While males and females did not dif-
fer notably in the weight of fat, relative
to the total weight the sex difference
was marked. The percentage of fat was
estimated as 23.7 for the females and
16.8 for the males: on the basis of these
figures, the females were approximately
half again as fat as the males. Again,
since female subcutaneous fat thicknesses
were generally greater, but total fat was
not notably different, it follows that the
sex difference in the proportion of outer
and inner fat is considerable. Women
carry more fat on and less in their
smaller frames.

STaNLEY M. GARN
Fels Research Institute,
Antioch College, Yellow Springs, Ohio
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Chemical Protection against
X-radiation Death in Primates:
a Preliminary Report

The ability of a wide range of bio-
chemically active compounds to offer
protection to the animal organism
against x-radiation death has prompted
a great deal of investigation in this di-
rection within the past few years. Such
compounds as (-mercaptoethylamine,
2,3-dimercaptopropanol, S2, B-amino-
ethylisothiuronium - Br - HBr (AET),
and numerous others have shown a re-
markable degree of protection in mice
(1). :

Outstanding among these compounds
is AET. This drug is known to provide
100-percent survival at 30 days against
a dose of whole body x-radiation which
is 100-percent lethal in untreated mice.
It has also been shown to offer more
effective protection to mice than does
B-mercaptoethylamine on an equimolar
basis (2).

Considering the increased interest in

the prevention of radiation death and -

the high degree of protection afforded
the lower animals by AET, it seemed
mandatory that further studies should
be carried out in primates. This is a pre-
liminary report (3) of work in progress
to determine the protective effect of this
drug in the monkey. :
AET in doses ranging from 100 to 400
mg/kg of body weight has been given in-
traperitoneally to Macaca mulatta mon-
keys prior to the administration of a dose
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of whole-body x-radiation. At dose levels
above 250 mg/kg, the toxicity of the
drug is prohibitive when it is admin-
istered intraperitoneally as a single dose.
However, the monkey can readily with-
stand 250 mg/kg in a single dose, if
lower doses are administered over a
period of a few days, and the doses are
gradually increased from 100 to 250
mg/kg. A Westinghouse Quadrocondex
240-kv therapy machine with 1.0 mm Al
plus 1.0 mm Cu filters was used for
radiating the monkeys. At 240 kv, 15
ma, and a half-value layer (HVL) of
2.0 mm Cu, the machine delivers 13.25
r/min at 100-cm target distance. The
animals were secured in a wooden chair
which was rotated 4 times per minute
in the x-ray beam.

Paterson (4), using M. mulatta, has
found that 100 percent of the animals
die as a result of 600 r of whole-body
x-radiation administered in a single
dose. The dose level of 650 r employed
in this experiment, therefore, appears to
be well above the LD,,, and has re-
sulted in the death of 100 percent of
the untreated radiated control monkeys
in this laboratory.

One animal was injected intraperi-
toneally on successive days with the fol-
lowing doses of AET: 100, 150, and 200
mg/kg of body weight. Three days after
the 200-mg injection, the animal was
given 250 mg/kg and was immediately
radiated with 650 r of whole-body
x-radiation. This animal is surviving at
280 days postirradiation and is appar-
ently normal. A second monkey was in-
jected intraperitoneally with 100 mg of
AET per kilogram of body weight and
4 days later was given 150 mg/kg. Two
days after the 150-mg injection, the ani-
mal received 200 mg/kg and was imme-
diately radiated with 650 r of whole
body x-radiation. This animal was sur-
viving and apparently normal at 124
days when it was sacrificed for histo-
logical examination.

Peripheral blood studies of the two
animals were indicative of the protec-
tive ability of the drug. By the fourth
day postirradiation in both animals, the
number of circulating blood cells was
greatly reduced and remained at a low
level until the 18th day. On the 18th day
postirradiation, the circulating reticulo-
cytes showed a dramatic steep increase
in number, with an increase also in the
number of circulating leucocytes. The in-
crease in reticulocytes was followed in 4
to 6 days by a return of the hematocrit
toward normal. The influx of reticulo-
cytes began to subside by the 30th to
32nd days, and the entire peripheral
blood picture had returned to normal by
65 days. In neither case did the periph-
eral blood picture reach the low levels
observed in unprotected control animals
that were irradiated at the same dose
level.

These preliminary studies indicate
that AET in doses of 200 to 250 mg/kg
of body weight is capable of protecting
the primate from x-radiation death when
it is administered prior to irradiation.
Expansion of this study is in progress
both with regard to the toxicity of the
drug and to its radioprotective ability.

Note added in proof. Since this pa-
per was submitted, four monkeys have
reached 30-day survival after having re-
ceived 150 mg of AET per kilogram of
body weight in a single dose prior to
administration of 650 r of whole-body
x-radiation. Peripheral blood studies of
these four animals bear out the findings
up to 30 days described in this report.

B. G. CroucH
R. R. OveErmAN
Clinical Physiology Laboratories,
Institute of Clinical Investigation,
University of Tennessee
College of Medicine, Memphis
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Control of Certain Forms
of Zooplankton in
Mass Algal Cultures

The most common difficulty experi-
enced in growing phytoplankton on a
large scale, in tanks of several-thousand-
liter capacity, is the invasion of the cul-
tures by various forms of zooplankton.
In our cultures (7), the common offend-
ers are crustaceans, especially the mem-
bers of the subclass Copepoda. Upon
entering cultures of such forms as Chlo-
rella, these pests rapidly multiply to such
an extent that they consume most of the
plant cells, rendering the cultures worth-
less.

We have tried a number of measures
to prevent contamination with zooplank-
ton of open-air algal cultures or to free
the cultures from these animals after
they become established. However, this
was usually impossible to achieve be-
cause some eggs, juveniles, or adults
were either left behind or quickly re-
introduced. Other workers (2) have re-
ported contamination in their open-air
algal cultures and also that attempts to
exterminate the undesirable forms were
practically unsuccessful.
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During our recent efforts to develop
chemical methods for controlling ene-
mies of oysters and clams (3), we found
several substances that are highly toxic
to many aquatic arthropods, such as
green and mud crabs, prawns, shrimps,
and so forth, which are direct or in-
direct enemies of shellfish (4). We de-
cided to try some of these substances
to exterminate the crustaceans so often
prevalent in algal cultures. Those se-
lected were O,0O-dimethyl-S-(4-oxo-ben-
zotriazino-3-methyl) phosphorodithioate,
0O,0-dimethyl-2,2,2-trichloro-1-hydroxy-
ethyl phosphonate, O,0-diethyl-O-p-ni-
trophenyl thiophosphate, v-benzene hexa-
chloride, and 2,2-bis(p-chlorophenyl)-
1,1,1-trichloroethane, which are used in
the manufacture of insecticides, and are
known under the trade names of Guth-
ion, Dipterex, Parathion, Lindane and
DDT, respectively.

The experiments were conducted as
follows: To each vessel containing 1000
ml of phytoplankton culture, consisting
largely of Chlorella, Chlamydomonas,
and other common forms, and also con-
taining large numbers of crustaceans,
chiefly copepods, solutions of the afore-
mentioned chemicals were added to cre-
ate concentrations of 1.0, 0.1, 0.05, and
0.01 ppm. In a 1.0-ppm solution of
Guthion, all crustaceans were killed
within 2 hours at room temperature.
With a similar concentration of Dip-
terex, Parathion, Lindane, or DDT, this
was achieved at the end of 8, 20, 22 and
46 hours, respectively. Complete mortal-
ity was also caused by 0.05 ppm of Guth-
ion and Lindane at the end of 20 and 53
hours, respectively, while no appreciable
mortality occurred in solutions of 0.01
ppm..

An aim of these experiments was to
find a chemical which, when added to
the infested algal culture, would kill the
invaders but soon lose its toxicity. Thus,
it would exert no ill effect on the mol-
lusks or other forms for which we use
our algal cultures as food. For this, the
stability of the compounds mentioned
was tested in concentrations of 1.0 and
0.1 ppm in pure sea water and in dense
Chlorella cultures. Both solutions of
Guthion were as toxic to copepods at
the end of 5 days as they were at the
initial testing. Solutions of Lindane and
DDT also showed no loss of toxicity.

Dipterex, on the other hand, indicated
that it has the desirable characteristic of
losing its toxicity soon after it is added
to algal cultures. Under this condition, it
lost its lethal power after 3 days, whereas,
when it was dissolved in pure sea water,
it was still lethal to the crustaceans even
after 20 days. Since Dipterex is rela-
tively unstable in strongly alkaline
media, it is probable that it disintegrated
rapidly in algal cultures because the
photosynthetic activities increased the
pH to a high level. It may be, however,
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that the decrease in toxicity of the
Dipterex was the result of adsorption of
the chemical by the large quantities of
particulate organic matter present in the
cultures. Commercial TEPP, containing
40 percent of tetraethyl pyrophosphate,
which we found highly toxic to copepods
but which, in solution, completely de-
toxifies within a few days, may some-
times be substituted for Dipterex.

During these experiments, our large
culture tank, containing approximately
6000 liters of phytoplankton, became
heavily infested with copepods. This
gave us an opportunity to try the con-
trol measure on a large scale. A solution
of Dipterex was added to the tank to
make a concentration of 1.0 ppm. By
the end of the second day, no living
crustaceans remained in the tank.

Since our phytoplankton cultures are
grown principally to provide food for
mollusks and their larvae, it was neces-
sary to determine the effect of the chem-
icals on the algal cultures themselves
and also on the mollusks. Experiments
showed that the algal cultures were not
unfavorably affected even when the con-
centration of the chemicals in them was
as high as 1.0 ppm.

In feeding the mollusks, one volume
of our algal cultures is usually diluted
with about 50 volumes of sea water.
Therefore, the strongest concentration of
the chemicals to which the mollusks or
their larvae would be exposed would be
approximately 1 part in 50 million.
However, to be certain that exposure to
the chemicals was relatively safe for the
mollusks, we tried the same concentra-
tions as those used to exterminate crus-
taceans.

Adult oysters, Crassostrea virginica,
and mussels, Mytilus edulis, were kept
for 2 days at room temperature in solu-
tions of 1.0 and 0.1 ppm of Guthion,
Dipterex, Parathion, Lindane, and DDT.
In all these solutions the oysters behaved
normally. Later, the oysters were re-
turned to running water and kept under
observation. Their behavior remained
normal,

The mussels pumped continuously in
both concentrations of Dipterex, Lin-
dane, and DDT. However, in a 1.0-ppm
solution of Guthion and Parathion, they
pumped less actively than they did in
0.1 ppm. When they were returned to
sea water, however, all were equally ac-
tive and normal in their behavior.

In another series of experiments, sev-
eral species of adult and juvenile bi-
valves, including Crassostrea virginica,
C. rhizophora, Ostrea edulis, Venus mer-
cenaria and Mytilus edulis, were kept
for 1 month in running water to which
a Dipterex-treated culture of Chlorella
was continuously added. The ratio of the
volume of Chlorella culture to sea water
was approximately 1/50. During the
period of exposure, all groups of mol-

lusks behaved normally, fed well, grew,
and showed no unusual mortality.

The effects of the chemicals on the
survival and growth of oyster larvae were
ascertained by subjecting young, straight-
hinged larvae, 2 days after fertilization,
to solutions of 1 part of a chemical in 1,
20, and 40 million parts of sea water,
thus creating concentrations of 1.0, 0.05,
and 0.025 ppm. Observations on larvae
subjected to these concentrations were
continued for 14 days (5).

Larvae kept in 1.0 ppm of DDT all
died within 4 days; in 0.05 ppm, the
growth was almost completely stopped,
and even in 0.025 ppm, the larvae did
not grow well.

Larvae kept in concentrations of 1.0
ppm of Dipterex, Parathion, or Lindane
did not suffer greater mortality than did
the controls, but their growth was re-
tarded. At the two lower concentrations,
however, the larvae did not differ sig-
nificantly in size from the controls.

The most promising results were ob-
tained with Guthion. Even at a concen-
tration of 1.0 ppm, it caused no appre-
ciable mortality or retardation of growth
of oyster larvae. Larvae kept in 0.05 ppm
of Guthion actually grew faster than did
those in untreated cultures.

The results of these experiments indi-
cate that chemical control of crustaceans
should greatly simplify maintenance of
open-air cultures of phytoplankton. Some
of the chemicals should be especially
helpful in controlling crustaceans in large
tanks and in small natural bodies of
water intended for use as controlled
sources of foods in our work on utiliza-
tion of salt-water ponds for shellfish cul-
ture (6). It is believed that modifications
of this method can be effectively em-
ployed to help grow Chlorella as a
source of protein to be utilized in agri-
culture or by human beings, and also to
control a copepod of the genus Mytili-
cola, which is a dangerous intestinal para-
site affecting several species of oysters
and mussels.

V. L. LoosANOFF
J. E. HaANks*
A. E. GAaNaros
U.S. Fish and Wildlife Service,
Milford, Connecticut
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