Addition of AsA to APW
solution in the dark caused an
exponential decay of oxygen
saturation in the solution with
half-life about 5.5 h. When AsA
was added to APW solution,
with the cells which had been
kept in a complete darkness, the
decay of oxygen saturation is
faster, and T1/2 is equal to about
50 min. The reason for this is
consumption of oxygen by the
cells during the respiration

process, which can be more intensive because of
the presence of AsA. It is not easy to explain it due
to fact that AsA penetrates into the cells. Compar-
ing this decay to the kinetic of ultraweak lumines-
cence (Fig.2), we found that during 1/2 hour after
exposition of cells to the action of 1 mM AsA a
large consumption of oxygen and fast increase of
UWL are observed. During the next one hour
UWL reaches “plateau” and than goes down
slowly. Simultaneous changes in oxygen saturation
become much slower.

When the cells were kept under normal day-light
regime, oxygen consumption after AsA addition
was essentially slower (about 4 times) in compari-
son to that without cells (Fig.3). It is justified by
the fact, that plants placed in APW solution are
suppliers of oxygen to the environment.

To test the changes of AsA concentration in
APW solution with cells we investigated the ab-
sorbance of solution in the wave length of UV
range (Fig. 4 and 5). Fig.5, illustrating the changes
of absorbance in the function of time, indicates that
during the first 10 minutes, the concentration  of
AsA in the solution in which cells were immersed,
decreased by about 40%. Two reasons can be con-
sidered here: ascorbic acid was being diffused
during this time into the cells or it was being de-
composed in the outer solution. The latter reason is
quite probable, because of a faster decay of oxygen
contents in pure APW solution after the addition of
AsA (Fig 3). On the other hand, the „light map” of
ultraweak luminescence from these cells exposed
to the action of AsA registered by Molecular Light
Imager (in Dept. of Radio- and Photochemistry at
Poznań University of Technology) shows clearly
that maximums of emission intensity are from the
area in which there are cells, not from the liquid
itself.

To sum it up, the oxygen consumption curves
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Fig. 5. Kinetics of 1mmol/L ascorbic acid absorption by 30 Nitellopsis Ob-
tusa cells obtained from absorbance measurements.
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after the addition of AsA are not simply reflected
by the processes undergoing in APW environment
with Nitellopsis obtusa cells or without them. One
cannot exclude that plants may affect the solution
composition by the release of ions and other spe-
cific substances outside the living organism.

In order to explain these details we would need
further experiments and these, hopefully, could
show whether the cells treat AsA as a profitable
substance for them, or as an only stressing agent or
even a toxin.
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