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A technique of electron-autoradiographic demonstration of the bactericidal ability of 
neutrophils was described previously [2]; the basis of the method is that a short time after 
a suspension of neutrophils is added to a suspension of bacteria under conditions favoring 
phagocytosis, the RNA precursor SH-uridine is added to the incubation mixture for a short time. 
After preparation of autoradiographs the level of RNA synthesis is determined in phagocytosed 
and free bacteria, and this provides an indicator of their viability during interaction with 
neutrophils. 

This paper suggests a method which substantially increases the accuracy of determination 
of bactericidal activity by the use of light microscopy and autoradiography on semithin sec- 
tions. Changes in the method compared with that described previously are of a minor nature: 
the preparations are exposed in darkness for 4 days rather than 5 h, and they are developed 
by paraphenylenediamine developer, suggested previously for developing electron-microscopic 
autoradiographs [i]. This technique is of fundamental importance for the autoradiographic de- 
termination of intracellular and extracellular bactericidal activity. The level of bacteri- 
cidal activity is expressed as the ratio of living to dead bacteria, i.e., the ratio of the 
number of labeled and nonlabeled bacterial cells in a particular zone (in phagosomes adsorbed 
on the surface of the phagocyte or in the intercellular space). If the autoradiographs are 
developed by ordinary developers, such as the widely used D-19, very short exposure times of 
the preparations in darkness must be used, so that there should be one or, at most, two grains 
of silver above a labeled bacterium. With a larger number of grains of silver, because of 
their considerable size and the small size of the bacterium located beneath them (in the case 
of cocci), the bacterium becomes indistinguishable, being almost or completely covered by 
grains, as in Fig. i (because of the small size of the objects under discussion, namely grains 
of silver and bacteria -- the article is illustrated by electron-microscopic autoradiographs). 

The use of electron-microscopic autoradiographs developed with paraphenylenediamine (pro- 
ducing smaller grains) and exposed for a long period, so as to facilitate the appearance of a 
larger number of grains above a living bacterium, in order to study bactericidal activity 
showed that the viability of bacteria was reduced gradually under the influence of the bacte- 
ricidal agents, depending on the duration of their action, their concentration, and the state 
of the bacterium itself (Fig. 2). This conclusion is proved by the fact that not only unla- 
beled and intensely labeled bacteria are present in an electron-microscopic autoradiograph 
prepared under these conditions, but also microorganisms with intermediate densities of label- 
ing. This diversity of the degree of incorporation of the label into individual microorgan- 
isms can be regarded as an advantage of the method of autoradiography as an indicator of mi- 
crobial viability compared with bacteriological methods, which divide them into living and 
dead only, and thus distorting and schematizing what in fact is taking place in the microor- 
ganisms in reality. Let us return to the problem of development. If the presence of viabil- 
ity is judged from the appearance of one or two grains of silver above a bacterial cell, prep- 
arations must be developed when this kind of label is found only above the most viable micro- 
organisms. All microbial cells with somewhat reduced viability will be classed as dead (un- 
labeled). This will lead to an erroneous exaggeration of the true degree of bactericidal 

Department of Pathological Anatomy, A. V. Vishnevskii Institute of Surgery, Academy of 
Medical Sciences of the USSR, Moscow. Translated from Byulleten' Eksperimental'noi Biologii 
i Meditsiny, Vol. 106, No. ii, pp. 621-623, November, 1988. Original article submitted Novem- 
ber 13, 1987. 

1642 0007-4888/88/0011-1642512.50 �9 1989 Plenum Publishing Corporation 



....... Fig. 1 ......... Fig. 2 

Fig. i. Electron-microscopic autoradiograph reflecting RNA synthesis in bacteria. D-19 
developer. Unlabeled bacterium (B) can be clearly seen. Labeled bacteria covered by 
grains of silver, either almost completely (short arrow), or completely (long arrow). 
The number of grains cannot be determined. Magnification: 15,000. 

Fig. 2. Electron-microscopic autoradiograph reflecting RNA synthesis (viability) of staphy- 
lococci ingested by a neutrophil (N). Paraphenylenediamine developer. Differences in 
density of grains of silver above individual cocci are evidence of a difference in their 
state. The number of grains can be counted above each bacterial cell. Magnification: 
12,000. 

activity of the agent concerned. Such a mistake will be clearly seen if electron-microscopic 
and light-microscopic autoradiographs prepared from the same material are compared: the num- 
ber of living bacteria in the former will be much greater than in the latter. 

Another mistake in the determination of viability of bacteria, also arising with the use 
of coarse-grain developers, but due to the random character of radioactive fission, is more 
dangerous. It may appear that a bacterium above which one grain of silver is found contained 
a smaller total number of radioactive atoms than an unlabeled bacterium located next to it, 
but in the first bacterium one atom was able to disintegrate in a short exposure time and emit- 
ted a E-particle in the direction of the photographic emulsion, whereas in the second bacte- 
rium, either fission did not take place or the B-particle was directed away from the photo- 
graphic emulsion. Besides the situation described above, coarse-grain development deprives 
the autoradiographic method of one of its advantages, namely that quantitative parameters of 
viability of individual bacterial cells are measured. 

Fine-grain development with paraphenylenediamine was not used to prepare light-micro- 
scopic autoradiographs because the grains formed by this substance are invisible if the prep- 
arations are examined by the usual method. If, however, ordinary illumination of the prepara- 
tions from below through a condenser is combined with a flow of light directed from above 
through the objective, the fine grains of silver, reflecting light falling on them, become 
fully distinguishable because of the bright halo surrounding them. With this type of illumi- 
nation they appear like luminescent points against the background of the dark blue bacterium, 
whereas large grains in preparations illuminated only through the condenser have the appear- 
ance of black dots, which are less distinguishable against the same background. 

The small size of the grains formed by paraphenylenediamine makes it possible to see the 
grains themselves and also bacteria located beneath them clearly, even when not one or two, 
but several grains are located above a bacterium. 

Labeling of viable bacteria in light-microscopic autoradiography by many (up to 10-20) 
grains of silver sharply reduces the contribution of the two errors examined above and allows 
inequality of action of bactericidal factors to be studied depending on time. Such a prepa- 
ration, of course, cannot replace electron-microscopic autoradiography, which demonstrates 
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the detailed structure of bacteria and of the phagocyte and, because of this, enables conclu- 
sions to be drawn regarding the mechanisms of bactericidal activity (for example, the pres- 
ence or absence of marked degranulation). However, in cases where only the degree of intra- 
and extracellular bactericidal activity needs to be determined, without going into more de- 
tails, the method of light-microscopic autoradiography with a fine-grain developer actually 
has a definite advantage over electron-microscopic autoradiography, for, with much less work, 
it enables an investigation to be conducted on a large number of objects (an essential condi- 
tion for obtaining reliable data). 

The suggested method and the results obtained by it show that, in a certain sense, elec- 
tron-microscopic autoradiography and even the intermediate variant described here (light-mi- 
croscopic autoradiography with electron-microscopic development) may actually prove to be 
more sensitive than the traditional light-microscopic autoradiography. Of course, in its 
standard meaning, sensitivity (minimal detectable concentration of radioactivity) of light- 
microscopic autoradiography is higher than that of electron-microscopic autoradiography. How- 
ever, the possibility of finding minimal differences between concentrations of radioactivity 
in objects such as bacteria, which evidently must also be called sensitivity, is significantly 
higher in electron-microscopic autoradiography or in our suggested method of light-microscopic 
autoradiography with the use of a fine-grain developer. 
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Completeness of skin restoration during healing of full-thickness wounds may vary froma 
scar to perfect regeneration. This will depend on a number of experimental conditions: the 
species of animal, the location of the wound defect, and the intensity of contraction of the 
wound [2]. We know that healing of full-thickness wounds of the dorsal skin in mice and rats 
usually ends with the formation of a small connective-tissue scar [i, 2]. However, it has 
been shown experimentally that completeness of skin restoration in mammals can be deliberately 
influenced. For instance, by restraining wound contraction or by stimulating wound healing 
with small doses of the antioxidant dibunol, the outcome of skin regeneration can be changed 
and instead of an epithelized connective-tissue scar, it is possible to obtain regeneration 
of the correct skin type with the formation of skin derivatives: hairs and sebaceous glands 
[3, 4]. Such changes in the repair process in the skin have been shown to be possible if ac- 
tion is confined to young regenerating tissues, before granulation tissue has been converted 

into fibrous tissue [2]. 

We also know that severe trauma to the tissues of the regenerating amphibian limb by 
means of needles can stimulate regeneration and affect its completeness [5]. However, the in- 
fluence of such a mechanical factor on the course and outcome of skin regeneration has not 
been studied in mammals. In our view, thanks to such procedures, the regenerating tissues 
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