and some kaolinite, has been reported.
The sediment on the floor of the Gulf of
Mexico (I2) is reported to contain il-
lite, montmorillonite, kaolinite, chlorite,
and mixed layer material. In general, it
would appear (/3) that illite (or hydro-
mica), montmorillonite (or vermiculite),
and chlorite, are prominent in sub-
marine clays.

Terrestrial quick clays of marine
origin might be expected to resemble
submarine clays. Results of studies of
the Norwegian (/4), Swedish (75),
and Canadian (I6) clay types, con-
firmed by observations in the Columbia
University mineralogical laboratory,
indicate that illite in fine sizes is a
prominent constituent of quick clays,
while montmorillonite, chlorite, and
kaolinite are present. Such fine clay
(largely of grain size less than 2 pu)
with flaky texture and layer lattice
structure, tends to develop unusual
physical properties in large masses, be-
having in what seems to be a some-
what thixotropic manner.

In quick-clay masses the loss of the
natural electrolyte sodium chloride by
fresh-water leaching (16), or the addi-
tion of a natural organic dispersant,
such as tannic acid, or of calcium and
magnesium ions (I7) also acting as
dispersants, increases the sensitivity of
the clays. Clays in such a sensitive con-
dition, or with such a high water con-
tent that the electrolytic factor is out-
weighed, appear susceptible to mass
movement. Such clays, whether they
are sensitive quick clays or sensitive
submarine clays, are all similar in na-
ture and appear susceptible to sliding
action with an accompanying rafting
action which moves associated heavy
materials (78).

Paur F. KERR
Department of Geology,
Columbia University, New York
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Toxicity of Blood Clotting Factors

Abstract. Pure bovine thrombin was
separated from autoprothrombin C, and
the lethal intravenous dose for mice weigh-
ing 25 g was 0.4 ml of a solution contain-
ing 50 units of thrombin per milliliter.
Autoprothrombin C was not toxic alone,
but with crude cephalin it was fatal. The
clotting time of human plasma was only
slightly accelerated by autoprothrombin C
alone; the clotting time was as short as §
seconds with a combination of autopro-
thrombin C and cephalin.

When thrombin was first obtained in
concentrated form, its intravenous in-
fusion was found to be lethal when the
dose was high (7). When the dose was
smaller, a disseminated intravascular
coagulation syndrome resulted, from
direct clotting of the fibrinogen by
thrombin. No other blood-clotting sub-
stance besides tissue extracts has been
found to be toxic when infused intra-
venously. For instance, platelets and
platelet degradation products were in-
fused and clotting did not follow (2).
Moreover, almost every conceivable
concentrate of a procoagulant we have
had in this laboratory has been tried (3).
None has produced intravascular coag-
ulation when given as a single substance
or in combinations.

Recently autoprothrombin C was dis-
covered in certain thrombin prepara-
tions (4), and we have separated it
from thrombin so that purified throm-
bin and purified autoprothrombin C are
available for intravenous infusion (5).
Purified thrombin (6), shown to be ho-
mogeneous by several criteria, was as-
sayed for its toxicity. Mice weighing an
average of 25 g were given ether anes-
thesia, and the test material was in-
jected into the tail vein rapidly by a
technique previously described (7). The
minimum lethal dose was 0.4 ml of a
solution containing 50 units of throm-
bin per milliliter. Autoprothrombin C
was not toxic in any of the concentra-
tions tested. However, when it was
combined with lipid material extracted

from brain tissue, autoprothrombin C
was found to be fully as toxic as tissue
extracts.

Autoprothrombin C was added to a
saline suspension of crude cephalin,
and 0.3 ml of the mixture was injected.
The autoprothrombin C was purified,
as previously described (5, 6), and
crude cephalin was obtained from bo-
vine brain by drying the macerated tis-
sue with acetone, extracting with ether,
evaporating the solvent, and suspend-
ing the lipid in saline. The minimum
lethal dose of autoprothrombin C was
about 300 units. Without cephalin, 3500
units of autoprothrombin C were toler-
ated well, and we suppose that even
much larger quantities could be given
without toxic manifestations. Evidently
the lipid mixture normally in the plasma
is not of sufficient potency to be of
consequence as a procoagulant to func-
tion with autoprothrombin C. Platelet
factor 3 functions as a procoagulant
with autoprothrombin C, but when it
is in the living circulating platelets it is
not free to react.

We have emphasized that the auto-
prothrombin C functions with lipids to
convert plasma prothrombin to throm-
bin. To evaluate this procoagulant
power in test tubes, we used crude
cephalin suspension, added autopro-
thrombin C, and then combined this
with calcium and oxalated plasma. With
excess lipid the rate of clotting was
proportional to the concentration of
autoprothrombin C "(Fig. 1). By itself

CLOTTING TIME IN SECONDS

0 50 100 150 200 400
AUTOPROTHROMBIN C UNITS w 0.2 ML

Fig. 1. Clotting time of normal human
plasma in the presence of a constant quan-
tity of calcium and lipid and of variable
amounts of autoprothrombin C (at 37°C).
The unit of autoprothrombin C has been
previously described (5) in terms of kinet-
ics of purified prothrombin activation. The
reaction mixture consisted of normal
plasma, 0.2 ml; crude cephalin (0.1 percent
wt/vol), 0.2 ml; and autoprothrombin C
(in CaCl,, 0.025M), 0.2 ml.
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the lipid had only a weak procoagulant
effect, and clotting was observed in 60
seconds. This small effect accounts for
the survival of animals when this lipid
is given alone. It is only a weak pro-
coagulant and has been called a partial
thromboplastin. Clotting occurred in 6
to 7 seconds when 300 units of autopro-
thrombin C were in the mixture with
the lipid (Fig. 1). The 300 units of
autoprothrombin C alone produced
clotting in 50 seconds in another test.
In animals or test tubes either proco-
agulant is weak by itself, but when the
two are combined the mixture is a
strong procoagulant. The test-tube ex-
periments correlate so well with work
on animals that the results from one
can practically be used to predict results
in the other (8).
EwA MARCINIAK
F. RODRIGUEZ-ERDMANN
WALTER H. SEEGERS
Department of Physiology and
Pharmacology, Wayne State University,
Detroit, Michigan
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Transfer Effects of Successive
Discrimination-Reversal Training
in Chimpanzees

Abstract. Chimpanzees receiving suc-
cessive discrimination-reversal training on
a single pair of stimuli transferred almost
perfectly to two additional reversal tasks
and to a “learning-set” series of 180 dis-
crimination problems. A “win-stay, lose-
shift” strategy, however it is acquired,
seems to be a sufficient basis for one-trial
discrimination learning.

Training on multiple discrimination
problems results in progressive improve-
ment in performance culminating in
one-trial learning of single problems.
This effect has been described as the
formation of a learning set, and it has
been studied most intensively in the
primates. Although learning set has
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been demonstrated in nonprimate forms,
the rate of learning and asymptotic
levels of performance are generally in-
ferior to those achieved by primates
(7). The sources of these phylogenetic
differences have not been established;
one possibility is that the primates are
more capable of developing ‘“hypoth-
eses” or “strategies” which facilitate
problem solution. Most of the theo-
retical and experimental work on
learning-set formation, however, has
focused on changes in the relative
strength of responses to the physical
properties and spatial relations of the
stimulus objects as a function of train-
ing (2).

Restle, however, has suggested that
the cues common to the correct stimulus
objects in a series of discrimination
problems, regardless of the physical
attributes of the stimuli, are the prop-
erties of having been rewarded on the
previous trial. According to this inter-
pretation animals achieving consistent
one-trial discrimination learning “use an
abstract understanding of an LS [learn-
ing set] experiment, transcending the
‘stimulus-response’ rubric familiar in
most theories of learning” (3). The
behavioral contingencies through which
this abstract principle is expressed may
be described as a “win-stay, lose-shift”
strategy. Levine (4) has shown that
various strategies operate during learn-
ing-set formation. Furthermore, he has
suggested that the gradual strengthening
of a win-stay, lose-shift strategy by
means of 100 percent reinforcement is
largely responsible for learning-set for-
mation.

If such a strategy is responsible for
one-trial  discrimination learning it
should be possible to establish the strat-
egy under one set of circumstances and
transfer it to another. Accordingly, the
present experiment was designed to de-
termine whether chimpanzees given suc-
cessive discrimination-reversal training
on a single pair of stimuli would de-
velop this strategy and show immediate
transfer to a series of simultaneous dis-
crimination problems with multiple
pairs of stimulus objects (like those
used in conventional learning-set ex-
periments). Tt was further hypothesized
that a second group trained on object-
alternation would develop a “win-
shift, lose-stay” strategy which would
retard the formation of a learning set
for conventional discrimination prob-
lems.

Chimpanzees were trained to displace
a single stimulus object covering a
food well before testing was begun.
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Fig. 1. Percentage of “win-stay, lose-shift”
responses under two training conditions.
Solid circles indicate progress of the dis-
crimination-reversal group; open circles
indicate lack of improvement for object-
alternation group. Separation of data
points indicates training on three different
stimulus pairs.

Testing was conducted with a standard
discrimination testing apparatus (5).
The subject’s task was to displace one
of two stimuli (differing from  each
other in several dimensions) in order
to obtain a food reward. The interval
between stimulus presentations was 5
seconds. If the animal’s initial choice
was incorrect, it was allowed to dis-
place the correct object after a 5-second
delay.

The investigation consisted of two
experiments. In the first experiment,
seven experimentally naive adult chim-
panzees were randomly assigned to two
groups. One group (N =4) received
successive discrimination-reversal train-
ing on three stimulus pairs and the
other group (N = 3) received alterna-
tion training on the same three stimulus
pairs. The number of trials per stimulus
pair for both training conditions is

S T e T

BLOCKS OF 30 PROBLEMS
Fig. 2. Trial 2 performance on a learning
set series of 180 discrimination problems
after successive discrimination-reversal
training (solid circles) and object-alterna-
tion training (open circles) on three stim-
ulus pairs.
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