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In conducting the research described in this report, the
investigators adhered to the "Guide for Laboratory Animal
Facilities and Care,’ as promulgated by the Committee on
the Guide for Laboratory Animal Facilities and Care of the
Institute of Laboratory Animal Resources, National Academy
of Sciences-National Research Council.

ABSTRACT

Suspensions of Pasteurella tularensis killed by exposure
to ionizing radiation were toxic for rabbits. A dose of 3 ml
or more of a suspension containiog 2 x 10M to 3 x 1011
organisms per ml was lethal within 24 hours of a single
intravenous injection., The mn jor pathologic changes were
extensive hemorrhagic necrosi; -of the spleen, focal coagulation
necrosis of the liver, pneumo.aitis, and giomerular capillary
occlusion by fibiin thrombi. Similar lesions were produced
vhen two smaller doses of the suspension were given intravenously
246 hours apart. The localized Shwartzman reaction was produced
by an intradermal injection followed in 24 hours by an
intravenous injection. Rabbits were protected against the
lethal action of the suspension and against development of
glomerular thrombosis by prior administration of either a
single dose or of multiple doses of 25 mg of cortisone.

The pathological findings were similar to those in rabbits
given endotoxins from meningococci or other gram-negative
organismé and may be interpreted as a combination of the local
and generalized Shwartzman reactions. Similarities were also
noted between the responses to killed P. tularensis and those
occurring during experimental tularemia infection in rabbits.
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I, INTRODUCTION

Suspensions of Pasteurella tularensis killed hy expciute to ionizing
. rvadiation retain a significant toxicity for mice, guinea pigs, and
rabbits, Responses to injection of the suspension were complex,
resembling those typical of endotoxin in some respects but not {n all.*
In rabbits, the endotoxin-like manifestations appeared to predominate,
as shown by fever and the protection afforded by cortisone. Injection
of newly prepared suspensions into mice revealed a roxéc!¢- against
vhich cortisone was ineffective, although tolerance was induced by
prior injection of endotoxin of Escherichia coli. This toxicity
deterforated as the suspensions stood at 4 C, lecaving an endotcxin-
like activity against which mice could then be protected by cortisonme.
In an effort to understand more fully the responses to injection of
the irradiated suspensions, and to determine their relationship to
changes associated with exposure to viable organisms,’'3 studies were
carried out on tissue changes in rabbits injected with the irradiated
suspensions.

II. MATERIALS AND METHODS

Bacterial suagensionn vere prepared as described elsewhere* that
contained 2 x 10 to 3 x 1011 viable organisms per al prior to
receiving 1 x 105 r of gamma radiation from a high-level €080 source.
Sterility of the suspension was established by inoculation onto SB
agar medium.® Dilutions of the suspension, when required, were prepared
in pyrogen-free 0.9% sodium chloride solution.

New Zealand vhite rabbits of both sexes were used as young adults,

weighing from 1.5 to 2.5 kg. They were fed Purina rabbit checkers
and allowed water ad 1ib. Injections were made into & msrginal ear
vein. Routine necropsies vere performed on animsls after death or
after sacrifice with carbon dioxide or intravenous pentobarbital.

' Sections of lung, spleen, liver, kidney, and sometimes heart were fixed
in 10% neutral formslin, embedded in paraffin, and sectioned at 5 to 7u.
Sections were stained with hematoxylin and eosin, phosphotungstic acid -
hemstoxylin, alcian blue - periodic acid Schiff, or alizarin red, as
required. Representative patholegical findings are shown in Figures 1-€.

* Landay, M.K., G.G. Wright, J.D, Pulliam, and N.J. Finegold. 1967,

Toxicity of Pasteurells tularensis killed by fonizing radiation.
Unpublished data,
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Pigure 1. Kidney. Glomerular capillaries are occluded by
fidbrin thrombi{, Phosphotungstic acid -
hematoxylin, 130X.

Pigure 2. ‘ Splean. Massive necroeis is manifest by ouclesr
debris and disruption of the architecturs.
Bamstoxylin snd ecein. 130X.




£

Figure 3. Liver. Coagulation necrosis of virtually an entire
lobule is shown. The central vein is st upper
left and the portal ares iz to the lower
right. BHemstoxylin and eoain. 420X.

Pigure 4. Llung. Pulmomsry arteritis is characterised .
by fidrinoid cectosis, polymorphonucienr leukocyte
fafileration of the iatime and toner medis, snd
swelling of remsianing endothelial cells. There

is iaterstitial hemorrhage {s the adjecest
tissue. WNesatoxylin and ecsfn. 42X,




Pigure 5.

Figure 4.

Reart. Calciftcation of wyocardial fibers {s
shown by the extensive blackeniag of the
sinerslined muscie. Aliszarin ved. 130X,

Llocelised Swmrtrmns Reactios. fach of tae
threes sites of hemorrbegic nacrosis vecefved
sa fstraderanl i{ajection of trrudisted

I. tuleremeis swepennion 24 howrs priex te
tstravenous injscti-n of the asae materisal,
These arsas of necrceis were photograghed

18 hours after the {atravenoms (ajectiom.




I1I1. RESULTS

A, SINGLE INJECTIONS

Twenty-one rabbits received from 0.125 to 9 ml of susp-nsion in
a single intravenous injection. The earliest deaths occurred at 11 hours,
with doses of 3, 6, or 9 ml (Table 1). Nine of the 10 rabbits given
3 ml or aore of suspension died within 21 hourse; the other was
sacrificed when moribund at 20 hours. The spleen, ¢xamined in nine
animals, wag diffusely necrotic and hemorrhagic in eight, with
lymphoid cell depletion and hemorrhage in the other animal. The liver
of six rabbits showed & variable degree of fcral hepatocellular necrosis,
ranging from {ndividual cell hyalinization to 3-mm areas of coagulation
necrosis with &2 granulocytic exudate. Pneumonitis was found in eight
of the nine pairs of lungs examined; it was chearacterized by a diffuse
geptal, perivascular, and peribronchial polymorphonuclear leukocytic
infiltrate. Also present were a variable increase in mononuclear cells
3 in the septa, focal interstitial and alveolar edema, and small
3 hemorrhages. The kidneys of seven of these 10 rabbits displayed occlusion
] of glomerular capillaries by fibrin thrombi {GFT) to 2 variable degree,
ranging from an occasionzl thrombosed loop to complete occlusion. Full-
- blown gross cnrtical necrosis was not observed, but swollen, pale cortices
] were scen in those kidneys with microscopic necrosis due to extensive
: thrombesis. The proximal tubular epithelium in the nor-necrotic areas
of these seven kidneys frequently contained hyaline droplets or clear
vacuoles, and colloid casts were numerous. The incidence of these
changes 1is summarized i. Tgble 1.

Of 11 rabbits given less than 3 ml of suspension, two died after
20 and one after 26 hours. The three had received 1 ml and had
& extensive splenic necrosis, focal hepatic necrosis, and pneumonitis.
¢ Two of the three had CFT, which were of sufficient extent in one case.
to produce cortical necrosis. None of the eight animsls sacrificed
between 23 and 8BS hours after injection had CFT, and there were fewer
and swriler leaions {n the other organs.

B. MULTIFLE IRJECTIONS

Detection of GFY in nice of 12 rabbits dying aftexr & single injection
of irradisted suspension indicatad the occurrence of disssminated
fntravascular coagulation,® a finding competible with the presence of
endotoxin-1ike activity. Accordingly, the capebility of the suspension
to produce the generalized Shvartzmsn rsaction wes invesrigated.®

.




*pa3wdOIPUT B} IIgUnu

IsTvms w 2zoys 34 x° ‘poutmexs azom dnox3

243 Uy sjemjiue (I1v ‘¢

JeEU0RF] JO OUIPFIU]L

mo33y [eAalelnl

V] € t - ¢ - 61 € € gavop 1w 7 puw Z2°D
€ 9 9 = 1z ~ 01 S ° °80p I® ¢ a0 |
£mo3dsuside I0¥ag
1 ] 8 L - 0 (114 woysuadsnd M ¢
8 c°21 ‘suceiiraey’
1 4 4 % - ] 9 Twz f1= 7 1% 1°0
L g 30 ¢ 8 30 £ 2 Jo L 96 ~ 21 9 i1 ® Z 20 X0 10
3zede sinoy 47
‘segop 1dy2TTN
L 6 308 9 6 32 8 1z - 11 6, o1 Tm 5l ¢
A v g S 9z - 0¢ £ I ™ ¢
ssop 218ujs
Tqmoxyl vyxqig STITINOGRA SISOXDGN  STI0IDBN ginoy syIweg sIjqQvyd 3uIW3I’A], IPYID
IBiNINWOTY S gL 3umEnRng ABAT oyusids ‘yzeaq o1 Jo °*ON ‘?s0Q ‘®InpaY2s§
1e30g 280¢ 318¥]

NOISNZASNS SISHAYVINL VITIINZLSVd CALYIQYHHEI
30 NOILDACNI SNONZAVIINI O SIT48v¥e 4G SASNCGASdd °1 F1EVL

waoghe i

it A A3 A 0 PR

S b T RO e .




Aon B rnaa 5= wew e

Sublethal preparative doses of 0.1 or 0.2 m! were given intravencusly
to 17 rabbits. A provocative dose of 2 ml was given 24 hours later,
Three rabbits died within 12 to 20 hours after the second injection, and
all had GFT. Five rabbits were sacrificed between 19 and 24 hours after
the recond injection; GFT were present in three. Three rxabbits died
after 48, 54, and 96 hours, respectively. Only the 48-hour animal
had GFT but all three had extensive thrembi in pulmonary arteries,
arterioles, ov capillaries; pulmonary infarction was present i{n the
96-hour specimen. The thrombi in the lungs somecimes differed from ¢
those in the kidsey in having leukocytes and erythrocytea enmeshed
in the f£ibrin. Some pulmonary arteries ané srteriocles displayed
various degrees of fibrinoid necrosis, endarteritis, intimal fibrosia,
and calcification of the fibroue tissue. Frequently, arteries that
vere neither thrombesed nor inflamed showed medial muscular thickening.
These changes are similar to those described after a single injection
of meningococcal endotoxin in rabkits® and those seen in rabbits given
live meningococci ‘niradermally followed by live meningococei intra-
venously 24 hours later.”

Six of the nine rabbits that survived 24 hours after the provocative
injection were given an additional 2 ml of suspension intravemously
between 27 and 30 hours after the second injection. Only the rabbit
sacrificed 8 hours later (35 hours after the second injection) had GFT,
but it and the two animals sacrificed 20 and 23 hours after the third -
dose hal pulmonary arterial thromboses with vasculitis cnd infarction.

A pulmonary infarct was slse found in ona of the three rabbits that were
‘sacrificed 6% hours after the third injection.

In summary, eight of ten rabbits necropafed within 48 hours of
the provocative injection, including one that received a third dose
of the suspension 8 hours before sacrifice, had GFT. Of nine rabbits
that survived 24 hours or more after t'ie provocative injection, zeven.
had pulmonary thrombi, including four that had received a thixd dose
of the suspension. Two rabbits that died between 24 and 48 hours had
fibrin thrombi in both kidneys and lungs.

C. INTRADERMAL INJECTION

The local Shwartzman reaction® was produced in rabbits by intradersmal
injeccion of 0.1 ml volumes of serial dilvtions of irradiated suspension
from undiluted to 1:2048, followed 24 hours later by 0.5 ml of suspension
injected intravencusly. Fositive reactions developed within 18 hours
at all dilutions tested. They consisted of areas of induratiom 2 to 2.5 cem
in diameter with central hemorrhagic necrosis. The prepaxatory
injections alone caused slight swelling at the sites of 1njection after
24 \h!}urs Y .
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D. COBTISONE TREATMENT

The protective effect of cortisone against the lethal action of the
suspeasion i{n rahbite was studied further in an effort to deterwine which
lesions were ichibited by the drug. Ten rabbits were injécted subcutanecusly
with 12.5 wg cortisone acetate, foilowed {mmediately by 2 ml of suspension
injected intravenously. This dose of suspension alone killed six of seven
untreated rabbits within 18 hours; the seventh was moribund and was
sacrificed at 12 hours. GFT were present in four of the seven. None of
the cortisone-trezated animals died, so they were sacrificed in pairs 25,
45, 78, 98, and 121 hour3 after injection. GFT were found in only one
rabbit, an animal sacrificed at 25 hours. Pulmonary vasculitis was present
in seven of eight rabbits examined after 45 hours or more. Splenic
necrosiz was extengsive in seven animals. Focal hepstic necrosis was
present in eight, with dystrophic calcification of such foci after 45 hours
or more. The myccardium of seversl animals contzined focl of ccagulation
necrosis with dystrophic calcification. Coronary vascular lesions wvere
sought, with negative results; they had been observed in rabbits injected
once with meningococcal endotoxin.® Thus, 2 single injection of cortisone
acetate, which protected 10 of 10 rabbits against a lethal dose of the
suspension, did not aiter the pathologic responses of the spleen, liver,
end lung.

In contrast to the protective action of a single treatment with
cortisone,” multiple injections of cortisone i rabbits had been shown
to potentiate the lethality and the Shwartzman reactivity of a single
injection of endotoxin.® The effect of cortisone administered in a similar
snner was tested with the P, tularcnsis suspension. Twelve rabbits
weighing 1 kg each were treated intramuscularly with three daily doseo
of 25 mg cortlsone acetate prior te a single intravenous injection of
cither 1 ml (six rabbits) or 0.5 ml (2ix rabbite) of suspension. Controls
of the same weight were given 1 ml {six rabbits), 0.5 al {six rabbits),
or 0.25 ml (four rabbits) of suspension.-

All controls developed diarrhea, hematuria, and lagsitude; the
cortiscne-treated animals remained clinically well. Two controls died
16 and 19 hours after veceiving 1 ml of suspension, All other animals
were sacrificed and necropsied at 24 hours. rouurteen of 16 controls
had GFT, with gross cortical necrosis in five. The two negative rebbits
had received 0.25 mi of suspension. None of the 12 cortisone-treated
rabbits had GFT, although they had necrotic lesions in the spleen and
lunges that were siwilar to those in the controls. Thus, cortisome
edministered in either single or multiple injections protected against
both the Shwartzman reaction and lethal action of P. tularensis
suspension.

T e A A e A 4 e it s
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E. SFLENECTOMY

The occurrence of extensive hemorrhagic necrosis of the spleen iIn
17 of 18 rabbits that died, and the presence of GFT in 13, suggeated
that intravaacular coagulation might have been initiated by tissue
thromboplastins® released into the circulation from the necrotic spleen.
Therefore, the effects of splenectomy on responfes to the suspension
were investigated, Nine rabbits, splenectomized 25 or 26 days
previously, were injected intravenously with 1 ml or 3 ml doses, or
with 0.2 and 2.0 ml doses 24 hours apart (Table 1), Eight animals
died within 44 houre; the survivor was sacrificed after 54 hours. All
showed focal hepatic necrosis and pneumonitis. Pt;!aonary arteries
and arterioles contained fibrin thrombi in five of the nine, and GFI were
found in thres. Prior removal of the spleen evidently had no effect
on pathological reactions to the suspension. \

IV, DISCUSSION

The pathological responses of rabbits to intravenously administered
suspensions of radiation-killed P. tularensis are similar to those of
rabbits dying acutely of experimental tularemia infection.! 1In both
situations, aplenic and hepatic necrosis and pulmonary and glomerular
capillary occlusion by fibrin thrombi are common findings. This
suggests that the toxicity of the irradiated suspension may be related
to pathogenic mechanisms of infection with live organisms and justifies
attempts to determine more precisely the mature of the toxicity.

Rabbits given a single large intravenous dose of meningococcal
endotaxin® or two injections of live washed meningococci, the first
intradermally and the second intravenously 24 hours latex,” develop
visceral lesions comparable to those produc~d by the P. tularensis
suspension. Both the necrotic manifestations and intravascular
coagulation leading to glomerular capillary occlusion are features of
the generalized Shwartzman reaction, with fibrin *hrombi considered
to be characteristic of the reaction.*'® The sequential changes in the
lunge, with diffuse granulocytic infiltration in the early stages,
followed by thromboses and vasculitis with frequent infarction, are
typical of the local Shwartzman phenomenon.® Classically, both the
generalized and localized phenomena are produced by two injections
of gram-negative endotoxin spaced 24 hours apart,® but the loul.
reaction has been produced by a large single dose of endotoxin,’®
and & number of techniques not involving endotoxin huve baen used to
duplicate the essential findings of both reactions.* It would
therefore be inappropriate to conclude that the toxic principle is
endotoxin merely because the responses of rabbits to irradiated
P, tularensis closely resemble the Slwartzsman reaction.

‘lw_._.m~ e i e T T o o e P ot s g N

~
Nt




12

TN e g

The only evidence of the participstion of endotoxin in tularemia,

other than .he suggestive pathological responses in rabbits,’ 1s the
“demonstration that volunteers convalescing from experimental tularemia
infection became tolerant to the pyrogenic action of Salmoaclla typhosa
endotoxin in the same manner as patients with typhoid fever.'! Brief
reference was algo made to unpublished reporte of isolation of material
from P. tularensis with properties of endotoxin, including pyrogenicity,
lethality for rabbits, and the ability to induce the Shwartzman reaction,
However, the lipopolysaccharide extracted from P. tularensis by Stefanye!?
was neither pyrogenic nor lethal for mice in amounts up to 1,0 to 2.0 mg.,
To date, definitive chemical isclation of eudotoxin from P. tularensis
has not been reported.

RISER

The protective activity of cortisone tendg to support the concept
that endotoxin activity contributes significantly to the lethality of
the irradiated suspension for rabbits. The results are similar to
those obtained with a single injection of cortisone prior to treatment
with meningococcal endotoxin.® However, results with multiple injections
of cortisone were different in the two systems; thie treatment potentiated
the classical endotoxin® but protected against the P. tularensis suspension.

The association between the protective effect of cortisone and the
prevention of fibrin thrombi in the glomerular capillaries of 21 of the
22 rabbits so treated implies that intravascular coagulation is P
responsible for early deaths. The incidence of visceral necrosis .is the 1
same in both treated and untreated animals that survived for the same 1
period. However, glomerular thrombi were not found in four of 14 control
rabbits without cortisone that died within 24 hours of injection, so a
crucial role for intravascular coagulation ivn the lethality of the
suspension appears questionable. BEvidently, intravascular coagulation
is cne of several manifestations of toxemia, rather than the primary cause
of death in this toxemia or in tularemia; alterations in cellular metabolism
and physiology may be the crucial pathogenetic mechanisms.'2+1*
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