SACCHARIDE DISTRIBUTION IN VITAMIN E DEFICIENCY

inbred mice obtained from abroad, we have
found one infected colony among a total of
12.

In the laboratory to which this infected
colony belongs, no studies involving polyoma
virus have been done, and hence infection
through experimental work is out of the ques-
tion. Furthermore, strains A and DD have
been kept in one room, and the other 4 strains
in another room. Under the circumstances, in-
fection through keeping uninfected mice in
the same room with infected mice seems
hardly worth considering. The 4 infected
strains (A, CBA, CzH, and Hr™) in this
colony all came from the United States, but
the 2 uninfected strains (DM and DD) did
not. We assume that the appearance of poly-
oma virus antibody in Japan is due to some
change in conditions after latent infection.
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Periodic surveys for polyoma virus antibodies
in Japan are probably desirable.

Summary. Twelve mouse coloniés in Japan
were surveyed for polyoma virus infection.
Among them, one colony was found to be in-
fected with polyoma virus, half of the tested
mice from that colony being antibody-positive.
The infected mouse strains all came originally
from the United States, and it is thought that
they may have acquired latent infection be-
fore being brought into Japan.
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The extracellular space in a particular or-
gan or tissue is commonly measured by de-
termining the accumulation of substances
that are believed not to occur intracellularly.
Determination of tissue chloride concentra-
tion has frequently been used for this pur-
pose(l), and skeletal muscle chloride has
been found to be increased in the nutritional
muscular dystrophy which is caused by vita-
min E deficiency. Fenn and Goettsch(2) re-
ported a 3-fold, and Morgulis and Osheroff
(3) reported a 2-fold increase of chloride
concentration in dystrophic rabbit muscle.
While the former authors attributed this in-
crease to an increase in interstitial fluid, the
latter authors pointed out that chloride is a
component of the connective tissue. They
associated the higher chloride content with
an increase of fibrous tissue which is charac-
teristically observed in dystrophic muscle.

* Supported by research grant from Nat. Inst.
Health, US.P.HS.

The complete interpretation of protein
turnover studies with carbon-14 labeled ami-
no acids in dystrophic rabbits(4) requires
information on the size of intracellular ami-
no acid pools. Such information cannot be
obtained without a knowledge of the size of
the fluid compartments in dystrophic and
normal muscle. The present report is con-
cerned with the determination of volume of
distribution of inulin-C* and sucrose-C* in
several tissues of vit. E-deficient and control
rabbits under ## vive conditions. Other au-
thors have used these saccharides to meas-
ure extracellular space (e.g., 5).

Methods. White New Zealand rabbits of
mixed sex, approximately 4 weeks old and
weighing 500-600 g, were placed on a semi-
synthetic vit. E-deficient diet. The composi-
tion of the diet has been described by Young
and Dinning(6) and has been modified to
contain cellulose as roughage(7). Animals
designated as controls received oral supple-
ments of 12 mg DL-alpha tocopherol acetate
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per kg body weight 3 times weekly, as a so-
lution containing 40 mg of a-tocopherol/ml
of corn oil. To minimize the effect of pos-
sible coccidiosis infection on their vit. E re-
serves(8) all animals received .04% sodium
sulfaquinoxaline in the drinking water for
3-day periods alternating with 2-day periods
of plain water. When the vit. E-deficient
animals showed distinct signs of muscular
weakness, 3 to 4 weeks after they were
placed on the diet, they and the control ani-
mals which had been on the diet for the
same length of time, were selected for the
experiment. Bilateral kidney ligation was
performed under ether anesthesia. Half an
hour after completion of the operation car-
boxyl-C'4-labeled inulin (New England Nu-
clear Corp.; 2.02 mc/g) or sucrose-U-C*
(New England Nuclear Corp.; 5.0 mc/
mmole) was injected by ear vein at a dose
of 2.5 uc/100 g body weight, in a concentra-
tion of 25 uc of saccharide per milliliter of
saline. The animals were sacrificed 3 hours
after the injection by a sharp blow to the
neck and decapitation. Blood was collected
in a heparinized beaker. Heart, one kidney
and 5 g portions of liver and skeletal muscle
from the left hamstring group were rapidly
excised, freed of extraneous tissue, blotted
on filter paper and weighed. Each tissue was
homogenized in a Virtis blender with 20 ml
of .01 N acetic acid and rinsed into a centri-
fuge tube with another 20 ml. The homoge-
nate was heated in a boiling water bath for
10 minutes. The supernatant fluid obtained
by centrifugation was filtered and the sedi-
ment was washed 4 times with 20 ml por-
tions of the acetic acid. A fifth washing ex-
tracted no measurable amount of radioactiv-
ity from the residue. All filtrates of one tis-
sue were combined and one ml aliquots were
placed in planchets, dried under a heat lamp,
and counted in a thin-window gas-flow Gei-
ger counter. Preliminary experiments using
water for the extraction instead of dilute
acetic acid led to essentially the same results
but the extracts were more difficult to filter.
Plasma was diluted 1:50 with water and its
radioactivity determined as described for tis-
sue extracts.

To study possible effects of starvation on
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TABLE I. Distribution of Inulin-Carboxyl-C* and
Sucrose-U-C* in Tissues of Vitamin E-Deficient,
Starved and Control Rabbits.

Skeletal Small
muscle Liver Heart intestine
Inulin space
Control (4)* 5.5t 20.9 14.7 5.5
5.0- 6.1 8.2-38.1 12.3-16.5 4.8-6.8
Vitamin E- 9.8 44.8 17.0 6.3
deficient (4) 8.3-11.6 31.2-76.4 15.2-19.6 4.9-7.5
Starved (2) 5.4 22.3 114 6.3

4.9- 5.8 17.7-29.0 10.3-12.4 5.1-7.5

Sucrose space

Control (3) 7.4 10.3 18.7 7.2
6.7- 8.6 7.6-14.5 16.2-22.7 4.7-8.7
Vitamin-E-  12.0 13.8 20.0 6.4

deficient (3) 10.8-14.9 11.5-18.2 14.7-22.9 5.2-7.3

* Number of animals.
counts/min/g tissue

t Average x 100, and range.

counts/min/ml plasma

the tissue distribution of inulin, food and
vitamin supplements were withheld from rab-
bits which had previously been on the vit.
E-supplemented diet for 3 to 4 weeks. Drink-
ing water was supplied ad libitum during the
fasting period. Kidney ligation was per-
formed 3 days after withdrawing food. Inu-
lin-C'* was injected and tissues were ex-
tracted as described.

Results were calculated as the volume of
distribution of the saccharide between tissue
and plasma and were expressed as per cent
of wet tissue weight(9).

Results and discussion. Results are sum-
marized in Table I. In dystrophic muscle,
average sucrose space was increased by a
factor of 1.6 and average inulin space by a
factor of 1.8. The difference between the vit.
E-deficient and control groups was highly
significant (P<C.005) after inulin injection
and significant (P<C.05) after sucrose injec-
tion. As young rabbits usually lose weight
in the acute stage of vit. E deficiency, the
question arose whether this difference be-
tween control and vit. E-deficient animals
might not be due to the status of general
inanition, rather than to vit. E deficiency per
se. The data obtained on rabbits starved for
3 days indicate that inanition alone had no
effect on inulin space of muscle.

No statistically significant differences be-
tween control and vit. E deficient or starved
groups were found in any other tissue,
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whether inulin or sucrose were used. Aver-
age inulin space in the liver of vit. E-defi-
cient animals was twice as great as in con-
trols but individual variations in both groups
were so great that the difference is of ques-
tionable significance (P — 0.1). In skeletal
muscle, heart and small intestines average
sucrose space was consistently somewhat
greater than average inulin space. This
agrees with observations of others and may
be considered either as an indication that
cell membranes are not completely imper-
meable to sucrose or that inulin is restricted
from some portion of the extracellular space.

In contrast, average inulin space of liver
was much higher than average sucrose space.
In the vit. E-deficient group inulin space was
as high as 76.4% of liver wet weight. If the
volume of inulin distribution were a true
measure of extracellular space, all of the
water in this liver would have been extracel-
lular water. These livers appeared grossly
normal and it seems most unlikely that inu-
lin distribution was truly correlated to extra-
cellular space in this instance. Considerable
intracellular accumulation of inulih must be
suspected. A possible explanation for the
high inulin concentration found in livers of
vit. E-deficient animals and in livers of some
control and starved animals may be con-
tained in a finding by White and Rolf(10).
These authors reported that after inulin in-
jection into nephrectomized rats, inulin space
continually increased and eventually greatly
exceeded water content in liver, skin, and
spleen, tissues rich in macrophages, while it
remained less than water content in skeletal
muscle, which is poor in macrophages. It
was postulated that macrophages actively in-
gest and concentrate inulin. Unfortunately,
histological examinations of the livers were
not performed in the present study. It may
be that macrophage content of those livers
which showed a particularly high inulin con-
tent was elevated, possibly as the result of
unrecognized infections or inflammatory
processes. Gross symptoms of liver coccidio-
sis were absent. Whether the macrophage
content of livers is increased in vit. E-defi-
cient rabbits, possibly as a less drastic ex-
pression of processes leading to liver necro-

175

sis in vit. E-deficient rats(11) appears to de-
serve further exploration.

The same comments apply to the inulin
space of muscle. Necrosis and appearance of
phagocytes have been observed in degenerat-
ing muscle of vit. E-deficient animals(12).
Theoretically, the higher inulin space of dys-
trophic muscle could be the result of macro-
phage accumulation. However, in contrast
to liver, skeletal muscle of vit. E-deficient
animals showed a significant increase in su-
crose space as well as in inulin space. It is
not clear whether this increased sucrose and
inulin space is caused by an actual increase
in the extracellular fluid compartment, or
whether vit. E deficiency increases muscle
cell membrane permeability to these com-
pounds, leading to some intracellular ac-
cumulation. Burr and McLennan(13) found
inulin spaces of over 90% in muscle of dys-
trophic mice and concluded that inulin can-
not be confined to the extracellular compart-
ment in this condition. Various changes in
vit. E-deficient animals have been attributed
to loss of membrane integrity(14). Certain-
ly, it may be concluded from our results
that, if there was an increase in extracellular
space in muscle of the vit. E-deficient rab-
bits, this increase was not greater than 2-
fold. Assuming that intracellular space is
the difference between tissue water contentt
and inulin space or sucrose space, it is easily
calculated that intracellular space in skeletal
muscle of the dystrophic animals was de-
creased by less than 10%. It is known that
variations in intensity and duration of vit. E
deficiency can lead to quite different patho-
logical pictures(12). It may well be that
more pronounced effects on fluid compart-
ment relationships of skeletal muscle would
be observed in rabbits of different age or on
a different vit. E-deficient diet.

Summary. Inulin and sucrose space were
determined under iz vivo conditions in 4 tis-
sues of vit. E-deficient and vit. E-supple-
mented rabbits, and inulin space was deter-
mined in the same tissues of starved rabbits.

t In agreement with earlier reports(2,3) we have
found no significant difference between the skeletal
muscle water content of dystrophic and control rab-
bits.
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In vit. E-deficient, but not in starved ani-
mals, a significant increase in inulin and su-
crose space of skeletal muscle was found.
Whether this increase reflected an actual in-
crease of the extracellular fluid compartment
or was caused by increased permeability to
the saccharides, could not be established. It
was concluded that if there was an actual
increase of extracellular space in the dys-
trophic muscle, this increase was not greater
than by a factor of 2. Inulin space in livers
of all 3 experimental groups was very va-
riable and in most cases much higher than
average sucrose space.

The authors wish to acknowledge the capable
technical assistance of Mrs. T. E. Ashcraft.
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The discovery in 1956 by Robinson and co-
workers that mycoplasma species (pleuro-
pneumonia-like organisms or PPLO) occurred
as contaminants of mammalian cell cultures
(1) stimulated further investigations of the
extent of the problem, and led to a search for
means of control which would not incur dam-
age to cells of host cultures. Some broad-
spectrum antibiotics have proven effective(2,
3); although previous reports indicated that
doses toxic to mammalian cells were necessary,
Carski and Shepard have reported elimination
of PPLO from cell lines cultivated through 4
successive passages in the presence of only 2.5
pg of tetracycline per ml of medium(3). In

* This investigation was supported by grants to
Jerome T. Syverton from National Foundation and
Nat. Cancer Inst.

1 Present address: Dept. of Preventive Medicine,
Univ. of Washington, Seattle.

this laboratory it was demonstrated that
PPLO could be eliminated consistently from
monolayer mammalian cell cultures by treat-
ment with non-toxic levels of kanamycin when
care was taken to use young, sparsely popu-
lated cultures and to allow contact with the
antibiotic on all surfaces of the vessels(4).
Even though antibiotics may be used simply
and effectively, emergence of resistant strains
must be anticipated whenever large numbers
of microorganisms are concerned, and it is
readily apparent that some alternative pro-
cedure should be available. With this in mind
a study has been carried out to determine
whether antiserum specific for the PPLO con-
taminant of a cell line would, when incorpo-
rated into the culture medium, cause eradica-
tion of the PPLO. Added impetus was given
to this effort when a suspension of cells sub-
mitted from another laboratory was found to





