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Failure of Zymosan to Increase Survival in X-Irradiated Mice.*

(22286)
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Ross et al.(1) stated that the intravenous
injection of zymosan in rats and mice was
beneficial in radiation injury if given prior to
irradiation, and detrimental if given after-
wards. Although the effect obtained was re-
lated to the dose administered, the dosage
range was not given. The mode of action of
zymosan is related to its ability to combine
with properdin, decreasing then increasing the
serum content of this material. Properdin
increases survival of irradiated animals by de-
creasing the post-irradiation bacteremia. Pil-
lemer and Ross(2) gave information concern-
ing the effects produced by doses of zymosan
varying from 5 to 125 mg.kg. Finally Pil-
lemer(3) reported that small intravenous
doses of zymosan, administered to CF 1 mice,
24 hours pre- or post-irradiation, protected
70% of the animals against an LD;g0/30 day
dose of x-irradiation. These investigators did
not give the characteristics of the irradiation
used or the manner in which the mice were re-
strained during irradiation. Regardless of the
paucity of information, the report of any
therapeutic agent which is beneficial in radia-
tion injury requires that further experiments
be undertaken by other laboratories. We
have conducted such experiments using both
low and high doses of zymosan and are un-
able to substantiate the beneficial effects re-
ported by Ross and Pillemer.

Methods. Six-hundred male, CF 1 mice,
weighing an average of 24 g each, were ar-
ranged in groups of 20 animals each accord-
ing to the design given in Table I. The
Fleischman yeast zymosan solutions were pre-
pared according to Pillemer and Ross(2).
Two series of animals received intravenous
injections of 5 and 1235 mg kg respectively,

* This article is based on work performed under
Contract AT-04-1-GEN-12 between Atomic Energy
Commission and University of California, Los
Angeles.

while another series received a 5 mg/kg in-
jection intraperitoneally. Except during ir-
radiation the animals were maintained in an
air-conditioned room at 72 + 5°F and were
fed a diet of Rockland pellets supplemented
weekly with additional vit. A and D. The
550 r radiation dose was administered from
above and below the mice with two 250 KVP
Picker Industrial Units operating simul-
taneously. The technical factors were: 250
KVP; 15 ma; FOD 100 cm; filters, 0.21 mm
Cu inherent, 0.5 mm Cu parabolic and 1.0
min Al; HVL 2.02; size of field—total body;
r/min measured in air 17.5 to 18.2. Both
units were calibrated before and after each
experiment with a Victoreen thimble r-meter.
The animals were restrained in a plastic cage
similar to the one described for guinea pigs
(4). The results obtained were analyzed
statistically by the Litchfield method(5).

Results. The results obtained with 5 mg/
kg and 125 mg/kg of zymosan intravenously
are given in Fig. 1 and Table I respectively.
Intraperitoneal injection gave results similar
to those in Fig. 1. The responses of the
saline control groups in all series were similar
to results obtained previously with other
drugs(6-11).  Post-irradiation medication
with 5 mg/kg of zymosan either intraperi-
toneally or intravenously was highly detri-
mental to the mice, significantly reducing the
ST;o day and day of total mortality in all
cases. Pre-medication did not increase the
ST;o day and the apparent 20% survival in
the 7 day group is of doubtful significance
because such effects have been observed in
the control groups in past experiments. In
fact, only 75% of the control animals of the
intraperitoneal series died by the 26th post-
irradiation day.

In the series given 125 mg/kg of zymosan,
post-irradiation medication on days 1, 3 or 7
was highly detrimental decreasing the STso
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TABLE 1. Effeet of 125 mg/kg of Zymosan In-
travenously on Survival Time in Irradiated Mice.

Final

STs* and Slope mortality

Medicationt rangein days andrange % Day

Saline control 10.9 1.39 90 21
rad day (9.45-12.55) (1.26-1.54)

Z,14 day pre-R 7.55 1.39 95 14
(6.56- 8.68) (1.25-1.54)

Z, 7 ” 10.4 1.34 90 21
(9.17-11.8 ) (1.22-1.46)

Z, 3 ” 9.65 1.60 75 13
(7.71-121 ) (1.32-1.93)

Z, 1hr ” 11.8 1.57 75 20
(5.31-26.21) (1.33-1.86)

Z, ” post-R 12.2 2.31 65 20
(8.19-18.19) (1.64-3.26)

Z, lday ” 7.35 1.38 100 18
(6.39- 8.59) (1.25-1.53)

Z, 3 ” 5.55 1.12 100 9
(5.31- 5.85) (1.08-1.16)

Z, 7 ” 9.3 118 100 12
(8.65-10.0 ) (1.12-1.25)

Z, NR control — — 0 21

*8T; — Day on which 50% of animals alive.
All values at P, 0.05; 20 animals per group.

t Z = Zymosan; rad day — radiation day; pre-
R = pre-irradiation; post-R = post-irradiation;
NR = non-irradiated.

day as much as 5.5 days over the control
value. Pre-irradiation medication on days
14 or 3 also significantly reduced the STj,
day. Injections given 7 days or one hour pre-
irradiation or one hour post-irradiation pro-
duced no significant increase or decrease in
the ST;, day. However, total survivals in
the latter 2 groups were 25 and 35% respec-
tively as contrasted to only 10% survival in
the saline control group. The statistical sig-
nificance of these total survival figures is
doubtful because of previous work as well as
the 25% survival in the saline controls in the
intraperitoneal series. This is also borne out
by the wide ranges of both the ST, days and
the slope values.

Discussion. There can be little doubt that
zymosan, in the doses and modes of adminis-
tration reported herein, is not beneficial to
irradiated mice. Smith(12) has also obtained
similar results in mice. Thus, the work of
Ross and Pillemer(1-3) cannot be confirmed.
However, the conditions under which these
investigators conducted their experiments
have not been completely reported so that it
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is not possible to set up an exact duplicate of
their work. On the other hand, the statisti-
cal design and overall range of conditions of
the experiments reported herein should have
been sufficient to uncover any beneficial ef-
fects which zymosan might have in radiation
injury. Insofar as the mechanism of action
of zymosan on the properdin system is con-
cerned, the present work actually gives no in-
sight into the problem because properdin
titers were not measured. The increased rate
of mortality observed with post-irradiation
medication might have been the result of de-
pletion of properdin in the blood. However,
previous work from this laboratory(6-11) in-
dicates that the irradiated animal reacts ad-
versely to medication during the first post-
irradiation week. Compounds like vit. E
which are non-toxic in normal animals cause
an increase in both the rate of and total mor-
tality, if given after irradiation(7).

Summary. Pre-medication with 5 mg/kg
of zymosan intravenously or intraperitoneally
did not significantly increase survival in ir-
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radiated mice. With intravenous injections
of 125 mg/kg on pre-irradiation days 14 and
3, a significant reduction in the ST5y day was
observed. Similar results were obtained with
both doses when injections were given after
irradiation. The beneficial effects of zymosan
in the treatment of radiation injury in mice
reported by Ross and Pillemer could not be
confirmed.
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The existence of interstitial spaces between
elements constituting the nervous system has
been assumed. Investigations of Bairati and
Mattioli(1,2) confirmed and proved the ex-
istence of these interstitial spaces which prob-
ably were designed for the flow of cerebro-
spinal fluid. The experiments of Bairati(3),
Bairati and Tripoli(4), Bairati and Patterno
(5), Bartoli and Bertaccini(6), and Massari
and Marsico(7) demonstrated by histochemi-
cal tests on different groups of animals the
existence of a ground substance, the main ele-
ment of which is a mucopolysaccharide or a
mucoprotein contained in the interstitial
spaces of the nervous tissue. The results of
Hotchkiss’ reaction were clearly positive in
nervous tissue of fishes, amphibia, and lower
mammals, whereas the results were doubtful
when the test was performed on the brain of
birds and higher mammals. These authors
studied the behaviour of the nervous tissue un-
der the influence of hyaluronidase and proved

* Instituto Cajal, Madrid.

that the ground substance is affected by hyal-
uronidase, which allows a more rapid and ex-
tensive diffusion of the injected liquids and
an easier mechanical dissociation of frag-
ments of nervous tissue. Thus mucopolysac-
charide may be present in interstitial spaces of
the nervous substance. Freedman(8) also
proved by means of histochemical reactions
the existence of a substrate hydrolyzed by
hyaluronidase, probably hyaluronic acid, in
the nervous system, i.e. in the cerebral cortex,
nucleus caudatus, and thalamus. Recently,
Hess(9) stated too that the ground substance
of the nervous tissue is a mucopolysaccharide,
rather than a mucoprotein; since it is not hy-
drolyzed by pepsin, trypsin, or pancreatin.
Hess found that hyaluronidase had no effect,
and this indicates that this substance is not
hyaluronic acid. In the present work, the be-
haviour of the nervous tissue under action of
the hyaluronidase enzyme was examined.
Materials and methods. 13 young adult
cats of both sexes were used, with a weight of
1.5-2 kg. All animals were operated on under



