Table 2. Effect of added NaCl on the oxida-
tion of ascorbate and coupled phosphorylation
in turnip root mitochondria. Oxygen uptake
and phosphate esterification were measured as
described in the text. Each flask contained:
tris ascorbate, 6 ymole; cytochrome ¢, 0.005
wmole; MgSOy, 30 umole; tris-ADP, 0.5
pmole; tris-POy, 4 ymole; sucrose, 600 ymole;
tris-Cl (pH 7.0), 75 ymole; glucose, 50 ymole;
NaCl as indicated; hexokinase, 0.2 units; and
0.5 ml of mitochondrial suspension. The total
volume was 3.0 ml; the center well contained
0.2 ml of SN KOH; the gas phase was air;
and the temperature was 27°C. Values given
are means of four determinations.

Nacl Oxygen Phosghate
(mole/liter) uptake esterified P/O

(natom) (umole)
0 1.39 1.26 0.91
1% 10 1.43 1.26 .88
1 x 10 1.55 1.24 .80
3 X 104 1.59 1.10 .69
6 X 10-* 1.65 1.02 .62
1 X 10-® 1.70 0.97 57
3 X 1072 1.67 98 .58
6 X 102 1.60 1.10 .69
1 x 10-2 1.46 1.10 5
1 x 10 1.32 1.11 .83

10*M NaCl, where the rates of both
cytochrome c reduction and phosphoryl-
ation are diminished to about half of
the control values.

The second site, separated from the
other by the use of ascorbate as a re-
ductant for cytochrome ¢, the oxidation
of which is coupled to the phosphoryla-
tion, and molecular oxygen as a terminal
acceptor for the electrons, is affected by
NaCl in the manner detailed in Table
2. In this case, oxygen uptake is some-
what increased (about 20 percent) by
10-3M NaCl, but phosphorylation is
inhibited to a similar degree by the
same concentration. The result is to re-
duce the P/O ratio from 0.91 to a
value only slightly greater than 12 of
the theoretical 1. Because the amount
of mitochondria and the times of
measurement differ for the experiments
reported in Tables 1 and 2, it is not
possible to calculate accurately the
P/O ratios for the summation of the
activity of both sites measured sepa-
rately. But an estimation of these values,
corrections being made for differing
volumes, amounts of mitochondria,
adenosine diphosphate and reaction
time, gives results in general agreement
with the data reported in Fig. 1, with
the calculated P/O for the sum of both
sites at 102M NaCl being 80 percent
higher than that for the preparations
with no added NaCl as compared with
a 50 percent increase in the P/O ratios
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actually observed in the experiments de-
tailed in Fig. 1. It therefore seems rea-
sonable to assume that the observed
effect on phosphorylation when both
sites are in operation is actually a sum-
mation of the effects of Na* observed
on the two sites separately.

One might assume that the effect of
Na* on phosphorylation may be related
to the (Na* 4+ K*)-activated adenosine
triphosphatases which have been re-
ported from a variety of sources (7, §).
A report of stimulation by K+ of oxi-
dative phosphorylation in brain mito-
chondria (9) has been explained on this
basis. However, our evidence gives little
support to such an assumption, particu-
larly since the optimum concentration
of Na* found here is one or two orders
of magnitude lower than those reported
for the adenosine triphosphatases. In
addition, there appears to be no require-
ment for both cations. In experiments
involving both Na* and K+, the effect
of the two ions in combination was
simply additive.

Although it might be possible that
Na* or other monovalent cations are
required as an activator for the phos-
phorylation accompanying the reduc-
tion of cytochrome ¢, it seems im-
probable that the mechanism of this
activation is through binding of the ion
at a specific point, either the active
site of the phosphorylating enzyme,
or at an allosteric site. It is, of
course, possible that the influence of
the cations on the activity of both the
phosphorylation sites studied is not
exerted through an effect on the config-
uration of a single enzyme, but instead
through influences on the architecture
of the mitochondrion.

BAaQAarR H. SHAH
RanNpoLPH T. WEDDING
Department of Biochemistry,
University of California, Riverside
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Cytotoxic Action of Stimulated
Lymphocytes on Allogenic and
Autologous Erythrocytes

Abstract. Fowl erythrocytes are lysed
when exposed to an excess of fowl
blood lymphocytes in the presence of
phytohemagglutinin. No significant cell
damage is seen in the absence of phyto-
hemagglutinin, or when the lymphocytes
are replaced by malignant lymphoid
cells, thymus cells, or nonlymphoid cells.
The lymphocytes remain viable during
the reaction. Differences in histocom-
patibility between lymphocytes and
erythrocytes are not required. Autolo-
gous lymphocytes are cytotoxic to the
same extent as allogenic lymphocytes
over a wide range of experimental con-
ditions.

Lymphocytes are assumed to play an
important role in tissue-damaging im-
mune reactions, such as those occurring
in delayed hypersensitivity, in various
homograft and graft-versus-host inter-
actions and in autoimmunity. Evidence
for their possible direct participation in
cell destruction comes from experiments
in vitro in which antigen-carrying cells
in tissue culture are damaged when ex-
posed to lymphocytes from sensitized
animals. The reactions are immunologi-
cally specific, do not require addition of
complement, and are not correlated
with titers of cytotoxic antibody in the
blood of the lymphocyte donors (I).
These reactions appear also when lym-
phocytes and target cells are of syngenic
or even autologous origin (2). Further-
more, lymphocytes from normal donors
may become cytotoxic for tissue culture
cells, provided they have been stimu-
lated by phytohemagglutinin (PHA) or
antigen (3-5). Cytotoxicity requires
living, immunologically competent lym-
phocytes whose ~energy-supplying me-
tabolism is intact (6).

The use of nondividing target cells
offers many advantages in studying the
problem of the mechanism of lympho-
cyte cytotoxicity. We now report that
fowl erythrocytes can easily be used for
this purpose. In contrast to what has
been found with tissue culture cells,
lack of histocompatibility between lym-
phocytes from normal donors and fowl
erythrocytes is not necessary for the
PHA-induced cytotoxic reaction.

Twenty milliliters of blood from
White Leghorn fowls (3 to 12 months
old) were taken up in a syringe con-
taining 100 L.U. of heparin in 3 ml of a
1:1 mixture of Hanks’s balanced salt
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solution (BSS) and 0.15M tris buffer,
pH 7.4. The blood was incubated for
1 to 2 hours at 37°C in nonsiliconized
centrifuge tubes. After centrifugation
for 5 minutes at low speed, plasma and
buffy coat were siphoned off with a
pipette, care being taken not to remove
polymorphs and monocytes attached to
the walls of the tubes. The cells were
washed twice in tris-buffered BSS by
centrifugation at 1000 rev/min for 10
minutes, and were finally suspended in
Parker’s medium 199, containing peni-
cillin and streptomycin (7, 8), and 5
percent of either heat-inactivated fowl
serum or fetal calf serum. The concen-
tration of living lymphocytes, deter-
mined by supravital staining with 0.05
percent trypan blue, was kept at
20 X 105/ml until testing. Such sam-
ples were practically free from eryth-
rocytes. They contained less than 2

Table 1. Isotope release from labeled fowl
erythrocytes or blood lymphocytes, respec-
tively, incubated together for 42 hours in the
presence or absence of PHA [0.025 ml of a
stock solution of PHA per milliliter of incuba-
tion mixture (7)]. In experiment 1, the ratio
of lymphocytes to erythrocytes was 50:1,
while in the others it was 100:1. For labeling
of the erythrocytes, 0.1 ml of a suspension
(2 to 4 X 10% cell/ml) in tris-buffered BSS
containing 4 percent heat-inactivated fowl
serum was incubated for 1 hour at 37°C
with 100 4l (70 to 100 yc) sodium chromate-
S1Cr [specific activity approximately 300
pc/uymole (8)1. The labeled cells were washed
four times by centrifugation at 1000 rev/
min and were finaly suspended in Parker
199. For labeling of the lymphocytes, 2 X
10" cell/ml were suspended in plasma.
Samples (1 ml) were incubated with 100 yc
%Cr-chromate for 1 hour at 37°C under
gassing with 95 percent air and 5 percent
CO:. The cells were then washed three times
in tris-buffered BSS and used as usual. In the
lymphocyte-free control of experiment 1 (—),
the lymphocytes were replaced by an equal
number of unlabeled fowl erythrocytes. All
numbers are the means from two duplicate
incubations.

Erythro-  Lympho- Isotope release (%)

cytes cytes PHA No PHA
Experiment 1 ‘

R + 40 11

- — 11 14

+ 4= 8 8
Experiment 2 )

A + 48 12

+ f-* 17 22

- o+ 30 14
Experiment 3

4 -+ 52 21

-+ -+ 17+

+* + 14%
Experiment 4

o+ +§ 63

N +- 53 8

* Labeled with 5Cr. T PHA absorbed with
lymphocytes for 2 hours. F PHA absorbed
with lymphocytes for 26 hours. § Lymphocytes
preincubated with PHA for 60 minutes.
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percent polymorphs and monocytes. The
cells were labeled with 3'Cr-chromate
(Table 1).

For the cytotoxicity test, 0.5 ml of
the lymphocyte suspension (25 to 100
X 103 living cells) was mixed with 0.5
ml of erythrocytes (10° cells) in roller
tubes. To this, 0.5 ml of the same
medium, or medium supplemented
with PHA, was immediately added
(7, 8). The tubes, equipped with loosely
fitting screw caps, were incubated in
duplicates in an atmosphere of 95 per-
cent air and 5 percent CO.. Cytotoxicity
is expressed as the percentage of the
total radioactivity released into the
supernatant (7). Release of 80 percent
of the isotope corresponds to 100 per-
cent erythrocyte lysis (7, 9).

Erythrocytes at concentrations of

<5 X 105 per incubation tube (= 1.5

ml) lost approximately 60 percent of
their isotope within 24 hours. The same
was the case when labeled lymphocytes
were incubated at this low concentra-
tion. Increase of the serum concentra-
tion (fetal calf serum or fowl serum) in
the medium from 5 to 30 percent had
no effect. The spontaneous lysis of the
erythrocytes was prevented when the
cell concentration in the incubation
tubes was increased 10 to 100 times,
either by addition of viable lympho-
cytes, tissue culture cells, or even
erythrocytes of various origins. There-
fore, an appropriate excess of unlabeled
fowl erythrocytes was added to the
tubes instead of the lymphocytes in the
lymphocyte-free controls. Under these
conditions, the spontaneous release of
isotope during 24 hours of incubation
was usually less than 10 percent, and
even after 40 hours it only rarely ex-
ceeded 20 percent. Lymphocytes incu-
bated at concentrations of 1 to 10
X 108 per incubation tube remained
viable to 70 to 80 percent during this
40-hour period, as assessed by dye ex-
clusion or isotope release. Presence or
absence of PHA in the incubation mix-
ture did not affect these figures.

Fowl erythrocytes incubated with
lymphocytes in excess and with PHA
present were significantly damaged.
Independent duplicates almost never
varied by more than 2 percent in regard
to isotope release. Erythrocyte damage
was not due to lysis of the lymphocytes
(Table 1, experiments 1 and 2). The
labeled lymphocytes were as active as
unlabeled lymphocytes in bringing
about a cytotoxic reaction. Addition of
homogenized lymphocytes to normal
viable lymphocytes had no toxic effects

on the fowl erythrocytes (6, 7). The
active principle in PHA could be re-
moved by previous absorption with
lymphocytes (Table 1, experiment 3).
This did not abolish the erythrocyte-
agglutinating action of PHA. Heating it
for 5 minutes at 100°C also extin-
guished its effect on lymphocyte cyto-
toxicity.

When lymphocytes were incubated
with PHA for 1 hour before the fowl
erythrocytes were added, cytotoxicity
was actually stronger than when the
cells were mixed before the addition of
PHA (Table 1, experiment 4). Figure
1 shows the results of a typical experi-
ment in which lymphocyte cytotoxicity
was determined at different doses of
PHA. In parallel experiments, the stim-
ulatory effect of PHA on DNA synthe-
sis (I) in the lymphocytes was also
measured. Both curves had similar opti-
ma at 0.025 to 0.05 ml of PHA per

1500
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0 625 125 25 50

100 200

Fig. 1. Percentage of isotope release (solid
line) from 5!Cr-labeled fowl erythrocytes
(left ordinate) after their exposure to an
excess (100:1) of fowl lymphocytes for 40
hours at different doses of PHA (abscis-
sa). The doses are expressed as microliters
of PHA stock solution per milliliter of
incubation mixture (Table 1). The incu-
bation medium was Parker 199 containing
5 percent heat-inactivated fetal calf serum.
All points are means from duplicate incu-
bations. Dashed line: radioactivity (count/
min) in DNA of lymphocyte sample
(right ordinate), incubated with 14C-
thymidine at the PHA doses indicated on
the abscissa; 20 X 10% lymphocytes/ml
were incubated for 40 hours, at which time
0.1 gc *C-thymidine (15 mc/mmole) was
added. After incubation for an additional
88 hours, two 0.1-ml portions of each
sample were extracted three times with
ice-cold trichloroacetic acid (containing an
excess of unlabeled thymidine), alcohol,
alcohol-ether-chloroform, and finally ether.
The radioactivity was determined in a
liquid scintillation counter.
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milliliter of incubation mixture. In con-
trast, mixed aggregation was strongest
at the highest doses. Thus, cytotoxicity
is- correlated with the lymphocyte-
stimulatory action of PHA rather than
with its aggregating effect. It could
then be argued that withdrawal of
nucleotides from the nondividing but
nucleated target cells by the stimulated
lymphocytes is of major importance for
this cytotoxic reaction. However, pre-
vious results with tissue culture cells
and antimetabolite-treated human lym-
phocytes would seem to suggest that
DNA synthesis and cytotoxicity are not
causally related. Rather, they indicate
that both may be independent expres-
sions of lymphocyte stimulation (3, 6).

For a clear-cut manifestation of cyto-
toxicity, an excess of lymphocytes over
erythrocytes (at least 5:1) was required.
Optimum effects usually appeared at
ratios of lymphocytes to erythrocytes of
25:1 to 100:1. Under these conditions,
significant cytotoxic effects were noted
within a few hours, but 30 to 48 hours
were usually necessary for complete
hemolysis. Five percent of heat-inacti-

vated fetal-calf serum and fowl serum -

both supported the reaction in the same
way.

Table 2. Isotope release from Cr-labeled
fowl erythrocytes (Table 1). The cells were
incubated with lymphocytes or other cell
types of various origins at different ratios and
for different times. All numbers are the means
from two duplicate incubations. Abbrevia-
tions: RBC, erythrocytes; CLL, blood lym-
phocytes from patient with chronic lymphatic
leukemia; BL, Burkitt lymphoma (freshly iso-
lated cells from an African patient); F, fowl;
H, human; the letters in parentheses indicate
the blood group of individual from whom the
cells were obtained; GP, guinea pig. Ly, lym-
phocytes.

Aggressor Ra:(t)io Isotope release (%)
cells RBC  PHA No PHA
Experiment 1, 40 hours
H-Ly (0O) 50:1 38 3
Chang liver 20:1 9 9
Experiment 2, 22 hours
H-Ly (A) 80:1 19 8
H-RBC 500:1 4 2
Experiment 3, 16 hours
GP Spleen 50:1 29 8
F-RBC 50:1 11
Experiment 4, 16 hours
F-Ly 100:1 28 1
BL 7:1 7 10
BL 70:1 5 2
F-RBC 100:1 3 2
Experiment 5, 42 hours
H-Ly 100:1 50 24
H-Ly 50:1 50 27
H-Ly 25:1 47 19
CLL 100:1 42 20
CLL 50:1 31 24
CLL 25:1 28 28
F:BBC 100:1 19 25
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Cells from the peripheral lymphoid
system are active in this system, regard-
less of their species origin (Table 2).
This is also valid for rat and guinea pig
blood lymphocytes. Tissue culture cells,
erythrocytes of different species origin,
and malignant lymphoid cells (human)
such as Burkitt lymphoma cells (fresh
or cultured) were completely inactive.
Others, such as blood lymphocytes
from patients with chronic lymphatic
leukemia, occasionally exhibited cyto-
toxicity at elevated ratios of lymphocyte
to erythrocyte, probably because of
the presence of normal lymphocytes.
Identical results were obtained with
thymus cells from humans and guinea
pigs; PHA caused strong mixed agglu-
tination in all cases. The results suggest
that the cells responsible for cytotoxicity
are the PHA-responsive (probably the
immunologically competent) lympho-
cytes (6). Erythrocyte phagocytosis
was only exceptionally seen. However,
since PHA-stimulated lymphocytes may
acquire surface properties typical for
macrophages, it is possible that some of
the steps in phagocytosis and the cyto-
toxicity described here represent related
phenomena.

Stimulation of human lymphocytes
from Mantoux-positive individuals with
PPD (purified protein derivative) makes
them cytotoxic for immunologically un-
related tissue culture cells. Prior incu-
bation of allogenic human lymphocytes
in mixed culture also renders them cyto-
toxic for tissue culture cells (3). This
indicates that the cell-killing reaction is
independent of the stimulatory step in
regard to immunological specificity. For
this reason, and since it is not inhibited
by inhibitors of protein and nucleic acid
metabolism (6), cytotoxicity has not
been assumed to be an expression of an-
tibody synthesis by the aggressor cells.
However, lymphocytes do not seem to
kill target cells without discrimination.
Tissue culture cells or tumor cells from
rats or mice are killed by xenogenic,
allogenic, or even semisyngenic rather
than by syngenic lymphocytes (4, 5).
Similar observations hold for human
skin fibroblasts treated with allogenic or
autologous blood lymphocytes (10). This
has led some - authors to conclude that
target-cell killing by lymphocytes is an
expression of allogenic inhibition in
which the target cells are killed by their
exposure to foreign histocompatibility
factors (5, 11).

Although the data presented here and
elsewhere (6, 7) are incompatible with
this concept, it is reasonable to ask

whether histocompatibility differences
between aggressor and target cells are
absolute requirements for manifestation
of the cytotoxic activity of stimulated
lymphocytes from normal donors. Fowl
erythrocytes, which, for instance, are
known to carry histocompatibility fac-
tors (/2), were lysed equally well by
autologous and allogenic lymphocytes
when PHA was present (Table 3). There
were no differences over a wide range
of ratios of lymphocytes to erythrocytes
and over varying incubation periods. In
contrast, human erythrocytes were not
at all affected under these conditions,
while sheep erythrocytes often showed a
weak cytotoxic response to lymphocytes
from fowl or other species (Table 3,
experiment 5). Thus, hemolysis induced
by PHA-treated lymphocytes seems to
be independent of differences in histo-
compatibility between the cells. Wheth-
er hemolysis requires the presence of
particular antigenic surface structures
on the erythrocytes or is due to other
properties of the cells is not known.

If the reactions described here are
principally similar to those encountered
with tissue culture targets—and our
data strongly support this—we must
conclude that a difference in histocom-
patibility between lymphocytes and
target cells, although important in many

Table 3. Isotope release from ®Cr-labeled
erythrocytes (Table 1). The cells were in-
cubated with autologous or allogenic fowl
lymphocytes for different times and at dif-
erent ratios. In experiment 5, labeled sheep
or human erythrocytes (blood group A) were
used as well. All numbers are the means from
two duplicate incubations. RBC, erythrocytes;
F, fowl; the numbers after F designate the
origin of the cells from individual fowls.

Lym- Ratio Isotope release (%)
RBC pho- to ————
cytes RBC PHA No PHA
Experiment 1, 24 hours
F-24 F-24 S:1 32 14
F-24 F-23 5:1 32 12
F-24 F-24 10:1 45 12
F-24 F-24 10:1 38 14
Experiment 2, 5 hours
F-71 F-7 100:1 9 1
F-7 F-10 100:1 8 1
F-10 F-10 100:1 11 3
F-10 F-7 100:1 13 2
Experiment 3, 40 hours
F-6 F-6 100:1 60 5
F-6 F-8 100:1 50 4
F-8 F-8 100:1 43 4
F-8 F-6 100:1 60 6
Experiment 4, 42 hours
F-3 F-3 100:1 58 13
F-3 F-4 100:1 73 10
Experiment 5, 42 hours
F-6 F-6 100:1 63 7
Sheep F-6 100:1 20 4
Human F-6 100:1 14 8
(A)
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situations, is not an absolute require-
ment for this cytotoxic reaction. This
may be true for the lysis of tissue cul-
ture cells as well, since human lympho-
cytes often are cytotoxic for autologous
skin fibroblasts, although this reaction
may require higher lymphocyte concen-
trations and longer incubation periods
than the allogenic combinations (10,
13). However, the present findings do
not indicate that the cytotoxic activity
of stimulated lymphocytes is exerted
without discrimination in regard to sur-
face structures on the target cells. It
cannot be excluded that a recognition
step may occur somewhere in the chain
of events. Although probably not bound
to antibody secretion, this recognition
could still be ascribed to receptor mole-
cules on a fraction of the lymphocytes,
in some way put into action by stimula-
tion. The receptors could be lympho-
cyte-associated immunoglobulins or
their subunits, with a specificity for tar-
get cell determinants. Reaction with the
antigens or formation of antigen-
immunoglobulin complexes could then
trigger the injurious events in many dif-
ferent ways. In an alternative model, the
degree of similarity between lymphocyte
and target cell surface could determine
the outcome of their interaction. In this
model, recognition could, for instance,
also be explained on the basis of quanti-
tative differences in cell surface concen-
tration or availability of histocompati-
bility factors. Although this concept
would recognize the importance of
histocompatibility factors, it would be
different from that of allogenic inhibi-
tion in its present formulation (Z1),
since it would allow for cytotoxic reac-
tions in strictly autologous situations.
The role of lymphocyte cytotoxicity
in the course of the various tissue-
damaging immune responses mentioned
above remains to be established. It
would also be important to know how
the present findings are related to such
phenomena as the emission of macro-
phage inhibitory activity from sensitized
Iymphocytes upon contact with antigen,
or to the release of leukotactic factors
from allogenic lymphocytes kept in
mixed culture (I4). The simplicity of
the test system described here should
make it well suited for further studies of
some of the problems outlined above.
PETER PERLMANN
HEDVIG PERLMANN
GORAN HorLMm
Wenner-Gren Institute for Experimental
Biology, University of Stockholm,
Stockholm, Sweden
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Gas Chromatography for Detection of Viral Infections

Abstract. Gas chromatograms of serum extracts of dogs inoculated with
canine infectious hepatitis virus showed two metabolites not observed in uninoc-
ulated animals. Chromatograms of extracts of tissue cultures of dog kidney, in-
oculated with viruses causing canine hepatitis, herpes, and distemper, and a
parainfluenza virus similar to simian virus-5, each showed two or more different
metabolites. Two of the distinguishing products from cultures inoculated with
hepatitis virus were chromatographically indistinguishable from those found in

serums of the animals.

Recent evidence suggests that gas-
chromatographic techniques may pro-
vide the basis for a new methodology
for the rapid detection and differentia-
tion of free-living microorganisms grown
in laboratory media. Distinctive chroma-
tographic patterns have been observed
for each of the bacteria examined by
procedures designed to detect excreted
metabolites that are volatile or can be
made volatile, and the products of less
than a single bacterial cell may be
sensed by chromatographs having suit-
able detectors (/). Distinctive gas-
chromatographic signatures can also be
obtained when certain cell constituents
are examined directly (2) or after
pyrolysis (3). In view of the marked
sensitivity of the electron-capture de-
tector to certain metabolites (4), we
tried to determine whether products
appearing in low concentrations as a
result of infection could be observed,
and whether different pathogenic agents
would yield different metabolites.

Healthy mixed-breed dogs, shown by
virus-neutralization tests to be suscepti-
ble to infectious canine hepatitis virus,
were kept in isolation units. After 2 to
4 weeks of observation the animals were
inoculated with 1.0 ml of a virus suspen-
sion containing 1063 TCID,, (tissue-

culture infectious dose affecting 50 per-
cent). Dogs were bled for serum prior
to inoculation with the virus, and daily
or occasionally less frequently there-
after until the animals either died or
recovered. Serums were collected from
clotted blood within 2 hours of bleeding
and stored at —60°C.

The thawed samples of serum (2.0
ml) were treated with 0.2 ml of 5N
HCl and 1.0 ml of 0.2M HCI-KCI
buffer, pH 2.0, and dried under vacuum;
they were then dissolved in pyridine and
treated with hexamethyldisilazane and
trimethylchlorosilane. A 3-ul portion of
the supernatant was injected into an
Aerograph model-200 gas chromato-
graph fitted with electron-capture and
flame-ionization detectors. The stainless
steel column, 1.83 m long and 3 mm in
diameter, was packed with Chromosorb-
W treated with hexamethyldisilazane.
The liquid phase was 10 percent Carbo-
wax (20-M), and the operating tempera-
tures were 100°, 120°, and 150°C for
the column, detectors, and injector,
respectively. Nitrogen was the carrier
gas.

Serum extracts from all 11 experi-
mental animals contained constituents
having retention times (R,) of about
20, 40, 60, 110, 140, and 190 seconds
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