which range from about 10"02™ at the
equator to about 11°03™ at 57° latitude.
By dividing the analysis interval in half
and subjecting each half to the above
spectral analysis, we can evaluate the
secular change in the rotation period. We
find that the period is stable to within
+ 43 seconds over the analysis interval,
or *+ 1 second per rotation at the S per-
cent confidence limit.

Although it is difficult to judge defini-
tively because of the limited volume of
data at hand, it appears that the Saturn
events are not organized in rotation
phase as tightly as the Jupiter radio
events that we have been observing for
many years. This was predicted by Acu-
na and Ness (¢) on the basis of the Pio-
neer 11 in situ field measurements, which
indicate a rotationally axisymmetric
magnetic field for Saturn. It is thus un-
like both Jupiter and Earth, which have
magnetic dipoles tipped at relatively
large angles to their rotation axes. There-
fore, any modulation which appears in
the SKR is probably due to near-surface
anomalies in the field which are undetect-
able from the Pioneer 11 observations.

In spite of the fact that the ~1-MHz
Saturn radio events reported by Brown
(1) would be more than 20 dB above our
present detection threshold, we have
failed to record any Saturn emission in
the vicinity of 1 MHz. Reexamination of
the Interplanetary Monitoring Platform
(IMP-6) data used by Brown shows that
for much of the period covered by his fig-
ures 1 and 2, TKR was clearly evident
below 600 kHz. Moreover, the dynamic
spectra for this period are strongly remi-
niscent of Jovian hectometer-wave emis-
sion, which was observed often by IMP-
6. In a recent study, Fainberg (/3) has
shown that, when two or more radio
sources are emitting simultaneously,
the IMP-6 direction-finding analysis
‘‘points’’ to the intensity-weighted mean
angle between the sources. It is possible
that Brown may have observed a signal
coincident with the Saturn direction
which was formed by a combination of
signals from Jupiter and Earth (or per-
haps the sun). Another possibility exists
if Saturn’s radio emission is tightly
beamed. During the period of Brown’s
observations the sub-IMP-6 point on Sat-
urn was at < —20° latitude, as compared
with +9° latitude for the Voyager obser-
vations reported here. This possibility
can be tested after the V-2 encounter in
August 1981, when the outbound trajec-
tory reaches large negative latitudes.

Closest approach to Saturn for V-1 is
12 November 1980 and for V-2 is 27 Au-
gust 1981. During the next year and a
half we expect to be able to refine the ro-
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tation period. We also plan to search for
an LH polarized component and investi-
gate the nature of the rotation modula-
tion of SKR.

Note added in proof: With data ana-
lyzed through mid-July 1980 (totaling 202
hours of SKR activity), the best estimate
of the Saturnian rotation period is
10"39.4™ + 0.15™,

M. L. KAISER
M. D. DescH*
Laboratory for Extraterrestrial Physics,
Planetary Magnetospheres Branch,
NASA/Goddard Space Flight Center,
Greenbelt, Maryland 20771
J. W. WARWICK
J. B. PEARCE
Radiophysics, Inc., Boulder, Colorado
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Human Cutaneous Leishmania in a Mouse Macrophage Line:

Propagation and Isolation of Intracellular Parasites

Abstract. A mouse macrophage line, J774G8, supports continuous and prolific
intracellular growth of Leishmania mexicana amazonensis, the etiological agent of a
South American cutaneous leishmaniasis. The intracellular parasites from these in-
fected cultures can be isolated with high recovery rate and purity by simple Percoll

gradient centrifugation.

Human leishmaniases are parasitic
diseases caused by trypanosomatid pro-
tozoa of the genus Leishmania. Charac-
teristic of all leishmanial infections is the
intracellular parasitism of macrophages
by amastigotes, the mammalian stage of
these parasites responsible for all the
symptoms and pathology. The vector
stage of leishmania, the promastigote,
can be cultured readily in artificial media
and has been used frequently for inves-
tigation. Unfortunately, very little is
known about the intracellular amasti-
gotes because of the difficulties of pro-
curing them in sufficient quantity and pu-
rity for investigation. It is now especially
urgent to solve this problem in order to
deal with the resurgence of the leishma-
niases around the world. I report a cul-
ture system in which a macrophage cell
line is used for continuous propagation
of leishmanial amastigotes and a method
for their isolation from the cultured ma-
terial. Until now, these intracellular
parasites have not been cultured in large
enough numbers for isolation, although
similar cell lines were found to support
their growth (/).

The permanent cell line used for this
study was J774G8, originally derived
from macrophages of the oil-induced
peritoneal exudate of BALB/c mice (2).
Parasites used were promastigotes of
Leishmania mexicana amazonensis,
which were cultured in a medium pre-
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viously described (3). A macrophage
suspension was prepared at a cell density
of 10 per milliliter in medium RPMI 1640
plus 20 percent heat-inactivated fetal bo-
vine serum (HIFBS) and Hepes buffer.
This suspension was added to parasites
pelleted by centrifugation at a parasite
to macrophage ratio of 10 to 1 and
then mixed thoroughly. The mixture was
placed .in tightly capped tissue culture
flasks and incubated at 35°C. During the
first 3 days, promastigotes gained entry
into the macrophages, transformed into
amastigotes, and induced the formation
of huge vacuoles characteristic of this
leishmania species (Fig. 1A). On day 3
and every 3 days thereafter, cells were
removed from the culture flask by vigor-
ous rinsing with a Pasteur pipette, the
medium was renewed, and the intra-
cellular parasites were counted. For
change of medium, cells were centri-
fuged at 200g for 3 minutes, suspended in
fresh medium, and returned to the origi-
nal flask. For counting the intracellular
parasites, a thin wet mount was made by
covering 10 ul of the culture fluid with a
22-mm? cover slip on a slide. The per-
centage of infected cells and the average
numbers of amastigotes per cell were de-
termined by examining at least 100 mac-
rophages by phase-contrast microscopy
with an oil immersion lens. The total
number of macrophages was determined
from the volume of the culture and mac-
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rophage numbers per milliliter counted
in a hemacytometer. The total number of
amastigotes per culture was then calcu-
lated from the following formula: total
number of macrophages X percentage of
infected cells X average number of
amastigotes per cell. By this method, it is
possible to estimate the net increase of
parasites in a culture system with grow-
ing host cells ¢).

On day 3, when the infection became
stabilized at the parasite to cell ratio
used, infectivity was approximately 80
percent, with an average of ten amasti-
gotes per cell. The total amastigote num-
bers were thus equivalent to about 80
percent of the promastigotes used to in-
fect the culture. These cultures (infected
with the parasites for at least 3 days)
were subjected to various culture envi-
ronments; in this way optimal conditions
were determined for continuous propa-
gation of the intracellular amastigotes. A
temperature higher than 35°C had detri-
mental effects on the parasites; for ex-
ample, they disappeared from culture
within 3 days at 37°C. Twenty percent
HIFBS provided optimal growth of para-
sites (5), and supplementation of the me-
dium with 1 percent (by volume) human
red cell extract produced more consist-
ent and higher yields of intracellular
parasites. The red cell extract was ob-
tained from a 25 percent stock solution,
which was prepared by washing erythro-
cytes in double-distilled water (1:3 by
volume), freezing and thawing three
times, and centrifuging at 4°C for 2 hours
at 50,000g. Under the culture conditions
described, in the absence of J774G8
cells, the parasites survived for several
days and then degenerated rapidly. The
generation time of intracellular amasti-
gotes varied considerably with the state
of infection. The shortest doubling time
observed was 36 hours in a lightly infect-
ed culture (50 percent infectivity and an
average of five parasites per cell). The
growth of the macrophages also depend-
ed on the course of infection and the pre-
infection conditions of the cells (6).

Lightly infected cells are able to un-
dergo mitosis, indicating that macro-
phages and their parasites can grow to-
gether in such cultures. On the other
hand, heavily infected macrophages of-
ten become multinucleated, indicative of
abortive cell division. These cells are of-
ten deteriorated. Free amastigotes were
seen in very heavily infected cultures,
but extensive cell lysis with simultane-
ous release of amastigotes in large num-
bers was never observed under the cul-
ture conditions used (7). In the third
week, most cultures had an infection rate
of approximately 100 percent, with an
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Fig. 1. (A) Representative macrophage of the J774G8 line cultured in vitro for 3 days after
infection with promastigotes of L. mexicana amazonensis. The cells from fresh cultures were
compressed under a glass cover slip on a slide to reveal intracellular amastigotes for quan-
titation of the infection. The upper clear area of the cell is a large parasitophorous vacuole,
which contains 17 amastigotes. Production of this type of cytoplasmic vacuole is characteristic
of the infection in macrophages by this and related leishmania species. The cytoplasm of the
macrophages is granular and its round nucleus, on the left, is somewhat distorted due to the
pressure of the cover slip. (B) Amastigotes isolated by Percoll gradient centrifugation of materi-
al from roller bottle cultures of the macrophage cell line infected with L. mexicana amazo-
nensis. Phase-contrast microscopy. Scale bar, 10 um.

average of about 100 parasites per cell
and a fivefold overall increase in total
number of amastigotes. A decrease in
the macrophage population and slower
growth of the parasites in these heavily
infected cultures may account for the
lower net parasite yield than might be
otherwise expected. Subcultures are of-
ten desirable at this time to ensure a
more uniform and low-level infection
(high infectivity with few parasites per
cell). For subculture, heavily infected
cells suspended in phosphate-buffered

Table 1. Recovery of amastigotes isolated
from roller bottle cultures of J774G8 cells in-
fected with Leishmania mexicana amazonen-
sis. Floating cells along with spent medium
were collected from roller bottles during
weekly medium renewal and were used for
isolation of amastigotes by Percoll gradient
centrifugation according to procedures de-
scribed in the text. Infected cells were cul-
tured in RPMI 1640 plus 20 percent HIFBS at
35°C and at a rotation speed of 1 to 2 rev/min.
Macrophages were counted in a hema-
cytometer. The number of purified amasti-
gotes was estimated by the formula: total
number of macrophages X percentage of in-
fected cells X average number of amastigotes
per cell.

Amastigotes R
Ex- e-
peri- Macro- ¢, Puri- €OV
ment (l;ha:%fi) cellu- ﬁeg- ery
No. (x ]?a_s) (x lo—s) (%)
1 48 8.0 6.6 82
2 37 12.0 10.0 83
3 42 14.1 13.3 94
4 135 31.3 26.0 82

saline (PBS) were passed through a 27-
gauge, 0.5-inch needle three times to re-
lease intracellular amastigotes, which
were used immediately or after cultiva-
tion as promastigotes to initiate infec-
tions. Such subcultures have been made
repeatedly for eight passages in a period
of more than 5 months, and the parasites
resumed growth in each cycle. These re-
sults indicate that leishmania amasti-
gotes can be continuously passaged in
the macrophage line with good growth.
This in vitro system has been used for
propagation of leishmania amastigotes in
large numbers. Glass roller bottles (0.5
gallon) were seeded with infected macro-
phages in continuous culture. Conditions
and counting were as described above,
and the bottles were rotated at 1 to 2 rev/
min to encourage the detachment and
breakage of heavily infected cells, there-
by spreading the released amastigotes
for more even infection in the culture.
These conditions have led to the estab-
lishment of a self-renewable host-para-
site system consisting of a lightly infect-
ed cell layer around the glass wall and
more heavily infected cells floating in the
medium. Every week, the floating cell
population along with the spent medium
was removed for isolation of amasti-
gotes, and fresh medium was added to
the roller bottle containing the cell layer
for regeneration of more heavily infected
cells (8). Up to 10° amastigotes can be
obtained from each harvest (Table 1). It
is also possible to produce this quantity
of parasites in stationary cultures of in-
fected cells when large tissue culture
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flasks are used, but more frequent medi-
um renewals are required and infection is
less stable without periodic subcultures.
A similar infection can be established in
this macrophage culture by use of
amastigotes derived from infected ani-
mals.

Amastigotes were separated from the
host cells and their cellular components
in the material collected from the roller
bottles. The recovery rate was more than
80 percent (Table 1), and isolated para-
sites were devoid of any visible host cell

debris (Fig. 1B). Amastigotes were first

released from heavily infected cells that
were suspended in PBS plus 2 mM
EDTA by needle passage as described
above or by three cycles of vigorous
mixing in a vortex mixer followed by
centrifugation at 3500g for 5 minutes.
The material was then suspended in 45
percent Percoll (Pharmacia) in PBS, lay-
ered over a cushion of 1 ml of 100 per-
cent Percoll, and centrifuged at 3500g for
30 minutes. After centrifugation, amasti-
gotes formed a sharp band at the inter-
face between the 45 and 100 percent Per-
coll solutions while cells and their debris
floated at the top near the meniscus. This
method can also be used for isolating
amastigotes from cutaneous lesions of
mice infected with L. mexicana amazo-
nensis. The amastigotes isolated from
the in vitro culture system proved to be
as infectious to laboratory animals as le-
sion-derived amastigotes. Parasites from
both sources were injected at 107 per ani-
mal into the nose tips of Syrian golden
hamsters (in groups of four for each
parasite source). Two months later, the
lesion sizes were 1.64 = 0.3 and
1.61 = 0.4 cm in diameter for culture-
and lesion-derived amastigotes, respec-
tively.

The 'in vitro system for the L. mexi-
cana amazonensis-mouse macrophage
line compares favorably with the in vivo
animal model for this parasite in routine
maintenance and production of amasti-
gotes. The roller bottle cultures, with
little attention, provide an essentially
perpetual host-parasite system from
which infective amastigotes can be iso-
lated every week in quantities adequate
for investigations. Flexibility is perhaps
the greatest advantage of such an in vitro
system, which can provide parasites on
short notice and infected cells at any
time for various types of assays. These
cultured materials have been used to test
for potential antileishmanial drugs and to
study host-parasite interactions.

K.-P. CHANG
Laboratory of Parasitology,
Rockefeller University, New York 10021
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Arachidonic Acid and Prostaglandin G,

Abstract. Application of arachidonic acid or prostaglandin G, to the brain surface
of anesthetized cats induced cerebral arteriolar damage. Scavengers of free oxygen

radicals inhibited this damage. Prostaglandin H,, prostaglandin E,,

and 11,14,17-

eicosatrienoic acid did not produce arteriolar damage. It appears that increased
prostaglandin synthesis produces cerebral vascular damage by generating free oxy-

gen radicals.

Severe arterial hypertension causes
arteriolar necrosis by mechanisms that
are not well understood (/). In cats,
acute hypertension, induced by experi-
mental brain injury or by intravenous ad-
ministration of vasoconstrictor agents
causes discrete destructive lesions in the
endothelial lining of brain pial arterioles
(24). After the hypertensive episode,
these arterioles display sustained vasodi-
lation and reduced responsiveness to
change in the partial pressure of CO, in
arterial blood (P,CO;) and to changes in
arterial blood pressure. All of these ab-
normalities are minimized or completely
inhibited by treatment with cycloox-
ygenase inhibitors or by topical appli-
cation of free radical scavengers to the
brain surface (3, 4). These findings sug-
gest that the cerebral arteriolar abnor-
malities in acute hypertension are caused
by free oxygen radicals generated as a
result of increased prostaglandin syn-
thesis. It is known that intermediate
steps in the biosynthesis of prostaglan-
dins from their precursor, arachidonic
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acid, produce free oxygen radicals (5-9).
These highly reactive forms of oxygen
are injurious to tissues and may cause
lysis of red cells (/0), destruction of
endothelial cells (//), and peroxidation
of lysosomal (/2) and mitochondrial
membranes (/3).

If this hypothesis for the pathogenesis
of the cerebral arteriolar damage in acute
hypertension is correct, the cerebral ar-
teriolar abnormalities seen in hyper-
tension would be produced by appli-
cation of exogenous prostaglandins, and
this effect of the prostaglandins would
be inhibited by administration of free
radical scavengers. We tested this hy-
pothesis in cats anesthetized with pento-
barbital (30 mg/kg, given intravenously)
and ventilated artificially with a positive-
pressure respirator, after skeletal mus-
cles were paralyzed with decametho-
nium bromide (0.5 mgkg, intrave-
nously). Arterial blood pressure and CO,
concentration in expired air were mon-
itored continuously. The pial micro-
circulation of the parietal cortex was

SCIENCE, VOL. 209, 12 SEPTEMBER 1980



	Cover Page
	Article Contents
	p. 1240
	p. 1241
	p. 1242

	Issue Table of Contents
	Science, Vol. 209, No. 4462, Sep. 12, 1980, pp. 1161-1284
	Front Matter [pp. 1161-1188]
	Letters
	Nucleic Acid Sequence Bank [p. 1182]
	Dismissed Australian Scientist [p. 1182]
	Cocoa, not Cocaine [p. 1182]

	Erratum: Cell Variants Showing Differential Susceptibility to Ultraviolet Light-Induced Transformation [p. 1182]
	Karl Marx was a City Boy [p. 1187]
	High-Frequency Skywave Radar Measurements of Hurricane Anita [pp. 1189-1196]
	Estimating Cancer Risks from Low Doses of Ionizing Radiation [pp. 1197-1203]
	Federal Funding in Materials Research [pp. 1203-1207]
	News and Comment
	DOE Leads Synfuels Crusade without a Map [pp. 1208-1210]
	Carter Plan: Dividend for R & D [p. 1210]
	Los Alamos--Coming to Terms with the 1980's [pp. 1211-1214]

	Briefing
	Republican Candidate Picks Fight with Darwin [p. 1214]
	Chemical Warfare: Panel Promotes Binaries [p. 1215]
	France Seeks European Team to Develop Breeder [p. 1215]
	Remember the Elephant [p. 1215]

	Research News
	Prenatal Diagnosis of Neural Tube Defects [pp. 1216-1218]
	Jovian Weather: Like Earth's or a Star's? [pp. 1219-1220]

	Annual Meeting
	Science and Technology: Bridging the Frontiers [p. 1221]
	Meeting Information [pp. 1222-1233]
	Preliminary Program [pp. 1223-1229]

	Book Reviews
	Theoretical Physics [p. 1234]
	Stellar Associations [pp. 1234-1235]
	Mesolithic Europe [pp. 1235-1236]
	Developmental Biology [p. 1236]

	Reports
	Voyager Detection of Nonthermal Radio Emission from Saturn [pp. 1238-1240]
	Human Cutaneous Leishmania in a Mouse Macrophage Line: Propagation and Isolation of Intracellular Parasites [pp. 1240-1242]
	Cerebral Arteriolar Damage by Arachidonic Acid and Prostaglandin G$_{2}$ [pp. 1242-1245]
	2-Aminoethylphosphonic Acid Metabolism during Embryonic Development of the Planorbid Snail Helisoma [pp. 1245-1247]
	1α,25-Dihydroxyvitamin D$_{3}$ Nuclear Receptors in the Pituitary [pp. 1247-1249]
	Cultivation in vitro of the Quartan Malaria Parasite Plasmodium inui [pp. 1249-1251]
	Electrophoretic Injection of a Fluorescent Dye into Giant Mitochondria and Mitoplasts [pp. 1251-1252]
	Auditory Brainstem Anomalies in Human Albinos [pp. 1253-1255]
	Human Aging and Spatial Vision [pp. 1255-1256]
	Tumoricidal Response Induced by Cytosine Arabinoside after Plasma Perfusion over Protein A [pp. 1257-1259]
	Stress-Induced Eating is Mediated through Endogenous Opiates [pp. 1259-1261]
	The Spinal Frog Takes into Account the Scheme of its Body during the Wiping Reflex [pp. 1261-1263]
	Biological and Sociocultural Effects on Handedness: Comparison between Biological and Adoptive Families [pp. 1263-1265]

	Back Matter [pp. 1230-1284]





