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Despite many achievements in the field of the pharmacology of local anesthetic drugs, we are still ignorant 
of the Intimate biochemical and physlcochemtcal mechanism of their action. In order to explain the n~echa~ism 
of local anesthetic action it would be useful to find out how tissue metabolism is affected by local anesthesia. We 
therefore set out to study the effect of some local anesthetics on protein metabolism In the tassues. 

In this work we used two compounds belonging to quite distinct classes of local anesthetic: cocaine and xy- 
cain. The latter Is new and Is identical with the foreign Iocal anesthetic xyloealne. In its chemical structure It 
is the hydrochlorlde of diethylamfno-2,6-dimethylacetantlIde.* According to our experimental and clinical find- 
ings and the reports In the literature, xylocatne is clistingulshed by Its low toxicity and high local anesthetic pow- 
er [4]. In addition, by contrast with cocaine, In Its chemical structure It Is an amlde. It was essential to discover 
whether any selective action of the dlfferent local anesthetics was observed on the intensity of metabolic processes, 
or whether the local anesthetics act Irrespectively of their chemical and physlcochemlcal properties. 

As the subject of the Investigation we chose stratified squamous epithelium from the mucous membrane of 
the tongue of the white rat, which ts known to undergo constant and Intensive regeneration. This feature makes 
this tissue very suitable for the study of metabolic relationships. 

In solving our problem we employed the method of label~d atoms. An Index of the Intensity of the meta-  
bolic processes going on in the tissues is the quantity of radioisotope taken up by them. In this case we estimated 
the rate of r esynthesls of proteins by the quantity of methlonlne labelled with radioactive sulfur (S s~) taken up by 
the tissue. Of the methods of working with labelled atoms used In biology, the one which has been most widely 
used recently Is that of autoradlography, which enables not only the Intensity of Incorporation but also the char- 
acter of the distribution of the radioisotope in the tissues to be estimated. This makes It possible to relate the 
metabolic processes occurring in the tissue accurately to Its histological structure and thereby to follow the meta-  

boUc changes resulting from pharmacological agents. 

E X P E R I M E N T A L  M E T H O D  

Experiments were performed on white rats weighing 100-150 g, The animals were starved for 8-10 hours 

*Formula of xytocalne: 
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Fig. 1. Tracer autoradiographs of the epithelium 
of the mucous membrane of the dorsum of the 
tongue of white rats two hours after injection of 
methior~ne labelled with $~5 a) normal; b) after 
local anesthesia. Exposure of photographic emul-  
s i o n -  three days. Objective GO immersion. Ocu- 
lar 7. 

before the start of the exiyeriment. Fo~ the experiment 
the rats were divided into two gtoup~: experimental 
and cont,ol (with five to .~i• rats in each). Before ad- 
ministration of the radioisotope ~uperflcial anesthesia 
of the mucous membrane of the tongue was carried Out 
in the expertmenta!grou p of animals by painting ~t 
with a 10-205~o cocaine solution or with xylocair~e. As 
a rule, anesthesia developed rapidly in both case~ and 
was sufficiently prolonged. Absence of pain in response 
to stimuli In the form of a prick with a needle served 
to indicate anesthesia. The mucous membrane of the 
tongue of the control animals was painted with isotonic 
saline. Next fl2e animals of both groups were given in- 
travenous injections of methionine, labelled with radio- 
active sulfur, in a dose of 0.5/~c per 1 g body weight. 
Two hours after the injection of methion!ne the rats 
were decapitated and pieces of the anterior portion of 
the tongue fixed in Carnoy's solution. After dehydra- 
tion the material was embedded in paraffin Wax and 
histological sections of  a thickness of 7g prepared from 
it. Onthe  sections was applied a liquid photograpMc 
emulsion by a method described by N.D. Gracheva, L.N. 
Zhinkin and E.I. Shcherban'." In the preparation of the 
substrate and the emubion, and the developing and fix- 
ing of the material, we followed the instructions of the 
Research Cine-Photo Institute. 

Depending on the duration of exposure of the 
emulsion, trace or contrast autoradiographs were ob- 
tained. Autoradiographs were prepared with exposures 
of 1, 3, 5, 10 and 25 days. Those with exposures of one 
and three days were trace films - those  with exposures 
of 10 and 25 days - contrast. Exposure of five days was 
found to be unsatisfactory: the autoradiographs con- 
tained too many tracks (traces in the photographic emul-  

sion formed by disintegratior~ of the radioactive sulfur) for a trace film but not enough for a contrast film, i.e., 
they coutd not be treated by counting the tracks nor by determining the density of blackening. 

The intensity of incorporation of the radioisotope in the tissues was determined from the contrast autoradio- 
graphs by the density o f  blackening of the photographic emulsion on the section, which was measured by a micro- 
photometer MF-4 and registered in units of the logarithmic scale of the microphotometer. '"  In addition to visual 
observations and registration of the indications on the mierophotometer scale, we recorded simultaneously the 
denslv t of blackening of the test areas of tissue on a photographic film or plate. On the trace autoradiographs the 
intemity of incorporation of radioactive sulfur was determined by counting under a microscope with a grid of an 
ocular micrometer the number of tracks appearing In one square measuring 100 /a*. 

E X P E R I M E N T A L  R E S U L T S  

The rate of incorporation of radioactlve sulfur in stratified squamous epithelium of the tongue of white 
rats In normal conditions was different In the various strata of the epithelium. The most Intensive Incorporation 
was found in the cells of the basal germinal layer, especially the basal layer itself. On passing from the basal 

�9 Liquid emulsion type R, issued by the Research Cine-Photo Institute. 
+*The logarithmic scale of the lVlF-4 microphotometer is drawn up according to a formula in which the den- 

ttty of blackening is expressed as a logarithmic ratio of the intensity of a beam of light passing through the emul-  
don ouulde the preparation to the intensity of a beam of light passing through the area of tissue to be examined. 
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layer to the surface of ~',e mucous membrane the intensity of Incorporation g~duMly fell ~nd was quite ltl,ig- 
nlficant in the cell~ of the stratum corr~eum. The autor~dtograph!c findings on the char,clef of dtstr!bL:tfon of 
the l~dioactlve sulfur Incorporated in ti~e epithelium of the ton~.e in rats In norm~l co~d~do~ ~gree with tho.~e 
~epo~ted In the l~terature [1, 2, 3, ~nd others]. There was a marked change In the in te~ i~  ~ of lnco~porat~on of 
radioactive s~llfur by the celh of the ,tratlfied squamou, epithelium of the tongue during ic,r a~e,thesta. In the 
experimental antmal~ the Incorporation of methlonlne labelled with radioactive sulfu~ t~,k place mo~e slowly 
tb,~n in the coritrolz. 

The table shows the mean re,ults of the track counts for ten square~ of the ocvla: mlczometer grid. l.e.. 
for !000 g t  taken from the 100 counthlg units (squares) and the mean re~ult~ of photometry obtained from ten 
(for each exposure) contrast autoradlogrsphs. 

Change in the Intensity of Incorporation of Radioactive Sulfur in the Cells of the Stratified Squamous Epithelium 
of the Mucous Membrane of the Tongue In White Rats as a Result of Local Anesthesia 

Epithelial layer* ltrveragelnumber of tracks per i000 /a t 
ace autoradiographs), 

First layer 
Second layer 17.0 18.8 ~ 6  11"/.2 [ 58.1 

Average dentil)" of blackerAng in units of the 
logarithmic scale of the ,~L~-4 mlcrophoto- 
meter contrast autorad~o~,ra hs " 

_ A N  ........ 

�9 The first layer corresponds histologically to the basal portion of the stratum germinativum, I.e.,  to the 
cells of the basal and prickle-cell  layers; the second layer embraces the ceils of the prickle-cell layer and the 
adjacent stratum granulosum. 

. .  ~_~J~riment 
control (%) is die ratio between the results in the experimental and control aaimats expressed as a 

percentage. 

The difference in the intensity of incorporation of radioactive sulfur which we ob:-e~-ed between the con- 
trol and experimental groups was shown in both photometry and track counts. If we Lake ~'~e intensity of incor- 
poration in the control animals to be 10W~ in the experimental animals, according to L~.e remlts of track counts. 
i t  was reduced in various layers to 48.8-58.9*/o, and, according to photometry, to 66.6-71.6~. 

As an illustration of the above, in Figure 1 are shown photographs of trace mlcroautoradiQgraphs of control 
(a) andexperimental  (b) animals - e v e n  with the naked eye the difference in the lntens!t)" of incorporation of 
radioactive sulfur is obvious. Simltar findings were obtained by photographic recording of the density of black- 
enlng of contrast mlcroautoradlographs by means of a MF-4 mlcrophotometer (Figure 2). It is clear that the 
density of blackening In the control (a) reaches 75 divisions of the logarithmic scale of the microphotometer. 
while In the experiment (b) it hardly reaches 40. Comparing the findings obtained by photometry with those ob- 
tained f rom track counts, we see that they are In complete agreement. 

No essential difference between the intensity of Incorporation In the experimental groups could be detect-  
ed: it appeared that xylocaine and cocaine have an equal action on the lntemlty of the metabolic processes. 

Ilowlng the rate of resynthesis of proteins to about the same degree. 

On the basis of the experiments reported in this paper It can be concluded that our method of autoradlo- 
graphy enables u~ to Judge the character of the changes arising In certain cell strata, and also their intensity. In 
svadylng the effect of local anesthesia In the tissue metabolism we have proved that the Intensity of the meta -  
bolic processes taking place In the epithelium of the tongue is diminished as a result of local anesthesia. How- 
ever the metabolic relations observed In normal animals are preserved. 

It is my plea,ant duty to express my profound thanks to l~of. L.N. Zhinldn and to my colleagues In the lab- 
oratory of histology, under his direction, at the Institute of Experimental Medicine of ff, e Aead. Med. Scl. USSR 
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Fig. 2. Photometric curve~ of contrast 
autoradlographs obtained by photograph- 
ic recordlng on a MF-4 mlcrophoto- 
meter two hours after injection of meth- 
tordne labelled with sulfur (S~5): a) nor- 
mal; b) during local anesthesia. Ex- 
posure of the emulflon - 25 days. Along 
the vertical axis are shown the divisions 
of the logarithmic scale of the micro- 
photometer (explanation in text). 

[4] 

for frequent advice and help during the cour~e of this work. 

SUMMARY' 

A stud)' was carried out todiscover the effect of local anes- 
thesia on the Intern/W of incorporation of S~-labelled methiontne 
into the cells of stratified epithelium of the tongue muco~a in 
white rau. It was established that the velocl~' of incorporation 
of S s* into the cells of stratified epithelium is retarded under the 
effect of local ar~sthesla (10-2~ xycalne or cocaine). Conse- 
quently, the velocity of protein resynthe~ls in this ~s~ue Is al~o 
retarded. However, the character of distribution of SS~ln various 
layers of the epithelium Is not changed. No pronounced differ- 
ence was noted in the lnten~ity of incorporation of S s~ in admin- 
Istration of cocaine or xycalne. It was demonstrated that bo th  
an~thetics affect the intensity of metabolism in the same way. 
and retard the resynthests of protein to about the same degree. 
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