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cestry characterize both the Catarrhini (apes,
man, Old World monkeys) after their sepa-
ration from the ancestors of the New World
monkeys and the living Anthropoidea after
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tain these periods within the 50-to-70 million
year limits set above would seem to require
that a reasonable upper limit on the time
of divergence of apes and Old- World monkeys
be set at 30 to 45 million years. We feel that
the lower end of this time scale is more
probable. If this were not so, the relation-
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primates as a whole would be extremely com-
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The availability of antiserums to Pan and
Hylobates albumins allows a partial answer
to a caveat that might be made against these
conclusions. It could be argued that the simi-
larities among, for example, hominoid albu-
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mins are a result of parallel evolution and
not recent common ancestry. That is, im-
munologically similar albumin structures have
evolved in genetically separated lineages. It
can be seen that this would, in the case of
apes and man. require a most improbable
set of coincidences, for the ID’s of other
apes and man obtained with antiserums to
gibbon albumin are very nearly equal (ob-
viously except for the siamang), indicating
these albumins have changed to much the
same degree since their separation from the
gibbon; yet the antiserums to human and
chimpanzee albumins show that human,
chimpanzee, gorilla, and orang albumins are
quite different from one another. To sup-
port the idea of parallelism, then, one would
have to postulate that gibbon albumin evolved
in parallel to' those of the other apes until
the radiation of these lineages began, and
then diverged from all of these (clearly gib-
bon albumin cannot have evolved in parallel

to all four nonhylobatid lineages at the same
time). We see that to reconcile the immuno-
logical data with many of the current views
concerning hominoid evolution (3) we are
forced to postulate a remarkable series of
coincidences. In the same way those who
would attribute the morphological similari-
ties in the trunk and upper limbs, among all
the living apes and man, to parallelism must
make a similar appeal to coincidence.
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Visceral Tissue Vascularization: An Adaptive Response to

High Temperature

Abstract. Electrical heat sources implanted in the abdominal cavities of sheep
were heated to give initial temperatures of 42° and 45°C at the surfaces of the
heaters. During 18 days of constant heating, a vascularized connective-tissue
envelope encapsulated the heat sources, and the temperatures at the surfaces of
the heaters declined 0.8° and 1.8°C, respectively. The degree of vascularization
and the magnitude of the decrease in the surface temperature appeared to be
related to the proximity of the tissue’s initial temperature to 45°C, a temperature
ordinarily considered detrimental to cell structure. The vascularization thus ap-

pears to be adaptive.

While studying the effects of addi-
tional endogenous heat in animals, we
implanted aseptic, electric heat sources
covered with medical-grade silicone
rubber in the abdominal cavities of
sheep. Two of these devices (5.1 cm
wide, 15.1 cm long, and 0.64 cm thick)
were implanted end to end in the dorsal
abdominal cavity and extended from the
renal artery caudally to the aortic bi-
furcation. After recovery of the ani-
mals, voltage (direct-current) was ap-
plied to each heater through insulated
wire leads from an external electronic
circuit capable of sensing the heater-
coil temperature and maintaining it
within = 0.05°C. Another ewe with
identical implants to which no heat
was applied served as a control.

The temperature at the surface of
the heater was calculated from the
measured temperature of the heater coil
and a predetermined conductance fac-
tor for the silicone rubber covering
each heater.

Power input was continuously re-
corded, and calculated temperatures at
the heater surfaces were tabulated. Data
from one of these experiments are
plotted in Fig. 1. The two strip heaters
were designated anterior and posterior,
according to their positions relative to
each other in the dorsal abdominal
cavity. The initial surface temperature

of the anterior heater (7s.) was 45°C;
that of the posterior heater (7.,) was
42°C. Both temperatures were in the
noxious range (/). As heating con-
tinued, a decline in both temperatures
occurred in spite of the increase in
power to each heater required to keep
heater-coil temperatures constant.

AE.BE ML/MIN.

AWATTS ANT.

[ e AWATTS POST,

o 4 8 2 1’ 2
DAYS

24 28

Fig. 1. Differential heating of anterior
and posterior dorsal abdominal heat-
exchangers in a sheep. T.., Surface tem-
perature of anterior heater; T, surface
temperature of posterior heater; Awatits,
increase in power necessary to maintain
the heater coil at a constant temperature;
AE.B.F., increase in effective blood flow
equivalent to increase in power (0.85 as-
sumed to the specific heat of blood).
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After 18 days of heating, Ts. had de-
clined almost 2°C, and power input had
steadily climbed to approximately 35
percent above its original level. On the
other hand, 7.» had declined only

0.8°C, and power input had increased
only 18 percent over the original level.
Thus an initial surface temperature of
45°C appeared to promote a much
greater response than the stimulus of
42°C did.

R % & A
Fig. 2. Histological differences between
encapsulating tissue formed at body tem-
perature (A) and that formed in the
presence of additional heat (B). (A)
Densely packed nuclei in relatively avascu-
lar connective tissue. (B) Less-dense
fibrous sheath penetrated by numerous
vascular channels containing erythrocytes
(X 126; hematoxylin and eosin).
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The phenomenon observed could re-

sult from increased local convective

heat transfer by the blood, caused by in-
creased cardiac output, or from in-
creased local effective blood flow, or
both. Since it is unlikely that the for-
mer underwent such a significant in-
crease, the thermal data suggest a sig-
nificant change in local vascularization.

At autopsy on the 29th day, a gross
histological survey revealed enlarged
venous channels radiating from the sites
of implantation. The heaters were en-
cased in highly vascularized connective-
tissue envelopes that appeared deep red.
The tissue around the anterior heater
was darker red and appeared more
vascular than that around the cooler,
posterior heater.

At 60 days, the unheated heaters in
the control were found encapsulated in
tough, fibrous, relatively avascular tissue
like that usually associated with im-
planted prosthetic devices. This tissue,
unlike that around the heated implants,
was pale yellow. This finding supports
the suggestion that the vascularization
of the encapsulating tissue was a result
of the heat stimulus. Histological ex-
amination of the tissues revealed a
marked vascularization of capsular
tissue around the heated implant com-
pared to the relative avascularity of that
around the unheated one (Fig. 2).

The findings suggest that, in visceral
tissue, temperatures high enough to
be ordinarily considered damaging to
cell function can be used to stimulate
vascularization, and at the same time to
increase effective local blood flow. Such
a response occurs in heated skin of
humans (2).

The response of visceral tissue in our
experiment points up the curious phe-
nomenon that tissue within the body
cavity, which is never subjected to nox-
ious temperatures under natural circum-
stances, exhibits adaptive, compensatory
capabilities against such high tempera-
tures.

ROBERT O. RAwWSON
JaMEs D. HARDY
John B. Pierce Foundation of
Connecticut, New Haven
KENT A. Vasko
Division of Animal Care, Yale
University, New Haven, Connecticut
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New High-Temperature Chlorella

Abstract. Growth characteristics of
Chlorella 1-9-30, a new strain of green,
high-temperature algae, are compared
with those of the widely used Chlorella
7-11-05. Under comparable conditions,
Chlorella 1-9-30 has the same tempera-
ture range for growth as has Chlorella
7-11-05, but it generally has a higher
growth rate. It also differs from
Chlorella 7-11-05 morphologically. Be-
cause of its high capacity for organic
synthesis, Chlorella 1-9-30 may be use-
ful in biochemical, biophysical, and
physiological research.

Strains of the green, high-tempera-
ture algae were first isolated in 1951
and introduced in 1953. One of those
strains, Chlorella 7-11-05 (1), is now
extensively used in physiological and
biochemical research. In studies of the
adaptation of unicellular algae to mass
production, this strain has also been
used as a source of organic material
for food and for industrial purposes
or as a photosynthetic gas-exchanger
in closed ecological systems. The
growth characteristics of Chlorella
7-11-05 have been reported (I—4).

I now report on the growth charac-
teristics of another strain of green,
high-temperature alga, Chlorella 1-9-
30, which seems to be superior in its
capacity for organic synthesis. Chlorella
7-11-05 was isolated from a sample
collected in 1951 from Waller Creek on
the campus of the University of Texas
in Austin, and Chlorella 1-9-30 was iso-
lated from another sample collected
from the same stream in 1954. The
techniques for obtaining the growth
characteristics of these two strains have
been described (2). The capacity for
growth is depicted for Chlorella 1-9-30
in Fig. 1.

Temperature range (limits) for con-
tinuous growth is practically the same
for the two strains. Optimum tempera-
ture for growth is 38° to 39°C, maxi-
mum temperature is about 42°C, and
minimum temperature (depending on
light intensity) is somewhere between
15° and 20°C. Minimum temperature
suitable for growth extends generally
to lower temperatures at lower light in-
tensities; that is, the capacity to grow at
lower temperatures is limited in the
high-temperature strains by increase in
light intensity (5).

Under comparable conditions, growth
rate for Chlorella 1-9-30 is higher than
for Chlorella 7-11-05. Thus, at 38°C
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