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matter produced a mean decrease of 3.2 mg
of cholesterol /100 ml of serum. Although this
effect is statistically non-significant, it matches
the discrepancy observed in the earlier com-
parisons. It is concluded that the unsaponi-
fiable matter of 100 g of corn oil lowers serum
cholesterol by something between 6 and 12
mg- 100 ml.

1. Ahrens, E. H., Tsaltas, T. T., Hirsch, J., Insull.
W.. J. Clin, Invest., 1933, v34, 618.

2. Beveridge. J. M. R., Connell, W. F.. Maver.
G. A. Canad. J. Biochem. Physiol., 1936, v34, 441.

3. Kevs. A, Anderson. J. T, Grande, F., Lancet,
1057, v1, 66.

4. Armstrong, W. D.. van Pilsum, J., Kevs, A,
Grande, F., Anderson, J. T., Tobian, L., Proc. Soc.
Exp. Bior. axp MEkp.,, 1057, v06, 302.

5. Malmros, H., Wigand, G., Lancet, 1957, v273, 1.

6. Shapiro, W., Estes. E. H. Hilderman, H. L,
Am. J. Med., 1957, v23, 808.

7. Jones, R. J.,, Reiss, O. K., Huffman, S., Proc.

Toxic FACTORS IN THE SERUM OF IRRADIATED RATS

Soc. Expe. BioL. anp MEp., 1956, v93, 88.

8. Beveridge, J. M. R., Connell, W. F., Mayer,
G. A., Fed. Proc., 1957, v16, 11.

9. Keys, A, Anderson, J. T., Grande, F., Lancet,
1957, v1, 787.

10. , ibid., 1937, v2, 959.

11. Anderson, J. T., Keys, A., Grande, F., J. Nu-
trition, 1957, v62, 421,

12. Assn. of Life Insurance Medical Directors.
Medico-actuarial Mortality Investigations; N. Y.,
Assn. Life Insur. Med. Dir. Actuarial Soc. America,
vI, 1912,

13. Beveridge, J. M. R,, Connell, W. F.,, Mayer,
G. A, Haust, H., Circulation, 1957, v16, 491,

14. Ahrens, E. H., Hirsch, J., Insull, W,, Tsaltas,
T. T.. Blomstrand, R., Peterson, M. L., Lancet, 1957,
v1, 942,

15. Farquhar, J. W., Sokolow, M., Circulation, 1957,
v16, 494.

16. Shipley, R. E., Trans. N. ¥. Acad. Sc., 1955,
v18, 111.

Received March 26, 1958. PS.E.B.M, 1958, v98.

Failure to Demonstrate Toxic Factors in the Serum of Irradiated Rats.*
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Although circulating toxic humoral factors
may play a role in radiation-induced illness.
little unequivocal evidence supports such a
factor(1). It has been demonstrated that se-
rum from irradiated rabbits. incorporated into
the media for growing chick heart fibroblasts
and Escherichia coli depressed their rate of
cell division(2). Van Dyke and Huff(3) re-
ported that, in rats parabiotically united be-
fore irradiation of one of the parabionts with
900 r of X-radiation. epilation of both para-
bionts occurred. Non-irradiated parabiotic
rats and single rats given 900 r did not show
this effect. Lavik ¢f al.(4). assumed that
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toxic factors were dialyzable but was not able
to prolong, by in vive dialysis, the lives of
dogs which were given 500 r of whole body X-
radiation. Whole blood taken at various time
intervals post-irradiation from rats given su-
pralethal amounts of whole body Co%® gamma
radiation failed to cause weight changes or
mortality in rats injected intravenously with
this material(5). Recently Edelmann pre-
sented evidence indicating existence of lethal
toxic substances in blood of adrenalectomized
rats.} He reported that adrenalectomized
rats and mice, injected intraperitoneally and
intravenously with serum, plasma, and whole
blood from other adrenalectomized irradiated
rats (1000 r) died sooner than adrenalecto-
mized animals which received blood from non-
irradiated adrenalectomized donors.

The present experiments were initially de-

{ Reported in Fed. Proc., 1955, 42.
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signed to investigate physiological and histo-
logical effects of serum from irradiated ani-
mals. Before attempting to do this, serum
from irradiated adrenalectomized rats was as-
sayed along lines similar to those used by
Edelmann. This report is concerned with
results of this and other assay procedures.
Since a toxic effect was not detected, histolo-
gic studies were not performed.

Materials and methods. Male and female
Sprague-Dawley rat donors were adrenalecto-
mized 1 or 2 days prior to irradiation and
maintained on saline (1% NaCl) until irradi-
ation and exsanguination. Sprague-Dawley
rats and Carworth Farm recipient mice were
adrenalectomized 1 or 2 days prior to injec-
tion. Adrenalectomy in all cases was per-
formed through paravertebral lumbar incisions
under sodium pentobarbital or ether anes-
thesia. Care was taken to remove the
adrenal pedicle with a maximal amount of
surrounding fat without damage to the cap-
sule. Bleeding was absent or insignificant.
The donors were irradiated with X- or gamma
radiation 24 hours prior to exsanguination.
Radiation factors were as follows: radiation
was delivered by General Electric Maxitron
therapy unit at 250 KVP; 30 ma; 0.5 mm Cu,
1 mm Al filter: HVI 1.5 mm Cu; TSD 70
cm. Tissue dose measurements were made
with Victoreen chamber placed in box con-
taining the animals; the tissue dose so meas-
ured was 70.4 r/minute. Gamma irradiation
procedure has been described(6). Donors
were given total body radiation of either 1000
r X-radiation or 1300 r gamma. radiation. Ex-
sanguination procedure was as follows: donor
rats were anesthetized with ether until respira-
tory arrest: the abdominal cavity was opened
and blood withdrawn from abdominal vena
cava through a #20 hypodermic needle. A
dry 10 cc syringe was used for each exsan-
guination. The blood was transferred to a
dry glass centrifuge tube and allowed to clot
for 30 minutes at 0-5°C. The clotted material
was centrifuged at 1500 rpm at 2°C for ap-
proximately 30 minutes. The serum thus ob-
tained was kept at 0-5°C until injection. All
injections were made within one to 3 hours
post-exsanguination. Intravenous injections
were made via tail veins using #27 gauge
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needle. In all experiments involving adrenal-
ectomized animals, pyrogen-free glassware
and needles were employed for exsanguina-
tions, blood processing, and injections. Pyro-
gen-free equipment was prepared in an oven
at 170-180°C for 2 hours. Another type of
assay involved degree of spleen-thymus weight
loss, responsive to doses of radiation well be-
low the lethal range(7). Three hundred and
sixty intact female mice, 4 to 6 weeks old,
were injected intravenously with serum from
irradiated (1000 and 5000 r) and non-irradi-
ated rats in doses of 0.25, 0.50, and 0.75 ml.
There were 120 untreated control animals.
Approximately 80 hours post-injection, the
mice were sacrificed and spleens and thymi
removed. Spleens were weighed on Roller-
Smith torsion balance. Thymi were fixed in
Carnoy’s fixative, cleaned, and blotted semi-
dry before weighing. 1In third type of assay,
650 r of Co® gamma radiation was given to
90 mature, intact male CF-1 mice. Thirty of
these received intravenously 0.6 ml of serum
from adrenalectomized male and female rats
which had been given 1300 r of Co® gamma
radiation 24 hours previously in attempt to
increase mortality. One control group of 30
irradiated mice received the same amount of
serum from non-irradiated adrenalectomized
donors. Another control group of 30 was not
injected. The mice were injected on seventh
post-irradiation day. Observations for mor-
tality were made daily for a 30-day period.
Another group of recipient mice was given
LD 22/30 dose (640 r) of gamma radiation
and injected intravenously on 1st, 2nd, 3rd,
and 4th post-irradiation day with 0.5 ml of
serum from intact rat donors given 1000 r
whole body X-radiation 1, 2, 3, and 4 days
prior to bleeding.

Results. Fig. 1 represents results of 4 repli-
cate experiments in which a total of 95 adren-
alectomized rat recipients received intra-
venously 0.5 ml of serum from X-irradiated
donors. Eighty-eight rats received serum from
non-irradiated adrenalectomized donors and
69 others were not injected. Female donors
and recipients were used; recipients weighed
40 to 80 g. There was no significant increase
in mortality in group which received serum
from irradiated donors. The apparent dif-



442 Toxic FACTORS IN THE SERUM OF IRRADIATED RaATS
90 1 —x—iRRADIATED SERUM
JRRADIATED SERUM 90 P c 90 —x%— IRRADIATED SERUM
+0--NON-/RRADIATED SERUM N .
NON-IRRADIATED SERUM IR LA Al NON-IRRADIATED SERUM
80| NON-INJECTED CONTROL - o sol- ~ NON-INJECTED CONTROL.
=701 - 0 701}~
- > et
o [ 5
seor 7 Eeo 2 eof-
(<] ox o
s g . S
sok - 50— . so-
Z Il =4 z
oo Z i "]
g 40~ 1 040 - © 401
W | x N E
oo & a
30+ . 30 - 30F
20 -1 20 20
10k 7 B 10~ 10
MJ’1{ 1 ] 1 .
3 4

| 2 S

DAYS POST-INJECTION

I L
0! 1 P
2 ] M
8sol-
Brobw|| wl| wl| w W]yl wf|w
2ol ol ol gl 21l gl g &
ok2l| 2l 3l 33222,
< [_3 HIBIEIEIEIGIE 2
£ ALy gl sl B
ST sl gl =l =[{ 3|2 &
%) S| 3 S| 3| 2] &l ] 5
x40l E{| E E T &E|] B &) -
& wii sl sl 8| 8| s 2 2
sl sl 2 E—
orsll 5| & sU 8l 8l & ;
ElEIEE G
2L NI S22 222 -
CE||EILEE | EILE| E||E| 8
o8| 8] &l @ ]| || &= 2 -
o|| cl| o|] o|l of| o|| o|| o] &
(o]

FIG, 1.

R EL I
78 9104 121314

6 ® v 3 4 5
ST~ INJECTION DAYS POST- INJECTION
100 7 T T T T
—— (RRADIATED SERUM
sol NON-IRRADIATED SERUM

-=== NON-INJECTED CONTROL
Pty

80
70
60

50

PER CENT MORTALITY

1
15
DAYS

Effeet of intrav, administered serum (0.5 ml) from irradiated and non-irradiated

adrenalectomized rats in adrenalectomized rat recipients.

FIG. 2.

administered intraper, to adrenalectomized rats,

FIG. 3.

adrenalectomized rats in adrenalectomized mice,

FIG. 4. Spleen-thymus assay,

Effect of 4+ ml of serum from wlrenalectomized irradiated and non-irradiated rats

Effect of 0.6 ml of intrav. administered serum from irradiated and non-ivradiated
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ference on third post-injection day is statis-
tically insignificant.

Twenty-nine adrenalectomized female rats
weighing 70 to 100 g and receiving intraperi-
toneally 4 ml of serum from other irradiated
(1300 r gamma) adrenalectomized rats died
at same rate as did 29 adrenalectomized rats
which received 4 ml of serum from non-irradi-
ated adrenalectomized donors and 29 non-
injected adrenalectomized rats (Fig. 2).

There are no significant mortality differ-
ences in adrenalectomized mice which received
0.6 ml of serum from irradiated adrenalecto-

mized rats and those which received the same
amount of serum from non-irradiated donors
or those which were not injected {Fig. 3).
There were 30 animals in each group. An-
other experiment similar to this one, except
that donors were adrenalectomized 48 hours
prior to irradiation instead of 24 hours, gave
same negative results.

The results of spleen-thymus assay are pre-
sented in Fig. 4. There was no significant
atrophy of spleen or thymus after intravenous
administration of serum from intact irradi-
ated rats. Per cent change is measured from
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100%, established on the basis of 120 non-
injected control animals.

Fig. 5 shows that there was no potentiation
of the effects of 650 r gamma radiation in mice
by injection of serum taken from irradiated
rats. This last type of experiment showed
that there were no differences in mortality
rate in pre-irradiated mice which received se-
rum from irradiated rats during 24 hours to
96 hours post-irradiation. There was a mini-
mum of 30 mice in each recipient group.

Discussion. The results of these experi-
ments were negative. However, they signify
little unless a reasonable estimate of sensi-
tivity of the assay procedures can be deter-
mined, i.e., are they sufficiently sensitive to
give a qualitative indication of presence of
radiotoxic material? To answer this question
adequately, 2 assumptions must be made, (1)
that toxic substances, if produced, would be
carried in blood of irradiated animals and (2)
that at some time after irradiation there would
be sufficient toxic material in the circulating
humor to produce observable effects in other
animals. Since all blood and hence all toxic
material will not be obtained and adminis-
tered by ordinary exsanguination and injec-
tion procedures, a recipient test animal which
is considerably more sensitive than normal
should improve chances of detection.

1t would seem likely that sensitizing an ani-
mal with lethal doses of radiation would make
the animal more susceptible to deleterious ef-
fects of added radiotoxic material. Noble
estimated that the threshold of tesponse to
any noxious agent by adrenalectomized ani-
mals is 5 to 20 times below that of their nor-
mal counterparts(8). Spleen and thymus in-
volution resulting from very low doses of ra-
diation would also appear to be a good bio-
logical criterion for measuring radiotoxicity of
serum(7). These 3 sensitivity assays should
be able to detect small amounts of toxic sub-
stances. Since no effect was detected, the hy-
pothetical toxic substances were either in very
low concentrations, slightly toxic or non-
existent. At any rate these ‘“radiotoxins”
would appear of very little importance in the
acute radiation syndromes. It is probable that
large doses of radiation may result in libera-
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tion of physiologic or other substances capable
of producing some transient and diverse
physiological changes, particularly cardiovas-
cular, following heavy exposure. It is clear
from present experiments, however, that the
hypoplasia and its sequelae seen with the syn-
drome of acute radiation injury is not medi-
ated through liberation of a humoral toxic
substance. The above considerations do not
exhaust all possible alternatives. If toxic fac-
tors are extremely labile, they might be inac-
tivated by handling. Associating sickness
with toxic substances is not always apparently
valid, e. g., in avitaminosis. It is possible that
an analogous situation exists in the irradiated
animal. Toxic factors might be metabolized
too rapidly for any detectable amounts to ac-
cumulate or they may diffuse out of the capil-
laries at a particular extravascular locus of ac-
tion so that their presence in the blood would
be of a very evanescent nature. Toxic factors
might then be detectable at such locations or
at a particular site of elaboration.

Summary. Three experimental procedures
were utilized to assay serum from irradiated
rats for radiotoxic substances. Such toxic ma-
terial was not demonstrable by these technics.
These experiments do not preclude the exis-
tence of radiotoxins in the irradiated animal,
but they do indicate that if radiotoxins exist,
the blood is probably not their principal store-
house. If, on the other hand, the blood does
figure significantly in their storage, then they
are not responsible for the severe signs and
symptoms resulting from acute total body ex-
posure.
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