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without strict isolation facilities and known
virus-free mice.

Summary. Mouse hepatitis viruses were
readily isolated, by a wvariety of technics,
from pooled feces of weanling mice of the
majority of colonies tested. The infection
was highly contagious to contacts from a
non-infected mouse stock. Evidence is pre-
sented that contact infection with hepatitis
viruses produced high mortality in infant
mice of the non-infected stock.

We are pleased to acknowledge the cooperation of
Dr. Virginia J. Evans, Nat. Cancer Inst.,, who pro-
vided the mouse liver cell line, and the technical
assistance of Mr. Theodore Catchings.
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Recent researches have provided informa-
tion about the reactions by which myo-inositol
(I) is incorporated into phospholipids in ani-
mal tissues(1), or is converted to well-known
intermediates of carbohydrate metabolism(2),
but the physiological significance of these
processes is not clear. Since investigations of
this kind, and the discovery of additional
metabolic pathways, are facilitated by the
availability of metabolic antagonists, it seemed
of interest to search for an anti-inositol active
in animals. On testing a number of cyclitols,
some of which had been shown to be antag-
onists of myo-inositol in certain micro-
organisms(3), we found that 2-O,C-methyl-
ene-myo-inositol (II) was toxic to mice and
rats. Our observations on the effects of this

* Published with the approval of Director of Wis-
consin Agri. Exp. Station. This investigation was
supported by grants from Nat. Inst. Health, U.S.
P.HS.; the Research Committee, Graduate School,
from funds supplied by the Wisconsin Alumni Re-
search Foundation; and by a predoctoral fellowship
(to P.AW.) from the Division of General Medical
Sciences, U.S.P.H.S.

compound, and on the suppression of these
effects by myo-inositol, are reported here.
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H H H CH2
OH H OH H

myo ~INOSITOL 2-0,C—METHYLENE-
I myo—-INOSITOL
4

Materials and methods. 2-O,C-Methylene-
myo-inositol, which hereafter will be desig-
nated as myo methylene oxide, was prepared
from myo-inosose-2(4) essentially as de-
scribed by Posternak(5).t Compounds were
administered as aqueous solutions by intra-
peritoneal injection.

Male weanling mice (Taconic strain, Rolfs-
meyer Farms) and male weanling rats (Holtz-

t Posternak referred to the compound as “oxyde
de méthyléne-penta-oxy-cyclohexane.” The name
2-0,C-methylene-myo-inositol describes the stereo-
chemical configuration, and is consistent with the
cyclitol nomenclature currently used in the U. S.
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FIG. 1. Effect of myo methylene oxide on the kidney, and reversal of the effect by myo-inositol.

Rats were injected with 150 mg/kg myo methylene oxide, and sacrificed 48 hr later. The kid-

neys were fixed immediately in 109 neutral buffered formalin; sections were stained with

hematoxylin and eosin. A) Whole kidney bisected longitudinally; B) section of juxtamedullary
region; C) same, normal kidney (no treatment).

man Co.) were maintained in the departmen-
tal animal room for several days before being
put on experiment. A low-inositol synthetic
diet was used, but is unnecessary. All the
effects described are produced equally well in
animals fed natural rations.

Results. Four groups of 10 mice each re-
ceived myo methylene oxide in doses of 100,
125, 135 and 150 mg per kg body weight for
the respective groups, and were observed for
5 days, by which time all survivors had re-
sumed growth. A plot of dose vs per cent
mortality according to the method of Litch-
field and Wilcoxon(6) gave a figure of 123 mg
per kg for the LD;o (single dose, intraperi-
toneal) in mice. Observations on rats showed
that the figure is lower for these animals,
probably about 70 mg per kg. Doses of 150
mg per kg in mice and 100 mg per kg in rats
were almost invariably fatal; these were the
quantities administered when a minimal lethal
dose (MLD) is specified in the following sec-
tions.

The chronic toxicity of myo methylene ox-
ide in mice was studied on a limited scale by
administering the compound daily for 12 days
at 20, 30, and 40 mg per kg. Four mice were
used at each dosage level. None of the ani-
mals died. Those receiving 20 and 30 mg per
kg per day appeared normal, but gained only
two-thirds as much as the saline-injected con-

trols. At 40 mg per kg per day the growth
depression was severe and there were obvious
toxicity symptoms.

Animals receiving single doses of 1-1.5 times
the MLD of myo methylene oxide usually
remained normal in appearance for 20-24
hours. They then became progressively
weaker, and developed labored breathing, hy-
peractive tendon reflexes, and muscle twitch-
ing. Stupor and finally coma with periodic
breathing were followed by death, usually in
36-54 hours. Occasionally, animals survived
5-8 days. At autopsy, the kidneys were usu-
ally pale, and when hemisectioned showed
clearly demarked rings in the juxtamedullary
region (Fig. 1A). Pale stomachs, and spleens
much reduced in size, were seen in mice which
had survived several days. Histological ex-
amination of brain, liver, kidneys, testes, in-
testine, lungs, heart, pancreas, and spleen re-
vealed no additional abnormalities, but
showed that the white rings in the kidneys
were due to necrosis of the epithelial cells
(Fig. 1B).

The necrotic lesion could first be observed
in rats about 8 hours after injection of an
MLD of the methylene oxide, and it did not
spread appreciably during the remaining per-
iod of the animals’ survival. No expansion
of the necrotic area resulted from repeated
administration of sublethal doses, or from
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TABLE I. Effect of myo-Inositol Given with an
MLD of myo Methylene Oxide.*

Inositol: Avg wt change
Inositol methylene Deathsin in 14 days
(mg/kg) oxide 14 days ()

2500 16.7 0 + 7.7
2000 13.3 0 + 7.5
1500 10.0 0 + 6.6
1000 6.7 0 4 6.4
500 3.3 1 — 3.7
300 2.0 3 —
0t — 0 +10.1

* Four male mice (15-20 g) were used in each
group. The compounds were given simultaneously
as a single injection; the dosage of methylene oxide
was 150 mg/kg.

t Received 1 ml of saline, no cyelitols.

single injections of 3 to 6 times the minimal
lethal dose. At still higher dosages, the ani-
mals died within 2 hours, without developing
the gross symptoms described above. In these
cases there were no detectable changes in the
kidney tissue.

Protection against the toxic effects of myo
methylene oxide was afforded by sizeable
doses of myo-inositol administered shortly be-
fore or simultaneously with the methylene
oxide, but very large injections of myo-inosi-
tol after 0.5 hour, or repeated smaller injec-
tions beginning at 1 hour were without effect.
Quantitative data on the protection against
mortality are shown in Tables I and II. Com-
plete prevention of the kidney necrosis, when
an MLD of methylene oxide was given, was
achieved with 1000 mg per kg of myo-inositol.

The nature of the symptoms produced by
lethal doses of myo methylene oxide, together
with the finding of severe kidney damage,

TABLE II. Effect of Varying Doses of myo
Methylene Oxide and myo-Inositol.*

Avg wt
change
Methylene Inositol: Deaths in 14
Inositol oxide methylene in 14 days
(mg/kg) (mg/kg) oxide days ()
340 170 2 0 + 2
1200 300 4 1 + 3
3000 300 10 0 + 7.5
1200 600 2 3 —
2400 600 4 2 — 1
6000 600 10 1 — 2
0t 0 — 0 +10.5

* Three male mice (15-20 g) were used in each
group. The eompounds were given simultaneously
as a single injection.

t Received 1 ml of saline, no cyelitols.
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suggested that the treated animals were suffer-
ing from uremia. Analyses (Table III) veri-
fied this and also showed that the elevation
of blood urea caused by 60 mg per kg of
methylene oxide (in rats) was completely
suppressed by a 10-fold amount of myo-inosi-
tol. A graded, partial response was obtained
with smaller amounts.

To test whether the antagonism is a speci-
fic property of myo-inositol, 5 other cyclitols,
known to be non-toxic at the dosage employed,
and 5 open-chain polyalcohols were tried as
protective agents. Sequoyitol, L-inositol, D-
inositol, (--)-pinitol and myo-inosamine-2

TABLE III. Effect of myo Methylene Oxide on
Blood Urea Nitrogen and Blood Creatinine in
Rats.*

Methylene Sampling Urea
oxide time nitrogen Creatinine
(mg/kg) (brpostinj) (mg/100ml) (mg/100 ml)

0 — 14 8
20 48 13 —
60 58 142 3.6

100 49 210 —
150 19 90 —

* One rat was used for each value. Blood was
taken by heart puneture. Urea nitrogen was de-
termined in a Technicon Autoanalyzer(7); crea-
tinine by the method of Peters(8).

were the cyclitols used;+ the open-chain com-
pounds were ribitol (adonitol), p-arabitol, p-
glucitol (sorbitol), p-mannitol and galactitol
(dulcitol). All were given intraperitoneally
to mice at 5 g/kg, simultaneously with an
MLD of myo methylene oxide (3 animals per
compound). None of the compounds de-
layed the onset of toxicity symptoms and
death, or had an effect on the associated kid-
ney necrosis.

Discussion. Myo methylene oxide was
shown by Schopfer and Posternak to oppose
the growth-stimulating effect of myo-inositol
in the yeast Schizosaccharomyces pombe and
the mold Newurospora crassa (inositolless mu-
tant) (3). The present observations demon-
strate that the antagonism between the 2
compounds extends to animal systems. In the
microorganisms, the antagonism is typical in
that the amount of methylene oxide required
for 50% inhibition of growth is many times

1 For the structural formulas of these compounds,
see ref. 9.
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the amount of inositol present. However, the
claim that this antagonism is of the competi-
tive type was not rigorously established,
since the antagonist : inositol ratio giving
half-maximal growth was not determined over
a wide range. In mice and rats the protective
action of the normal metabolite is observed
only when it is provided in larger amounts
than the antagonist; also it appears that as
the dose of methylene oxide is increased, pro-
tection is maintained only by an increase in
ratio of inositol to antagonist. On this basis
the antagonism between myo methylene oxide
and myo-inositol in animals is of the non-
competitive type as defined by Woolley(10),
and is perhaps to be compared with the an-
tagonism between Dicumarol® and vit. K.

That myo methylene oxide produces a
necrotic lesion in the kidney cortex is perhaps
not surprising, since such lesions are caused
by many toxic agents. The necrosis is un-
usual, however, in that it remains narrowly
confined to the juxtamedullary region under
a wide variety of dosage regimens. The evi-
dence suggests that kidney failure is the pri-
mary cause of death from doses of 1-1.5
times the MLD, but some contribution from
other effects is indicated by the fact that sur-
vival time of the treated animals is usually
slightly less than average survival time after
bilateral nephrectomy(11,12).

A logical interpretation of the injurious ef-
fect of a myo-inositol antagonist on the kid-
ney would be that myo-inositol has a particu-
larly critical role in kidney metabolism. Such
an inference is not yet warranted, however.
Myo methylene oxide is a 1,2-epoxide, which
places it in the class of monofunctional alkyl-

DEGRADATION OF INSULIN BY RAT EXTRACTS

ating agents. It is not unlikely that this
property, rather than its cyclitol nature, is
primarily responsible for the toxic action of
the compound. Presumably the fact that it
is a cyclitol, differing only slightly from mye-
inositol in configuration, is the basis for the
antagonism of its action by the inositol.

Investigations of the effects of myo methyl-
ene oxide on myo-inositol metabolism will be
reported elsewhere.

The authors are grateful to Prof. J. J. Lalich,
Dept. of Pathology, for histological examinations;
and to Miss Margaret Olson, Clinical Laboratory,
School of Medicine, for urea nitrogen and creatinine
determinations.
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Insulin requirements are decreased in some
patients following onset of diabetic glomeru-
losclerosis(1,2,3). Analogously, induction of

* This work was supported by grant from Nat.
Inst. of Arthritis & Metab. Dis., P.H.S.

nephrotoxic serum nephrosis in rats with al-
loxan or pancreatectomy diabetes diminishes
blood and urinary glucose(4,5,6). We(6)
have shown that I'3! insulin injected intra-
venously disappears from the blood more





