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YLVCahoN MtC,,O0COPIC STUDY (W 111F MORPHOIDGICAi, CtANG' S Ix ITP .TINAL
I4ACTYRIA AND ANITIUACOtDS FO•I•11WG THE ACTI'P oF SoMT4 RIAOI PUEPARATTONS -

t-Folloving is the translation of an article by Ye. K.
Skvortsova arid N. P. Likhacheva, Central Scientific-Research
Disiafcctant Institute, published in the Russiazt-language
periodical Zhurnal mikrobiologii, Epidemiologii i iwrvobio-
loii (Journal of Microbiology, Fpideniolopy, and Immnobio-
0o0, Jan 1963, V.40,pp 88-91.It was submitted on 22 Aug 1961.

Translation performed by Sp/6 Charles T. Ostertag Jr.7

The study of the morphological changes which take place in micro-
organisms under the influence of disinfectants is an important step in
the perception of the mechanism of action of the latter. From an anal-
ysis of works which have becn published on this problem (Pekhov, 1956;
Ivashkevich et al., 1959; Ned, 19A3; Hinami, 1957; Salton and Horne,
1951) it follov-s that the reaction of the microbial cell to the actions
of various htrudul agents may be diverse.

In the present work, with the aim of clearing up the mechanism
of action of disinfectants, we have studied the morphological changes
which take place in a microbial cell under the influence of disinfec-
tants of the phenol group. The bactericidal action of phenol and its
derivatives is generally well kniwn. Among the substances of this group
there are preparations which show a very strong bactericidal affect
(hexylresorcin and heptylresorcin) along with preyarations possessing a
comparatively low bactericidal capability (phenol, resorcin). In our
investigations we used both these and other preparations.

A suspension in distilled water of a 2A-hour culture of intesti-
nal bacteria or antirecoides containinw 2 billion microbial cells in 1
ml was placed in a solution of disinfectect. The mixture was cer.tri-
fuged for 10 minutes at 3,000 rpm's. The sediment was -ashed off twice
and after resuspension was deporited on a collodion film. The prepara-
tions were contrasted with chromium vapors. Observations and photogra-
phing were carried out in an MH-3 electron microscope under An acceler-
ated voltage of 50 kilovolts.
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In order to establish the dynamics of the morpholo~ical changes
of Vie .mucroortanisms, the actions -•ere titdied of both bactericidal and
subbactericidal solutions.

O n the electron micrograms, tVe young forms oF intetinil bac-
teria were homogeneous. They had a uniform electron-optical density.
Upon aging thrre appeared in the cell electron-optical dense granules,
arranged with one or two at each pole or along the longitudinal axis
of the microbial cell (fig la).

Following the action of a 1.5% solution of phenol the homogen-
eous protoplasm of the cell toik on a coarse-qrained appearance, crum-
- -Le Up, and vithdrew from the inner side of the cell wail .-hich appeared
unharmed.

Increasing the corcentration of the phenol solution up to 2,
caused a sharper coagulation of the protoplasm. In some of the speci-
mens the cell walls broke down and the contents of the cells escaped
into the surrounding medium in the form of dense cytoplasmatic vranules.
The cellular membrane, being empty, maintained the -rorm of the bacter-
ial cell (fig l,b).

The action of subbactericidal 21 solutions of resorcin didn't
caused distinct morphological char-es. In the protoplasm the appear-
ance was noted of a barely noticeable finely divided granularity which
was intensified when the concentration of the sol'ition was increased to
bactericidal. .Owing to coagulation during this a fine granulirity ap-
peared in the protoplasm. The cell wall remained linhsrmed and in the
form of a thin stria framed the shriveled protoplasm.

Subbactericidal 0.025% solutions of hexylresorcin caused changes
which led to a considerable polymorphism in the structure of the intes-
tinal bacteria. We treqted these changes as various stages of one and
the same process. Increases in sizes were observed superficially as if
swollen from an increase in the intracellular osmotic pressvre of the
cell. The presence of shadows, which appeared after shadow casting with
chromium, testifi#-d to the increasp of the volumetric depth of these

* cells. But such cells were few. Often specimens were noted with the
entirety of the cell wall disrupted and with a clearly expressed escap-
ing of the contents of the cell (fig l,v). Preferably this disruption
can be called disruption of the permeability of the cell wall, as a re-
sult of which the protoplasm flowed out uniformly throughout the rntire
surface of the cell. The cell walls which wpre freed of protoplasm had
well defined contoers and based on their lowered electron-optiral dens-
ity were different rom the cell walls which we-re observed followinv.
the action of phenol.
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Degenerative changes in the cells of intestinal ,acteria Ailhw-
ol! thie act ion of hexytresorcin were also expressed ir tU:r coagula' ior

of protoplasm - the appearance of a compact grain structure p ith minor
contra-tions. The bactericidal etfecl of 0.05% solution-, of "iexylresor-

• cin vras accompanied by shirp changes of Vie )rotoplasm ,•nich had the

nature of a fine-griined coaulation with v'ranules of a hivh electron-
optical density.

The action of solutions of heptvlres,,rcin both in subbacteri-
ctidal i0.0254) as well as hacteriý-idal tu.05%) concentration -as mani-
tested in changes of the protoplasm. The shirpest destructive changes
set in rollowing the action of tZe higher concentration of the prepara-
tion. The protoplasm was contrActed into a coarse-grained masa -ith a
high electron-optical density. The cell wall wasn't harmed (fig 1,g).

The anthracoides on electron microerams had a high electron-
optical density which didn't permit the observation of any kind of
structural peculiarities of the bacillus. Only the flagella were well
discernible (fig 2,a). After the action of a 3% solution of phenol
(lower concentrations didn't cause any morphological changes), a sharp
coagulation of the protoplasm was observed and the cells decreased
somewhat in volume. The most natural feature charaeterizing the action
of phenol was the appearance in the protoplasm of sections with a low-
ered penetrability for electrons.

The action of a 4% solution of resorcin on anthracoides was ex-
pressed mainly in changes of the electron-optical density. The cell was
as if broken up, its protoplasm consisted of grvins of various size and
electroa-optical density, the cell wall was discernible (fig 2,b), and
individual cells broke up into fine protoplasnatic grains with a vague
form. The entire mass which was breaking up maintained the form of the
bact-rial cell.

Other morphological changes were observed followincr the Action of
a 2% solution of hexylres3rcin. The cells appeared to be sharply in-
creased in volume, the wholeness of the cell wall was disrupted and the
intracellular contents were escaping into the surrounding medium in the
form of large grains. The electron-optical density was sharply reduced
and at the same time was identical throuphout the extent of the entire
mass of the cell (fig 2,v). Along with this, cells were met in the pre-
parations which didn't have any distinct morphological changes.

Heptylresorcin in the form of a 2% solution didn't txert a simi-
lar effect on the anthracoides. The protoplasm remained homogeneous.
Only in individual cells was there a considerable reduction of electron- I
oatical density and cinseouently in these places the cell was somewhat
expanded in girth.
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Thus in accordancu .ith our observations., phroal pr-paza'
caused diver',e morphological chanes in microorganisms vOich i-x ! lmd
the uniformity- of actions even of substances which are related by thir
chemical structure. The phenomenon of bacteriolysis in intestinal hac-
illi after the action of hexvlresorcin was sharply different from the
breaking up of the bacterial cell after its contqct ,'ith p'ie:ol. Post-
Itumnous changes of the cells after the action of disinfectants, based c(I
the electron microscopic picture, didn't conform to their autolytic
break dovr, folloing amIrg and natural necrosis,

Resorcin and heptylresorcin, under the conditions of the exieri-
ment crnrducted, didn't cause a bacteriolytic effe, t, and the bacterici-
dal effect in regards to the intestinal bacillts was expressed in des-
tructive changes of the plasma content which were manifested more s&'arp-
lv following the action of heptylresorcin.

Various cytological reactions were observed fillowing the brief
treatment of anthracoides with the same phenol substances. Chanj~es oh-
served in the structure of anthracoides following the action of each
preparation were diverse and had nothing in common with changes of an
alitolytic nature in aging cells.

The action of one and the same substance - hcxylresorcin (just as
with other substances) - on different species of micronrganisms caused a
different picture of morphological changes of the cells which, in all
probability, can be explained by the morphological peculiarities of the
species of microorganisms. As a f-eneral feature in the action of all
preparations can be considered the appearance of destructive changes of
the protoplasm and as a consequence of the latter, changes of the elec-
tron--ptical density of the bacterial cell. A bacteriolytic effect in
the intestinal bacillus was observed following the action of hexylresor-
cin and phenol, and in anthracoides - following the action of resorcin
and hexylresorcin.

Considering the diverse morpholoical changes in the bacterial
cell it can be assumed that the courses of action of the substances under
stulv on the vitally important processes taking place in the microbial
cell are various and can speak for the specificity of the reactions o"
the microirganisms to the action of the variotis chemical agents.

CONC L••SIONS

1. Phenol, resorcin, hexylresorcin and heptylresorcin caused various
m'rpholovical chant-es in intestinal bacilli and anthracoides.

2. The morphological changes of the bacterial cell following the action
of the specified compoundswere determined to a known level by the morpho-

j logical peculiarities of the species of microorganisms.
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Fizurt. (pae 89) Tntestina] bacillus

a - initial 24-hour culture; b - folloving the action of a 1.5% solution
of phenol; v - folloving the action of a 0.025% solution of hex.vlrcsor-
ci,; g - following the action of a 0.05% solution of heptylresorcin.
Mavnification IA,000 x 2.

Figure 2 (age 90) Anthracoides

a - initial 24-hour culture; b - follom-ing t~e action of a 4% solution
of resorcin; v - following the action of a 2% solution of heW.lresorcin.
-agnification - 10,000 x 2.
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t-Followin& is the Fnglish suimnry which appears with the Rus-
sian articlej

In electron microscopic study of morphological changes in V. Coli
and Bact.anthracoides after the action of phenol preparations (pino l,
resorcin, hexylresorcin and heptytresorcin)it was established that each
of these preparatioms caused various disturbance' of bacterial cell
structure, also determined by the morpholovical peculiarities of the
microorganism species.
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