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tance of cells (HeLa) in culture to the cyto-
toxic action of influenza virus after exposure
to subtoxic quantities of virus. It appears
that it will be necessary to follow events in
the actual cells involved in these toxicity re-
actions during development of host resistance
in order to localize the site of altered suscep-
tibility.

Summary. Sublethal quantities of homolo-
gous and heterologous influenza virus, mumps
virus, and Newcastle disease virus injected in-
travenously in mice produced a state of resis-
tance to the toxic effects of large quantities
of intravenously injected PR-8 influenza A
virus. Virus heated sufficiently to destroy
infectivity was less effective in inducing resis-
tance than was fully active virus; destruc-
tion of hemagglutinin caused complete loss of
resistance inducing activity. Injection of
sublethal doses of virus was followed by a
lag period, which varied with the virus in-
jected, before resistance became demon-
strable, and resistance waned after 3-4 days.
No increase in resistance to influenza toxicity
was demonstrable after pre-challenge injec-
tion of feline pneumonitis virus, R. prowazeki,

or typhoid vaccine. A preparation of recep-
tor destroying enzyme (RDE) was effective
in inducing increased resistance but its effect
could not be attributed to its capacity for
destruction of mucoprotein receptors since
heat destruction of this activity did not com-
pletely destroy its resistance inducing effect.
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Importance of mononuclear phagocytes in
pathogenesis of brucellosis has been suspected
by many, but the role of these cells in resis-
tance to brucella infection has not been in-
vestigated. The intimate relationships of
mononuclear phagocytic cells and brucella
can be studied iz vive only with great diffi-
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vania School of Medicine. Aided by USPHS grant
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t At present McLaughling fellow at University of
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culty. The ease with which fairly pure cul-
tures of guinea pig mononuclear phagocytes
can be obtained and maintained in vitro for
reasonable periods of time offered a means of
studying this problem. The technics used in
this work allowed the numbers of both phago-
cvtic cells and viable brucellae to be con-
trolled with a fair degree of accuracy. Some
of the difficulties inherent in working with
varying ratios of bacteria and tissue cells are
thus eliminated.

Materials and methods. Tissue culture
technics were similar to those described by
Leighton and Hanks(1). Peritoneal exudates,
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FIG. 1. (a) Normal monocytes from 40 hr cultures containing 10 ug streptomycin/ml but no

bruecellae,

(b) Normal monoecytes showing intracellular brucella from 40 hr brucella contain-

ing eultures in which supernatant was replaced with sterile eell-free streptomyein containing
medium after 2 hr preliminary incubation. May-Grunwald-Giemsa stain. X 2500.
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FIG. 2. Shows that there was a definite intracellu-
lar multiplication of brucella as evidenced by in-
crease in No. of organisms in cultures while No. of
phagocytes remained approximately the same.
Note that ¢“0’’ time shown here is time of begin-
ning of experiment. Medium replaced at 2 hr.

rich in mononuclear phagocytes, were ob-
tained by injection of a dilute solution of gly-
cogen(2,3). Cells were harvested 5 days
after injection of glycogen, using heparinized
Hanks’ solution, centrifuged, washed once
with plain Hanks’ solution and resuspended

in medium composed of 70% Hanks’ and
30% normal guinea pig serum to give a con-
centration of approximately 1 million cells
per ml. Living, smooth Br. abortus organisms
(stain - Lo), from 48-hour-old cultures on
tryptose agar, were added to medium in pro-
portion of 50 bacteria per cell. One and a
half ml aliquots of mixture were transferred
to Porter flasks containing flying coverslips
and incubated 2 hours. This time was suf-
ficient for leucocytes to settle and ingest the

TABLE 1. Distribution of Intracellular Br. abor-

tus among 50 Mononuclear Phagocytes in Stained

Coverslip Preparations, at Different Intervals

after Replacing Supernatant with Streptomyein
Containing Medium.

Mode (No. of Bru-
cella abortus most

Hr after replac-  common in each
ing medium of 50 phagoeytes)

0 1-2
2 1-2

20 7-8

26 11-15

47 25*

68 25*

* This category is arbitrary. Many cells con-
tained brucellae far in excess of 25.
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FIG. 3. Showing difference in No. of intracellular brueellae in normal and immune mononueclear

phagoeytes from 62-hr-old cultures in medium containing streptomyein. (a) Normal phago-

cytes with large compact masses of brucellae and central clear space with few or no organisms.

Notice correspondingly high counts in eultures from same flask, b. Immune cells with dark

cytoplasm (intense diffuse pink in eolor prints) and few intact organisms, Notice vacuolation
of cells and correspondingly low eolony count.

bacteria. After this preliminary incubation
supernatant was replaced with fresh cell-free
medium containing 10 ug of streptomycin
per ml, which was enough to kill all extracel-

lular brucellae without producing notice-
able effects on the leucocytes or intracel-
lular organisms. The medium was pipetted
off at various times and coverslips removed,
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stained by Machiavello’s technic or Jacob-
son’s modification of May-Grunwald-Giemsa
(1-a), and number of intracellular brucellae
in each of 50 cells counted. Leucocytes re-
maining in flask were scraped off with a rub-
ber policeman and washed twice with Hanks’
solution. Cells were resuspended in 5 ml
Hanks’, transferred to special cups, shaken
in Mickle tissue disintegrator at optimal am-
plitude for 2 minutes, and bacterial counts
made by modification(4) of surface plate
drop method of Miles and Misra(5). Rela-
tive counts of mononuclears in flask were
made using flying coverslips. The number
of cells per mm? were counted using an ocu-
lar micrometer. These counts gave only rela-
tive numbers but these were sufficient to de-
termine the trend. We were interested in
whether or not the number of tissue cells were
fairly constant during the period of multipli-
cation of the bacteria. This count acts to
control such factors as reingestion of bacteria
and differential disruption of sensitive cells.
The initial drop in numbers of cells (Fig. 2)
was seen whether or not the infectious agent
was added to the cultures.

Results with normal monocytes. The re-
sults of a typical experiment using mono-
nuclear phagocytes from normal guinea pigs
are summarized in Figs. 1 and 2 and Table 1.

The data show that viable brucellae in-
creased approximately one hundred fold while
phagocytic cell count remained almost con-
stant. During the same time the stainable
intracellular brucellae also increased mark-
edly. Even with such great increase of intra-
cellular bacteria tissue cells tolerated the or-
ganisms fairly well.

Results with immune mononuclear phago-
cytes. A comparison of findings with normal
and immune mononuclear phagocytes is
shown in Fig. 3 (a, b) and Tables II and III.
We must emphasize the fact that mononu-
clear cells, obtained from guinea pigs which
had been previously inoculated with living
brucellae, always remained sterile after one
week incubation in Hanks-serum medium and
stained preparations from these cultures did
not contain intracellular organisms. Intra-
cellular brucellae always derived from or-

TABLE II. Comparison between Intracellular Growth of Br. abortus in Normal Guinea Pig Phagoeytes (NC) and in Phagocytes Obtained from Guinea
Pigs Which Had Been Inoculated with Br. abortus 2 Months Previously (IC).

Distribution of brucella among 50 monocytes in stained

Hr after
change of Kind

Remarks

10 11-15 16-25 >25

09—

coverslips preparations
7-8

1-2 34 546

0
22

Colony
count/flask
4.75 X 10°

medium of cells

About 509 of cells econtained small numbers of brucellae.

0

10

11

NC

No apparent disintegration of intracellular organisms.

Same as for normal cells.

0

30

5.5

IC
NC
IC

[arN~]

X 10*
X 102

919
™ b~

20

6 of 50 cells loaded with brucella. Few cells showed pale

19

50 X 10* 0

NC

40

pink color of cytoplasm.
Many cells showed moderate pin

k coloration of ecyto-

6

12

7.5 X 10% 0

IC

plasm.

Some slight

8 of 50 cells counted loaded with brucella.

16

10

5.756 X 10° 0

NC

62

Majority of cells

showed marked diffuse pink coloration of cytoplasm.

pink coloration of cytoplasm. )
One of 50 cells loaded with brucella.

14

3

1.0 X 10! 0

IC

81

This experiment was repeated 4 times with similar results.
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TABLE III. Comparison between Intracellular

Growth of Br. abortus in Normal Phagocytes

(NC5 from Normal Guinea Pigs 173 and 174 and

in Immune Phagoeytes (IC) from Guinea Pig

(No. 125, Which Had Been Inoculated with Br.
abortus 16 Months Previously.*

Hrs after change

to streptomycin No. of ¢olonies of

containing medium  Cells brucellae/flask
28 NC (1733 25 X 1
¢ 123 5.0 X 104
NC (174 3.0 X 107
48 *(173) 8.7 X 107
IC (125 3.0 X 10*
NC (174} 90 X 1"
62 (173 4.5 X 10°
IC (125, .5 X 10
NC (17 1.2 X 108

#* Preliminary  experiments  with  meononuclear
phagoeytes from 3 guinea pigs 10 days after in-
oculation with living brueellae, and from 2 ani-
mals 18 mo atter infection, gave in each case
results comparable to those obtained with cells
from normal controls.

ganisms added to the medium. These experi-
ments show that brucellae within immune
mononuclear phagocytes do not reach the
numbers they do within normal cells. There
is good evidence that some destruction of ba-
cilli takes place within the cells and that this
results in a pink staining of the cvtoplasm
presumably due to products of bacterial dis-
integration.

In preparations stained by Machiavello’s
method and in color prints, differences he-
tween normal and immune phagocyvtes are
prominent. Intact intracellular brucellae and
their products of disintegration stain red,
while the host cell stains blue.

Discussion. Brucella abortus has long been
thought to be capable of intracellular para-
sitism. This study demonstrates that bru-
cellae can survive phagocytosis and multiply
within mononuclear phagocytes of normal
guinea pigs maintained in vitro. The mono-
nuclear host cells do not show any prominent
evidence of injury during a 3-day period of
intracellular growth of Br. abortus. However,
disruption of the cells takes places when the
bacilli reach such numbers as to seem capable
of mechanically bursting the phagocytes. The
observations made during this study do not
suggest that any potent toxic material is be-
ing released by the bacteria.

Cells obtained from infected (immune)
guinea pigs seem capable of either destroying
intracellular brucellae after intracellular mul-
tiplication has taken place or of suppressing
intracellular growth. Most cells were in-
fected with few bacilli during the preliminary
incubation period and the outcome must de-
pend on the degree of resistance of the host
cell, the virulence of the parasite and the de-
aree of sensitivity of the phagocyte to brucel-
lae and their products. Differences in viru-
lence could be an important factor, as pointed
out by Braun,* because we are most prob-
ably using heterogenous cultures composed of
individual cells of different virulence. This
may explain why, even after prolonged incu-
bation, there are always some cells which
seem to have very few intracellular organisms.

This study indicates that guinea pig mono-
nuclear phagocytic cells and Brucella abortus
constitute a good model system for the study
of host-parasite relationships at the cellular
level. In general we have reached similar
conclusions as Lurie(6) and Suter(2,3) who
worked with Mycobacterium tuberculosis.
The brucellae, however, offer obvious techni-
cal advantages over Mycobacterium tubercu-
losis, in studies of this nature. The brucella-
phagocyte system is more amenable to quan-
titative manipulation.

Summary. The results of typical experi-
ments in host-parasite relationships at cellu-
lar level, using Brucella abortus-mononuclear
phagocyte systems, have been presented. The
intracellular multiplication of Br. abortus in
normal guinea pig mononuclear phagocytes
was observed. In Brucella abortus-immune
mononuclear phagocyte systems the multi-
plication of the organisms was significantly
restricted.

$ Brown, W., Personal communication.
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The experiments to be reported are part of
a series of studies on the disturbances of de-
soxyribose nucleic acid (DNA) metabolism
after irradiation. The interpretation of bio-
chemical changes observed in irradiated mam-
malian tissues is complicated by the fact that
they are generally composed of mixed cell
populations(1). To circumvent this diffi-
culty, many investigators have recently used
ascites tumors since they can be obtained as
almost pure cell suspensions(2,3,4).

It has been suggested (5,6,7) that while in-
corporation of precursors into DNA normally
occurs only at the time of DNA synthesis,
incorporation after irradiation might be due
to turnover of existing DNA not accompanied
by net synthesis. This seemed an important
point which warranted further investigation.

Materials and methods. Ehrlich ascites
tumor used was kindly donated by Dr. E. N.
Sassenrath and had been carried in CsH mice
for several years. For each experiment 20 to
30 C;H mice were inoculated intraperitone-
ally with ascitic fluid containing approxi-
mately 2 x 107 cells. All measurements were
carried out between the fourth and sixth day
after transplantation. Irradiated and control
groups were always run simultaneously, and
a minimum of 5 but frequently 10 mice were
used for each point. The total body irradia-
tion (800 r or 1400 r) was carried out as pre-
viously described(1). Cell number per mouse
for the growth curves was calculated from
the total volume of ascitic fluid and cell con-

* This work was supported by U. S. Atomic Energy
Commission and by Cancer Research Fund of Uni-
versity of California.

centration in the ascitic fluid. To determine
the volume of ascitic fluid 2 uc of radioio-
dinated (I'8!) serum albumin (RISA, Abbott
Laboratories) were injected intraperitoneally
after the mouse had been sacrificed. After a
3 minute mixing period, ascitic fluid was with-
drawn and counts in a 20 gl aliquot were
compared to the injected dose. Cell concen-
tration was determined by counting duplicate
dilutions in a hemocytometer. DNA content
and total nucleic acid content were deter-
mined in duplicate aliquots of ascitic fluid
from each mouse. After the cells were cen-
trifuged, their nucleic acids were extracted
by the hot perchloric acid method of Ogur
and Rosen(8). Total nucleic acid content of
the extract was determined by ultraviolet ab-
sorption and the DNA content by Ceriotti’s
indole method(9). For calculation of mean
nucleic acid content per cell the concentra-
tion of tumor cells was determined by “large
cell counts”(10) in a hemocytometer. Since
the proportion of non-tumor cells was consis-
tently low (around 5% as determined by
enumeration of small cells in the hemocy-
tometer or differential counts on stained
smears), no correction was made for- their
presence. Mean cell ,volume was calculated
from the cell concentration and the “hema-
tocrit” as measured in micro-hematocrit cap-
illary tubes. Separate groups of mice were
used for the incorporation studies. They
were injected intraperitoneally with 20 puc
Na,HP32Q, at varying times after irradiation
together with unirradiated controls and sac-
rificed 2 hours after injection. Ascitic fluid
from 2 mice was pooled, and the cells sepa-



