
Examination of Diurnal Variation 

in Lethally Irradiated Rats 

Abstract. In anesthetized white rats 
there is no significant diurnal variation 
in lethality of an x-ray dose that killed 
100 percent of the rats in 30 days. 

The remarkable diurnal variation in 
radiation lethality of anesthetized white 
rats reported by Pizzarello et al. (1) is 
of great interest. An effect of this 
magnitude might complicate interpre- 
tation of many radiation lethality 
studies. I have, therefore, attempted 
to confirm this observation, employing 
larger numbers of animals. Ninety 
female Sprague-Dawley rats, weighing 
172 ?: 3 g, were anesthetized with 
sodium pentobarbital (30 mg/kg, intra- 
peritoneally) and irradiated two at a 
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Fig. 1. The mortality response of anes- 
thetized Sprague-Dawley female rats sub- 
jected to 900 r of whole-body x-irradiation. 
N = 45 animals for each group. 

Table 1. Survival of Sprague-Dawley female 
rats after 900 r of whole-body x-irradiation. 
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Days Irradiated at 
after 
irtei- 0900 hours 2100 hours 
aion 
r adi- 
ati.on 

S/T- % S/T- % 

Experiment 1 
0 23/23 100 23/23 100 
5 20/23 87 23/23 100 

10 5/23 22 19/23 83 
15 2/23 9 1/23 4 
20 2/23 9 1/23 4 
25 2/23 9 0/23 0 
30 0/23 0 

Experiment 2 
0 22/22 100 22/22 100 
5 20/22 91 22/22 100 

10 10/22 45 17/22 77 
15 3/22 14 2/22 9 
20 3/22 14 0/22 0 
25 1/22 4 
30 0/22 0 

* S/T= ratio of survivors to total. 
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time with 900 r. Radiation was de- 
livered with a GE Maximar 250-kv 
unit; radiation factors: target distance, 
40.6 cm, 0.75 mm Cu + 1.0 mm Al, 
ma 15, half-value layer = 1.98 mm 
Cu, 87.29 r/min; or a Norelco Phillips 
300-kv unit (Muller MH301) was 
used; radiation factors: target distance, 
48.6 cm, 0.5 mm Cu + 1.0 mm Al, 
10 ma, half-value = 1.98 mm Cu, 
90.11 r/min. The experimental groups 
were replicated, 23 being irradiated at 
9 A.M. and the same number at 9 P.M. 
on 8 March 1963, and another 22 at 
both times on 4 April 1963. Both ma- 
chines were used in each experiment. 

As can be seen from Table 1, which 
presents the mortality responses on the 
two individual experiments, and from 
Fig. 1, which summarizes both experi- 
ments, there is no significant difference 
in radiation mortality between the ani- 
mals irradiated in the morning and 
those irradiated in the evening. The 
shapes of the survival curves suggest 
that the dose used is very close to the 
LD0oo for 30 days (2). 

The discrepancy between these re- 
sults and those previously reported (1) 
is difficult to explain. The protocol 
differed from that of the previous in- 
vestigators in four ways; (i) rats were 
maintained on a 12-hour on, 12-hour 
off light cycle (6 A.M. to 6 P.M.), 
rather than a 9-hour light, 15-hour 
dark cycle; (ii) prior and subsequent 
to irradiation the rats were housed 
five to a cage, rather than individually; 
(iii) the experiments were performed 
in March and April rather than June 
and August; and (iv) Sprague-Dawley 
rather than Nelson (CFN) strain fe- 
males were used. Although these fac- 
tors might conceivably have some in- 
fluence, it is difficult to see how they 
could alter a completely lethal to a 
completely nonlethal response. Mean 
survival time of the two groups in my 
study differs by a single day, and this 
difference is not statistically significant. 
Thus, no diurnal variation was ob- 
served in sensitivity of white rats to 
x-irradiation in the LD.o(. for 30 days 
range, in contrast to the work recently 
reported (3). 

ROBERT L. STRAUBE 

Division of Biological and Medical 
Research, Argonne National 
Laboratory, Argonne, Illinois 
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Lipid-Protein Particles: Isolation 
from Seeds of Gossypium hirsutum 

Abstract. Subcellular particles were 
isolated from cottonseed by tanning 
of the cell contents followed by dif- 
ferential centrifugation. The particles, 
high in protein content and containing 
approximately 28 and 44 percent lipids, 
are thought to be the site of oil stor- 
age and lipid synthesis. 

Numerous seeds have a high lipid 
content, yet the exact location of the 
oil within the storage tissue is subject 
to question; one example is the cotton- 
seed, which contains over one-third 
lipid in the kernel. Leahy (1) was un- 
able to see free oil droplets in cotton- 
seed sections and considered the oil 
"to occur within the cell as a cytoplas- 
mic emulsion." This concept is in gen- 
eral agreement with the views cited by 
Tharp (2). We confirm these observa- 
tions. When cottonseeds are sectioned 
under conditions which prevent spread- 
ing of oil, droplets of free oil are not 
observed. 

Free-hand sections of cotyledon par- 
enchyma cells of cottonseed show nu- 
merous spherical bodies 1 to 4 ,u in 
diameter (Fig. 1A). These are similar 
to protein bodies, described for many 
seeds (3), which have been isolated 
from peanut (4) and pea cotyledons 
(5) and from wheat endosperm (6). 
In no instance, however, have such par- 
ticles been reported to contain lipids. 
It was of interest, therefore, to deter- 
mine whether the bodies observed in 
the cottonseed might also be the site 
of oil storage. 

The classical methods of isolating 
subcellular particles were inadequate 
for isolation of the spherical bodies in 
cottonseed. Grinding media which 
ranged from hypotonic to hypertonic 
were tried, but most of the bodies 
were destroyed when the seeds were 
ground. However, pure glycerol as a 
grinding medium maintained the in- 
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they were proteinaceous. Water added 
to the glycerol to change the density 
caused a derangement of the particles. 
Similarly, an ethanol solution of Sudan 
4 destroyed the particles when intro- 
duced to glycerol mounts under the 
coverslide. 

Figure 1B shows a small group 
of bodies in glycerol after the intro- 
duction of an ethanol solution of 
Sudan 4; several of the bodies are 
swollen and one is about to burst. Fig- 
ure 1C shows the free oil droplet 
which appeared after the body had 
burst. The agglutinated proteinaceous 
material which surrounds the free oil 
droplet is noteworthy. The appearance 
of free oil upon disintegration sug- 
gested that the intact bodies indeed con- 
tained oil. 

Since the conventional methods of 
isolating and handling these subcellu- 
lar bodies were inadequate, an attempt 
was made to reduce their fragility by 
treating them first with tannic acid. 
Particles isolated by grinding in glyc- 
erol containing 5 percent tannic acid 
were amenable to subsequent manipu- 
lation in aqueous solvents. By differen- 
tial centrifugation of the macerated 
material, two fractions, both of which 
contained lipid, were isolated. A frac- 
tion sedimenting at 1000g in 10 min- 
utes consisted of a homogeneous popu- 
lation of spherical bodies which seem 
to have an internal structure (Fig. 1D). 
The bodies could be stained with an 
alcoholic solution of Sudan 4, without 
being disrupted. They contained from 
25 to 29 percent lipids extractable with 
ethyl ether and in the lipid-free residue 
there was 55 percent protein. It is 
estimated that they comprise from 50 
to 60 percent of the volume of the 
cells. A second fraction was obtained 
from the supernatant by centrifuging 
for 1/2 hour at 51,000g. Analysis of 
the pellets so obtained showed 44 per- 
cent lipids on a dry-weight basis and 
50 percent protein in the lipid-free 
material. It is possible to account for 
the lipid content of cottonseed, which 
is about 35 percent, by the composition 
of these two particles. 

The particulate material obtained 
at the higher centrifugal forces could 
originate from the "bodies" by rupture 
during their isolation procedure, or 
perhaps they might be specific sub- 
cellular particles located in the inter- 
body areas of the cell. For the mo- 
ment, this question is rather a moot 
point. 
22 NOVEMBER 1963 

Fig. 1. (A) Freehand section of Acala cottonseed cotyledonary parenchyma cell. 
The section was immersed in glycerol, stained with Kiton blue, and viewed under oil 
immersion on the light microscope. Note the many spherical subcellular bodies within 
the cell; these stained blue. Bar represents 10 . (B) A view of the spherical sub- 
cellular bodies obtained by homogenizing the cottonseed in glycerol. A drop of 
glycerol homogenate was placed under a coverslide, stained with Kiton blue, and 
counterstained with an ethanol solution of Sudan 4. Note the body which was swollen 
and is about to burst (see arrow). (C) The same general view as in 1B several 
moments later. The discrete spheres have disintegrated into agglutinated masses and 
free oil droplets have appeared. (D) A sample of homogeneous spherical bodies which 
were obtained by differential centrifugation after tanning treatment. These were 
stained with Kiton blue and counterstained with Sudan 4. Note the internal structure. 

Possibly, the treatment with tannic 
acid might produce lipid-protein com- 
binations which are artifacts. When 
cottonseed kernels were homogenized 
in glycerol-tannic acid, diluted with 
water and centrifuged, no fatty layer 
was observed; but when tannic acid 
was omitted, there was a layer. If the 
entire contents of the centrifuge tube 
containing the fatty layer were re- 
homogenized thoroughly with the cor- 
rect proportion of tannic acid and re- 
centrifuged, the fatty layer reappeared. 
The mere treatment of protein by tan- 
nic acid in the presence of lipids does 
not bind the lipids. We are forced to 
assume that treatment with tannic acid 
is preserving a lipid-protein relation- 
ship existing in the seed. 

That tannic acid treatment preserves 
the integrity of the lipid-protein rela- 
tionship in cottonseed raises several 
points. First, it broadens our concept 
of protein particles. These are now 
shown in the cottonseed to contain 
lipid; it might be that a similar situa- 

tion will hold for other oil-bearing 
seeds. Secondly, it raises the question of 
whether some of the proteins in these 
lipid-rich particles might participate 
in the biosynthesis of the lipids. Lynen 
(7) has visualized the fatty acid syn- 
thetase as a single unit composed of 
many enzymes whose geometry and 
proximity are so arranged to facilitate 
the synthesis of fatty acids. The pos- 
sibility occurred to us that the particles 
which we have isolated might contain 
functional units such as Lynen en- 
visions (8). 

L. YATSU 
A. M. ALTSCHUL 

Seed Protein Pioneering Research 
Laboratory, U.S. Department of 
Agriculture, New Orleans, Louisiana 
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Teratogenic Significance of 

Ionic and Fluid Imbalances 

Abstract. Some agents teratogenic 
to the chick embryo cause serum elec- 
trolyte and fluid imbalances which ini- 
tiate an edema syndrome leading to 
malformations. Differences in ionic 
composition of serum and yolk of nor- 
mal chicks help explain how these im- 
balances can be produced. 

A study of the effects of moderate 
hypoxia on young chick embryos, has 
shown that many of the induced mal- 
formations can be attributed to a dis- 
turbance in fluid balance (1). This 
disturbance, which characterizes the 
edema syndrome, includes a marked 
increase in circulating and extracellular 
fluids, followed by the formation of 
clear blisters and hematomas which 
cause malformations mechanically. The 
edema syndrome can also be induced 
by Trypan blue (2) and injections of 
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0.01 to 0.02 ml of fresh egg albumen 
into the allantois of 4- to 5-day chick 
embryos. The latter can induce malfor- 
mations in 20 percent (30 out of 149) 
of embryos treated at 4 days and 9 

percent (9 out of 91) at 5 days (3). 
Less than 2 percent malformations were 
found in 225 controls that were in- 
jected with saline. All three agents can 
induce identical anomalies, indirectly 
caused by blisters, when applied to em- 
bryos of the same age. Because changes 
in the fluid volume of the embryo ini- 
tiate the edema syndrome, we decided 
to study the composition of embryonic 
fluids in normal and experimental 
chicks. 

We made assays of Na' and K+ in 
normal extracellular and extra-embry- 
onic fluids of the 5-day chick embryo 
(Table 1). These fluid compartments 
can be divided into two groups on the 
basis of the concentration of these elec- 

trolytes. Albumen and yolk, which are 

separated from the embryo by cellular 
membranes, are very high in K+, and 
low in Na- and in total Na+ and K". 
Blood serum, cerebrospinal, chorionic, 
and amniotic fluids are low in K+, and 

high in Na+ and in total Na+ and K+. 
The fluid of the allantois, which has an 

opening into the yolk sac, is intermedi- 
ate. As might be expected from the 
data of Table 1, but contrary to the 

popular assumption that these fluids 
have equivalent osmotic pressures (4), 
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Table 1. Sodium and potassium in fluids of normal 5-day chick embryos. The results are 

expressed as milliequivalents per liter. Determinations were made on a Beckman DU spectro- 
photomter with a fam attachment, subsequent to perchloric acid digestion. 
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Fluid Fluid 
Na+ 

No. of 
assays Av. .. Av. S.D. 

Na+ 
No. of 
assays Av. .. Av. S.D. 

K-A 

Av. S.D. 

K-A 

Av. S.D. 

Total 
Na+ and K;- 

Total 
Na+ and K;- 

Albumen 7 65 133.0 61.3 7.5 126 
Subgerminal yolkl 6 98 1.6 19.4 3.72 117 
Allantois 7 115 10.6 9.0 1.14 124 
Blood serum 15 136 9.0 3.2 0.55 139 
Cerebrospinal fluid 7 131 11.1 4.0 1.38 135 
Chorion 6 133 5.5 4.1 0.79 137 
Amnion 4 131 6.2 2.2 0.25 133 

Each sample obtained from different chicks except for serum and cerebrospinal fluid which were 

samples pooled from 2 to 3 embryos. t Clear yolk immediately underneath embryo. 

Table 2. Serum sodium and potassium in 5-day chick embryos. The results are expressed 
as milliequivalents per liter. Experimental treatments: Hypoxia, 10.5 percent O. for 6 hours 

(6); fresh egg albumen, 0.02 ml injected into allantois; Trypan blue, 0.06 ml of a 0.1 percent 
solution injected into yolk sac; and NaCl, 0.02 ml of 0.85 percent saline injected into allantois. 
The serum samples from the embryos subjected to hypoxia were obtained within 1 hour after 
treatment was terminated. Other samples were obtained 5 to 6 hours after injection. 
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Hypoxia 
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NaCI 

1064 

None 
Hypoxia 
Albumen 
Trypan blue 
NaCI 

1064 

3.Z D.33 
6.5 1.06 
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we found that the depression of freez- 
ing point of albumen and subgerminal 
yolk were markedly lower than that 
of normal serum (5). These observa- 
tions show that the osmotic relation- 
ships of the chick embryo to its sur- 
rounding fluids are more complex than 
generally believed. 

Because of these differences between 
the internal and external fluids of the 
chick embryo we felt that fluid and 
ionic imbalances could be induced by 
a variety of physiological stimuli, so we 

exposed embryos to several teratogenic 
agents and tested the serum (Table 2). 
Saline-injected controls showed an in- 
crease in the concentration of potas- 
sium ions but no changes in the con- 
centration of sodium ions. This change 
is probably the result of mild trauma 
from opening the egg. Occasional mal- 
formations are also found in these con- 
trols. Embryos subjected to hypoxia 
(6) or treated with albumen or Trypan 
blue, consistently showed a twofold in- 
crease in serum potassium and a sig- 
nificant decrease in serum sodium. The 
decrease in the concentration of sodium 
ions compared with that in normal 
sera, when the embryos were subjected 
to hypoxia or to treatment with albu- 
men, was significant at the 0.1 percent 
level (t-test); when treated with Trypan 
blue, the decrease was significant at the 
3 percent level. The lower total con- 
centration of these two ions in experi- 
mental sera helps to interpret the edema 
which results from these treatments. 
The depression of freezing point of the 
serum of embryos exposed to hypoxia 
is substantially lower than that of nor- 
mal serum (5). 

The data clearly demonstrate that 
fluid and electrolyte imbalances are 

produced in the embryo by hypoxia, 
albumen, and Trypan blue. The edema 

syndrome is a common factor to all of 
them and leads to the development of 
similar malformations. 

Although these data cannot be as- 
sumed to apply directly to the mammal, 
we feel a similar study would be a 

profitable approach to problems of 
mammalian teratology, because effects 

comparable to the edema syndrome 
have been described many times in 
mice and rats, both after the adminis- 
tration of Trypan blue (2) and vaso- 

pressin (7), and in deficiencies of lino- 
leic and pantothenic acids (8), as well 
as in genetic mutants (9; 10). 
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