other hand, in the rat as in man, the
pressor effects of renin or angiotensin
are enhanced by sodium retention (I3).
Although our experiments did not
cause chronic hypertension in rats, they
may explain how it develops when
renin is administered every 8 instead of
every 24 hours (I). It is likely that a
combination of two factors contributes
to hypertension: (i) a residual pressor
effect at the time of each injection, and
(ii) an increase in cardiovascular re-
activity to renin which results in a
gradual shift of base pressure to hyper-
tensive levels. This view is in accord
with the observation that hypertension
can be elicited by chronic infusion of
subpressor doses of angiotensin (2, 3).
Thus, from all available evidence it
is clear that renin, like angiotensin, can
elicit hypertension and vascular disease.
The direct myotropic effect of angio-
tensin on blood vessels may play a
relatively small - role except in acute
malignant hypertension. The existence
of mediated pressor effects that persist
in the presence of tachyphylaxis to
angiotensin would give more signifi-
cance to the early observation that
renal hypertension is not remitted by
experimentally induced renin tachyphy-
laxis (14).
GEORGES M. C. MASSON
Kyuzo AOKI
MASATO MATSUNAGA
IRVINE H. PAGE
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Immunization of Normal Mouse

Spleen Cell Suspensions in vitro

Abstract. Dissociated cells from the
spleens of unimmunized mice were cul-
tured with and without various mam-
malian erythrocytes. Spleen cell sus-
pensions cultured with heterologous red
cells developed levels of hemolytic
plaque-forming cells only one log, less
than those seen in vivo. The reaction
is specific for the in vitro immunizing
erythrocytes. Antibody was demonstrat-
ed in the culture fluids.

Development of techniques which
permit immunocompetent cells to un-
dergo normal immuné reactions in vitro
has been a major aim in the field of
tissue culture. Several investigators have
demonstrated such reactions occurring
when tissue fragments (/) or dissoci-
ated cells (2) from immunized animals
are cultured in the presence of antigen.
It has also been reported that tissue
fragments from unimmunized animals
synthesize small quantities of anti-
body when cultured with extracts from
macrophages exposed to antigen (3),
when obtained from animals previously
injected with either phytohemagglutinin
or adjuvant and cultured with antigen
(4), or when both spleen and thymus
fragments are cultured together with
antigen (5). Very recently it has been
reported that tissue fragments from

Hemolytic Plaques After In Vivo
and In Vitro Sensitization
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Fig. 1. Hemolytic plaques per 10° spleen
cells against sheep erythrocytes. In vivo:
mice injected intravenously with 0.2 ml
10-percent red cells. Tn vitro: 1-ml cul-
tures contained 2 X 107 spleen cells and
1 to 2 X 10° sheep red cells. Background
plaques (indicated by bar at day zero) =
0.3 to 3.0 per 10° spleen cells.

unimmunized animals can be stimulated
to synthesize small quantities of anti-
body to bacteriophage (6). In all re-
ports of the in vitro initiation of anti-
body synthesis in tissues obtained from
unimmunized mice, the architecture of
the tissue has been preserved. The data
to be presented demonstrate that under
simple culture conditions, dissociated
spleen cells obtained from normal, un-
immunized mice can be immunized in
vitro and that a response occurs com-
parable in magnitude to that seen in
vivo.

Cells were prepared by gently teasing
apart the spleens of normal, unimmu-
nized mice (7) in tissue culture me-
dium. One-milliliter cultures containing
2 X 107 spleen cells in Eagle’s suspen-
sion medium supplemented with “non-
essential” amino acids, pyruvate, and
10 percent fetal bovine serum were
placed in 35-mm plastic tissue-culture
dishes (8) and incubated at 37°C in
an atmosphere of 7 percent oxygen,
10 percent CO,, and 83 percent nitro-
gen. Control cultures and experimental
(antigen-containing) cultures were al-
ways set up from a single pool of dis-
sociated cells; the experimental cultures
contained, in addition to the spleen
cells, 1 or 2 X 10% red cells of the
appropriate type. The cultures were ec-
centrically rotated in the horizontal
plane at 45 rev/min on a gyrorotary
shaker. We added 150 ul of a nutri-
tional cocktail (9) to each culture
daily. Cultures were harvested and
assayed at 3, 4, and sometimes 5 days.
Cells were tested for antibody synthesis
by the hemolytic plaque technique (0),
and culture fluids were examined for
released antibody. Suspensions of cul-
tured cells were tested in duplicate at
several cell concentrations in order to
facilitate accurate counting. Forty to
50 percent of the cells planted were
recovered; no viability tests were per-
formed. The results are expressed as
plaques per 106 total recovered cells.

The data presented in Table 1 show
that large numbers of plaque-forming
cells develop when normal mouse
spleen cells are cultured with sheep
erythrocytes. In seven consecutive ex-
periments, using four different strains
of inbred mice, increases of plaque-
forming cells up to 1000 times the
background were observed. A marked
increase usually occurred between the
3rd and 4th days. It is of considerable
interest that significant increases of
plaque-forming cells were also observed
in spleen cell suspensions cultured in
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Table 1. In vitro immunization of normal mouse spleen cells with sheep erythrocytes (seven

consecutive experiments).

Plaques per 10° spleen cells

Mouse strain Back- Day 3 Day 4
ground* F.BS. SR.C. F.B.S.% SR.C.{
BL6 23 187 56 853
DBA 27 141 65 879
BDF, 2.1 25 72 57 210
CAF, 2.2 12 46 55 240
BDF, 41 56 7 79
BDF, 3.0 30 107 31 207
BDF, 0.5 24 96 112 468
Average 1.2 26 101 55 419
Range 0.3 to 3.0 12 to 41 46 to 187 7 to 112 79 to 879

* Plaques present in spleens of normal, unimmunized mice. Average and range determined on 20

preparations. T2

X 107 spleen cells cultured in fetal bovine serum (see text).

$2 X 107 spleen

cells cultured in fetal bovine serum and 1 or 2 X 105 sheep red cells.

fetal bovine serum but without sheep
cells (see below).

The response of cells obtained from
animals at various times after intra-
venous immunization are compared
with the responses of cultured cells
immunized in vitro in Fig. 1. The data
at 3 and 4 days demonstrate that
the in vitro response is only one log,
less than the in vivo response.

A representative experiment demon-
strating the specificity of the response
is illustrated in Table 2. In this experi-
ment, three types of cultures were
made from a single pool of cells ob-
tained from normal, unimmunized
CAF,; mice. One was a fetal bovine
serum control, the second contained
sheep red cells, and the third contained
horse red cells. The three types of cul-
tures were tested on day 3 and day 4
(separately) against sheep and against
horse red cells. The results show that
in each case the response was specifi-
cally directed against the immunizing
antigen. Similar experiments showed
specificity for sheep and swine red cells.

Culture fluids were tested for hemo-
Iytic antibody. Marginal tests were ob-
served with 4-day fluids; titers of 1:6
were found with 5-day fluids and titers
of 1:32 with 6-day fluids. The serums
of immunized mice obtained 6 days
after intravenous injection of sheep
erythrocytes had titers of 1:160 and
1:320. Thus, the amount of antibody

Table 2. Specificity of in vitro immunization.
Figures are plaques per 108 spleen cells.

Red Red cells used in assay

C?rllls Sheep  Horse  Sheep Horse
culture Day 3 Day 4
None 11 21 55 34
Sheep 46 23 240 21
Horse 15 111 34 144
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synthesized by 2 X 107 spleen cells
immunized in vitro is roughly equiv-
alent to the amount of antibody synthe-
sized by the cells of an immunized
mouse (11).

Inspection of the data presented in
Table 1 reveals that mouse spleen cells
cultured in fetal bovine serum without
sensitizing erythrocytes develop up to
a 100-fold increase in the proportion
of plaque-forming cells compared to
that observed in the original suspension
(9, 12). Other data (not presented here)
show that fetal bovine serum stimulates
cultured mouse spleen cells to prolif-
erate as measured by the incorporation
of tritiated thymidine. Whether the
stimulation of fetal bovine serum is a
specific immune reaction and due to
foreign antigens (some of which may
cross react with erythrocyte antigens),
or if it is nonimmune in nature, can-
not be decided from these data. The
finding of preliminary studies showing
that the increase in plaque-forming cells
is greater when the assay is performed
with bovine cells lends support to the
hypothesis that antigenic cross reactiv-
ity accounts for part of fetal bovine
serum stimulation. However, fetal bo-
vine serum also is thought to contain
various growth-promoting factors (I3).
This may account for the increase in
plaque-forming cells by a mechanism
similar to that suggested by Globerson
and Auerbach for the effect they ob-
served with in vivo administered phyto-
hemagglutinin (4).

The data presented show that disso-
ciated spleen cells (whose original tissue
architecture has been disrupted) ob-
tained from normal mice can be im-
munized in vitro with relatively simple
culture conditions. The response is of
only slightly less magnitude than that
which occurs in vivo. Salient features

of the culture conditions include a rela-
tively high cell concentration, possibly
permitting greater cell-to-cell inter-
actions, the use of a nutritional cock-
tail to promote longevity of the cells,
a lower than usual oxygen concentra-
tion which approximates closely the
physiological level, the use of a rotary
shaker, and the inclusion of fetal bo-
vine serum, the complex effects of
which are ill understood. Further study
is necessary to determine which of the
culture conditions are critical for in
vitro immunization.

Note added in proof: Globerson and
Auerbach (/4) recently immunized
mouse spleen fragments in vitro with-
out the use of phytohemagglutinin, and
recovered amounts of antibody similar
to those we report.

RoOBERT 1. MISHELL
RicHARD W. DUTTON
Department of Experimental Pathology,
Scripps Clinic and Research
Foundation, La Jolla, California
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Plasmodium vivax Transmitted from Man to Monkey to Man

Abstract. Blood forms of human vivax malaria infected splenectomized night
monkeys (Aotus trivirgatus). Anopheles albimanus mosquitoes transmitted the in-
fection from a monkey to two human volunteers; parasites and symptoms ap-
peared 11 days later. Blood forms of vivax malaria from each of the two humans

infected other night monkeys.

Panama monkeys are being tested to
determine whether they can serve as
hosts to human-malaria parasites. We
now report that Plasmodium vivax will
grow in night monkeys (Aotus trivir-
gatus).

A patient from Santa Rosa village on
the Chagres River, Panama, was ad-
mitted to hospital suffering from a
Plasmodium vivax infection; the para-
site count was 6,290/mm3. Blood was
drawn, heparinized, and inoculated in-
traperitoneally into two splenectomized
night monkeys; monkey 773 received
56.6 X 108 parasites; monkey 776, 62.9
X 10¢ parasites (Fig. 1). At the time of
inoculation they received orally an
immunosuppressant drug, Imuran (1),
at the rate of 5 mg per kilogram of
body weight.

Before inoculation with human para-
sites the blood of the monkeys was
examined repeatedly to exclude the pos-
sibility of a natural infection with ma-
laria, although natural infections have
never been reported from night
monkeys (2); nor were we able to prove
natural infections by provocative meth-
ods such as splenectomy or drugs.

A patent infection developed in both
monkeys on the fourth day. Both
showed two peaks of parasitemia: In
the blood of monkey 776, at the second
and highest peak, parasites reached a
maximum of 47,030/mm3 on the 37th
day of patency; after patency continued
for 54 days the monkey died. At the
second (also the highest) peak, parasites
in monkey 773 attained a maximum of
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24,680/mm3 on the 35th day of pat-
ency, at which time chloroquine was
given; the parasites disappeared three
days later but the monkey died 5 days
after receiving the drug.

Anopheles albimanus, which have
been in colony at Gorgas Memorial
Laboratory for many years, were fed
on monkey 773. Fourteen days later,
when sporozoites were present in the
salivary glands, the mosquitoes bit each
of two human volunteers (J.P. and C.J.)

PLASMODIUM VIVAX
SANTA ROSA STRAIN
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I NM I NM
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Fig. 1. Transmission of Plasmodium vivax
from man to the night monkey and then
to man. Abbreviations: NM, night mon-
key; C.J., J.P., human volunteers; Sp.,
splenectomized; Im., received Imuran.

and a night monkey (813) by the inter-
rupted-biting method; all three were
bitten by each of 181 mosquitoes. Five
more mosquitoes also bit both volun-
teer J.P. and the monkey, so that both
suffered a total of 186 bites. Dissection
of 100 of the mosquitoes showed a
gland-positive rate for sporozoites of
57 percent, so that an estimated 103
infected mosquitoes bit volunteer C.J.
and an estimated 106 mosquitoes bit
volunteer J.P. and the monkey.

Patent parasitemia and symptoms ap-
peared in the two human volunteers
11 days later, but parasitemia was
never patent in monkey 813. A liver
biopsy and splenectomy performed on
the monkey on the 23rd day disclosed
no exoerythrocytic bodies in the bi-
opsied tissue, and patent parasitemia
did not develop subsequently.

Blood was drawn from each of the
two infected humans and inoculated
intraperitoneally into other night mon-
keys (826 and 825); the monkeys were
unaltered but were dosed orally with
Imuran at 5 mg/kg. Monkey 826 re-
ceived blood from J.P.; the parasite
count was 2,010/mm3 and the inoc-
ulum was 20.1 X 109 parasites; 16 days
later it was splenectomized. Patent
parasitemia appeared on the 41st day.
The maximum parasite count was 680/
mm?. The monkey died on the 5th day
of patency.

Monkey 825 received blood from
C.J.; the parasite count was less than
10 per cubic millimeter and the inoc-
ulum was less than 0.1 X 108 parasites.
Patent parasitemia appeared on the 7th
day and parasites reached 69,380/ mm3
on the 11th day of patency, at which
time the parasitemia was terminated by
administration of chloroquine.

Vivax malaria has been transmitted
by blood from monkey 825 to a splen-
ectomized night monkey, and from the
latter to two other splenectomized night
monkeys.

Apparently this is the first successful
transmission of P. vivax to monkeys.
The only other animal reported to be
susceptible to P. vivax is the chimpan-
zee Pan satyrus (3). Current work at
this laboratory indicates that night
monkeys may become useful hosts for
the experimental study of human ma-
laria.
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