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Low-level radiation injury is dependent on the radiation dose
and dose rate. The major military use of any potential radio
protectant is to prevent the short-term effects of lethality and
the. lo.ng-term effects of cancer and other pathologies from
radiation exposure that may occur in a nuclear battlefield or in
a nuclear material contaminated field of operation. Therefore,
a radioprotectant should not affect the ability of military per
s.on~el to perform tasks. Because exposure to ionizing radia
tion Induces free radical species, effective antioxidants, either
alone or in combination with other agents, can be used as
potential radioprotectors. To test this hypothesis, we studied
vi~min E for its radioprotective efficacy. Using CD2F1 male
mice as the model system, we observed that vitamin E at a dose
of 400 IU/kgacts as a good radioprotectant against lethal doses
of cobalt-60 radiation. Vitamin E was more efficacious when
given subcutaneously than when given orally.

Introduction

Radiation exposure can induce an adaptive response, I pro
duce a variety ofcancers, as in atombombsurvivors," and

lead to an elevated risk of leukemia after radiotherapy.3 In an
effort to identify suitable radioprotectors, different strategies
have been developed over the past several years. Prominent
among these strategies are prophylactic intervention with free
radical scavengers.' or sulfhydryl agents," stimulationof a ra
diation-compromised hematopoietic system with immuno
modulators," and cytoprotection withreceptor-mediated ligands
like prostanoids.? Most of these studies were limited to the
preclinical stagewithrodents, but someofthe preclinical stud
ies were also performed with canines." Some ofthe drugs stud
ied,such as amifostine (WR-2721) and granulocyte colony-stim
ulating factor, were approved by the Food and Drug
Administration for limited clinical applications of radioIchemi
calcytoprotection as well as other applications. Oneofthe main
hurdles to overcome in developing radioprotective agents for
human use is that most are toxic and thus might compromise
the human's ability to perform tasks; this effect has been dem
onstrated in animals.

Becauseionizing radiation produces free radicals, we devel
oped some approaches for testing the efficacy of nutritional
antioxidants as potential radioprotective agents. In earlier re
ports, we showed that the antioxidantvitamin E (a-tocopherol)
can alleviate radiation-induced decrement in delayed-type hy
persensittvity" and can act as an adjuvant to another radiopro
tectant." We alsoshowed that a vitaminE preparationcontain-
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ingan emulsifier base actedas a radioprotector whengiven after
irradiation. 10 In the present paper,wedemonstrate that vitamin
E given 24 hours before irradiationcan be an effective radiopro
tector, evenat superlethal radiationdoses.

Materials and Methods

Male CD2F1 mice were used throughout this study. Mice be
tween the ages of6 and 8 weeks, weighing approximately 22 to
26g,were purchasedfrom CharlesRiver Laboratories (Wilming
ton, MA), held in quarantine for 10 days, tested for Pseudomo
nas, and maintainedin an Association forAssessment and Ac
creditation ofLaboratory Animal Care-accredited facility of the
Armed Forces Radiobiology Research Institute before use in the
e~perimen1. Animals were kept in plastic microisolator cages
(eight per cage) on hardwood-chip contact bedding with free
access to food and acidified water, in an air-conditioned room
with 12 changes of air per hour. All animal procedures were
done according to the protocol approved by the Armed Forces
Radiobiology Research Institute Animal Careand Use Commit
tee.

Vitamin E [(+l-e-tocopherol] was purchased from Sigma-Al
drich (S1. Louis, MO); it was suspended in a mixture of an
emulsifier obtainedfrom Schering-Plough (Kenilworth, NJ), and
100% PEG-400 (polyethylene glycol). The emulsifier contained
20% ethylalcohol and 1°16 benzyl alcohol. For 1,000IU ofvita
min E, weused 8.35 mLofPEG-400 and 0.55 mLofemulsifier
in a total volume of 10 mL. For vehicle controls, we used the
same composition ofemulsifier and PEG-400 but replaced the
vitamin E with olive oil.

Mice were given either 0.1 mLofvitamin E or the vehicle, by
subcutaneous injection at the nape of the neck or orally, 22 to
24 hours before irradiation. Mice were held in well-ventilated
Plexiglas boxes (eight per box) during bilateral irradiationin a
cobalt-60 facility at the dose rate of0.6 Gy/rnin, After irradia
tion, mice were returned to their original cagesand monitored
for 30 days for survival, whichwas used as the indexof radio
protective efficacy.

Results

Table I showsthe results ofthe protective effect ofvitamin E
at a doseof400 IVIkg in mice. Thevitamin E was given subcu
taneously24 hours before irradiationat 10.5 Gy at a doserate
of 0.6 GyImin from a cobalt-60 source. The LDso/3o radiation
dosefor the strain ofmice used in this study was 8.14 Gy. The
survival rate ofirradiatedmice given vitamin E, as measuredby
30-daysurvival, was 79%. The survival rate in vehicle controls
was only 40/0, evenat a lower radiation dose of9.5 Gy.

Totest whetherprotection byvitamin E is independent ofthe
route ofadministration, wetested its efficacy usingtwo different
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TABLE I

RADIOPROTECTION OF MICE BYSUBCUTANEOUS INJECTION OF
VITAMINE

Radiation Number of Mice

'Ireatment- Dose (Gy) Exposed Survived 0/0 Survivalb

Vitamin E 10.5 24 21 79 ± 8.9
Vehicle 9.5 24 1 4 ± 3.5

avitamin E (400 IU/kg) given 24 hours before irradiation at 10.5 Gy, at
the rate of 0.6 Gy/rnin from a cobalt-60 source.
bMean ± S.E. from three experiments with eight mice in each
experiment.

References

Most ofthe earlierstudies on vitamin E were doneafterfeed
ing it to the mice by gavage or incorporating it into the diet for
several days" ormonths. 16 Probably the mostinteresting aspect
of the present study is the high degree of protection obtained
from a single doseofvitamin E injected subcutaneously rather
than taken orally. Thelack ofprotection with the oral adminis
tration may be attributable to the probable first-pass metabo
lism ofvitamin E to its quinones in the liver, therebyreducing
the doseavailable fortargets that are critical forradiationdam
age, such as bonemarrow.

Using a similarmethod ofadministration ofvitamin E in our
previous studies, protection was obtained whenvitamin E was
given 15minutesafterunilateralcobalt-60irradiation at a dose
rate of0.2 GyImino In the current study,however, a greaterlevel
ofprotection was obtained whenvitamin E was given 24 hours
before radiationexposure.

Theincreasein protection obtained in the current study may
also be attributable to the particular formulation ofvitamin E
used. In the previous studies, the injectable vitamin E was in a
base containing 20% ethylalcohol and l°iD benzyl alcohol. This
high concentration of ethyl alcohol may have caused a local
denaturationat the injection site,preventing furtheradsorption
ofthe vitamin. Although weused the sameemulsifier, it consti
tuted only approximately 5°iD of the total suspension injected.
Moreover, the presence ofPEG-400 mayhave facilitated adsorp
tion ofvitamin E. Although certain emulsifiers might complicate
the results, the use ofthe sameamountofemulsifier in the exper
imental and vehicle control groups obviates such a possibility.

Vitamin E can function as a radioprotectant byseveral mech
anisms. Vitamin E acts as a sink for the free radicals formed
from radiation, thus preventing them from attackingcell mem
brane targets; it alsostops the formation ofsecondary radicals.
The lipophilic nature and long half-life ofvitamin E in vivo are
very helpful in this regard. It is well known that irradiation
increases the expression of interleukins, lnterferon-v, tumor
necrosis factor-a and -f3, and intercellular adhesion molecules. 17

It is possible that vitamin E mayreverse the increaseofproin
flammatory genes that maycontributeto radiation-induced le
thality.

Irrespective of the mechanisms used, vitamin E offers an
excellent alternative to other known chemical radioprotectants
because it is not toxic. At the dose tested in the present study,
the animalsdid not showany grossobservable toxicity likethe
behavioral decrement observed with otherradioprotectors. Earlier
studiesoftoxicity done at a dose range of600to 3,200IU perday
for 3 to 6 weeks did not show any consistent sideeffects or any
evidence ofmutagenicity, teratogenicity, or carcinogenicity. 18

In addition to protection from lethality, vitamin E in combi
nationwithpentoxifylline is known to greatly diminish the long
term subcutaneous fibrosis induced by exposure to high-dose
radiation. 19 Thesefindings and the known anticarcinogenic po
tential ofvitamin Ell offer an excellent opportunity to develop
vitamin Eas a radioprotector forlong-term low-level exposure to
radiation.
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routes-subcutaneous and oral. The dose of vitamin E (400
IU/kg), time of administration (24 hours), and radiation dose
rate (0.6 Gy/rnin) were identical to those in the previous exper
iment,but a lower radiationdoseof9.5 Gy was used.Thelower
dosewas used becausethere was almostno survival at 30 days
with the vehicle. The results are shownin Figure 1.

When vitamin E was given subcutaneously, 88% of the mice
were alive at the end of30 days.Therewere no survivors in the
groupthat received vitamin Eorally orin the groupthat received
the vehicle, either orally or subcutaneously.

Discussion

Vitamin E (a-tocopherol) is a major lipophyllic antioxidant
present in vivo that protects critical membrane components,
including phospholipids, transmembrane lipoproteins, and gly
coproteins, from the free radicals produced by a variety of en
dogenous and exogenous sources. Vitamin E has been impli
cated in cancer prevention, 11 alleviation of Adriamycin
cardiotoxicity, 12 immunesystemprotection from radiationdam
age," and other normaland pathological conditions. 13 However,
in studiesofthe roleofvitamin Ein atherogenesis, a definite role
for vitamin E could not be established. It was suggested that
vitamin E may have an antioxidant, neutral, or pro-oxidant
activity vis-a-vis atherogenesis unless otherreducing agentsare
present alongwith it.14 Theresults presentedin this paper and
our previous reports indicate that vitamin E can also protect
species from free radicals produced by radiation and enhance
survival after lethal irradiation.9,10

Days postirradiation

Fig. 1. Radioprotection of mice by subcutaneous injection of vitamin E (400
IUlkg) given 24 hours before irradiation at 9.5 Gy from a cobalt-60 source. SC,
subcutaneously; PO, orally.
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