Proceedings
of the
Society

for

Experimental Biology and Medicine

Vor. 105 DEcEMBER 1960 No. 3
SECTION MEETINGS
MINNESOTA
Mayo Foundation October 7, 1960
NORTHWEST

University of Oregon Medical School

November 12, 1960

Absence of Endotoxic Activity in Materials Derived Without Bacterial

Contamination from Mammalian Tissue.

(26134)

E. MERLER,* A. PERRAULT, R-]J. TrAPANI, M. LANDY AND M. J. SHEAR
Laboratory of Chemical Pharmacology, National Cancer Institute,t Bethesda, Md.

Much literature has accumulated on the
biologic effects of endotoxins, which are rec-
ognized as deriving mainly, if not exclusively,
from Gram-negative bacteria. There are,
however, a number of reports on endotoxic
properties of materials extracted from mam-
malian tissues. Atkins(1) has summarized
these contributions. In addition, Antopol
and coworkers(2-4) found that extracts of
normal and malignant tissues were capable
of eliciting several characteristic endotoxic
reactions, viz., the Shwartzman phenomena
in rabbits and tumor damage in mice; more
recently, Martin and Spielmann obtained(5)
materials with pyrogenic potency from hu-
man erythrocytes.

Earlier experiments(6) in this laboratory
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had yielded preparations, from mammalian
tissues, which exhibited 3 endotoxic proper-
ties. Some of these preparations were later
found(7) to induce the entire array of host
reactions as do bacterial endotoxins.

To obtain a reproducible methodology, the
procedures first employed were subjected to
systematic study in which the effects of varia-
tions in technic were examined. This com-
munication reports that with some procedures
the final preparations were devoid of biologic
activity; when the products displayed endo-
toxic potency, it was found that the varia-
tions in technic had permitted bacterial
growth.

Materials and wmethods. Various tissues
(whole blood, red cells, red cell stroma, and
tumor) from several mammalian species
(mouse, rabbit, and man), after immersion
in an aqueous medium containing phenol and
trichloroacetic acid, were treated as outlined
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previously (8). Other precautions, taken to
preclude bacterial growth during protracted
chemical manipulations, included: bufier so-
lutions were freshly prepared and autoclaved:
the trypsin (pancreatin), after purification
to remove polysaccharides, was sterile, and
negative in the tumor assay even at the high
dose of 20 mg per mouse; additional phenol
was employed during dialysis after treatment
with trypsin; and pyrogen-free water was em-
ploved throughout.

Among the variations in technic examined
for their influence upon the properties of the
final product was omission of layering with
toluene during treatment with trypsin.

Small aliquots of all solutions, and of the
materials at all stages of the manipulations,
were examined for presence of bacteria by in-
oculation into thioglycollate fluid medium or
semi-solid medium and by subsequent plating
on nutrient, EMB or blood agar. When bac-
terial growth was evident, the organisms were
isolated and their reaction to the Gram stain
determined.

Elicitation of hemorrhagic necrosis(9) in
sarcoma 37 was the biological activity meas-
ured in the bioassays.

Results. In experiments with red cell stro-
ma, the product obtained when toluene had
been employed was found to be inactive; a
parallel experiment, in which toluene had
been omitted, vielded a product active in the
tumor assay. Culture of the tryptic digest
was negative in the former instance; bacterial
contamination with Gram-negative species
was evident in the latter.

The lack of activity of this non-contam-
inated preparation from stroma raised the
question as to whether contamination inad-
vertently occurred with other preparations
despite the precautions taken. Accordingly.
systematic bacteriologic examination was in-
stituted at the various stages of the process-
ing of materials. It was found that all steps
in the protracted manipulations could be car-
ried out, repeatedly, with exclusion of bac-
teria in the open chemical laboratory. How-
ever, the end products, when obtained under
this kind of bacteriologic control, displayed
no endotoxic activity as assessed in the tumor
assay.

T1ssuE CONTAMINATION AND ENDOTOXIC ACTIVITY

The products we prepared from human red
cell stroma by Martin’s method (5) also were
inactive in the tumor assay even when as
large a dose as 5 mg per mouse was em-
ployed: a low order of pyrogenicity was ex-
hibited by this product which had a M.P.D.
of 150 pg.

The negative products obtained under sat-
isfactory bacteriologic controls were high in
nitrogen, yielding values commonly found in
mucoproteins.

Discussion. Inasmuch as this kind of bac-
teriologic data is not available on the earlier
preparations(6), of which some may have
been contaminated, the significance of their
endotoxic properties is now reassessed. It
was stated(7): that the micro-organisms
which plants and animals ordinarily contain
might be the source of activity of the poly-
saccharide complexes obtained from their tis-
sues; and that pyrogenic bacteria, inadver-
tently introduced during handling of the
source materials, were to be reckoned with
in view of their ubiquity, high potency, and
relative ease of contamination by them. How-
ever, because of the considerations stated,
these factors did not appear to account for
the results obtained. Results(7) reported for
the earlier preparations are now viewed as
possibly having been due, in an undetermin-
able number of instances, to inadvertent in-
troduction of bacteria.

Nevertheless, it would be premature to con-
clude that tissues do not contain components
with endotoxic properties. For one thing,
Bennett has, under strictly controlled condi-
tions, obtained pyrogen from turpentine-in-
duced exudates(10) in a critical extension of
Menkin’s(11) finding, and also from poly-
morphonuclear leucocytes(12). We  have
speculated(7) that, if tissues contain endo-
toxic polysaccharides, they would not exhibit
their characteristic properties in their usual
state of combination with protein but only
after they were separated from the complex.
The high nitrogen values obtained under cur-
rent conditions of our experiments indicate
that the enzymes employed apparently did
not split off the protein moiety with conse-
quent liberation of polysaccharide. This ex-
perience is consistent with those of others
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who have also encountered resistance of
mammalian mucoproteins to proteolytic en-
zymes.

Whether the polysaccharides in these inac-
tive complexes would, or would not, exhibit
endotoxic behavior when success is achieved
in liberating them from combination is not
known. This is being investigated.

Summary. In the attempted isolation from
mammalian tissues of polysaccharides with
endotoxic properties, only materials devoid
of such activity were obtained under condi-
tions in which exclusion of bacteria was dem-
onstrated.
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Bone marrow depression represents one of
the problems encountered in the use of che-
motherapeutic agents in treatment of malig-
nant disease. At this Institution we have
treated several patients with large doses of
nitrogen mustard (0.95-1.8 mg/kg) for
Hodgkin’s disease(1). Results of such ther-
apy suggest that patients who have received
prior x-irradiation have a more severe and
prolonged bone marrow depression than those
not previously exposed. Because of the small
number of patients and variation in the clini-
cal setting, definite conclusions concerning
this point have been difficult to reach. This
report deals with the results of a comparable
study done in experimental animals in an at-
tempt to determine whether or not there is a
difference in response between irradiated and
non-irradiated animals following administra-
tion of nitrogen mustard.

Methods. Ten adult, female rabbits used
in the study were divided into 2 groups of 5
each. One group was given x-irradiation

while the other served as control. Two
courses of x-ray were given, 250 r whole body
irradiation over a 10-minute period. Follow-
ing each course of exposure, a suitable period
of 5-6 weeks was allowed for recovery of
bone marrow as manifested by return of nor-
mal peripheral blood counts. Five weeks fol-
lowing the last dose of x-ray, both groups of
animals were given 1.5 mg/kg nitrogen mus-
tard intravenously. Peripheral blood counts,
including red blood cell count, hemoglobin,
hematocrit, white blood cell count and plate-
let counts (direct), were performed prior to
start of the study, at weekly intervals during
experiment and one week following adminis-
tration of nitrogen mustard. All blood speci-
mens were obtained by cardiac puncture
without difficulty. Bone marrow aspiration
was performed prior to x-ray exposure and
one week following nitrogen mustard admin-
istration in the surviving animals.

Results. In the control group one animal
sustained a cutaneous injury which became



