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Summary. The 'miracle of caryokinesis' was the starting point that stimulated Alexander G. Gurwitsch to carry out 
his famous 'mitogenetic' experiments in 1923. The results obtained confirmed his hypothesis of a weak radiation from 
cells, which is able to trigger the growth of other cells. Extensive experimental work within the first two decades after 
this discovery indicated that the problem of mitogenetic radiation is generally related to the biological significance 
of UV-radiation. Both 'energetic' and 'informational' aspects have to be considered, namely radiation effective in 
activating molecules, and that involved in arranging them into larger units. 
The molecular organization of biological structures is evidently governed by nonequilibrium conditions needing the 
uptake or emission of radiation. These concepts of A. G. Gurwitsch can be linked with modern approaches based 
on hypotheses of coherence in biology, 'synergetics' and 'dissipative structures'. However, the question of causal 
interrelationships between this part of non-equilibrium radiation and biological matter on different levels of evolution 
has to be solved now. 
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The main direction of biological suggestions 

'A never-weakened interest in the miracle of caryokinesis 
was the basis of all my further attempts', wrote 
A. G. Gurwitsch. 'The most mysterious of all was for me 
the sporadic arising of mitoses in meristems. The ques- 
tion posed itself whether cell division in general might be 
only a causal event in cell life. The purely statistical char- 
acter of the spatial distribution of mitoses demonstrated 
in several objects (and particularly in onion roots) sup- 
ported the concept of causalness and, hence, the conclu- 
sion that mitosis as a causal event should be the result of 
interaction of at least two mutually independent fac- 
tors'7-10" 12, 14,15 However, as the author men- 
tioned is, these formally correct conclusions were not 
sufficiently substantiated because similar statistical re- 
sults could be the consequence of gradually accumulated 
fluctuations in the rhythms of cell divisions. 
On the other hand, they led to the following important 
suggestion. A theory of mitosis should be based upon a 
dual principle. That is, one of the factors which make a 
cell capable of division is endogeneous (a 'possibility 
factor') while a second one ('realization factor') is exoge- 
neous although it may arise in the same organism 15, 1 s. 
It  was demonstrated that: 1) there is a reverse linear 
relationship between the surface areas of  the meristemat- 
ic cells and their division frequencies; 2) along the whole 
onion root meristem, cell surface areas increase accord- 
ing to the exponential law. The latter relationship may be 
interpreted in the following way: there exists a surface 
'substance K'  which remains constant during cell growth, 
and also a 'substance A' which increases in an assimilato- 
rial manner, retaining its constant properties. According 
to this assumption, the surfaces of cells of different di- 
mensions would be distinguished from one another only 
by a constantly altering relation between K and A. 

The main problem was to elucidate the nature of the 
exogeneous factor. Initially it seemed natural to look 
upon it as a chemical substance, similar to Haberlandt 
growth hormones. Correspondingly, it was suggested 
that the increase in the amount of the A substance, by 
moving apart and thus relatively diminishing the surface 
sites occupied by the K substance, decreases the hormone 
penetration inside a cell. In this case, however, cell divi- 
sion frequencies should be proportional to the relation of 
K to a constantly increasing A, which contradicts the 
established fact of a reverse linear relationship between 
cell division frequency and cell surface area. 
This contradiction led to the following suggestion: K and 
A sites are arranged on a cell surface as a permanently 
changing spatial mosaic. K sites are favorable to an exo- 
geneous cell division factor, whereas A sites are unfavor- 
able. If  it is a mosaic-like configuration which plays a 
decisive role, the perception of an exogeneous impulse by 
a cell surface may be considered as a resonance event. 
This led to the hypothesis that the exogeneous division 
stimulating factor is an oscillatorial process which may 
be a radiation. 
Analyzing his trend of thought later, A .G.  Gurwitsch 
wrote in his very interesting paper devoted to the first 
twenty years of mitogenetic radiation studies 18: ' I t  is dif- 
ficult to imagine how this chain of arbitrary and physical- 
ly not very literate conclusions could lead to a correct re- 
sult, that is to the discovery of radiation. In our opinion, 
the reasons why it acutally did so are the following ones. 
Firstly, the very concept of the decisive role of the cell 
surface in mitogenetic radiation perception was substan- 
tiated, even before the nature of the cell division factor 
had been elucidated, since it could be derived from the 
synchronism of cell divisions in different syncitia, as op- 
posed to the irregular distribution of division in a cell 
population. 
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Secondly, even in the idea of a resonance there was a 
grain of truth which could not be realized at that time. 
Indeed, as now seems obvious, one or several photons 
can affect the entire cell only if the photon absorbtion 
gives rise to a chain reaction considerably depending 
upon the spatial distribution of the molecules involved, 
that is, upon the configuration of a molecular order'. 
The experimental verification of the hypothesis that the 
exogeneous factor is a form of radiation has evolved 
from the suggestion that at least some radiation should 
emanate from a root into the surrounding space and that 
it would be most probable that detectable radiation 
would arise from the cone-shaped tip of  an onion root. 
An adequate detector should consist of cells ready to 
divide and really dividing with a certain average frequen- 
cy, but at the same time capable of increasing their divi- 
sion frequency. The necessity for comparison with con- 
trol cells was also obvious. For this purpose as well, the 
most suitable objects were onion roots characterized by 
a radial symmetrical arrangement. Therefore, the reveal- 
ing of a difference in mitotic numbers between the 'irra- 
diated' and the 'shadowed' sides of  the meristem after a 
unilateral local stimulation seemed to be fairly possible. 
Already the first experiments, in which a horizontally 
oriented inductor-root was brought to a distance of 1.5- 
2 mm from the medial surface of the meristem of the 
vertically oriented detector root during 1 - 2  h, gave dis- 
tinct positive results: the number of mitoses at the medial 
zone of the 'illuminated' side was 20-25 % higher that on 
the other parts of  the meristem (Table). 
These first 'mitogenetic' experiments, conducted in 1923, 
were later supported by several hundred experi- 
ments 14, 15. The first tentative experiments pointed to 
the UV range of radiation as the most probable one. The 
insertion of a glass plate no more than several dozens of 
~tm thick between the roots did not inhibit the increase of 
mitoses on the illuminated side. This effect disappeared, 
however, when the objects were separated by a glass plate 
of 0.2-0.3 mm thickness. Later on, the radiation spec- 
trum was studied in great detail 6, 20 

The direction of further investigations 

The first years of intensive study were characterized by a 
broad range of investigations. The universality of the 
radiation among animal and plant objects was studied, 
and the most suitable method of biological detection 
elaborated. This method was the stimulation of yeast 
budding. Due to its high sensitivity it permitted the use 
of spectral analysis. The possibility of using Geiger-Mul- 
ler photon counters was also investigated, as well as the 
possibility of stimulating cell division by weak physical 
ultraviolet radiation 6, zo, 22, 23, 27 
A certain scattering of the problems studied, inevitable in 
a new research area contiguous to quite different prob- 
lems of natural history, did not prevent studies being 
made of more general and profound aspects. The impor- 

Radia t ion  o f  an  onion  roo t  causing an increase in mitosis in the meristem 
of  ano the r  onion  root.  N u m b e r  o f  mitoses in successive and  correspond-  
ing microscopic fields o f  cross sections (thickness 10/am) o f  the exposed 
side and  o f  the opposite side o f  the roo t  (see description in the text) 

I II III 
Exposed Opposi te  Difference 
side side 

Outside o f  the range  36 32 4 
o f  exposure 30 33 - 3 

38 34 4 
35 31 4 
29 34 - 5 
34 34 0 
51 53 - 2  
54 57 - 3 
66 64 2 
72 78 - 6 
75 81 - 6  
75 74 1 
88 82 6 
57 50 7 
55 52 3 
58 60 - 2 
64 65 - 1 
66 61 5 
50 52 - 2 
52 53 - 1 

Mean  value: 54.25 54 0.25 
Mean  deviat ion:  16.77 16.99 3.97 

Directly exposed pa r t  o f  the roo t  64 54 10 
70 57 13 
80 50 30 
63 45 17 
58 38 20 
58 41 17 

Mean  value: 65.50 47.50 17.83 
Mean  deviat ion:  8.38 7.45 6.91 

Outside o f  the range o f  exposure 44 40 4 
42 42 0 
43 43 0 
37 35 2 
45 43 2 
46 50 - 4 
46 43 3 
42 46 - 4  
54 55 - 1 
64 62 2 
40 44 - 4 
55 53 2 
49 53 - 4 
41 40 1 
44 43 1 
36 33 3 
34 34 0 
46 47 - 1 
45 49 - 4  
31 37 - 6  
23 25 - 2  
36 30 6 

Mean  value: 42.86 43.05 - 0 . 1 8  
Mean  deviat ion:  8.60 8.75 3.16 

tant task was to reveal one of the basic mechanisms of 
radiation which is connected with the highly exothermic 
recombination of free radicals 3, 20. 
It is worth mentioning that around the mid-thirties the 
formation and recombination of short-lived free radicals 
during enzymatic reactions of  low caloricity was consid- 
ered to be hardly probable, or even impossible. Mean- 
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while, it was not taken into account that these highly 
energy-producing events may be quite rare and hence do 
not influence the overall energetic reaction output but, 
on the other hand, they may be sufficient to generate UV 
radiation of a very low intensity. It  is worth mentioning 
that the presence of atmospheric oxygen and, in some 
cases, illumination by visible light is necessary for the 
radiation of enzymatic processes 2o. 
With the accumulation of new data, the problems requir- 
ing further investigation have been outlined. These were: 
A) a study of the biological significance of UV radiation, 
that is, the use of the photon energy in biological process- 
es, and B) the use of  UV radiation as a subtle indicator 
of the molecular processes related to the different func- 
tional states of living matter. 
Such a division is arbitrary to some extent, as there is 
now more and more evidence that photons of different 
energetic levels participate in practically all biological 
processes. However, depending on the interests of the 
investigator, one of these approaches may dominate in 
different periods of work. For example, the spectral anal- 
ysis of the mitogenetic radiation of neural and muscular 
systems can without doubt be considered as a sensitive 
indicator for the structural and energetic dynamics of 
neuro- and myoplasms in different functional states. In 
this case the problem of photon participation in molecu- 
lar reconstruction may not arise for some time 6 
On the other hand, already in the first years of investiga- 
tion it became evident that all the events connected with 
mitogenetic radiation were based upon chain reactions in 
which light and dark links were combined. It is to this 
kind of process that one should relate the widespread 
phenomenon of secondary radiation. This phenomenon 
permits us to understand the very fact of the maintaining 
and spreading of weak UV radiation inside a biological 
substrate strongly absorbing UV 6, 20.23. We are dealing 
here with the 'relay' character of the transmission of 
excited states, both dark and light ones. 
It is therefore evident that the concept of chain processes 
includes in itself the spreading of steric, i.e. conforma- 
tional reconstructions with different degrees of reversibil- 
ity. The chain processes underlying secondary radiation 
are of a branching character and it is breaking of the 
separate chains which leads to the release of energy in the 
form of photons. 
On the other hand, the absorption of one or several UV 
photons may impart a chain character to chemical pro- 
cesses. This was demonstrated, for example, with peptide 
polycondensation, a process of special interest since it is 
necessary for the preparation of cell division and is stim- 
ulated by mitogenetic radiation 6, 20, 22.2z 
Therefore, under certain conditions, mitogenetic radia- 
tion may play the role of a creative factor. We would like 
to stress that such a stimulating role is played only by 
very weak biological UV radiation, whereas much more 
intensive physical UV radiation inhibits biological pro- 
cesses as a rule. 

The primary action of the absorbed photons should obvi- 
ously be considered as a very important trigger mecha- 
nism activating and participating in the chain processes 
which are, on the other hand, conditioned by the specific 
conditions constantly maintained in biological systems. 
In other words, the elucidation of the conditions promot- 
ing the specific 'organization' of the cellular processes 
which arose as secondary, tertiary etc. links in response 
to the absorption of single photons should be considered 
as the main biological problem. This general concept is 
apparently close to some view developed within the last 
10-15 years 4, 39, 4s 

Ascribing a decisive role to the chain processes excited by 
photon absorption, A. G. Gurwitsch suggested that the 
'organization' of a substrate should create some condi- 
tions restricting their variability, that is, regulating the 
use of the absorbed energy. 
This leads to the idea which was the basis of one of the 
main directions in the study of mitogenetic radiation. 
The necessary condition for the development of chain 
processes is a certain degree of molecular 'orderliness' in 
a substrate. Within the classical biological concepts the 
latter term is no more than an unnecessary synonym for 
a strict concept of 'structure', but mitogenetic radiation 
leads to quite other concepts of cell organization. 
In these concepts the notion of molecular orderliness 
acquires an independent content and reflects the most 
important features of cell organization and, obviously, 
ceil energetics 11, i3, 15, 16, 19, 20, 21, 23 

The decisive point in the development of these concepts 
was the discovery of the so-called degradational radia- 
tion appearing during reversible inhibition of the meta- 
bolic level, for example during the local cooling of a 
system under study, narcosis of an animal, or during 
some other reversible interventions 6, 19-24. 
The revelation of this specific and obviously universal 
phenomenon demonstrates that at least a part of the 
energy released during exothermic metabolic processes is 
accumulated up to the high potentials equivalent to the 
far and middle range UV and seems to be used normally 
by a stepwise degradation. The energy-requiring molecu- 
lar complexes act as devices which accumulate the high 
energetic potentials using separate portions of metabolic 
energy probably not exceeding 20 kcal/mol each. 
In other words, the molecular complexes or, better, the 
molecular 'constellations' are associations of molecules 
brought together, to some extent ordered and joined only 
by very weak interactions, permitting the energy circula- 
tion along the constellation as an entire system, with the 
probable cumulation of energy in one of the molecules. 
The migration of energy creates the conditions for a 
metastabflity of the constellations, although, on the other 
hand, the constellations are non-equilibrial, i.e., dynamic 
and labile. 
The creation of non-equilibrial molecular orderliness is 
therefore directed against the disordered thermic molecu- 
lar movements whose degrees of freedom in living sys- 
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tems are thus restricted. For each excited molecule, the 
parameters of the restriction are to some extent at least, 
functions of  its position inside a cell. This formulation, 
which stresses the influence of cell parameters upon the 
spatial distribution of molecules, is a brief expression of 
the concept of cellular fields elaborated by A. G. Gur- 
witsch in the course of many years and related to his basic 
idea about the constant regulation of the spatial parame- 
ters of a living system by a coupling interaction of supra- 
cellular, cellular and molecular levels 19, 21, 24. 
Some experimental data point out the changes of the 
steric parameters, i.e. the configurations of constella- 
tions. That gives a potential possibility for the enormous 
diversity of the living processes, which may be designated 
as 'structuralized processes', without neglecting the gen- 
eral systemic regulation principle 6, 20, 22, 23 
In spite of  the great functional importance ascribed to the 
concept of non-equilibrial molecular constellations these 
can in no way substitute for the concept of more stable 
structures; there must obviously be an interaction be- 
tween the different categories of ordered molecular 
states. In other words, the constellations may be consid- 
ered as a regulatory component of the general molecular 
continuum, by which to some extent the character of the 
chemical kinetics of the system is conditioned. 
Limiting ourselves here to this short description of an 
experimentally based statement of the problem, let us 
now consider the question of the attitude of some scien- 
tific circles to the problem of mitogenetic radiation. 

The evolution of various views on the problem of mitoge- 
netic radiation 

'The external fate of the problem has been characterized 
by sharp perturbations, at least within the first decade of 
its existence' wrote A. G. Gurwitsch 18. 
'The very wide interest in the discovery of the radiation, 
which arose after the first publications and continued for 
about 10 years, was unfortunately not based upon a solid 
scientific ground. The success mostly seemed to be an 
unhealthy sensation, insofar as most of those, who were 
attracted by the phenomena discovered and studied in 
our laboratory, were a certain kind of light-minded bio- 
logists. Some studies which seemed at the first glance to 
give positive results were based upon a few experiments 
only; therefore they could not stand up to serious criti- 
cism and even compromized the real data'. 
On the other hand, many investigations negating the very 
fact of  the radiation were also based upon a small num- 
ber of experiments, whose authors not only ignored but 
often acted against the recommendations of the original 
laboratory. This is true both as far as the biological 
detection method is concerned as well as for the use of 
photon counters 26, zs, 30. 
Meanwhile, despite the fact that there was so little satis- 
factory background, in several laboratories in different 
countries serious and systematic work has been per- 

formed, not only using biological methods but also by 
employing critically and successfully a physical method 
of registration (photon counters) 1, 2, 5, 31 -33, ,1 - ,7  
We shall not concentrate here on individual pieces of 
work because, in our opinion, it would be more impor- 
tant and interesting to recount some general ideas sug- 
gested by A. G. Gurwitsch in 1943 as. 
' . . .  In the course of many years, biology developed as a 
wide and fairly calm stream, its great successes being the 
confirmation of well substantiated hypotheses derived 
from observation, rather than unexpected novel ideas. 
That gives it both its greatness and its narrowness. Grad- 
ually the conviction arose that discoveries, i.e. observa- 
tions which have no direct relation with the totality of 
our knowledge and  the dominating views are actually 
impossible. Therefore many authors, and even those who 
were personally convinced of the reality of the radiation 
phenomenon, did not know what to do further, that is, 
they did not see the real physical, chemical and, most of 
all, biological implications of UV radiation in living sys- 
tems'. 
' . . .  Along with that, demands have been made for evi- 
dence for mitogenetic radiation which are in principle 
both wrong and unrealizable. Particularly, only that part 
of the communicated facts has been recognized which 
could be confirmed by other, so-called classical methods. 
Certainly one cannot neglect the desirability of such con- 
firmation, but to consider it as a necessary precondition 
means to destroy scientific logic. I f  a new method is more 
sensitive than the previously existing ones, it is only nat- 
ural that it will eventually reveal events of low intensity 
which have escaped observation by the previous less sen- 
sitive methods. Moreover, the unrealistic character of the 
demands, which have been advanced mostly by bio- 
chemists, is explained by their dominating interest in 
substances as opposed to processes. Many important re- 
sults obtained by observing mitogenetic radiation are 
related to the study of processes, both in models and in 
vivo'. 
The correctness in principle and the mutual relatedness 
of  these concepts has recently become more evident, now 
that the main problems of biology are increasingly con- 
centrated around the study of energetic processes and 
non-equitibrial states, that is on the dynamic characteris- 
tics of living matter. The interest of physicists, attempting 
to express biological specificity in physical terms, plays 
an important role in the development of such an ap- 
proach. Therefore, in our opinion, the problem of mito- 
genetic radiation has become less isolated and naturally 
approaches the recently formulated questions. 
In conclusion, let us discuss in more detail some related 
ideas suggested by physicists. The main principle of the 
modern approaches elaborated by H. Frrhlich*, F .A.  
Popp 39, H. Haken 25, I. Prigogine and G. Nicolis 35 and 
Z. W. Wolkowsky 48 is as follows: 
Biological systems, owing to their metabolism, are far 
from thermodynamic equilibrium, that is, they are excit- 
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ed and non-equilibrial. Biological effects may be induced 
by the action of radiation of very low intensities and 
particularly by waves in the mm range 4. The effects are 
related to the resonance properties of a system as a 
whole, depending upon its activity. The inducing actions 
are considered as triggers of processes prepared inside the 
system itself. The concept of active biological systems 
requires a high degree of organization of living matter, 

t h a t  is, cooperative collective behavior of its elements. 
The collective modes of excitation are related to the high 
dielectrical polarization of biological substances which 
may be coupled with coherent electrical vibrations 4. 
The concepts put forward by Popp's group are in general 
near to these of Fr6hlich. This group studies the electro- 
magnetic radiation of biological systems in the UV and, 
mainly, in the visible range 29' 34, 36, 39. The authors as- 
cribe great importance to the energetic and informational 
role of radiation. They are studying the coherence of 
biological radiation and stress the specificity of the 'bio- 
photon'  concept. In this respect it is very interesting that 
according to their data DNA is one of the main sources 
of radiation. DNA excitation is related mainly to the 
approach and interaction of two or more molecules 
which form so-called exciplexes and gradually discharge 
and release their energy in the form of coherent radia- 
tion 29. Therefore, these studies give the study of radia- 
tion a wide biological significance. Somewhat similar 
concepts are elaborated by M. Janbastiev 49 
One of the important approaches in modern physical and 
biophysical studies of the energetic and structural states 
of biological systems is exemplified b y  'synergetics', 
which studies the coupled interaction of subsystems of 
different orders, creating a unified functional system. 
Obviously, the central problems here are the organiza- 
tion of a molecular substrate, the dynamics of spatial 
parameters, and energetic states. 
Monographs discussing the physical premises, model ob- 
servations and the conclusions derived have been pub- 
lished by Haken 25, Nicolis and Prigogine 35 and Pri- 
gogine 4~ Elaborating the concepts of non-equilibrial 
thermodynamics the authors 35 stress: ' I t  is important 
that outside the area which can be described by steady- 
state thermodynamics, a new type of organization may 
arise relating the coherent spatio-temporal behavior of a 
system to its inherent dynamic processes . . . .  The new 
structures thus arising - 'dissipative structures' - are 
completely different from 'equilibrial structures'. Dissi- 
pative structures may exist far from equilibrium only at 
the expense of a fairly large supply of energy and sub- 
stance. They are a striking example demonstrating the 
capacity of non-equilibricity to be a source of order, 
namely, order through fluctuations'. 
There are certain analogies between the concept of dissi- 
pative structures and non-equilibrial molecular constella- 
tions, although the former are considered as macroscopic 
formations, while the latter are microscopic molecular 
associations, giving the theoretical possibility of consid- 
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ering the 'behavior' of separate molecules. One may also 
mention the similarity between the concept of coherence, 
as a regular spatio-temporal aspect of the behavior of a 
system, and that of non-equilibrial molecular constella- 
tions, considering the latter as a dynamic regulatory prin- 
ciple of cell processes. 
On the other hand, the two concepts show important 
differences. When developing the non-equilibrial constel- 
lation concept, A. G. Gurwitsch suggested that the con- 
stellations should be the necessary link in the constantly 
maintained and spatially specified relations between the 
different biological levels - organismic, cellular and 
molecular 19, 21, 24 
In the work cited above 25, 35, 4o the arising of the non- 
equilibrial organization of matter is considered as being 
under certain conditions a self-organized process. It 
seems possible that further analysis may lead to a more 
profound understanding of the conditions required for 
the arising of spatio-temporal orderliness of biological 
processes and one cannot ignore the usefulness in this 
respect of the data related to mitogenetic radiation. 
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Summary. I n  th is  p a p e r  we s u m m a r i z e  a n d  discuss  the  m o d e r n  t e c h n o l o g y  a n d  sys tems,  s tud ied  a n d  e s t ab l i shed  by  

o u r  r e sea rch  g r o u p ,  for  p e r f o r m i n g  the  de t ec t i on  a n d  special  ana lys i s  i n c o r p o r a t e d  w i th  the  s u p e r - h i g h  sens i t iv i ty  

p h o t o n  c o u n t i n g  m e t h o d  for  the  s tudy  o f  u l t r a w e a k  p h o t o n  emis s ion ;  for  example ,  e x t r a - w e a k  b i o l u m i n e s c e n c e  a n d  

c h e m i l u m i n e s c e n c e  f r o m  l iv ing cells a n d  t issues,  closely r e l a t ed  to b i o c h e m i c a l  a n d  b iophys i ca l  p rocesses  a n d  act iv-  

ities. A n  excel lent  sens i t iv i ty  o f  the  bas ic  p h o t o n  c o u n t i n g  sys tem,  m a k i n g  it  poss ib le  to  ach ieve  c o u n t  ra tes  in  the  

ve ry  low r a n g e  o f  one  p h o t o e l e c t r o n  pe r  s econd  to one  pe r  m i n u t e ,  a l lowed  us to  ca r ry  o u t  in  v ivo  as well  as in  v i t ro  

m e a s u r e m e n t s ,  a n d  ana lyses  o f  u l t r a w e a k  b i o l u m i n e s c e n c e  a n d  chemi luminescence .  R e c e n t  resul t s  c o n c e r n i n g  u l t r a -  

w e a k  p h o t o n  emi s s ion  f r o m  b l o o d  samples  a n d  o r g a n  h o m o g e n a t e s  o f  r a t s  are  p r e s e n t e d  a n d  rev iewed  as one  o f  the  

i n t e r e s t i ng  a n d  v a l u a b l e  a p p l i c a t i o n s  o f  o u r  m o d e r n  t e c h n o l o g y  fo r  s t u d y i n g  u l t r a w e a k  cell a n d  t issue r ad i a t i on .  

Key words. U l t r a w e a k  p h o t o n  emi s s ion ;  b i o l u m i n e s c e n c e ;  c h e m i l u m i n e s c e n c e ;  s u p e r - h i g h  sens i t iv i ty  p h o t o n  c o u n t -  

ing t e c h n i q u e ;  p h o t o n  c o u n t i n g  spec t ra l  ana lyze r  sys t em;  b io log ica l  cells a n d  t issues;  r a t  b l o o d ;  r a t  o r g a n  ho -  

m o g e n a t e s .  


