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affect the relative efficiency of feed utilization 
as indicated by starter utilization. 

Summary. 1. Feeding of 0.5 g of potassium 
penicillin per 100 lb of milk replacement to 
Holstein bull calves resulted in a decreased 
rate of gain in body weight and growth in 
height a t  the withers in this experiment. 2. 
Feeding of 0.1 g, 0.3 g, 0.9 g, and 2.7 g of 
procaine penicillin also resulted in decreased 
growth rates in terms of mean gains in body 
weight and mean increase of height a t  the 
withers in .this trial. 
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Further Studies on Effects of a Small Intestinal Microsomal Fraction 
Upon Transplantable Tumors.*t (20212) 

LESLIE R. BENNETT, FRANK E. CONNON, MARY L. GOUZE, AND 
MELVIN D. SCHOENBERG. 

Fr0.m the School of Medicine, University of California, Los dngeles. 

In  a previous paper ( 1 ) , we reported results 
of exposing Gardner lymphosarcoma cell sus- 
pensions to a microsomal fraction, prepared by 
ultracentrifugation, from small intestinal tis- 
sue of mice and rats. The active fraction was 
sediment4 at 90,OOO x g. Animals inoculated 
with a mixture of lymphosarcoma cells and 
intestinal fraction exhibited either delayed 
tumor development or failure of tumors to 

*?;his )paper is based on work performed under 
contract between the Atomic Energy Commission 
and the University of California a t  Los Angela. (See 
abo A.E.P. UCLA Report 223) 

tiPortions of this study were carried out in the 
Department of Radiology, School of Medicine, and 
were partially supported #by a grant from the Uni- 
versity of California cancer research funds. 

appear within 180 days following inoculation. 
,411 control animals, given tumor cell suspen- 
sions in saline, developed tumors and died 
within 28 days. 

Results of further work are reported in 
this paper, including data on effects of the 
fraction upon two other tumors, the Ehrlich 
ascites tumor and Yoshida rat ascites sarcoma. 
Data on the general chemical nature of the 
fraction are presented also. 

Experimental procedure. CBA mice 
('Strong) were employed as hosts for lympho- 
sarcoma and the Ehrlich ascites tumor. Tissue 
for subcutaneous inoculation experiments with 
lymphosarcoma was obtained by briefly com- 
minuting minced tumor in 5 volumes of saline 
and filtering through gauze. Such suspensions 



666 INTESTINAL INHIBITOR OF TRANSPLANTABLE TUMORS 

TABLE I.  Effect of Pre-inoculation Exposure of 
Tumor Cell Suspensions t o  Microsomal Sediment 
and to Organic Ebh-ent Extracts of Inhibitory 

Material. 
~~ 

Treatment of YO. of 
niicrosomal fraction nnimals Surtivals Deaths" 

Cold ethanol S 6 - 7 

E tliaiiol extra c: tion. 2;  "3 4 

Petroleum ether estrnc- 3.5 2s 4 

Controls, iiioculuni in 4 1 I1 4' I 

Crude sediniriit iii :<I] 3 0 CI 

extraction t 

rooin temperature t 

tion from etliaiiolt 

buffer, pH T.4t 

buffer, pH i .4: 

buffer, pH i.4: 
Controls, jnoculuin in :<I! 1) 31 I 

All deaths from uiicontrolled tumor. 
t Test tumor, lyaiphosarcoma. 
$ Test tumor, Eliylich ascites. 1/2 of the animals 

in esperiiiiental ;tnd control groups received sub- 
cutaneous iiioculatioiis ; !& rewired intraperitoneal 
iiiocula tioils. 

were mixed with equal volumes of the crude 
sediment in saline or buffer solution or with 
extracted material prepared by treating the 
ultracentrifugal sediment with various fat 
solvents. The mixtures were incubated for 
5 to 10 minutes (lymphosarcoma) or 60 
minutes (Ehrlich tumor) at 37.5'C and in- 
jected subcutaneously in amounts of 0.2 ml. 
Ehrlich tumor cells were washed 3 times in 
Krebs-Ringer phosphate buffer, pH 7.4, before 
exposure to the fraction and subsequent in- 
traperitoneal inoculation. Cell suspensions of 
Ehrlich ascites tumor were prepared from 
7-day-old intraperitoneal tumors. 

Reszdts. Examination of Table I indicates 
that a 100% positive response was elicited in 
control animals inoculated with either of the 
tumors in saline or buffer. S o  animals so in- 
oculated failed to develop and eventually die 
from uncontrolled tumor. The small intestines 
of both normal and tumor-bearing animals 
have yielded actively inhibitory fractions, but 
because of the relatively crude nature of the 
fraction and solvent-extracted materials, quan- 
titative studies have not been possible. The 
presence of inhibitory activity in fractions 
from intestines of tumor-bearing animals has 
been demonstrated by means of inoculation 
and respiration studies. 

a. Chemical s td i e s .  The active material 

is insoluble in 0.02bI sodium phosphate solu- 
tion from pH 7.4 to 8.6, in glycerol and in 
5% bile solution. It has been extracted from 
the crude ultracentrifugal sediment by 95% 
ethanol a t  room temperature and at 5'C. 
(Table I) ,  and can be precipitated from alco- 
holic solution by the addition of 2 volumes 
of saline. The inhibitor is soluble in petrole- 
um ether and in isooctane. Active fractions 
were prepared by treating precipitates from 
ethanol solution with these solvents or by di- 
rect fractionation from alcoholic (solution. I n  
both instances, evaporation of the solvent 
under nitrogen yielded a yellowish oily sub- 
stance. The oily material, shaken vigorously 
with saline or buffer, formed a fairly stable 
emulsion which was incubated with tumor cell 
suspensions prior to injection into experimen- 
tal animals. Further stabilization of the emul- 
sion was achieved in certain instances by the 
addition of small amounts of corn oil, which 
has been shown to be entirely inactive with 
respect to any tumor-inhibiting properties. 
Preliminary studies on identification have 
shown that the active material is soluble in 
acetone at -1O:C and not precipitated by 
digitonin. Further studies are now in progress 
using chromatographic methods. 

C1 t raviole t and visible spectroscopic studies 
on preparations of the active material in iso- 
octane showed the presence of multiple unsat- 
urated bonds. Whether these were present 
in the active fraction or in associated fats 
remains to be determined. However, since 
these studies suggested that rapid oxidation 
and conjugation of fatty acids were occurring, 
it seemed desirable to determine whether the 
observed effects of the inhibitory fraction were 
due to fat peroxides. Accordingly, experi- 
ments were undertaken in which peroxidized 
corn oil and peroxidized methyl linoleate re- 
placed the usual intestinal fraction. Results 
demonstrated clearly that these peroxides were 
without inhibitory activity. Consistent with 
these findings on peroxides were observations 
made on stability. The activity of the in- 
hibitor declines fairly rapidly with time, and 
samples stored at  -10 >C may become inactive 
in 10 to 14 days. This would suggest that the 
activity is due to a natural labile lipid and not 
to a breakdown or oxidation product. 
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of normal tissues studied, and that the effect 2 
of the fraction upon lymphosarcoma slices is g: much more profound than that observed for 2: thymus and spleen. Further comparative si 
studies of tumor cell and bone marrow cell '3 
suspensions are in progress. The use of bone O' 

TABLE 11. Oxygen Consumption Studies Demon- 
etxating Effect of Microsomal Fraction from Small 
Intestine upon Slices of Lymphomeoma and upon 

& f i n  Normal Tissues of the Mouse and Rat. 

6oo 

5oo 

4oo 

300 

Esp. 
No. of treat- -Qo,---, 

Tissue cases nient Mean S.D. t 

Mouse liver 20 C* 8.92 2 .93 

Mouse kidne? 23 C 14.37 -+. 1.44 

Mouse spleen 30 C 9.81 2 8.04 

Rat thymus 20 C 9.32 & 1.47 

L?-rnyhosarcoma 90 C 12.56 & 2.19 

'30 X* 9.17 2 .90 .82 

21 If 15.36 2 1.37 2.38 

46 M 8.90 2 2.08 2.16 

18 3% 7.19 +, 1.37 4.63 

30 11 7.12 & 1.85 9.14 

+ c' = controls; M = microsomal fraction. 

b. Respirometry studies. Respirometry has 
been a highly satisfactory means for compar- 
ing the effects of the inhibitor on tumor and 
normal tissues. Incubations in which slices 
were employed were carried out in Krebs- 
Ringer phosphate buffer, pH 7.4; those in 
which cell suspensions were used were done 
in Krebs-Ringer phosphate buffer of the same 
pH fortified with 0.15% glucose and 0.01 M 
sodium succinate. Temperature was main- 
tained at  37.5 -t- 0.05OC. 

fraction is characteristic of these cells in the 
presence of the crude inhibitor. The stimula- 
tion is less marked when the fraction has been 
partially purified by solvent extraction. 

The extensive list of agents 
(Dyer, 2 )  investigated for cancer-inhibiting 
properties contains a relatively small number 
of lipid substances. Isolation from normal 
intestine of a lipid material with in vitro 
inhibitory effects against 3 transplantable tu- 
mors is therefore of interest. 

Certain features of this material deserve 
emphasis. It is apparently a moderately 
labile lipid and is insoluble in aqueous media. 
The latter suggests that the inhibitor is an 
insoluble cellular component rather than a 
hormone-like compound soluble in body fluids. 
Its action appears to be localized in vitro 
where direct contact is required for action. 
This insolubility may also account for its 
failure to control development of malignancy 
in vivo, even though it has been shown to be 
present in the small intestines of tumorous 
animals. 

Summary. 1. By ultracentrifugation at 
90,000 x g, a particulate fraction inhibitory to 
growth of transplantable lymphosarcoma, 

Discussion. 

later. 
Fig. 1 demonstrates the effect of the crude 

microsomal fraction on oxygen consumption 
of the Ehrlich ascites tumor and Yoshida sar- 
coma. The initial stimulation of respiration 
of the Ehrlich tumor following addition of the 

0 30 60 120 I80 

TIME-MINUTES 

FIG. 1. Effect of crude microsomal fraction upon 
oxygen consumption of cell suspensions of the Ehr- 
lich ascites tumor and Yoshida sarcoma. The 
fmction, suspended in phosphate buffer, waa tipped 
into the reaction vessels 30 min. after the begin- 

ning of the experiment. 
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Ehrlich ascites tumor and Yoshida sarcoma 
has been obtained from small intestines of 
mice and rats. 2. Inhibitory properties of 
the fraction have been demonstrated by pre- 
inoculation exposure of tumor cell suspensions 
to the inhibitory material. 3. The intestinal 
fraction markedly suppresses oxygen consump- 
tion of tumor slices, slightly reduces the 
respiration of normal lymphoid tissues, and 
has no effect on respiration of other normal 
tissues tested ; an initial respiratory stimula- 
tion was observed with ascites tumor, followed 
by marked depression. 4. The active com- 
ponent of the intestinal fraction appears to be 

an ethanol and petroleum ether-soluble lipid. 

The authors express their appreciation to  Dr. 
Ralph W. McKee for wpplying the original Ehrlkh 
ascites tumor animals, aad to Dr. Riojun Kinosita 
and his staff for cooperation in the experiments with 
the Yashida sarcoma. 
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Effect of Stress on Diurnal Fluctuations in Eosinophils of the Laboratory 
Mouse.* (20213) 

C. LOUCH, R. K. MEYER, AND J. T. EMLEN. 
From the Departnzent of Zoology, University of Wisconsin, Madisolz, Wis. 

Diurnal fluctuations in the number of circu- 
lating eosinophils have been described in sev- 
eral Istrains of mice(l), and in humans(2,3). 
Stress, and the adrenal and adrenocortico- 
trophic hormones cause a decrease in the num- 
ber of circulating eosinophils in various ani- 
mals(4,S). The purpose of this paper is to 
show the effect of sustained cold on the diurnal 
fluctuations of eosinophils in mice. 

Methods and materials. In the first experi- 
ment (A) 20 normal male mice of 'the Jax 
C-57 Black Strain, obtained from Jackson 
Memorial Laboratory, were used. The ani- 
mals were from 6 to 7 weeks old at the begin- 
ning of the experiment. They were fed a 
Rockland Mouse Diet, and food and water 
were available to the animals at  all times. 
The mice were kept in battery jars which con- 
tained a layer of wood chips. 3 to 4 mice being 
placed in each jar. All of the mice were kept 
at  room temperature for 10 days after arrival 
to insure full recovery from the rigors of ship- 
ment. They were then divided into two 
groups each containing 10 animals. One group 

* This investigation was supported in \part by a 
Research Grant G-3497 from the National Institutes 
of Health, Public Health Service. 

was kept in a cold room at a temperature of 
3°C except for the short periods necessary to 
make eosinophil counts, while the other group, 
which served as a control, was kept at room 
temperature. Eosinophil counts were made 
twice a week for 9 weeks using the direct 
count method described by Speirs and Meyer 
(4). Speirs-Levy eosinophil counting slides 
were used. A day count was made every Sun- 
day between 1:30 and 4 : O  P.M. and a night 
count every Thursday between 6:OO and 9 : O  
P.31. The interval between counts was thought 
long enough to permit recovery from any 
effects on the number of eosinophils resulting 
from lthe handling of the animals and the tak- 
ing of blood. The counts were always made on 
the control group first and the experimental 
group second so that the record for each group 
was standard as to time of day. The actual 
number of cells per chamber is used as the 
measure of eosinophil levels of the two groups 
rather than the number of cells per cubic milli- 
meter of blood since the former shows satisfac- 
torily the relation between the eosinophil levels 
of the two groups, and for statistical purposes 
is more conservative. The cells per cu mm of 
blood may be obtained by multiplying the 
number of cells per chamber by 10. In a sec- 


