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DYNAMICS OF MORPHOLOGICAL CHANGES IN GUINEA PIG ORGANS |
AFTER INJECTION OF PLNICILLIN {

Antibiotiki Ye. Ya. Severova
(Antibiotics) ‘
Vol. 9, 1964, pages 44-49

The high natural sen ivity of guinca pigs to pcnicillin is
rcflected in the high death rate of the animals after even a single
parenteral administration of the antibiotic. Individual differences
are an important factor. While some adult animals are killed by
small doses (100 to 500 units), others survive even very large ones
4 (512,000 units in our experimecnts). The mechanism of this extreme
' : sensitivity is obscure and it has been attributed by different auth-
: ors to varicus causes (avitaminosis, dysbacteriosis [change ir in-
° testinal floral, allergy).
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In studies on the pathogenic effect of penicillin on guinea
pigs, attention was focused on the fact that the animals do not die
immediately after the injection, but 3 to 4 days later, i.e., at a
time when the antibiotic has mostly disappeared from the body (peni-
cillin is known to be eliminated from guinca pigs within 3 to 4
hours [1]). Consequently, it has becn conjecturcd that the death
of the animals is rcluted to the onsct of an intestinal infection
causcd by penicillin-resistant microbes. Examination of the animals'
intestinal flora after the administration of penicillin [2-4] showed
that the antibiotic suppresscs the gram-positive flora characteristic
of the guinca pig intestinc, thus permitting the development of gram-
nejzative flora, which is highly toxic to this species of animal.
llowever, this infection theory does not account for the sclective
action of difforcent doscs of the antibiotic, for small amounts some-~
timcs have a stronger pathogenic cffect than large amounts, nor doos
it explain why pathological changes arise in the intestinal wall be-
fore the onset of dysbacteriosis [3].
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denorts on morpholegical chanses in the viscera of puinca
pizy after the administration ol penicillin arc conflicting because
they refer to animals that died or were sacrificed at different times
after the antibiotic was injected. For example, histological exam-
ination of the organs of guinea pigs who di<d 3 or 4 days after a
single injection of 10,000 units/ky of penicillin failed to reveal
any changes [6). Nceroasis of individual fibers in the myocardium
was noted in 2 of 12 animals given doscs ranging from 4000 to 40,000
units/ky;, while large necrotic arcas in the liver were found in some
others [7]. In 2 of 10 animals, chanfces were noted in the adrenals
consisting of pronounced hypercmia of the medullary and cortical
laycrs with secondary changes in the parenchywal cells to the point
of ncerosis [8]. Lesions were detected in the gastrointestinal
tract =- hyperemia of the mucosa, hypcrplasia of the reticular cells
of the small intestine stroma, hypersccretion of mucus in the large

intestine bectween the 3rd and 4th days, and infectious-inflammatory
changes thercafter [5].

In an effort to determine why guinca pigs die after the ad-
ministre’ ion of penicillin and to study the pathological process
dynamically, we investigated changes in the viscera of animals sace
rificed at various intervals after injcction of the antibiotic.
Thirty experimental animals weighing 200 to 250 g were injected
intramuscularly with 32,000 units of the calcium salt of crystal-
line penicillin in 0.5 ml of physiological saline near the outer
surface of the lcft hind pawv. Three animals were sacrificed daily
for morphological study. The hecart, lungs, brain, liver, kidneys,
adrenals, small and large intestines were removed for microscopic
examination. The material was embedded in paraffin and the sections
were stained with hematoxylin-eosin.

Gross examination of the animals sacrificed 24 hours after
the injection of penicillin failed to revcal any unusual changes in
the organs. The intestinal loops were collapsed. The liver was of
normal size with a smooth surface and transparent capsule through
which could be seen the cinnamon-brown-yellow parenchyma, which had
in cross section the same color but with a dull tone.

Microscopic examination of the organs of these aniwmals re-
vealed pronounced changes, which were especially severe in 2 of the
sacrificed guinea pigs. In the myocardium against a background of
hypercmia and occasional hemorrhages, endothelial cells of the ca-
pillaries and small blood vessels were proliferating, here and there
with marked round-cell and histiocytic perivascular infiltration and
patches of necrosis in the walls (Fig. 1)« Tho proliferating endo-
thelium of the small vessels sometimes formed granulomatous growths
protruding into the lumens. There was sporadic necrosis of individual




Figure 1., Myocardium. Pcrivascular round-cell
infiltration in the myocardial stroma. Photo-
micrograph. Enlargcment 7 X 40. .

muscle fibers or groups of fibers surrounded by infiltrates of his-
tiocytes and fibroblasts. The infiltratecs contained larze quanti-
tics of Anitschkow's myocytcs., Infiltrates consisting of lymphoid
elements and histiocytes were aleso found under the erdocardium.

The lungs were marked by hcmorrhagic foci in the alveolar
cavity, focal emphyscma, and pronounced proliferation of the endo-
thelium of the capillaries of the in'cralvcolar septa. The bronchial

mucosa was foldea, with mucus and sonctimcs musses of crythrocytes in
the lumcns.

The liver was hypercmic, with degenerative changes in the pa=-
renchymal cells and small drops of fat, »roliferation of Kupffer's
cells. In one case therc was nocrosis o' the walls in some of the
small blood vesscls, occasionally with ccnstriction of the lumens and

round-ccll infiltration around them. Isciated hepatic cells were
necrotic.

The brain tissuc was markedly cdcmatous, especcially around
the blood vecsacls, There was proliferation of the capillary endo-
thelium, occasionally of endothclium of the small blood vessecls with
a few tiny homorrhages, markod prolifecration of cells in the peri-
vascular tissue, and focal proliferation of glia (Fig. 2). Some of
the glial cells were swollen with indistinct nuclei., The pia mater
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Figure 2. Brain. Ldema of cerebral substance
with focal proliferation of lial clements.
Photomicrograph. Enlargement 7 X 40,

was edematous and hyperemic. The cndothelium of the capillaries and
small vesscls was proliferating and threatcning to close the lumcns.
Perivascular hemorrhages were common.

The kidneys, intestine, and adrenals were charactorized by
hyperenia and degenerative changes in the epithelial cells in the
form of slight swelling.

‘iross examination of thc animals sacrificed after 48 and 72
hours revcalcd attenuation of the fatty tissue, distention of the
intesiinal loops whose lumens containcd liquid matter, hyperemia of
the scrous membrancs, uneven blood supply to the lungs, and enlarge=-
ment of the adrenals to almost twice the normal size. The changes
in the viscera revealed by microscopic cxamination were more or leas
the same as in the animals sacrificed earlier. For example, after
48 hours the myocardium was hyperemic in two animals with small foci
of hcmorrhages and focal accumulations in the stroma of histiocytes,
fibroblasts, and round cells admixed with cosinophils (in 1 animal).
In the lungs -~ hyperemia, proliferation of capillaries of the inter-
alveolar scpta, and blood in somec of the alveolar cavities. In the
liver -~ fatty degencration and proliferation of Kupffer's cells,
necrosis of occasional parcnchymal cells. The changes in the brain
were similar to those noted in the animals sacrificed aftoer 24 hours.

The changes in the visccra of all the animals sacrificed af-
ter 72 hours wore relatively minor -- hyperemia, degoneration of
parcachymal organs, small drops of fat in the liver (in 2), prolif-
eration of Kupffer's cells, marked proliferation of capillary eando-
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thelium in the myocardium, lunga, liver, an. irwin. 7he intestine
exiibited inflammatory infiltration U vouad eclly ond Jru'tacytes

mostly in the submucosal layer, edema, aud signs of panvasculitis

(Fige 3)e

Iroos exaninatisn ol the anie
GRAPHIC NOT REPRODUCIBLE mals sacrificcd after 96 hours
revealcd the following: exhaus~
tion, pronounced hyperciunia of
the blood vessels of the scrous
nembrances, occasionally very doe
licate fibrous adhesions between
the folds of the scrous membrane,
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times the normal size with hemors
rhages visible on top of onc of
theiae The liver was markedly
changed -- enlarged with marbloe
ization due te thc uncven blood
supply. The blood supply to the
lunss was also uncven. The loops
e of the large intestinc were dise
tended; the lumens contained lig-
uid matter. The surface of the
splcen was rough and slightly
grainy.
Figure 3. Wall of small intest- Microscopic oxamination of the
tine. Panvasculitis with massive viscera of these animals reveale
perivascular infiltration. Photo- c¢d changes similar to the above,,
micrograp. Lnlargement 7 X 40, but with granulomatous forma-
tions in the myocardial stroma
and under the endocardium in the
form of accumulations of round cells, histiocytes, and fibroblasts.
One animal showed marked changes in the valves which were edematousy
their endothelium was occasionally arranged in layers (Fig. 4). The
changes in the intestine were similar to those described above.

After 120 and 144 hours the pathological changecs, on gross
examination, were relatively minor -~ liver nurwal in size, mar-
blcization sharply decreased, intestinal loops collapsed and con-
tents solid, slight hyperemia of the gerous mcmbranes, adhesiona
betwcen the layers of the pericardium. Incrcascd amount of fat vi-
sible in the subcutancous and circumhcpatic tissuse,

Microscopic examination revcalcd comparatively minor changes
== hyperemia, slight swelling of the parenchymal organs somotimes
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adrenals ernlarged to almost three
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Figure 4. Heart. Prolifceration of endotheclium
and marked edcema of valvular tissue. Photomice
rograph. Enlargemcnt 7 X 40,

with fatty degcneration, proliferation of vazcular endothelium and
Kupffer's cells in the liver, occasional hemorrhagcs in tho alveolar
cavity. One animal had hemorrhages in the cercbral substance and
small infiltrates in the heart containing Anitschkow's myocytes.
Five othcra had only degcnerative changes in the parenchymal organs

with moderate proliferation of vaacular cndothelium in the lungs and
liver.

One of the guinea pigs sacrificed after 144 hours exhibited
changes (microscopic examination) in the myocardium and brain tia-
sue sinilar to those found in the animals sacrificed after 24 hours
along . with the changes in the other organs that were common at this
time -~ focal necrosis of muscle fibers, focal myocarditis, granu-
lomatous formations in the cndocardium with valvular involvemeat in
the form of marked swelling of tissuc and infiltration by masscs of
histiocytes and fibroblasts. Tho cndothclium on the valvular sur-
face wus succulent with hypochrowmic nuclei, occasionally arranged ia
scveral layers. The brain of this animal was markcdly edeamatous;
vasculitis, capillaritis, and focul enccphalitias were similar to
those in the animals sacrificed after 24 hours. No aigns of fatty
decsenoration were noted in the liver., The myocardiua of another
animal contained dclicate scar changes in the form of young connec-
tive tissue rich in cellular elements and capillaries taking the
place of the muscle fibers.

Gross examination of the animals sacrificed at the othor
three times showed no unusual changes as compared with the healthy

e —— e

. - —— —
o . e o e e——— o anm———




cenirols. The microsconic chanres were also slisht, and, in our
osinion, nerely residual phenosenae They consisted . tinly in wod-
cvate proliferation of canillary endothicliume No degeacratave

o cuanses were noted in tie orsani,

Thus, «a study of the mourpholojical chanses in tiac viscera
of puinea p. 5 sacrificed at dificrent tiies alter parentcral ine-
jection of penicillin showed cantlar chanjses in almost all cases.
These included the followins: sore desree of hypervina in all the
organs, degencrative chanpes in the forw of s.clling of the parcen- |
chymal organs, sBomctimes with fatty desencration of the liver (in |
12 of 30 cascs), and, in gencral, proliferation of Xupffer's cells
in the liver. Another notcworthy fcaturc was the visorous prolife ;
cration of capillary cndothelium espccially in the myocardium, '
lungs, liver, and brain with signs of vasculitis ajainst a back- i
ground of fibrinoid changes in the walls of the small bLlood veusols.
The lungs were characterized by multiple hemorrhages in the alvooli.
Focal infiltrates of round cclls were obscrved in the myocardial
stroma aund somotimca under the cndocardium. In isolated cuasca in- :
filtrates of the intestine, lunga, andhcart containcd siall quan- i
titics of cosinophils. !

Along with a similar gencral picture of changces in the organs
there were also differcnces in the degree and scverity of the le-
sions in relation to the time the aninals were sacrificed. Animals
sacrificed at the same periods cxhibited in addition to the scvere
lesions which probably killcd them comparatively slight changes.

It is reasonable to assume that such chanfes take place in the less
scnsitive individuals who in the natural coursc of the process ap-
° parontly remain alive.

Thne results of our obscrvations show, thereforc, that with-
in 24 hours of the administration of penicillin most animala oxhibit
widesprcad vascular changes, which we may interpret as forms of
vasculitia combined with focal myocarditia, focal enccphalitis, sym-
ptocs of bronchospasn, and nccrosecs in the liver. These changcs are
a morphological manifestation of an allergic procecss. They eventu-
ally kill the animala or are rcoversed. The changes are the back-
ground against which dyabactcriosis ariscs. \Vith a milder courae
of the process, the animale may develop pathological changes of a
differcnt kind at later intervals. Jror example, if the animals
survive, they develop scar chanzes over the necrotic arcas as in
the nyocardium. Among the cells in the focal infiltrates of the
nyocardiun are some Anitschkow's myocytes, which have becn descridod
in wideapread systemic vascular discascs, apecifically, in systemic
lupus erythematosus in san [9]). The proceas was accompanied by such
changes in the organs as the developmont of granulematous formatiens,
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nccrosis of individual myocardial fibers with ecllular infiltration
around them, and capillaritis in many orgunsg.

Conclusiors

A single parenteral injcetion of 30 ruinea pirs with penicillin
producod within 24 hours widenpicad lesions of tho bloud veascls
in the form of vasculitis combined with focal myocarditis, focal
enceplialitis, bronchospasm, and liver necroses. ‘LThesc changes
rcacmble the morphilogical picture of an allergic process.

The changes in the severc cascs rcsulted in tho decath of the
aninala. The changes were rceverscd vhen the course was mild.

Localization of the changes in the intestines led to the subae~
quont development of gram-negative flora.
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