THE INFLUENCE OF THE FUNCTIONAL STATE OF THE
CENTRAL NERVOUS SYSTEM UPON THE PENICILLIN THERAPY OF
EXPERIMENTAL STAPHYLOCOCCIC INFECTIONS

V.S. Nevstrueva

From the Laboratory of Experimental Therapy (Chief — Doctor of Medical Sclences A.M. Chernukh)
of the Institute of Normal and Pathological Physiclogy {Director — Active Member Acad. Med, Scl. USSR
V.N, Chernigovskil) Acad, Med. Sci. USSR, Moscow

{Received November 18, 1957. Presented by Active Member Acad. Med. Sci. USSR V.N, Chernigovskil)

Experimental investigations devotad to a study of the role played by disturbances of the functional state of
the central nervous system in the treatment of infections by antibiotics are still rather few [5, 8).

The present communication is devoted to a comparison and an analysis of the results of penicillin therapy

of staphyococcic infections produced experimentally in normal animals and in animals with experimental neu-
roses,

EXPERIMENTAL ME THOD

The experiments were conducted on 48 white male rats weighing 100-115 g. All the animals developed
conditioned reflexes after the food-shock technique of L.I, KotHarevskii.

All the animals developed stable stereotypes of the conditioned reflexes (two positive reflex responses to
sound and l{ght stimull and a differemiation to a sound of another strength) and were then divided into four
groups of 12 rats each,

Inflammation was produced by introducing into the muscle of the right rear foot pad a 20-hour culrure of
Staphylococcus aureus (strain No. 75) in a dose of about 2 billion microbes per 200 g weight of animal. The
animals of the fisst group were not injected,

Animals of the second group began receiving penicillin four hours after being infected. The sodium salt
of penicillin, dissolved in a 1% solution of pyramidon, was injected into the muscle of the left rear foot pad

‘moming and night for three days, Each dose consisted of 40,000 units so that the total of each course was 200,000
units of the antibiotic.

In animals of the third group the activity of the higher nervous system was severely disrupted. The rats
were placed in a special chamber with a floor of metal sheeting. In this chamber the feeding apparatus was set
up as in the L.I. KotUarevskii chamber. At the time of the conditioned stimulus, when the animal would run o
the feeder, it would receive a 30-volt shock,

In each experiment there were 5-6 such combinations, At the same tme each day the stereotype of the
sonditioned reflexes was checked. The inflammation in this group of rats was produced after the damage to the
activity of the higher nervous system. The rats of the fourth group were infected at the same time as the rats of
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the third group,

The therapy of the third and fourth groups was conducted using ekmoaovotsillin,® the scheme of ueatment
being the same as with peniciliin,

The effectiveness of the pericillin therapy was judged by: alterations at the site of Injecting the staphyl-
ococcus (extent of inflammatory infiltzation, extent of inflammatory contracture), by the general condition of
the animals and by changes in the state of the conditioned reflex activity. In animals of the third and fourth
groups before and during the course of the experimental therapy the phagocytc activity was tested repeatedly
by the method of N.V. Puchkov and S.M. Titova. In additlon, the blood penicillin concentration was followed
(1 hour thirty mimtes. 2 hours, 3 hours 30 minutes after commencing therapy). The animals were sacrificed
12-42 days after bcing infected and after the experiments had been completed,

All the animals were autopsied and both rear foot pads were studied microscopically, The histologic sece
tions wers stained with hematoxylin-cosin, by the methods of Van Gleson and Gram-Weigert (for microbes in
the tissues),

Beginning with the second day after inoculation, all the animals of the first group developed marked alter~
atdons in their conditioned reflex activity, a diffuse cortical inhibitlon setdng in. In rare cases single condidoned
reflexes remained. L.ar.er, there occurred a temporary and 1ncomplete restoration of the condidoned reflexes
with phasic manifestations (leveling and paradoxical phases), lengthening of the latent period and diminution in
the vigor of the conditioned reflexes. For the 42 days of the study a full restoration of condidoned reflex actvity
was not cbserved. At the same time there was obscrved an alteraton in the general state and behavior of the
animals; dyspnca. loss of weight, and torpor. At the site of inoculation of the staphyloceccus in the flrst days
inflammatory swelling and infilwation was scen. The exuremity swelled to 2-2Y% times fts usual size, Later,
abscesses formed. As a rule, the abscess broke spontanecusly 12-30 days after the injection of the staphylococeus,.
In rats sacrificed 12 days after the beginning of the experiment,pus foct demarcated from the surrounding tissues
by a locse capsule of immatnure connective tissue were noted. In the tssues of the inflammatory foci, staphylo-
coccic accumulations were noted,

In rats of e second group (treated with penicillin),the general and local manifestadons were much less
evident, Two to three days after the inoculation there was observed only slight induration at the site of the in-
jecdon, By the 12th day after inoculation, local indurations averaging 0.3 x 0.5 cm were found in only five of
the twelve rats. In this period (6-12 days after the beginning of the experiment) all the arimals normalzed
their conditioned reflex activity. In animals sacrificed on the 12th day of the experiment there Was seen only
residual inflammadon in the form of a connective tissue scar which, in some instances, sdll comaihad a Hule
pus. Examinatma: of secuons of these areas failed to reveal any staphylococel.

In the rats of the thixd gtoup, 4-7 days after begmmng the use of electzic shock, there occurred a complets
disruption of higher nervous activity. A complete inhibition of all conditioned reflexes and a very considerable
alteration in the behavior of the animals were observed. There was a sharp diminution in all reflexes naturally
associated with eating, defense and posture, The animals were apathetic, sleepy and untidy. The rats lost much
weight. The animals were infected 17 days after developmem of the described symptoms. A study of condi-
~ tioned reflex activity showed that the introduction of the staphylococcus against a background of disruption of
higher nervous activity (both in the treated and untreated animals) led to profound and long-condnued inhibition
not only of artificial but also natral conditioned reflexes, In all the animals, in spite of reatment with ekmono-
voisillin, the clrical mamfestatmns were very severe. Three rats died withln the first day after inoculation. In
all the animals the course of the disease was severe. The inflammatory swelling spread 1o the entire right rear
extremity, the groin and the abdomen, and dystrophic manifestaticns such as loss of hair were noted, In the re~
gion of the infection there was widespread tissue necrosis —something that was not observed in the first two
groups. The majarity of the animals developed staphylococcemia,

In rats of the fourth group, not subjected to the pieliminary disrupdon of higher nervous acivity, treat-
ment with ek_rnoam‘msimn produced a rapid clearing of both the local and generalized manifestations of the
staphylococcic izfection. By the 6-8th day there was normalization of the higher nervous activity of these ani-
mals, By this time, the survivors of the third group displayed severe nervous systern alterations. These animals
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were sacrificed 12 days after {noculation,

Blood penicillin levels were adequate in the animals of the third and fourth groups: 3.84 units per ml €
hours after beginning treatment and 0.96 units per ml 3 hours after beginning of treatment.

During thetapy with ekmonovotsiilin, the leucocytes of the rats in the fourth group displayed a marked rise

{n their phagocytic capacity. Rats with disruption of higher nervous 2cdvity had a depression of leucocyte ac~
wvity.

, Therapy with ekmoncvotsillin under such conditons failed to improve phagocytosis; the phagocyte activ-
ity remained low in the period of therapy during the subsequent period af observaton.

The data obtained demonstrate that staphylococcie inﬂammaﬁon lzads to definite depressma of con=
ditioned reflex act‘.vity.

The results of our experiments correspond with the findings reported in the literaturs as to the state of ner~
vous activity on the highest levels during staphylococcic intoxication [1,2,4]. Early penicillin therapy leads to
rapid clinical recovery with normalization of the higher nervous activity, It may be supposed that the success -
of the therapy depends not only on the direct effect of the peniciliin upon the staphylococcus which is sensitive
to the antibiotic but also of the influence exerted by the antibiotic upon conditioned reflex activity,

Our previous studies [6] had shown that penicillin injections in normal animals shortened the latent period
of the conditioned reflexes and re-enforced the process of stimalation of the central nervous system. U.G. Gasa-
nov, [3] showed that injection of penicillin markedly improved the process of internal inhibitdon.

The material presented above permits us to come to the conclusion that the effectveness of the penicillin
treatment of various foci of infection depends primar(ly ou the state of the central nervous system. The weak ef«
fect of penicillin therapy against a background of distuption of higher nervous activity may be presumed to be

duetoa lowering of the acuvity of the varlous defensive immunological mechanisrus, the one studled by us be~
ing phagocytosis. ' |
SUMMARY

In experiments on rats, it was established that weatment of focal staphylococcal infection by peniciliin
brings about quick recovery and normalization of higher nervous activity if the latter had no additional disturb~
ance. However, if functon of the higher nervous activity was serlously disrupted penicillin therapy of st.aphylo-

coccal infection was almost ineffectve,
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