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TABLE 1.
Effect of Pure Protein Fractions on Sedimentation Rate of Blood.

Sedimentation rate
(mmin 1hr)

Amt of protein

added -
(g %) Fibrinogen a and g Globulins ~ Globulin Albumin
0 6 15 n 2 b 10 51 52
2 24 45 14 3 8 16
4 51 50 18 + 11 18 46
6 54 56 24 8 17 20 40 50
.8 25 11 27 27 36
1.0 32 49
2.0 23 40

Albumin inhibited the sedimentation rate
of erythrocytes. The addition of 2.0 g% of
pure human albumin to normal blood retarded
the sedimentation from the original rate of
18 mm to 11 mm in one hour. The inhibi-
tion of sedimentation was more pronounced
when 2.0 g% of albumin was added to blood
with a markedly elevated sedimentation rate;
the sedimentation rate was retarded from the
original value of 51 mm to 23 mm in one hour.

Summary. Purified fibrinogen increased the
erythrocyte sedimentation rate more effectively
than the other protein fractions studied;
0.2 g% increased the sedimentation rate
300%. The fraction containing alpha and

beta globulins was next most effective: 0.2 g %
increased the sedimentation rate 100%.
Gamma globulin proved least effective; 0.4
g% was required to increase the sedimentation
rate 100%. Pure human albumin inhibited
the sedimentation rate of erythrocytes, the
inhibition being most pronounced in the pres-
ence of a markedly elevated sedimentation
rate.

The authors wish to express their gratitudee to
Dr. Edwin J. Cohn for supplying the purified
protein fractions used in this study, which were
prepared under contract with the Office of Scien-
tific Research and Development upon recommenda-
tion by the Committee on Medical Research.
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It has been established that an “influence”
contained in the breast milk of mice of high
mammary cancer strains is important in deter-
mining the development of mammary cancer
in these stocks.»?> This “maternal influence”

* This investigation wus aided by grants from
The Jane Coffin Childs Memorial Fund for Medical
Researeh, the Fluid Rescarch Fund of Yale Univer-
sity School of Medicine, The Anna Fuller Fund and
a grant from the Rescarch Funds of the Graduate
School of the University of Minnesota (grant
administered by Professor Ial Downey). Assist-
ance in the preparation of these materials was
furnished by the personnel of the Work Projects
Administration, Official Projeet No. 165-1-71-440.

was originally demonstrated in F, hybrid mice
representing reciprocal crosses between ani-
mals of high and low mammary cancer strains.3
(F; hybrids with mothers of the high mam-
mary cancer strain developed more breast
cancer than F; hybrids whose mothers were
of the low mammary cancer strain.) Mac-
Dowell and Richter* reported a similar

1 Bittner, J. J., Science, 1936, 84, 162,

2 Bittner, J. J., Science, 1942, 95, 462.

3 Staff, Jackson Memorial Laboratory, Science,
1933, 78, 465.

4 MacDowell, E. C., and Richter, M. N., Arch.
Path., 1935, 20, 709.



MiLk INFLUENCE AND LEUKEMIA IN MICE

although less marked “maternal influence”
with reference to leukemia, the high leukemia
(C58 strain and the low leukemia StoLi strain
being reciprocally crossed in their studies.
Foster-nursing experiments failed, however,
to demonstrate any “milk-influence.” Barnes
and Cole® observed a decreased incidence of
leukemia in mice of a high leukemia stock
(Ak) fostered by females of low leukemia
stocks (Af and Rf). Fostered animals died
relatively early in life, however, from inter-
current disease. Furth, Cole and Boon® ob-
tained results similar to those of MacDowell
and Richter with respect to the incidence of
leukemia in F; hybrids, that is, the incidence
of leukemia was greater in F; hybrids whose
mothers were of the high leukemia (Ak)
rather than the low leukemia (C3H) stock.
The effect was more pronounced in males.
It was also found that foster-nursing by low
leukemia females significantly lowered the
incidence of leukemia in the high leukemia
stock. The offspring of the fostered mice,
however, developed leukemia to as great a
degree as the original leukemic stock. The
incidence of mammary cancer, on the other
hand, is low in the offspring of fostered mice
of a high mammary cancer strain.” Mice of
resistant strains were rendered susceptible to
inoculation of leukemic cells of the Dba strain
when foster-nursed by Dba females.?

In the experiments being reported here
reciprocal crosses to obtain F; hybrids were
made between strain F mice (high leukemia)®
and animals of 3 low leukemia strains (CBA,
C57 and A).2® F; hybrids were backcrossed
to high (strain F) and low (strain A and
CBA) leukemia strains in such a manner that
strain F influence was supplied entirely by
the male or entirely by the female. Observa-
tions were also made on F» hybrids where the
female influence was provided by either high
or low leukemia females. In addition, strain

5 Barnes, W. A., and Cole, R. K., Cancer Re-
search, 1941, 1, 99,

6 Furth, J., Cole, R. K., and Boon, M. C,, Cancer
Research, 1942, 2, 280,

7 Bittuer, J. J., Cancer Research, 1941, 1, 113,

8 Law, L. W, Cancer Research, 1942, 2, 108.

9 Kirschbaum, A., and Strong, L. C., 4Am. J.
Cancer, 1939, 37, 400.

10 Strong, L. C., Cancer Research, 1942, 2, 531.
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F mice were foster-nursed by animals of
several low leukemia strains (CBA, I, A, C3H,
NH).'® Transfer of the young to foster
mothers was effected within 24 hours after
birth. Forty-eight fostered animals have been
observed for more than 500 days.

Of the cross F& X CBA? (or C579) 16
out of 33 mice developed leukemia, and in
the reciprocal cross, F? X CBAd (or C573)
38 out of 81 developed the disease. Strain
CBA breast milk (of the line used in these
experiments) carries the milk-influence for
mammary cancer. Nine out of 15 female F,
hybrids (F& X CBA¢®) with this factor
transmitted to them developed mammary
cancer, whereas only 4 out of 30 females of
the reciprocal cross (F2 X CBAJ) developed
breast cancer.

Out of a group of 12 backcross mice of the
genetic constitution F& X (F8 X CBA?)¢
where there could be no milk influence (if
such were present) transmitted from the F
strain, a total of 9 mice developed leukemia.
This incidence is higher than that of 55% in
the pure strain. Of the backcross F X (F¢
X CBAd&)& 13 out of 23 mice developed
leukemia. Seven out of 19 animals of the
backcross CBA? X (CBA? X Fd) & became
leukemic. In a more recent study of strain
F mice crossed with the A strain, no backcross
animals are older than one year of age. Of
41 mice without a possible milk influence for
leukemia, F& X (Fé& X A?)?, 7 have
already developed leukemia (the remaining
34 are still alive and vigorous). When F:
hybrids were obtained by mating F; hybrids
of the genetic constitution F? X CBAZ (or
C573) 19 out of 52 animals developed leuke-
mia. When F; hybrids of the reciprocal cross
were used in breeding for Fy hybrids 6 out of
11 of the latter became leukemic,

Seventeen of the 48 strain F mice fostered
by low leukemia strains have developed leu-
kemia up to the present. Ten are still alive
and are more than 500 days of age. Before
reaching the age of 400 days 19% of the
48 mice had developed leukemia; 28% of 220
controls developed the disease before 400 days
of age. Twenty-eight per cent of fostered
mice developed leukemia before the age of
500 days whereas 38% of controls (220 ani-
mals) were leukemic before this age. The
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total incidence of leukemia in fostered F mice
will probably not exceed 40%, whereas the
incidence in unfostered strain F mice is 55%.

Summary. Preliminary breeding experi-
ments did not indicate that a specific “milk-
influence” (as for mammary cancer) is con-

PatHOLOGICAL STUDIES OF ACUTE BIoTIN DEFICIENCY

cerned in the development of leukemia in
strain F mice. The incidence of leukemia in a
group of 48 strain F mice fostered by low
leukemia-strain mice was, however, some-
what lower than in unfostered controls of the
same strain.
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Several groups of workers'-* using different
types of egg-white rations have reported vary-
ing degrees of paralysis in rats. Nielsen and
Elvehjem® have shown that this paralysis
could be prevented and cured by crystalline
biotin. The histopathology of the acute form
of this deficiency has been studied and is
herewith reported.

Methods. The observations which are
described at this time were made on tissues
from rats in which an acute biotin deficiency
had been produced by Nielsen and Elvehjem®
on their basal egg-white ration. Control rats
were maintained on the basal ration supple-
mented with 1 pg of biotin per day. At the
time when the paralysis in the biotin-deficient
rats had become extremely severe, the rats
were killed and autopsied. Comparable con-
trols were sacrificed at the same time. The
thymus, thyroid, liver, adrenal, kidney, testis,
epididymis, regions of the denuded skin and
leg muscles were fixed in Bouin’s fluid and then
stained in hematoxylin and eosin. A portion
of the spinal cord and 1 sciatic nerve were

* Published with the approval of the Director
of the Wisconsin Agricultural Experiment Station.
This work was supported in part by a grant from
the Wisconsin Alumni Research Foundation.
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fixed in 10% formalin buffered at pH 7.0.
This portion of the spinal cord and one half
of the sciatic nerve were stained by a modified
Marchi osmic acid technic.® The other half
of the sciatic nerve was used for the prepara-
tion of frozen sections for observation in the
polarizing microscope. Another portion of
the spinal cord and the other sciatic were
fixed in a fluid consisting of 95% ethanol 100
parts, glacial acetic acid 5 parts, and paralde-
hyde 2 parts. These tissues were stained by
Bodian’s silver technic.?

Results. The distribution of lesions in the
tissues studied is shown in Table I. The
thymus grossly appeared much smaller in the
biotin deficient animals. Histologically it
showed signs of early involution and connec-
tive and adipose tissue infiltration.

The testes and epididymi of the deficient
animals were very small in proportion to the
size of the animal. The tubules of the testis
were very small and many signs of a degenera-
tive atrophy were present. There were many
atypical spermatids and spermatogonial cells
which were being sloughed into the lumina
of the tubules. Frequently very large multi-
nuclear cells were seen among the desquamated
cells in the lumina. The epithelial cells of the
tubules of the epididymis were usually rather
high and the lumina were filled with the cells
sloughed off in the tubules of the testis.

The skin of the biotin-deficient rats ap-

6 Swank, R. L., and Davenport, H. A., Stain.
Tech., 1934, 9, 11.
7 Bodian, D., Anat. Rec., 1936, 65, 89.





