spectrum showing aromatic, hydroxyl
(or amino), and carbonyl groups. This
fraction, on alumina, was resolved fur-
ther; a subfraction was eluted with a
mixture of petroleum ether and benzene
(1:1) which, on gas chromatographic
analysis (2.4 m by 6.4 mm column of
20 percent SE-30 on Chromosorb W,
180°C for 15 minutes, and programmed
at 8°C per minute to 265°C), showed
three peaks emerging at 13, 26, and 34
minutes, respectively.

The infrared spectrum of the com-
ponent eluting at 13 minutes was sug-
gestive of an aromatic ether. Absorp-
tion at 9.57 , indicated an ether group,
and peaks at 3.45, 10.69, and 13.85
revealed a possible methylenedioxy-sub-
stituted benzene ring (4). Strong ab-
sorption at 6.12 » showed exo unsatura-
tion which was substantiated by bands
at 10.08 and 10.92 , (vinyl group).
Aromatic absorption was apparent at
12.09 . (one adjacent free hydrogen on
the aromatic ring) and in the usual
range, 3.25 to 3.40 ;. The absence of
absorption at 6.29 ;. indicated the lack
of conjugation of the vinyl group with
the aromatic ring. The ultraviolet spec-
trum confirmed the presence of aro-
maticity (broad absorption at 260 to
295 my). The mass spectrum showed
a parent peak at 192 and major frag-
ment peaks at 161 (loss of -OCH,)
and 165 (substituted tropylium ion).
Comparison of all spectra with those
of authentic myristicin (5) showed
identical characteristics except for two
extraneous peaks (mass/charge 153,
194) in the mass spectrum of the un-
known; these peaks were probably de-
rived from a minor contaminant struc-
turally related (for example allyl 2,6-
dimethoxyphenyl ether) or dissimilar
(as a substituted indole) to myristicin.
Indoles and carbazoles have been iso-
lated from the fraction containing
myristicin in the original column chro-
matography. Similar retention times
were obtained with the isolated sub-
stance and authentic myristicin on 20
percent Apiezon L on Chromosorb W
(2.4 m by 6.4 mm column operated at
275°C; retention time, 7 minutes). In
addition, co-chromatography of the iso-
lated substance and authentic myristi-
cin on SE-30 gave a single peak. The
level of muyristicin in cigarette smoke is
at least 0.64 g per cigarette based on
the observed recovery, which was un-
doubtedly not quantitative.

The nitromethane-soluble fraction of
smoke is of special interest since it con-
tains the major carcinogenic polynuclear
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aromatic hydrocarbons of smoke and
has significant physiological activity. In
addition to the carcinogens this frac-
tion contains a number of other aromat-
ic compounds, such as benzyl benzoate
and benzyl cinnamate; certain hetero-
cyclic aromatic compounds (indoles,
carbazoles, etc.) have also been demon-
strated (6). However, myristicin
appears to be unlike these recently iso-
lated compounds in that some distinct
pharmacological activity has been at-
tributed to it. Although controversy ex-
ists as to whether the physiological ef-
fects of nutmeg oil (nauseau, tachycar-
dia, cyanosis, stupor, and others) are
due exclusively to myristicin (2), it
appears safe to conclude, on the basis
of available biological data (2), that
myristicin has some degree of toxicity
and produces some neurological effects
on administration. Also, it should be
noted that muyristicin is an analog of
safrole, which is regarded as a low-
grade hepatic carcinogen for rats (7).
Whether the low level of myristicin in
cigarette smoke contributes to the over-
all physiological effect of smoke is un-
known.

Since commercial American ciga-
rettes contain flavoring additives, in-
cluding natural oils and resins, the
possibility exists that myristicin, as well
as the other benzyl esters in smoke, is
derived from this source rather than
the tobacco leaf. Myristicin has been
isolated from the oil of several species,
and the benzyl esters are common con-
stituents of many natural oils and resins
(8).

IRwWIN SCHMELTZ, R. L. STEDMAN
J. S. Arp, W. J. CHAMBERLAIN
Eastern Utilization Research and
Development Division, USDA,
Philadelphia, Pennsylvania 19118
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Homograft Target Cells: Contact
Destruction in vitro by
Immune Macrophages

Abstract. Specific adherence of im-
mune macrophages to monolayers of
target cells is a passive phenomenon
which represents only the first step in
the mutually destructive interaction of
immune macrophages and target cells.
A specific hemagglutinin, responsible
for specific adherence, was eluted from
well-washed immune macrophages by
heat treatment. The nature of the
events in the interaction subsequent to
adherence are unknown, but apparent-
ly demand the biosynthetic activities of
the immune macrophage.

Peritoneal macrophages from
C57B1/Ks mice (/) immunized against
antigens of A/Jax mice cause specific
“contact destruction” in vitro on mono-
layers of specific target cells derived
from A/Jax mice and C3;H mice (2).
Our results established that: (i) the
first step in the interaction is specific
adherence of essentially all of the im-
mune cells to the target cell mono-
layer, (ii) both the macrophage and the
target cell are destroyed in the inter-
action, and (iii) normal peritoneal mac-
rophages treated with specific humoral
isoantibody derived from immune don-
ors do not interact with target cells
to produce cell destruction (2).

In our studies, immune macrophages
were collected, and a standard suspen-
sion containing 20 X 10% cells per
milliliter was prepared in tissue culture
medium (2). The preparations were
diluted in the medium to give suspen-
sions containing 20, 15, 10, 5, 1, 0.5,
and 0.1 X 10% cells per milliliter. A
drop of each cell suspension (0.05 ml)
was placed at each of two separate
sites on pure monolayers of A/Jax
fibroblasts or L-cells. After 48 hours
the monolayers were stained by the
plaque-staining method (2). The results
from two separate experiments in
which four sites were used for each con-
centration of immune overlay cells are
reported.

An overlay of 50,000 immune cells
caused full plaque formation. How-
ever, macroscopically evident partial
plaques were produced with 25,000 im-
mune cells, and microscopically evident
plaques were produced with as few as
5000 immune cells. Ninety-eight per-
cent of the cells that became detached
from the plaque area were nonviable.

Starch-induced macrophages from
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nonimmune C57B1/Ks mice were col-
lected as described (2). A drop of a
suspension containing either 3, 2.5, 2,
1.5, 1, or 0.5 X 10 nonimmune
cells was placed at each of two sepa-
rate sites on each of four monolayers
of target cells, either A/Jax fibroblasts
or L-cells. No gross evidence of plaque
formation was observed after 48 hours
at any of the overlay sites. However,
microscopic observations revealed that
a few of the target cells in the overlay
areas that received 2.5 X 10 nonim-
mune cells were clumped. When the
number of nonimmune overlay cells
was increased to 3.0 X 10% essentially
all target cells were clumped. Although
gross plaques were not produced with
large numbers of nonimmune cells,
some killing of target cells occurred.
presumably because of nonspecific ef-
fects resulting from excessive numbers
of overlay cells.

The capacity of various nonspecific
immune macrophages to adhere to tar-
get monolayers of A/Jax fibroblasts
and L-cells was tested. Each of five
C57B1/Ks mice was injected intra-
peritoneally on days 1, 5, 6, and 8
with the cells from one-fourth of the
spleen and one-fourth of the liver of
an inbred Swiss-Webster mouse. A sec-
ond group of five mice was treated
in a similar manner with spleen and
liver cells from BALB,/C mice. Each
animal of the above groups also re-
ceived an intraperitoneal injection of
1.0 ml of a 3.0-percent starch solution
(3) in saline on day 6. The peritoneal
cells were collected on day 10 from
animals of both groups, and a standard
macrophage-rich suspension was pre-
pared. Each of a third group of 10
CS57B1/Ks mice received an intra-
peritoneal injection of 0.2 mg of heat-
killed bacillus of Calmette and Guerin
(BCG) suspended in Bayol F (4). Forty
days later each of the 10 animals re-
ceived an intraperitoneal injection of
0.1 mg of heat-killed BCG in saline.
Twenty hours later the peritoneal
cells were collected, and a standard
macrophage-rich suspension was pre-
pared.

Tests with the above preparations
showed that limited adherence, re-
stricted to a few cells, took place after
20 to 30 minutes. The time required
for adherence was similar to that re-
quired for adherence of nonimmune
cells on target monolayers.

The capacity of various nonspecific
immune cells to form plaques was
tested by placing a drop of 2.5 X 10¢
cells at each of two sites on each
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Fig. 1.

(A) L-cell monolayer 48 hours
after treatment at two sites (2.5 X 10"
cells per site) with macrophages derived

from C57B1/Ks mice immunized with
BALB/C cells. (B) A/Jax fibroblast mon-
olayer 48 hours after treatment at two
sites (1 X 10° cells per site) with macro-
phages derived from CS7B1/Ks mice im-
munized with Swiss-Webster cells. (C)
A/Jax-fibroblast monolayer 48 hours after
treatment at two sites (2 X 10° cells per

site) with macrophages derived from
C57B1/Ks mice immunized with heat-
killed BCG.

monolayer. Two monolayers of each
A/Jax, L-cell, and DBA/2 fibroblasts
were employed. No significant destruc-
tion was apparent in any of the mono-
layers examined at 24, 48, and 60
hours (Fig. 1).

The capacity of cell-free extracts of
immune_ cells to cause specific de-
struction of target cells was tested.
Suspensions of well-washed macro-
phage-rich immune cell preparations,
derived from C57B1/Ks mice immu-
nized with A Jax antigens containing
100 X 10% cells per milliliter, were
treated by the following methods: (i)

!

Fig. 2. Effect of prior treatment with in-

hibitor on the capacity of immune
C57B1/KS macrophages to adhere to L-
cell target monolayers. (A) Nontreated
control cells. (B) Sodium-azide—treated
cells. (C) DNP-treated cells. (D) Sodium-
fluoride-treated cells.

alternate freezing and thawing at
—70°C and 37°C for 12 cycles, (ii)
high-frequency sound treatment for 2
minutes at 1.3 amperes in a MSE ultra-
sonic disintegrator at 4°C, and (iii)
homogenization in a Potter-Elvehjem
grinder. The treated cell suspensions
were centrifuged at 2100g for 15 min-
utes at 4°C, and the sediments were dis-
carded. The extracts were stored at
—70°C. Various dilutions of the ex-
tracts were added directly to cultures
of the specific target cells, the A/Jax
fibroblast and the L-cell, and to cultures
of the nonspecific target cells, the
C57B1/Ks fibroblast and the HeLa cell.
The monolayers were maintained on
coverslips (1.0 by 2.0 cm) in screw-cap-
ped tubes (1.5 by 12 cm). At 24 and 48
hours the monolayers were stained by
the May-Grunwald-Giemsa method
and examined. The cell-free extract,
derived from 100 X 10% immune peri-
toneal cells, commonly killed between
80 to 100 percent of both the specific
and nonspecific target cells. The cells
became granular and rounded. and ex-
hibited nuclear pyknosis as early as 12
to 24 hours later. By 48 hours approxi-
mately 40 to 90 percent of the cells
were detached from the glass.
Attempts were made to characterize
the specific adherence factor associ-
ated with the immune-cell surface. Im-
mune peritoneal cells were pooled and
washed six times at 4°C, twice in 80
ml of Hanks balanced salt solution
containing | percent calf serum and
four times in physiologic saline, pH
7.0. The washing fluids were stored
at —20°C for subsequent tests, and
the macrophage-rich sediments were
resuspended in 5.0 ml of phuvsiologic
saline. The suspensions, which con-
tained approximately 200 X 109 cells
per milliliter, were heated at 56°C for
1 hour. The heated cells were sedi-
mented for 10 minutes at 2100g and
the eluate was stored at —20°C. Con-
trol eluates were prepared from similar
numbers of starch-stimulated perito-
neal cells derived from nonimmune
C57B1/Ks mice. As a control, tests
for the presence of specific adherence
factors within the cytoplasm were
made. Extracts of well-washed immune
cells were made by alternate freezing
and thawing and by treatment with
high-frequency sound. Membranes were
removed from these extracts by centni-
fugation at 30,000g for 5 hours.
The last washing fluid obtained be-
fore heating, the heat eluate, and the
extracts were tested against A/Jax and
C57B1/Ks red blood cells for hemag-
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glutinating antibodies by the polyvinyl-
prolidone technique (5). The heat eluate
showed a specific hemagglutinin titer
of 26 to 27 against A/Jax red blood
cells. Specific hemagglutinins were not
detected in the eluate from control
nonimmune cells or in the final wash-
ing fluid of immune cells or in mem-
brane-free extracts of immune -cells.
Although the hemagglutinin was de-
stroyed by exposure to 0.1M 2-mer-
captoethanol for 60 minutes at 37°C,
trials to establish its sedimentation be-
havior by sucrose-gradient techniques
were not satisfactory.

The eluates were tested further by
Terasaki’s cytotoxicity test (6). Five dif-
ferent heat eluates from immune cells
were capable of activating comple-
ment, as shown by their capacity to
kill approximately 70 percent of nor-
mal A/Jax lymph-node cells in the
presence of fresh rabbit serum.

The influence of metabolic inhibitors
on the adherence and plaquing ca-
pacity of immune cells was tested.
A suspension (0.5 ml) containing 2 X
108 of well-washed immune cells per
milliliter was incubated for 2 hours at
37°C in 5.0 ml of Eagle’s minimal
essential medium plus high concentra-
tions of cell inhibitors as follows: 0.1M
sodium azide, 0.004M 2,4-dinitrophe-
nol, 0.05M sodium fluoride, 10.0 uM
actinomycin D, 100 ug of chloram-
phenicol per milliliter, and 200 pg of
puromycin per milliliter. The cells
were chilled to 4°C, sedimented, and
suspended in 0.2 ml of Eagle’s mini-
mal essential medium. One drop of
each treated cell suspension was then
placed on a monolayer of A/Jax fibro-
blasts and a monolayer of L-cells.
After 5 minutes, the monolayers were

Fig. 3. Effect of chloramphenicol and ac-
tinomycin-D treatment on the capacity of
immune C57B1/Ks macrophages to cause
destruction of L-cell target monolayers af-
ter 48 hours. (A4) Chloramphenicol-treated
cells. (B) Actinomycin D-treated cells. (C)

Normal peritoneal untreated cells. (D)
Untreated immune cells (the central dark
spot is a wax pencil mark).
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washed vigorously three times with a
total of 30 ml of physiologic saline
and stained by the plaque method
(Fig. 2). Untreated control cells and
inhibitor-treated cells adhered equally
well to target cells. Specific adherence
of the immune cell to the target cell
apparently does not require a meta-
bolically active immune cell. Actino-
mycin D and chloramphenicol-treated
cells were washed before the plaque
test. In some cases chloramphenicol
was added to the medium (Fig. 3).
Both actinomycin D and chloramphen-
icol blocked plaque formation. How-
ever, chloramphenicol-treated cells only
remained inactive when initial treat-
ment was supplemented by maintain-
ing a concentration of 100 pg of chlor-
amphenicol per milliliter of culture me-
dium (Fig. 3, 4 and B). Whereas control
immune peritoneal cells produced
plaques (Fig. 3D), control starch-in-
duced nonimmune CS57B1/Ks perito-
neal cells at the high dose of 2 X 106
cells failed to produce plaques (Fig.
3C).

With respect to the chance that
complement or its components may
participate in plaque formation, three
possible sources of complement were
considered: (i) “free” humoral comple-
ment, (ii) humoral complement which
may become fixed to immune cells in
vivo, and (iii) complement formed by
either the immune cell or the target
cell. The participation of free humoral
complement appears to be ruled out
by our observations that well-washed
immune cells exhibit full plaquing
activity in medium without serum or
in medium containing heat-inactivated
calf serum. The second possibility, that
absorbed complement is present on the
surface of the immune cell, was tested.
Immune macrophages were unaffected
by treatment with heat-inactivated rab-
bit antiserum to mouse tissue. No evi-
dence was obtained that complement
participates in plaque formation.

Thus, immune peritoneal macro-
phages derived from C57B1/Ks mice,
immunized against A/Jax antigens,
possess membrane-associated antibod-
ies that may be responsible for specific
contact adherence of the immune cell
to the target cell. That specific ad-
herence was not blocked by a variety
of cell-inhibiting agents is consistent
with the concept that adherence is pas-
sive and results solely from the reac-
tion of a surface membrane antigen
of the target cell with surface mem-
brane-bound antibody of the immune
cell.

The additional observation that acti-
nomycin D- or chloramphenicol-treated
immune cells were unable to destroy
the target cells even though they ad-
hered suggests that to form plaques the
immune cell must have biosynthetic ac-
tivity. In contrast some trials indicate
that treatment of target cells with met-
abolic inhibitors does not affect plaque
formation.

GALE A. GRANGER
RuUSSELL S. WEISER
Department of Microbiology,
University of Washington,
School of Medicine, Seattle
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Sulfur Mustard: Reaction with
L-Cells Treated with
5-Fluorodeoxyuridine

Abstract. After exposure to 5-fluoro-
deoxyuridine, L-cells are considerably
more sensitive to the lethal effect of
sulfur mustard than after they have
been released from this block by ad-
dition of thymidine and allowed to
proceed into the G2 phase of the divi-
sion cycle. Nevertheless, for both pop-
ulations, the amounts of mustard
bound per cell and per nucleus (ex-
pressed as the amount of mustard per
unit of protein) were the same. Like-
wise, the amounts of mustard bound
per unit of DNA were the same for
both populations.

Cultured L-strain mouse cells were
more sensitive to the lethal effect of
nitrogen and sulfur mustards when the
cells were synthesizing DNA than after
they had entered the G2 period (/).
This result was obtained with cell pop-
ulations that had been treated with
5-fluorodeoxyuridine  (FUDR) and
then with thymidine, which releases
the cells from the inhibitory effect of
the FUDR. The cells then move in a
wave successively through phases S
and G2. Beyond this point the syn-
chrony diminishes rapidly. Since the
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