Table 2. Powder x-ray diffraction pattern for
plasma-produced boron crystals of hexagonal
_platelet habit, with CuKe radiation; s=strong

intensity; m=—medium; w=weak; vw=very
weak; vvw=very, very weak.

d(A) 1 d(A) 14
4.1990 s 1.8201 w
3.7600 w 1.6662 vw
3.3684 s 1.5398 w
2.5230 vw 1.3745 w
2.4626 vw 1.2526 w
2.2899 W 1.1959 vw
2.2382 vVw 1.1752 vvw
2.1247 vVW 0.8507 VW
2.0229 m 0.8489 vvw
1.8639 vvw

particles through the plasma, taking
care not to contaminate the sample
while handling. By this treatment the
typical spheroidal particle became more
spherical through a rounding of faces
and an increased beveling of edges.
However, no more of the distinctively
shaped crystals formed. The powder
pattern of the bulk product material
contained no lines extraneous to the
B-rhombohedral pattern after the re-
processing.

Whether the plasma is responsible
for other effects in addition to supply-
ing heat, for example, electromagnetic
influences, we do not know. Certainly
the thermal gradient within the plasma
is immense, and the quench of particles
falling from the plasma is severe because
of their small heat capacity. Environ-
ments experienced by different particles
falling through the same plasma may
be quite varied. We have obtained all
of the distinctive habits from product
samples on, occasion. More generally,
one or two types were considerably
more numerous than the others. We
have discovered no underlying cause
for the variation, but it seems to de-
pend on the sample, repeated runs
with any given sample being repro-
ducible. With our instrument the par-
ticle size must be less than roughly 150
um in diameter in order for decisive
thermal effects to occur. Variation in
instrument power, plasmoid volume, or
other operating conditions might con-
ceivably change this limitation.
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Cytotoxic Effects of Leukocytes Triggered by
Complement Bound to Target Cells

Abstract. Chromium-51-labeled chicken erythrocytes (E), treated with rabbit
anti-Forssman antibody (A) and the first four (C1-4) or the first seven (CI1-7)
components of human complement (C), released isotope upon exposure to human
leukocytes. Isotope release from EACI-7 cells proceeded more rapidly and was
more extensive than that from EACI-3 cells. Lysis of these cells was suppressed
by pretreatment of leukocytes with antimycin A. Monocyte-enriched leukocyte
preparations affected both types of target cell-complement intermediates, whereas
purified lymphocytes lysed EACI-7 cells but not EACI-3 cells.

Cell-mediated cytotoxic reactions are
operative in delayed hypersensitivity,
homograft rejection, and in certain
autoimmune diseases. Cytolytic effects
of purified lymphocytes may be initi-
ated in vitro by mixing lymphocytes
from (i) sensitized donors with antigen-
bearing target cells (I), (ii) normal
donors with target cells in the presence
of humoral antibodies to target cell
antigens (2), and (iii) normal donors
with target cells in the presence of
lymphocyte stimulants such as phyto-
hemagglutinin (3). Phagocytosis does
not appear to play a role in these reac-
tions. Similarly, macrophages from
sensitized donors (4) or monocytes in
combination with antibody (5) may
damage in vitro a variety of target cells
by a nonphagocytic mechanism.

Although complement (C) has been
reported to potentiate the cytotoxic

action of sensitized lymphocytes in a
few cases (6), it is generally assumed
that C is not essential for cell-mediated
cytotoxic ' reactions (I). The present
experiments were performed to ascer-
tain whether complement, bound to
target cells,. renders these cells sus-
ceptible to cell-mediated lysis.
Chicken erythrocytes were used as
target cells (7) which were sensitized
with four hemolysin units (8) of a
rabbit antiserum to boiled sheep stro-
mata (9). The antibody was primarily
of the 19§ variety and readily cross-
reacted with chicken erythrocytes. In-
termediate complexes consisting of
chicken erythrocytes (E), rabbit anti-
body (A), and human complement
components 1-7 (C1-C7) were pre-
pared essentially as in previous studies
in which sheep erythrocytes were uti-
lized. We prepared EAC1,4 with mac-
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Table 1. Lysis of complement-target cell complexes by complement components and by two

different fetal calf serum preparations.

Complex C2-9 C3-9 C5-9 c89 FCS* FCS
fraction
EAC1,4 100% 0 0
EAC1.4,2% 100 0 0
EAC1,42,3 100 0 0
EAC1,4,2,3,5,6,7 95 35 0

* Fetal calf serum (5 percent by volume), heated 90 minutes at 56°C.

lysis of 3 X 107 cells in 30 minutes at 32°C.

romolecular C1 and sufficient purified
C4 to achieve uptake of 6000 to 8000
C4 molecules per cell (10). We ob-
tained EAC1,4,2 by treatment of
EAC1,4 with an excess of isolated,

oxidized C2 (/). This complex was

incubated with isolated C3 to produce
EAC1,4,2,3 (EAC1-3) with 5,000 to
25,000 bound C3 molecules per cell
(12). By treatment with isolated C5
(13) and purified C6 and C7 (I4),
this complex was converted to EACI1,-
4,2,3,5,6,7 (EAC1-7). The hemolytic
reactivity of these complement-cell
complexes is shown in Table 1.

The erythrocyte complexes were
suspended in tris-buffered (pH 7.8)
Hanks balanced salt solution (TH) (9)
and the concentration was adjusted to
1.5 X 108 cell/ml. We incubated 0.1-
ml aliquots of the various suspen-
sions at 37°C for 30 minutes with an
equal volume of 5'Cr-sodium chromate
(50 to 100 uc) (9). They were washed
in TH containing 0.1 percent gelatin
and were suspended in Parker’s medi-
um 199 (9) containing 5 percent heated
(56°C, 90 minutes) fetal calf serum
(FCS) (9) or a fetal calf serum frac-
tion (see below). Neither labeling with
%1Cr nor subsequent incubation at
37°C for prolonged periods adversely
affected the hemolytic reactivity of the
erythrocyte complexes. All complexes
were stable except EAC1,4,°%v2, which
decayed with a half-life of 200 minutes
(11).

Leukocytes from 100 ml of defibrin-
ated human blood were isolated by
sedimentation through gelatin (15),
washed, and suspended in Parker’s
medium 199 containing 5 percent
heated FCS or FCS-fraction. Half a
milliliter of the leukocyte suspension
containing 3.0 to 4.0 x 10¢ viable
lymphocytes and 0.5 ml of the 5'Cr-
labeled erythrocyte-complement com-
plexes (1 X 10% cells) were mixed and
incubated in duplicates under sterile
conditions. In controls, the leukocytes
were replaced by 10¢ untreated and un-
labeled chicken erythrocytes (7).

Incubation of the various erythrocyte
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+ Numbers indicate percent

i C2 was used exclusively in oxidized form.

preparations with an excess of leuko-
cytes in the presence of 5 percent heat-
inactivated FCS gave the following re-
sults. Isotope release from E, EA, and
EAC1,4 cells did not exceed 12 per-
cent within 21 hours. The leukocyte-
free controls showed the same low
degree of isotope release. The small
amount of antibody on the surface of
the target cells thus did not result in
stimulation and ensuing cytotoxicity of
leukocytes observed previously under
different experimental conditions (2).
Within 21 hours EAC1-3 and EAC1-7
cells released 41 to 89 percent of
the isotope, respectively, suggesting
that appreciable cell damage had been
caused by the leukocytes. However, the
EAC1-7 cells in the leukocyte-free
controls had undergone 82 percent lysis.
If there was a leukocyte effect on
EAC1-7 cells, it was masked by the
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Fig. 1. Percentage of isotope release (ordi-
nate) from EAC1,4,2,3 (A) or EAC1,4,2,-
3,5,6,7 (B) after various hours of incuba-
tion (abscissa), with leukocytes (solid lines)
or in leukocyte-free controls containing an
excess of unlabeled and untreated chicken
erythrocytes (broken lines). Vertical lines
give the range of isotope release obtained
in independent duplicate incubations. am:
Isotope release obtained with leukocytes
pretreated with antimycin A. (Ten milli-
liters of Parker’s medium 199, supple-
mented with 10°M glutamate and con-
taining 10*M antimycin A and 7 X 107
lymphocytes, were incubated for 35 min-
utes at 37°C in an atmosphere of 95 per-
cent air and 5 percent COz2. The cells
were then washed, stained with Trypan
blue for viability, and used as usual. For
further details see (16).

high background lysis in the controls,
which after 1 and 5 hours was already
43 and 73 percent, respectively. The
data suggested that the heated FCS
contained residual complement activ-
ity. Subsequent testing showed that all
of the five different batches of heated
FCS used lysed EAC1-7 cells to a sig-
nificant degree within 30 minutes
(Table 1) and thus contained C8 and
C9 activity even after 90 minutes of
heating at 56°C, which is widely
thought to be sufficient to inactivate
heat-labile complement components.

For all subsequent experiments a
fraction of fetal calf serum was used
which had been depleted of C8 and
C9 by chromatography. Twenty-five
milliliters of FCS was applied to a 45-
by 9.5-cm column of carboxymethyl
cellulose, which was equilibrated with
phosphate buffer, pH 6.0, ionic strength
= 0.1. Under these conditions, C8 and
C9 were adsorbed to the cellulose,
while 98 percent of the serum protein
was eluted with the starting buffer. The
eluted protein was concentrated by
pressure dialysis to 25 ml, dialyzed
against physiological saline, passed
through a bacterial filter, and heated
for 90 minutes at 56°C. As seen in
Table 1, last column, the FCS-fraction
did not cause detectable lysis of any
of the target cell complexes used.

Figure 1A shows the time course of
isotope release from EAC1-3 cells in-
cubated with leukocytes in the presence
of C8- and C9-depleted FCS-fraction.
Approximately 60 percent isotope re-
lease (= 75 percent lysis) was reached
within 14 hours. Even after 22 hours
of incubation the isotope release in the
leukocyte-free control was very low.
Pretreatment of the leukocytes with
antimycin A (9, 16) clearly reduced
their cytotoxic capacity (Fig. 1A) with-
out affecting their viability, as deter-
mined by Trypan blue staining. Since
antimycin A inhibits respiration of
leukocytes, the results suggest that their
cytotoxic effect on EAC1-3 cells is an
energy-requiring process. The Kinetics
of the reaction recorded in Fig. 1A are
similar to the kinetics which are char-
acteristic for the three different lym-
phocyte-mediated  cytolytic reactions
outlined in the introduction. The possi-
bility is thus raised that target cell
bound C3 represents an additional
pathway of inducing a cell-mediated
cytotoxic reaction.

Experiments with fractionated leuko-
cytes (17) showed that monocyte-rich
preparations (I/8) were strongly cyto-
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toxic for EACI1-3 cells. In contrast,
purified lymphocytes (19) exhibited a
strikingly reduced cytotoxicity. These
..data . would argue for the monocyte
being the cell type responsible for the
observed cytotoxic effect. However, the
participation of lymphocytes in the
cytotoxic reaction should not be
excluded at this stage of our investiga-
tions, particularly in view of the obser-
vation (20) that lymphocyte transfor-
mation. induced by antigen or by
“mixed culture” conditions was strongly
diminished when purified lymphocytes
were used. It is conceivable that the
cytotoxic capacity of unfractionated
_leukocyte preparations was due mainly
to lymphocytes which were triggered
into action by a small number of other
leukocytes. The monocyte-rich prepa-
rations contained up to 30 percent
small lymphocytes and the unfraction-
ated leukocytes were usually more po-
tent than the purified cell preparations.
Figure 1B illustrates the effect of
lymphocyte-rich leukocytes on EAC1-—
7 cells. The leukocytes came from the
same batch of cells used for the experi-
ment represented in Fig. 1A. Almost
all cells were lysed within 4 hours.
Thus, kinetically, this reaction is differ-
ent from the usual lymphocyte-medi-
ated cytotoxic reactions. The target cells
were more labile than EAC1-3 cells,
since they lost 30 percent of their iso-
tope upon prolonged incubation even
in the absence of leukocytes. However,
the lability of EAC1-7 cells was not a
constant phenomenon; the isotope re-
lease in leukocyte-free controls varied
from 8 to 30 percent within 14 hours.
Pretreatment of leukocytes with anti-
mycin A led to a strong reduction of
lysis (Fig. 1B). EACI1-7 cells were
efficiently lysed both by glass bead
purified lymphocytes (/9) and by the
monocyte-enriched preparations (I8).
Thus, lymphocytes, and perhaps also
“monocytes, appear to be effector cells
in this cytotoxic reaction. The effect of
these cells on EAC1-7 resembles that
of C8, which is capable of lysing
EAC1-7 cells in the absence of C9.
Characteristically, this reaction is con-
siderably slower than that mediated by
C8 and C9. One hypothesis, which is
presently being investigated, proposes
that lymphocytes and perhaps some
other leukocytes lyse EAC1-7 cells by
releasing C8 or C8 and C9. This as-
sumption finds some support in results
obtained with leukocytes pretreated
with rabbit antiserum to purified hu-
man C8 (21). This treatment inhibited

28 FEBRUARY 1969

their phytohemagglutinin-induced cyto-
toxic effect on complement- and anti-
body-free chicken erythrocytes. Rabbit
antiserum to human Clq, C2, C3, or C4
had no such effects, while anti-C5 had
a weak inhibitory effect.

Regardless of the exact mechanism
underlying our observations, we con-
clude that complement may participate
in cell-mediated cytotoxic reactions.
The results underline the importance of
the complement system as a link be-
tween humoral and cellular immune
reactions of a tissue-damaging nature.
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Green Sea Turtles: A Discrete Simulation of

Density-Dependent Population Regulation

Abstract. Field data on the nesting of the green sea turtle were used to con-
struct a stochastic model. This model was simulated by use of a digital computer
language simscript (Monte Carlo) to determine the relation between the percentage
of nests destroyed and the size of the turtle population. Nest destruction is de-
pendent on population density and provides a mechanism to regulate population

size.

During a study on the ecology of the
green sea turtle Chelonia mydas (L.)
on the Great Barrier Reef we
observed that, where the density of the
population was high, the nesting turtles
frequently destroyed their eggs. All
turtles were tagged, and we kept a
complete record of the movement of
every turtle for 5 weeks. Furthermore,

every nesting turtle was observed over
a 14-week period in each of four suc-
cessive years. These data formed the
basis for constructing a stochastic model.

Turtles come ashore after dark,
usually around high tide, and nest in a
narrow zone above the spring high-tide
mark in the outer limits of the vegeta-
tion. Turtles first dig a body pit about
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