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POST-1RRADIATION MODIFICATION -
OF SURVIUVAL AND HEMATOPOIESIS

BY TOCOPHEROL

-

Tewfik J. E. Bichay

An increase from 6.6 Gy to 7.0 Gy was obﬁ’ruod in
the LDgy ., ©Of CD-1 female mice receiuiﬁb é.s mg of
dl -X ~tocopherol imﬁediately post-irradiation. The
mechanism of protection is uncertain but appear; to
iquolue . hematopoietic ‘colony forming units <(CFU)>. The
antioxidant ef?ect of -tocopherol does not readily explain
the. observed effects. Endogenous spleen «colonies were
found in dggater numbers in the'tocopherol—treated mice
after radiation damage. The vitamin, however, must be
prgsent within five hours after irradiation to have .this
effect. The increase in endogenous CFU caused by
tocopherol ‘may be due to a stimulation of recovery or
‘repair of the cell, The split-dose assay suggests that
max imal _repaiﬁ of hematopoietic §iem cells takes ?lace at

7-9 hours after irradiation. Tocopherol appears to



increase the 7-9 hour recovery peak of the 'split-dose
assay. There is also evidence that tocopherol caused an’

earlier onset of CFU division after radiation stress.
This, however, - requires further experimentatién. The
‘obserued tocopherol-induced increases in the number of
mouse spleen colonies in these experiments are probabﬂy
not due to an altered CFU seeding efficiency | resulting
from an improved spleen microenuironment.. Tocopherol' did
ﬁdt alter the shoulder in the exogenous spleen colony
assaf (SCAY) of bone marrow derived or ;p1een derived
hematopoietic stem cells. There is a probable slope change
in the higher dose ;egion (4.3 Gy) of "the bone mar row
exogenous SCA curves for the vehicle—injected, and the
non—-injected groups. The tocopherol-inj?cted‘ group, -’
however, showed no evidence of slope change up ‘to the-

highest dose used (5.0 Gy). The results suggest that

tocopherol stimulates the recovery of hematopoietic stem

cell damage in the higher dose range' of bone marrow
syndrome. This in turn improves the chance of animal
.
survival.
L
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| INTRdDUFTION

‘\\k- Evans and’ Bishép £1922) observed a‘reduction in

~ the urate\of fetal resorption of animals ;6d various lar&
diets i supplemented with a fat soluble substince. Sure
(1924) c]assif{ed this substance- as a vitamin. At this
time wvitamins A,B,C'and‘D ha& been discovered. The fat
soluble substance Qas designated Vitamin E. The' name
tocopherol was sdggostod by Evans. It is a composite of

the Greek words tocns, meaning chijldbirth, phoro to bring

)
forth and the ol for alcohol (Horwitt 1980). /
Sinée the time of its discovery, it has been
* exceedingly difficult to- ascribe a specific unique

biochemical or physiglogical function to vitamin E.
‘Attempts at reducingéxz;ophorol storeas of the bddy have
largely been unsuccessful. This is largely-due to the
ability 'of the body for extensive storage of tocqpherol
(Bieri 1975). However, diseases of matabsorption and
premature infant subjects have provided data on the effec¥
of low tocopherol concentration in the body. Normal levels
~of tocapherol in human plasma. average 10.5 ug/mi. However,
in infants, the co&?entration tends to be lower. At ages

of 4 months [to & years, the level is approximately 4.4

ug/ml (Bieri| and Farrejl' 1974>. Adults whose plasma

A
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vitamin E concentration drops toy 6r below, 35 ug/mi are
generally 'considerqd deficient in tocopherol (éarrtll
1980). Hoﬁevor, because of the a%sociation of tocopherol
and polyunsaturated. fatty acids (PUFAR), a moaning{uj
tocopheral concentration must alwars include PUFA levels
(Horwitt 1942).
* A & year study on low tocopherol intake in humans
.consisting of .3 mg/day as opposed ‘to the average diily
' .
intake of 15 mg/day, was carried out by Horwitt (1960,
1962). The peroxide hemolysis test indicated a marked

enhancement in erythrocyte peroxidation sensitivity in the

/
tgcopherol deficient group. There was also a shorftened

)

*

mean circylating erythrocyte survival time as measured by

Sler release. The plasma tocopherol 1levels of the

jent groups reached a minimum plateau at 2 ug/ml.

esides studies wusing "artificial deficiency”

purposeVy brought about by dfet, "clinical cases of
toc erol Qinciency may exist due to problems of
ma ibsorption especially related to steatorrhea. Cystic
fibrosis patients have a reduced capacitry of intestinal
liéid absorption, and a concomitant decéease in tocopherol

absorption (Farrell 1980). Nitowsky et al. (1962)

reported the existence of creatinuria suggesting myopathy
’,

in cystic fibrosis patients, Tocopherol administration
1

reduced the’high urinpary cresatinine excretion. -

Vitamin E has also beeﬁ shown to play a role in

$



‘blqu and circulation related errors. Intermittent

claudication (limping due to a recurring reduction 'of

arterial blood flow in a leg) has in some cases “peen
reversed by vitamin E supplementation. Haeger (1978, 1982)
showed an increase in.arteﬁ1a1 blood flow of patients with
intermittent claudication when they were supplemented with
tocopherol. This suggests that circulation is improved
upon the addition of tocopherolt.
Pr;mature' infants have usu;lly,‘ at the time of
their birth, not had a chance to store & reserve of
* tocopherol in their tissues, g ‘Furthermoreﬁ\ .their
gastrointestinahat;acts afg not‘yet sufficiently deveioped
to allow ;deqp;te absorption of vitamin E from their diet
(Bieri and’ Férrel} 1976). Such children offer {urthér
clues as to the function of tocopherol by the clinical
srmptéms manifested daring this apparent deficiency.
Guggenheim &t al. (1982) showed éuidence of improdement in
'ﬁeurologic disease when tocopherol-doficieﬁt children were
supplemented with the uitamih. Two other comﬁon premature
infant ‘syndromes, retrolental fibrcplisi; and hemolytic
anemia respond\¥qvkéiopherol treafment'(ﬂieri and Farrell
1976).
Patients receiving total parenteral nutrition
(TPN) may become vitamin E deficient due to the lack of

variety of vitamin E c‘htaining foods normally consumed.

Thurlow and Grant (1982) showed that S04 of TPN patients

-
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elevated

A

sensitiufty to erythrocyte peroxide hemolysis test. There

were deficient in tocopherol and had

was also marked platelet hyperaggregation. Tocopherol
administration decreased peroxide hemolysis and plateiet
hyperaggregation. ) -

‘Tocophorol inhibits the metabolism of arachidonic
acid to prostaglandin by inhibiting the enzyme

lipoxygenase (Panganamala and Cornwell 1982). This in turn

may result in an effect on blood flow and immunity

‘{Machlin 1978).

Animals asupplemented wi¥h tocopherol have been
shown, in some cases, to have an improved immune respoﬁse.
Tengerdy K ot 31; (1978) reported enhanced resistance of
chicken and mice to bacterial challenge by increased
antibody production and phagacytusis in mice fed on
tocopherol %uppipmented diets. Mice immunized _against
sheep red blood cells or tetanus toxoid had increased
numbers of plaque-forming cells and hemagglutinin titers
when fed high tocopherol diets (Nockels f9?9).‘ Antibody
production was reportedly increased in witeo from bone
marrow |ymphocytes even in the absence of macrophages with
tocopherol! stimulation (Campbell et al. 1974). T-cell
activity is enhanced in mice fed tocopherol supplemented
diets (Corwin and Gordon 1982, Tanaka et al. 1979). .

There is evidence of increased cell proliferation

with wvitamin E supplementation. Cornwell et al. (1979,

N )
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Miller et al (1980) and Gavino et al. (1981) have shown a

tocopheroli—-induced - increase in smooth muscle
protiferation, while Corwin et al. (1981 bhave shown
increased T-cell mi togenisis wi th tocoﬁheroL

suppliementation. u
y . )
While the effects of tocopherol -appear to be

-y

widespread and its mode of action unciear, there is one

effect which has become woll.establlsh!g)and has received
-almost universal acceptance. Tocopherol both in miun and
in wuitro is a very effective antioxidant. Reduction of
lipoxygenase—catalyzed ;nd—-products of arachidonic acid
results in decreased 1lipid peroxidation of alveotar
macrophages (Ingraham 1981). Dougherty at ‘al. (1981)
repqrted an eighf;foid increase in lipid peroxidation
after iron administration in vitamin € deficient rats.
Gavino et al. (1981) reported a decrease in lipid
peroxidation of cultured fibroblasts supplemented with
tocopherol. The lipid peroxide by-product 1lipfuscin is
found to accumulate to a lesser extent in the heart cells
of mice after a single i.p. injection of tocopherol at two
months of age and assayed at 3 or 5 months of age (Kruck
and Enesco 1981). Carbon tetrachlor{de (CCl, > increases
lipid peroxidation and may result in hepatic toxcity, coma
and death. Administration of tocopherol prior to the
insult protacted male rats dramatically. Interestingly,

female rats were not protected. Two other antioxidants,

P ]



butylated hydroxytocluene (BHT) and ethoxyquin, protected

both male Yand female rats provided they were administered

-48 hours. prior to the i 1t. Vitamin E at these time
- ~

intervals did not protect female rats from CCd 4 death

(Green 1970).
Tocopherol . is thought to play a role in the -

stabilization of lipid membranes by associating through
o

phrsio-chemical interaction berween tho.phytyl side chains
+of tocopherol and the fatty acyl chains of polyunsaturated
phospholipids (Diplock and Lucy 1973). This close

proximity also provides close contact for efficient
. & . e

protection of lipid peroxidation. ’

Tocopherol is also protective during radiation
stress (Sakamoto and Sakka 1973, Koénings and Driviner
1979, Srinivasan and Weiss 1981, ahu et -alA 1981).

Radical production and ionizations a produced at an

accelerated pace by ionizinhg radiatio {Coggle 1971,

Copelana 1978, Gofman 19813, The ﬁrotectiue effect s
taken as further evidenc the antioxidant property of
tocopherol. Irradiateé’synéhetic di;;s had a Tower vyield
of lipid peroxide when sungemented with . tocopherol as
compared to controls. This was also true of the
antioxidants, buty{ated hydroxyanisole (BHA) and BHT .
(Wills 1980). Dawes and Wills (1972) reported a decr%ase

in lipid pegoxidatien after treatment with tocopherol of

irradiated mouse tissue homogenates.

r



In the last ten years, data has begun appearing on
the " ‘antimutagenic effects of 'tocopherol; There is

-

increasing evidence that tocopherol p!iys ;n impor tant
role in decreasing the mutatibn rate in a numﬁer ;&
érgéﬁisms. Kalinina et at. (1979) reportéd a reduction of

N-ni troso—N-methyimonourea <(NMU) induced mutations in

Salmaonella iif tocopherol was administered to the ;ultures
prior to the NMU. The réauction'varied fégm 304 to ?52.
depending on the concentration of ﬁf&h Alekperov and
AKhundova (1974) rebohted,a reduced number of chromosomal

alternation: {n( 8llium fistulum and \Micia £a#q arising
spontaneously and after X-irradiation i¥f tocopherol was
administered. Chromosomal alteration in rat bone marrow
‘ ;ells induced by dimethyl sulfox!de (DMSO) were reduced by
tocopherél supp]ementagion. The reduction loyercd the .
mutation rate to that of untreatea controls (Patterson at
al. 1981). A reduction was also observed in bone marrow
chromosomal abérrations due to potassium bichromate
(Bigaliev and Elemesova y9?8). Tocopherol also reduced‘the
mutation rate fn E coli after nitrosoguanidine treatment
(Kalinina ot al.1981). The interpretation of this activi;;

of tocopherol is mainly based on the supposition of its

action as an abtioxidant.

-

“~
Recentiy, reports have appeared suggesting . a

possible cellular repair involvement of tocopherol. (Fonck

and ‘'Konings 1978, Malick et-al. 1978, Kalinina gt al.
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19815, Roy etr. als 1982>. A few_gxpepiﬁents haubi been’
carried 39} _investigating the effect of tocopherol
supplemgntation. {dllowing;fadiation Expoéure. Malick et
i / N

al.. (1978) and Roy et al.”’ (1982) have shown decreased

radiation effects in mice injectgd i.p. with tocopherol
past-irradiation. The radicald induced by ionizing
radiation aré extremely short-lived 10 to ldﬂ3“setongs

(Coggle 1971). 1t is therefore Justifiable‘to-aﬁirme the

classic theoty of the antioxidant property of tocopherol

is not jmplica{ed in this protectioﬁ d@e to the addition

of the vitamin followikhg the degradation aﬁd brimaryV
damagé indqcéion by the_radicals. ‘ :
Studies of ﬁﬁuse survival after irrédiét}on in the
range of dosage cauéing bone marrow s}ndrome have
generally demonstrated a protectiv; é#féct éf tocopherol
(Sakamoto and Sakka 1973, Malick et al. 1978, konings_and
Drijver 1979, Srinivasan and Weiss 1981). At the dose
used, 2 Gy- to 10 Gy (1 Gy = 100 rad;), there is a
bfeakdoun in the hematopoietic system. The animal d}es
wit{in 30 days due to multiple infections and anemia. The
infections are due to neutropenia, and anemia i; due to.
thrombopenia and hemorrhage. The effect of radiation in
this dose range (é to 10 Gy) has been termed "bone marrow
syndrome® (Bond et al. 1945 , Coggle 1971).-Uirtuallf all
deaths associated with bone marrow syndrome occur within

20-25 davys.
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During bone marrow syndrbme, the renewal system of
peripheral blood is damaged. As peripheral differentiated
cells ‘are more radioresistant tha& undiff:rentiated Sfem
cells, their destruction Is not immediate (Coggl; 19715 .
Ma£ure. cells w[l[‘die out eventually (erythrocyte life;
span is appbo#imately 40 .days, thrombocrtes 10 days and

granulocytes 5 é hours) and have to be replaced Suruuunng.

stem .cells proliferate to repopulate the hematopoiotiﬁ

system. Extensive cell division takes plaé; in the bone
marrow from a few hours to a few weeks following the
irradiation in an attempt to repopulite the hematépoietic

-

system.

Till and HcCulloch (1941) dom nstrated a method of
v

measuring the prolifarative capacity of hematopO|etsc stem
cells. They, showed that after a dose of radiation jn- the
range causing bone marrow syndrome, surviving stem cells
form colonies on the spleen (colony forming units). After
5uitable; staining, these colonies can be .éounted
macroscdﬁica]l?L The endogenous spleen colony assay (SCA)
makes use of this phenomencon.

_fhe;e 'spleen colonies contain precursor cells
which differeﬁti;te and repopulate the hematopoietic
system and increase the animaluénchance of survival. The
colqnies'arg generaliy er}thrbcytic at the center.of, and

_myelocytic at the periphery of, the spleen. An increase in

the number of proliferating colon; forming wunits (CFU)



l : ‘10
increases the chance of animal survival by combattihg
infection and anemia (Bond &t al. 1945, Coggle }9?1 ).

‘Some . compounds have been found to increase
suquual of mice in bone marroﬁ syndrome with an
-ashociated increase in CFU in the spieen. pray 2t al.
(1580) réported an increase in endogenous spleen colonies
and increased LDSO/so after irradiation in mice treated
with leukotrophin. Mori (1973), Mori and Katamura (19?6{
reported increased endogenous CFU and enhanced animal
_survival in mice receiving an inJect{on of “;carbon
particles prior to irradiation.

Tocopherol injection improves animal surviwval in
bone marrow syndrome (Malick et al. 1978, Roy et al.
19827, this would suggest tkat some protection or

stimulation of the hematopoiefif system isy implicated.

Tests will be carried out to assess uhetser the increased
animal survival is indeed associated w;th increased
syrvival or proliferation of hematopoietic CFU. An
endogenous SCA (Till and McCulloch 1943) will be carried

]

out with and without tbcopherol at a number of doses. The
endogenous SCA is generally applied to assess CFU response
at the higher dose range ¢ >3.3 G6y¥) of bone marrow
syndrome (Ti)l and McCulloch 1943, Smith ai al. 1963, Mor i
1973). Lower doses result in a larger number of endogenous

hematopoietic stem cells forming colonies on the spleen

L4
which crowd and averlap one another making cdunting

-
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difficult or impossible. To observe the response of
hematopoietic stem cells at lower doses of x-irradiatioﬁ,

-

the exbgenbus spleen__colony asﬁay (Till and McCulloch
1941) w{ll be car}ied out. .
| in the exogenous SCA, a Known number of CFU T are
transplanted from’ the marrow of healthy donor mice to
lethally . jrradiated reéipient having , no surviving
endogenod: 'CEU. These exogenous\CFU seed the spleen “and
form colonies as in the ;n pg;nous system. The
transplanted CFU are irradiated and'kgsiyed for survival
in uwiun in a mode} that mimics the l{ﬁu;liu (endogenous
SCA) system. The shape of-?ht_surviva& ’CUPUQS of . the
transplanted CFU can then be compared for the tocopherol
treated and control groups. Two main parameters can be
cﬁmpared. The extrapolation number (n) is ob}ained by
extrapolating the exponential survival curue‘back to 0 Gy
dose. A change in n suggests an aI;:red_capacity of the
cell té accept sublethal damage. The inverse of the slope
of the exponential part of the survival ldhrue, Do, mayr
also change suggesting an altered radiosensitivity at the
ofponential region of the survival curve,
'He@atopoietic stem cell repair Kinetics commence
immediately post-irradiation and are virtually complete by
five hours (Till and McCulloch 1963>. For this reason,

tocopherol injections will be carried out in one group of

- mice immediately post-irradiation, and in another group at
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=
five hours bqst—irrndiation. In this' manner, tocopherol
will ‘bé' pko#ent duriqg the recovery period in one group
but not in the other. I an increased nuqur of endogenous
CFU survive in one group compared to the other, some
implications as to the tocopherol effect will  be
discussed. - -

It is equally possihie that any obiserved incp;ase
in CFU_QQ the spleen could be due to increased stem ceil
proliferation and not strictly enhanced recovery (ropair).
The split-dose assey (Till and McCulloch 1943) will be
carried Out' on on&ogonous CFU to estimate  the recoueﬁy
time and earl? proliferation Kinetics of the totaﬁherol
troafed anﬁ untreated ﬁice. .

Increased numbers ‘of hcmatopbietic stem co{lé.
arising because of " increased diui;idq or stimulation of
repair' or other means wbulq be gxpected to increase the
chdnfo of animal survival in the dose range encompassing
.bone marrow syndfom;. The stem éolls would be capable qf'
prol iferating and repopulating fho dépleted homatopoiefic
sxstoa resulting in the reinstatement of the immune
response.

The purpose of this study is to inuestigd?el the
capacity of tocopherol to protect mice given doses of
ionizing radiation encompassing bone harrow syndrome, and
to investigate the possibiljty that any evidence of

enhanced rMecovery is due to an effect at the level of the



-

effects are not simply due t rndical scavehging during

the itradiatioﬁ'proce;s, tq&oﬁ erol will be administered

immnmediately after mouse total-bo -irradiatjon; at which -

time induced radicals and ionizations will  have .
‘dog'onoljat'eq.
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MATERIALS AND METHODS

Animals ‘ : .

-A1l  animals used in the-following experiments were
female CD-1 mice (Charles River of Canada, ‘%t. ~Constant,
Quépec). Mice were normally purchased one.or . two. weeks
before the 'comméncementv of the 'experimen1s, allowing
.adaptation to the animal room prior to Iexperimental
treatments. | -

Bedding (Beta Chip, Charies River) was replaced
‘and water bottles replenished at 2 to 3-day intervals. -
Food {Charles River Mouse, Hamster'ind Rat Chow) and water
wefe aviilable ad. lihilum. : . . }

" Mice were Kept in either small (28 x 17 x 13 «cm
housing 3-6 mice), or(largé-( 27 x 20 x 15 cm housing 5-9
mice) plastic'cages. Room feaﬁeraﬁure was maintained at
21 °c, and humidity at S0%. The animal room was on a

i
regular 12 hour light: 12 hour dark crcle.

Irradiation Procedures -

X-Radiation was generated from a Mueller MG-300 X-
ray machine operated at 260 KVp and 8mA with & 1 mm

aluminum filter added. Exposure dose rate was measured
" - ‘ :.7
i
N
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gsing a victoreen condenser ‘R-meter, modet S70 and

dose by ferrous ammonium sulphate chemical

dosimery. The target—to—object distance in all
efﬁerim nts was 80 cm. The-dose'rate was .31 @y)min.

Groups of 15230 mice were irradiated in large
plastic -cages. The top of the cage was covered with
perforated ~ paper. This allowed aeration without'
gttenuating the X-ray beam. ‘Food and .water were hnot

available during the irradiation.

Intraperitoneal Injections

Intraperitoneal injections (i.p.) were given on
the right wventral side of the animal using a 25 or 26
gauge needle affixed to a 1-cc plastjc disposable
syringe. Animals that were i.p. injected were given either
0.10 ml aqueous micellar suspension of tocopherél aq\
described by Newmark et al. (1973, containing 23 mg/ml
dl -~ Tocopherol (U.S. Biochemical ‘Corporation,
Cfeve1and,0hio) or 0.10 ml vehicle only, of no inJecfion.
The vehicle consisted of 10% (v/v) propylene glycol, 10%
(v/v) ethanol, 104 (v/v) mulgophen EL 620 ( GAF
Corporation, Montreal), 1% (v/v) benzyl alcohol,‘ 0.25%
(w/v)> glacial acetig_acid, 0.9% (w/v) sodium chloride,”
0.034 (w/v) sodium acetate and 0.01%4 (w/v) disodium

edetate.

Tocopherol (1.1 1U/mg) was dissolved in the
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vehicle. Normally 2350 mg of to oeherdl was added to 10 ml

of the vehicle. This mixture (was repeatedly shaken for 152

hours at room temperature to ensure complete suspension.

Intravenous Injections L

-

Lateral tail veins‘of the mouﬁe were used as the
" site of injections of the bone marrow or spleen cell
'suspepsions. Due to the small size and f;:gility of the
veins, absolut?ly no animal movement was tolerated. To
achieve sufficient restraint, mice were placed in a
perforated 50—cc. polyethylene centrifuge tube fixed onto
a solid platform.The tube.was_stoppered with a foam plug
through which the tafl was allowed to protrude. To
%aci\itate venous location and puncture, mice ‘were heat
‘ treated for ten minutes before i.v. injectiong so as to
dilate the tail wveins. This was achieved by placing'
animals in 10 x 20 cm glass containers with partially
perforated covers. Two Iamps,*-each with a 40 watt bulb,
were placed at either side of the jars at a distance of 10
cm from the wall of the containers. The‘tbmperature rose
quickly ;ﬁdiwas maintaiﬁed at 30 °C. One-cc - syringes with

27. gauge Weedles were used for the i.u. injections. The

needle was inserted into the vein at a very shallow anqle
v .
of approximately 5° . After the injection, the peedle.was

carefully withbrawn and lVight pressure was placed on the

»
puncture site until bleeding stopped.
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Dose18urvival Curves .

U

Groups of 24 mice (48 in the case of 7.1 Gy dose),
were given Eadiation doses,llnging frqm 9.6 Gy to 7.1 Gy.
in all, 448 animals were used. There were three
experimental groups: uohicle—injected;-tocopherolfinjoctod
and non-injected. Mortality was recorded daily up to 30

days post—irradiation. -

Spleen Colony CounEing Technique

Eight days post-irradiation, animals  were
sacrificed using carbon d;oxide pas, spleens were excised
and placed in Bouié’s soluéion following the method of
Till & McCulloch (1941)., Before fixation in Bouin’s, the
colonies could not be easily distinguished from the rest

of the tissue as both were dark red in colour. After

fixation, the macroscopic ceolonies stood out as 1light
spots, about 0.5-1.0 mm in diameter, on a darker
bacKkground.

Endogenocus Spleen Colony Assay (S5CA)

The  endogencus SCA (Tiil & McCulloch 19463) was
performed aéco#ding te standard procedures. Mice weighing
2022 g were. subjected to a range of X-ray doses. Five

groups of mice were used per dose for a total o+ 1,299

)
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mice. Two group§ of mice were injected immediately (5-10
minutes) post irradiation. One of these (OE), received 2.5
mg of tocopherol suspended in a vehicle while the second
(V) group received the vehicle only: Two other groups
were injected similarly but at 3.0 hours af§er the
irradiation, One group (SE) received 2.5 mg of the
_tocopheroi suspension and the other the vehicle only (3V).
The last group (C) served as a non—injecfod control.

At day eight after the irradiation, the spleens

were remocved and colonises were counted.
.

Exogenous Spleen Colony Assay

/
' To examine the response of spleen and bone marrow
ha;matopoietic stem ‘colls after radiation injury, the
method of Till & McCulloch (1961), with some modification
(Lord & Hendry 1973), was used.

i) Bone Marrow Graft

Recipient mice, (those receiving the marrow graft)
weighing 18-22 9. were irradiated with a dose of 8.0 Gy X-
rays 146-24 hours before the transplant. This served to
suppress the endogenous colony forming units (CFU) to less
than one colony per spleen. This dose was experimentally
determined and was found to be the highest dose only
causing mortality due to bone marrow syndrome (10-30 dars

post —irradiation) with tew early deaths (4-6 dars post
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irradiation) in gastrointestinal syﬁdrome range.

The donor bone marrow cells were prepared from
non—irradiated mice (18-22 g) which were sacrificed by
cervical dislocation. Both femurs were remoyed from each
mouse and rinsed in Hank’s balanced salt solution, (BSS,
TC-199 + phenol red; Difco Laboratories, De{roit) + 0.35 g
sodium bicarbonate per litre and CDZ to pH=7.2. One
epiphysis was removed from each femur and discarded., A 1-
cc syringe, with a 25 gauge needle, containing 0.5 ml ice
cold BSS was inserted info the hollow shaft. The marrow
was then flushed out into a chilled test-tube.

The number of donor mice used per radiation dose
varied from 5-20. A greater number of cells were required
for the higher doses as CFU surviwval in the higher range
was extremely low. Generally, 15 recipient mice were used
per group per dose for a total of 466 recipient mice.

Bone marrow suspensions were pooled and cell

f
concentration was measured using a hemocytometer. Briefly,

0.10 ml! of cell suspension was added to 0.90 ml of a 14

acetic acid solution containing 0.054 methylene blue. This
tr;;tment destrors non-nucleated erythrocytes. Onty
nucleated cells remain intact. Once the concentration was
determined, the stock cell asuspension was brought to an
appropriate concentration. The concentrations used varied
from 3.3 x 10 cells/ml at the lower radiation doses

6 .
of 0 Gy - 0.25 Gy, to 47 x 10 cellis/mi at the highest
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dose o% 9.0 Gy. The c;II suspension was then injected i, u.
into the recipient animals. After 1-2 hours, the'aqimals
were subjécted to the appropriate .‘second dose’ which
damaged the newly injected cells. In this manngr, ‘the
eiogenous CFU obtained. from the donor animal; _were
irradiated in uiua in the recipient animals.

At the end of the second irradiation, mice were
completely randomised. The animals were then injected with
tocopherol, wvehicle, or were not injected. Eight fdars
later, spleens were excised and colonies counted.

The surviving fraction was calculated by dividing

5

the number of_colon}es per 10 cells injected appearing
in an irradiafed group by the  number appearing in the

group not receiving the second dose (0 Gy).

CFuU/10 > at dose X

Surviving fraction =

CFU/IO5 non—~irradiated

Normally 5-é hours pass from the time of the first
injection to the last. To énsure optimal CFU survival
quring this time, the bone marrow cell suspension was
always Kept at OJ.C. A survival of CFU at 0 'C_ over - a
period oé time was carried out. The criterion of survival

was taken to be the ability of the CFU to form colonies on

the spleen of recipient mice. The transplants were

injected i.u. into irradiated recipient mice at |, 3, 3,

7, ¢, and 24 hours after cell collection.
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iiY Spleen Céll Graft
.

" Transplants of spleens cells followed a similar
Erotocol to that of bone marrow. The differences anre noted
her;e
Donor mice were sacrificed and spleens were
removed ;;d rinced in ice cold BSS. Spleen; were then
disrupted by pushing them through a‘5p gauge wire mesh of <;
a cellector-homogenizer. Spleen clumpé'u;re then broken up

d B

into a 'sTngle cell suspension by fiushihg them twicgr,/”_,
through a 25 gauge ne;d{;. .- A

Cell concentrafions were then determined and
diiutions were made ranging from 2 x 109 cells/ml | for
low doses (0 - 0.25 By) to 112 'x 10% cells/ml  for the
highést dose (3.4 G}). _A’iotal of 273 mice were used as

recipients. . ) {/

Split—Dose Assay .

¢ To estimate the time required for maximal recbuerr
“,after X-irradiation, the split—dose assay was used (Till
and McCulloch 1963). Briefly, groups of mice weighing 20—
25 g were given 6.9 6y total body irradiation in two
equal dose fractions each of 3.44 Gy. The Yime interval
between the two dosgs ranged from 0-24 hrs. A total of 11l
-

intervals were used at approxfmately 30 mice per group for

a total of 1,229 mice.
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Threer_grodpé of mice wer dSéd'pgr-ilme interval.
One group of mice rece?ufq.an'ihjection'o¥ 0.05 ml of the
- , . )

.® °*

-rvehicle aftér each dose fraction. A second gro@p/receiued'

an injection of:0.05 ml”o+fth§_toc3pherol suspénsion after

each dose fraﬁﬁion. The third group was not inJec?eq.-This
was repeated with a ?resh bitch of mice at each’ time
interval. In this mahner the two injected groups received

a total’ of 0.1 ml of e¢ither vehicip‘only, or ' tocopherol
. . , --JN . . -
suspended in vehicle. This was done to Keep the total

t'-

volume of injected material -in thisle%periment the same as

that of the other exﬂeriments.';j .
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RESULTS

Opijmai Tocopherol Dose

‘ To ascertain the optimail ddée of tocopherol

required to increase -animal_ survival after‘.radiation
stress; groups of mfce:weré given . 4.5 Gy total —body-
irradiation. The animalsiﬁere randomized and injected with

. variable doses of tocopherol in O.I'm\fvehicle, 0.1 ml

vehicte only, or were noi-jpjected. Six groups of mice
- e

were used at.24 mice per group, for a totdl of 144 mice.

The optimal tocopheroilﬁose—was found to be 2.5 mg per

= )

‘mouse- (Figure 13. . .

Survival Stua{

The effecf of tocopherol, post;irraqiation, on

1]

mouse lethality was studied in the dose—réngé causing bone
marrow syndrome., Dose-thortality curves of total-body-X-
irradiated mice from 5.6 to 7.1 Gy were transformed to
—stfaighx lines for the three -groups of data (T;ble 1,
Figure 2). |
' There isva signifi*nt difference (P(.01) between

the LD gg/30: of the control groups (vehicle and non-

injected) and the tocopherol-injected group. The LD 50/30
. ‘ .

-
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“'of the vehicle—injected group and the non-injected gf&up
is not significantly_dif+ereﬁt (Table 2).
The .slopes of the three lines éuggest‘.fhat' the
" tocopherol-injected group, " having a lgéseé sloﬁe'o* 1.1
Gy-l, compared to thaf of  the uehicleijnjected group of
1.8 Gy—l, and the r;c;n-injected group 1.9 Gy-l, &is an
-
improved rate of survival (Table 2). This is especially
true ;t the higher doses where the abs;lu?e difference
be tween contrél' and tocopherol gfoups is larger (Figure
2)s  The differences between slopes however . is not

2
significant (X - test for differentes between slopes,

Stanley 1963).

1 4
Endogenous Spleen Colony Assay
To determine the effect of tocopherol on
hematopoietic stem cell survival, after total-body-

irradiation, the endogenous spleen colony assa¥ (SCA)Y of -
Till and McCulloch (1963) was carried out. Five groups of
mice were irradiated over a dose range of 5.8 to 4.9 Gy.
There were two graups of animals reoceiving tocopherol
injections, one .group immediately post-irradiation (UE)
and the other five hours after irradiation (SE). Two
groups of mice receiving vehicle only were injected at the
same . times as the tocophero! groups ;UU, SV . %he fifth

éroup (C) was the non-injected control.



Figure 1. Survival curves of mice receiving
variable doses of tocopherol immediately after &.5 Gy

total ~body irradiation.
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Figure 2. Probit lirnes of dose-mortality data for
tocopherol-injected, vehicle~injected " or .non—-injected

mice.
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d . ) | TABLE 1 .
THIRTY-DAY DOS?—HORTQLITY.STUDIES OF
* TOTAL-BODY X-IRRADIATED ANIMALS
Dose 4 Mortality Number of Prébit
Animals Per .Conversion
(Gy) c v E Treatment Group C v E
5.6 4.2 0 3.2 24 3.09 3.45 3.36
5.8 0 4.2 12.5 2é o 3.49 3.78 3.61
4.0 25.0 29.0 4.2 24 3.90 4.12 3.86
6.2 29.0 41.7 33.3 24 . 4.30 4.46 4.10
é6.4 38.0 45.8 20.8. 24 ’ 4.70 4.80 4.35
6.7 29.0 50.0 20.8 24 5.11 5.14 4.59
6.9  71.0 ‘6.7 45.8 24 '5.51 5.47 4.8a
- 7.1 88.0 77.1 S56.3 48 5.91 5.8t 5.09

C Non-injected control group. (Stanley 1963)
VYV Vehicle-injected group,

E Tocopherol-injected group.

\



TABLE 2,

SLOPES OF PROBIT LINES OF THIRTY-DAY SURVIVAL
STUDIES OF ANIMALS RECEIVING TOTAL-BODY IRRADIATION

FROM S.4 - 7.1 Gr.

30

Group - Slope Deviation from LDSO/so + SE
Gy~ Linearity - (Gy)
C - 1.88 > 0.05 6.40 + 0.0S
v 1.77 > 0.3 _ 4$.58 + 0.06
E 1.14 > 0.2 7.02 + 0.11 #%
2

Curves are accepted as linear if p > 0.05 usingAX
for 1inear£ty.

c Non;injected control group.

V Vehicle-injected group, _ ' ¢

E Tocopherol-injected group,

% Significantly different ( p > 0.01 t-test),

Values obtained from Probit Analysis Test
(Statpack from Concordia University computer center

aqd Stanley 1943.). ,

4
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The S~-hour intequal was selected as the
hematépoietic ‘stem cel)l recovery is ;ormaliy complete by
five hours after radiation injury (Till and McCulloch
1943). For this reason, introduction of tocopherol at 5°
hours  post—irradiation assured that the vitamin would not
be present during the major recovery period and could not
take part in associated repair.

Due to the skewed natuf; of the endogenous colony
counts, (Iarge_number of spleens with no colonies at high
doses), individual spleen colony counts were transformed
to log (see below>. Combined group data at a particular
dose was then detransformed to mean colony count as

recommended by Smith at al. (1944). Statistical analysis

were carried out on the detransformed mean colony counts.

Briefly, individual colony counts (x) were transformed
using the formula; X; = log (x+1), where X; is the
transformed spleen colony count. In this manner, the

problem of dealing with the log of zero was circumvented.
The mean for the group was then obtained and detransformed
b; the formula ;; = (antilog-gt) -1, where‘it is the
transformed mean response of a group at a particular dose
and i&t is the detransformed mean ¢olony count. Spleen
colony dose response curves were fitted by weighted
regression analysis (Figure 3,4).

The‘endogenous SCA data suggest that the number of

CFuU suruiuiné (ie. capable of proliferating into a spleen
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colony) after doses of 5.8 Gy to 6.9 Gr, can be increased
by an injection of 2.5 éé. of di-&-tocopherol immediately
post-irradiation (Figure 3, Table 3). This effect is not
apparent if tocopherol administration is delayed bJE fiue_
hours (Figure 4, Table 3). The vehicle also showed some
protective effects if administered immediately after the
irradiation. The effect declined with increasing dose and
reached the control iovol at the higher doses (Figure 3,
Table 3. In the case of.toco#herol, injection immediately
post—~irradiation increased the spleen colony ‘count
compared to both vehicle-injected and non—injected
controls., This is especially tfuo at the higher doses. The
S—QQUP post—irradiation tocopherol-injected group hadf a
similar response to 'that of the non—injected control
group.

In this study, ther; was no app&rent effect of
tocopherol when injected at five hours post—-irradiation.
To alter the endogenous spleen qd\ony counts, tocopherol

had to be present within five hours of irradiation.

Exogenous Splooh Colony Assay

To iAvestigate further the tocopherol effect on
CFU within the recovery period of the endogenous system, a
dose-response curve of exogenous bone-mafrow and spleen
CFU was carried out. AN increase inlﬁre ‘shoulder’ of the

dose-response curve would indicate that there is an



Figure 3. Endogenous spleen coliony assay of mice

receiving tocopherol, wvehicle or no treatment immediately
.
after 5.8 to 4.9 Gy of total-body X-irradiation.

-
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Figufe 4. Endogenous spleen colony assay of mice
- .
receiving tocopherol, vehicle or no treatment five hours

after 5.8 to 6.9 Gy total-body X-Prradiation.
/
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TABLE 3. ENDOGENOUS SPLEEN COLONY ASSAY OF MICE
' RECEIVING VARIABLE DOSES OF TOTAL-BODY X-RADIATION.

Mean colony counts + SE

37

Dose  C Y 0E 5V 5E
Gy : !

5.8 3.20+0.57 4.78+0.79 4.946+0.89 32%6:0.44 3.27+0.67
392 36 » 3z 40 34

6.0 4.07+1.18 2.80+0.70 3.531+0.93 3.67+0.96 2.83+0.71
20 23 25 i¢9 20

. x ' ;

&.2 1.86+0.35 1.88+0.40 3.24+0.54 %% 1.57+0.37 1.946+0.38
38 32 335 35 32

é.4 1.84+40.43 ° 2.463+0.41 3.70+0.47% 1.44+0.3 + '35
38 38 - 39 39 40

&.7 1.39+0.27 2.04+0.42 2.90+0.50» 1.38+0.30 1.74+0.31
40 39 35 40 39

*

6.9 0.57+#0.12 0.60+0.11 1.12+0.18%% 0.6720.13 0.78+0.14

849 23 88 ‘. 8é 92

a Sample size,

€ MNon—-injected group
Do= 0.40 Gy .

OV Vehicle—injected group immediately post-irradiation
Do= 0.34 Gy, )

OE Tocopherol-injected group
Do= 0.71 Gy. . a

S Vehicle—injected group 5 hours post-irradiation
Do= 0.74 Gy,

SE Tocopherol—-injected group 3 hours post-irradiation
Do= 0.77 Gy.

immediately post-irradiation

* Significantly different from non-injected group (P<0.03).

#* Significantly different from vehicle—~injected group
(P<0.05)

(t—test, Sokal and Rohl+ 1969),
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increase in the capacity of the cell to .accepf
accummulating damage ( Elkind and Sutton 1968, Till ,;nd
McCulloch 1981, Alper 1977, 1979). Alterpatively, this may
in turn be interprotoéfii\an ineréﬁse in repair cipacity
(Elki:; and Sutton 1966 , Fonck and Konings 1978 ).

For logistic reasons, the suspeng}on of
hematopoietic cells had to be kept in saline for a period
of 1 to 7 hours during an experiment. Typically, the first
anipal would receive the intrauenoqs (i.u.) transplant &

<hours before the last animal wouild. Hence, - it was
necessary to. ascertain the survival of CFU in balanced
salt solution (BSS) at 0 °‘C for a period ouerla?ping ‘the
maxi&um tength of time for which the cells would be
stored. The results for 5one marrow CFU are summarized in
Table 4. A@ 7 hours, the maximum time of storage, cel]
viability is,approximately ?6%4. This error was' judged too
low to necessitate correction for animals injected at the
later time, To minimize error, animals receiving a
particular dose were first i.u. injected, irradiated, and
then randomized before receiving i.p. " injections of
tocopherol, vehicle, or being assigned to non-injected
groups. .

‘ At 4.9 Gy, the number of spleen colonies arising

from endogenous CFU was approxjmately 0.7 per spleen in

the control groups, and {.4 in the tocopherol—-injected

group (Figure 3). To ensure that an insignificant number
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of' endogenous CFU would survive and colonize the spleen
during theltgll tEansﬁlant expe;imeqts; a dose greater
than 4.9 By was‘g}uon to recipiéni mice. Too high a dose
however, would shift mortality from bone marrow syndrome
(11-21 days) to gaStroint?stinal androme‘(4—8 days). This
would result in many animals dv}ng before the s;lofn couid
be excised on day eight. To determ}ne the ap;ropriate dose
of X-riys, a range of doses from 7.7 to 9?.9 Gy were given
to groaups of 14 mice (Figure 3). A dose of 8.0 6y was
chosen for the recipient mice. This dose vyielded 6.3
colonies per spleen for endagonous colony fonming uni ts.

The response of exogenous éFU from the spleens of
donor mice was not modified by the post—-irradiation
injection of tocopherol, under the present experimental
conditions (Figure 4). The Do, Dg and extrapolation number
(n) for the three groups are approximately equal (Tabie
4. The lack of a shoulder sugéests that spleen CFU have .
little or no capacity to accept subletha) damage. This
response does not appear to be modifred by tocophercl in
the present‘case.

The response of bone marrow hematopoietic _stem
cells differed from those arising from the sp{een.
. Although the Do were similar, Dg and n were larger. As in
the case of spleen CFU, no tocopherol effect was observed
up to 3.4 Gy; howe;er, thefe appears to be a ch;nge in

slope for .the vehicle-injected and non-injected groups at



TABLE 4

CAPACITY OF BONE MARROW CFU TO FORM SPLEEN COLONIES
. ‘ - - \‘ " .

AFTER SUSPENSION IN BSS FOR VARIOUS +IHE-INTERUALS

4

Time in Colony Count? Number of. Survival P
Solution + SD Animals Ratio
¢(Hours) , . Injected
1 14.0 + 2.0 s 1.0
'3 14.0 ¢ 1.7 5 1.0
5 13.8 + 2.4 5 0.99
7 ‘ 13.4 + t.8 S 0.9
? ©12.8 + 3.0 -5 0.91
24 8.5+ 3.4 4 0.61

a 2 x 10° cells were injected per mousg.'

b Relative to colony forming ability at 1 hour.

-

4
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.- TABLE S.

B

DATA FOR DOSE-RESPONSE CURVES OF EXOGENOUS BONE MARROW

+

AND SPLEEN HEMATOPOIETIC COLONY FORMING UNITS
IRRADIATED IN WIUO IN MICE.'

7

b ‘
Grosp Correlation  Sumple Slope £ 50 Do+ SD Extrapolation D + 50
. confficient(r) size 6r!) (6y) mamber (0)

: S~
Puu RAPTOM .
¢ 0.99 6 -8.4400.03 - 1.084.06 1.5 0420002
v L9 7T AL 8 2.2 0.4749.03
E 0.99 R 040002 099004 1.8 1.5849.02
Spleen
¢ 0.99 R -6 LS 1.2 1141981
v 0.5 44303 L0107 1.0 0.0240.00
E 0. 8 A 09802 L 08200
C Hoa-injected

V VUshicle-injected .
E Tocopherol-injected.

b Correlation coefficients were calcwlated on the iiaear (exponestial) portion of the servival
curves (1.3 - 3.0 Sy for bome marrow and 0 - 3.4 Gy for spleen) .



Figure S. Time-mortality study of mice receiving

N

‘doses of 7.7 By to 9.9 Gy total-body X-irradiation.
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Figure 6. Dose response—curves of exogenous
spleen colony forming units irradiated in wiup in
fecipient mice injected with tocopherol, vehicle, or non-

injected immediately post—irradiation.




Surviving Fraction
—

.01

Qea— Non-injected

BN
T eeene

|

Vehicle-injected
Tocopherol-injected

2
Dose (Grays)

L o



44

the higher doses (Figure 7). There is a significant
difference between the mean colony counts at the higher
doses of tocopherol-treated groups and control groups
(Table &). The'tocopherol group does not appear to undergo
a sldpe change at doses less than 5.0 Gy. This ‘is the
highest dose that could be achieved within ~the present
experimental design. Technical difficulties prevented
groceeding to higher doses.

An Attempt to rgach the same dose range with CFU
arhiing $rom the spleen was not successful. At 3.4 Gy, 57-
112 x 109 spleen ;ells had to be transplanted (i.u.) to
rie1d'6—? colonies per spleen (Appendix, Table $-11). To
give a dose of 4.3 Gy, approiimately 17 x 108 spleen
cells per mouse would be required for the same number of
colonies. Howeuer, when the i.u. transplants were made,

death of the recipients resulted in 1 to 3 minutes.

Spleen Microenvironment
r

, .

Treatment of lethally irradiated recipient mice
with tocopherol immediately after bone marrow or spleen
derived hematopoietic stem cell transpltant did not

.increase the-number ‘of CFU seeding the spleen (Table 7).

These results suggest that the increased number of
surviving endogenous CFU appearing in ‘the tocopherol-
treated mice were not more likely to form colonies on the

spleen simply due to an improved microenvironment.
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TABLE &
SUMMARY OF EXOGENOUS HEPKYI"DPOIETIC CEFU RESPONSE
TO DOSES OF X-RADIATION.
Serviving fraction (x w3
Dose ¢ .2 0.43 0.88 1.8 2,80 348 3. 4.3 AN - N |
(Gy) . . .
Beoup 2
# .
Bone marrow
(W 1M 2.6 B3.7 4.4 43.7 13.3 4.2 - 2.3 0.71 .37
v . 118 74.8 88.4 n.4 .1 13.9 3.8 2.9 1.3 0.%3 .29
. N 1 %
£ 19 8.1 B3.4 85.2 2.3 14.5_ 4.8 - 2.4 1.2 1.]82
Spleen
¢ 8 82,5 848 493 /A 9.9 4] e e — £
v i 828 952.2 5.9 2.9 9.0 KM | — - - -
E 08 2.7 0.8 43.8 7.8 8.2 3.3 -— - -— ===
: N

C Noa-injected mice

¥ Vehiclerinjected mice .

E Tocopherol-injected mice

¥ Significantly ditferent fram son—injected gromp (P(0.83)

1% Sigaificantly ditferent from vehicie-injected group (P{0.05)

(t-test, Sokal and Rohif 1949)



TABLE 7

COLONY FORMING ABILITY OF BONE MARROW AND SPLEEN HEMATOPOIETIC

L]

STEM CELLS INJECTED, Iﬁ IRRADIATED RECIPIENT MICE

RECEIVING TOCOPHEROL INJECTION, VEHICLE INJECTION

OR NO *FURTHER TREATMENT . i
. )
Bone Marrow : Spieen
) c v E ! C Y E
!
Tells inj x 105 24 2.0 20 1 a4 4.4 a4
Mean colmf . '
count 1 5D 177450 . 192480 1801463 ! 92427 B.5:40 82144
Sagle size 1 8 9 ' 14 3
FWI0° cells 8.9 9.6 9.0 1.9 1.9

C Noa-injected recipient mice
V Recipients receiving vehicle injection post-stem ceil transplaat

E Recipients receiving tocopherol injection past-stem cell traasplaat



{ . .
Figdro 7. Dose-response curves of exogencus bone

marrow colony forming units irradiated 4in uwiup in

Fi
recipient mice injected with tocopherol, wvehicle, or Q:n—

injected immediately post-irradiation.
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Split-Dose Assay

After receiving a dose of x;irradiation,
hematopoietic stem cells commence celtular recovery. This
recovery is thought to Be mediated Ly repair of the
induced damage and is often referred to as "Elkind
Recouefy' (ElKkind and Sutton 1940, Till and HMcCulloch
1943, Alper 1977). The peak of such recovery in endogenocus
or exogenous hematopoietic CFU of mice is-at approximately

©
S hours (Till and McCulloch 1943).

1+ the post-irradiation tocopherol effect involves
stimulation of Elkind recouéry;. one may expect to observe
tgP possible modifications of the split-dose response. The
time—cours; of recovery may be altered or the magni tude of
recovery observed over the sanhe recovery period- may be
changed. ‘ )
To evaluate the ;ffett of tocopherol on ‘Elkind’
recovery, a fractionated dose*reéponse study was carried
out. Two doses, each of 3.4 Gy total-body-irradiation,’
were given to three grohps of animals with a wvariable
recovery time between the doses of 0 to 24 hours (Figure
8, Table 8>. |

The results of the fractionated-dose experiments
suggest that a maximal recovery from ﬂrradiatio?foccurred

at approximately 9 hours for the uehic1e-injec;g6 and non-
-~

-
>

injected groups. A somewhat earlier maximal recovery at
Lo



Figure B. The effecthj dose fractionation on the

recovery of endogenous hematopoietic stem cells of mice

L] -

receiving “toucopherol ipjection, wvehicle injection or no

injection immediately post-irradiation.

-3
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,agpnpiimateiy 7 hours was observed in the to&opherol—
injected group. There is a modification of split-dose
r;sponse for both the vehicle-injected and tocopheroii—
injected groups as compared to the non;injectgd coﬁtrols
(Table 8). - The di fference between the tocopherol-injected
and vehicleginjected groups is significant at $he

intervals of 0 hours and 7 hours (Table 8).-

L
vt
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TABLE 8 - |

. ENDOGENQUS SPLEEN COLONY ASSAY OF SPLIT~-DOSE STUDY.
MICE W GIUEN TWO DOSES OF X-RADIATION )

SEPRRATED BY A UﬁRIABLE TIME INTERVAL

__-————'?’f
- ¢ v E
Interval _ - -
(hours) n X n X n X
* "
" TR RNy BoL@L0LI 8 L2400
1 V126408 00B 24103 I 4381083
3 N 2.80718.8 ¥ 451072 29 5.85 £ 0.9
5 % 2244 0.3 % 3474 9.55 W 4990006
7 W 3451 0.8 "R ¥ 8424 1.3
9 N 3.7410.82 . I 4424081 W 7434143
TR N LT 0% N 250108 ¥ 2.8210.42
13 ¥ Lm0 B LH0% W 2405
14 N 1744046 B 4,74 4 0.8 7 Sa5iian.
19 I % FY R 29 4.8520.78 B ans0m
]| % 147104 B 21510.4 ¥ 3194 0.8
!

L Nen-injected. X Mean colony coant 4SE .

v UehiFle-injected ‘ ] Slph size. .

E  Tocopherol-injected. ¥ -Sigaificantly different from son-injected group

 Signiticantly diiferent from vehicle-injected growp . " (t-test, Sokal and Rm{ 1949)
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DISCUSSION AND CONCLUSION
)
‘This discussion will focus on tge experimental
results related .to the modifi;ation of animal and. CFU

survival - when tocopherol treatment is administered after

"radiation injury.

The results of this series of experiments suggest
that the -Hl—<x—tocopherc{ form of vitamin E, . has, a
beﬁeficial effect on animal survival when administered _to
mice at the doses. of radiation ‘causing bone marrow
syndr ome (6.1-7.1 Gy). The results also suggest that the
reduced lethality may be due to the increased ;urvival of o
the irradiated hemafopoiotic stem cell population (C?U) as
shown in the inq}eased‘co[ony counts of endogenous saieeﬁ
colpny‘ adgir. -.Tho higher doses requ.ired tQ' demonst_rite a
tocopherol e¥fect .in the endogenous sb]eep colony assay

(SCA) parallel the findings in the wholo—animg} surunua].)

.experiments, In both series of experiments the tocopherol

effect was pronounced at the upper radiation dose range

and insignificant at the lower dose range.

v

Survival Study - 7~
o

Mice pre—treated wi}h tocopherol have been shown

to have an increased survival after total-body-frradiation

\
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(ﬁk//:;:) compared to®™ controls (Sakamoto and Sakka 19?73,

Srinivasan and Weiss 19813. Mice fed diets deficient in
u}tam}n E have a greater sensitivity to radiation as
m;asured by survival when compared to animals fed
supplemented diets (Konings and Drijver 19%9). These
experiments have been interpreted, at least partially, on
the assumptioaﬁgh?t the observed tocopherol effect is due
to its antioxidant p;operties. Malick ot al. (1978) showed
that mice receiving ;arious diets, some restricted and
some supplemented in tocopherol, all responded with lOOZ'
mortality in thirty dars after 8.0 Gy total-body-
}rradiation. However, regardiess of diet, an injection of
. toc?phero]' immediately pqst—irradiation improved  the
thirty—day sdruiual. The dose-response curves of ant?al
lethality in the present experiments are consistent with
these results and have gone further to show that a pbst-
irradiation iﬁjection of tocopheral can improbe the
thirty-day surviuaf over the dose range causing ' bone
marrow syndrome (Figure 2). The L050/30 was increased

sighificantly (P<{.01 using t-test, Stanley 1943) from 4.6

Gy in the behicle?injected group and non-injected group,

P
to 7.0 Gy in .the tocopherol-injected group (Table 2).

. The increase in LDSO/so obtained in this
experiment with tocopherol treatment, is similar to that

of SaKamoto and Sakka (1973) who injected mice with

tocopherol thirty minutes prior to irradiation. It is



o8
doubtful that this short “time interval prior to

irradiation was sufficient to allow and -i.p. injection of

tocopherol to be <fully incorporated into the target
tissues. Roy &t al. (1982) have shown that after an i.p.
injection of tocopherol ( 3h Iabelled), up to 3 to: é
hours may be required for focophorol uptake in the spleen,
bone marboﬁ.and serum. The amount and rapidity of uptake
waé greatly enhanced after irradiation. Other information
on tocopherol uptake and distribution after’ parenteral
administration is scant (Hachlin.l980). However, data is .
abailable on orally administered‘tocopherol. A peak of
absorptton from the gut in rats is observed at 2-4 hoqrs
followed by a second peak at 8~10 hours (Gallo~Torres
1980>. Machlin and Gabriel (1982) have shown that in human
plasma, the early peak appears at 5-8 hours after the
ingestion of. Oi—tocopﬁerpl. In'rats, i.u. injection of
the vitamin reaches peak uptake in‘the spleen-at & hours
(Gallo-Torres 1971).

These absorption data suggest that it is wunlikely
in the Experiment of Sakamofo and Sakka (1973) that:
tocopherol was able to accumulate in Iaréo enough
quantities in critical tissues upon being injected thirty
minutes prior to the insult. The results suggest that the
tocopherol effect may be effectively pbstfirradiation in

this case.

The. point of interest in previous experiments of
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pre—adhinistration of tocopherdl and those of post~
administration presented here in this study is the reduced

animal .1ethatity in both cases.

Endogenous Spleen Colony Assay

The’ endogenous spleen colony assay (SCA) res%L%s
suggest that at least part of the increased LDSO/SO in
the tocopherol—treated group may be'due to an increase in
the survival of endggencus colony forming units (CFW)
lodging in the splooﬁ; ‘An alternative explanation which
will be discussed later considers tHe_ po?sibility that
vitamin E impfovos the microenvironment of the irradiated
spleen thereby increasiﬂb its efficiency in enabling the
seeding of CFU within its tissue. ‘

The - major cause OKL;:ath at these doses (5.8-6.9
Gy), as described in the introductiocon, is a failure of the
hematopoietic ;;;fem. The animal dies of severe multiple
infeétions' and anemia. Not only a}e mat;re blood cells
damaged, but so are the non—-committed progenitor cells
(ie. CFW which would normally give rise to a new
population of hematopoietic cellé. ;n increase in colony
number would suggest tﬁét a greater fraction of CFU are
surviving ?he'hadiation insult and are capable .0f forming
erythrocytic and granulocytic colonies on the spleen. In

the endogenous SCA, such an increase was found in the

tocopherol-injected group receiving the vitamin

4
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immediately following irradiation (Figure 3),‘ Due to the
time of injection, tocopherol would have been present

dur::;\rdzzzxxfgggyery peﬁiod of the irradiated CFU

populatipn’ (see discussion of spiit—-dose assay) estimated

' for the CD-1. female mouse at 7-? hours (Figure 8). This is

probably still true when one cohsidéfs the time loss for
uptake.‘o+ -tocopherol. The mechan}sm involved in the
incroésed CFU survival is ﬁnknoun. Either by diEitt,‘ or
ihdirect means tocopheroil has increased the number of CFU
yielding spleen-colonies (Figure 3. When the injJection of
the vitamin s delayed to five hours post—-irradiation,
after the recovery peak (considering timé f:: uptakel), no
effect'jé observed on endogenous colony counts (Figure 4).
Thes; results suggest that there is some repair, or
recovery mqﬂi?ication by tocopherol.

'_ Two _established criteria often interpreted as
establishing the \degree of recovery from radiation damage
are the Dq of the‘exogtnous SCA and the split—-dose effect.
These two tests and the significance of their results will
be discussed later.

The slope of the suru}ual curves of CFU in- fhe
endogenous spleen colony assay were in the range‘Pf —0;5
to 0.6 GY' , of Do = 0.54 to 0.77 Gy (Table 3)>. These
results are similar to those of Ainsworth and Larsen
(19469); Do = 0.46 Gy and Smith et al. (1966);

L4

slope = -0.56 Gy . Some authors have reported higher Do

-
B . »
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values than those presented here for endogenous CFU. Till
~and McCulloch (1963) reported a Do of 0.95 Gy. These

variations are not completely understood but m#y in part'
be due to the rate at which dose is administered. Puro and
Clark (1972) have deﬁonstrated a éhange in slope, and
hence in Do and extrapolation number n with varying dose

rates. Dose rates of 0.03 to 1.05 Gy/min were given to

groups of mice. The a;thors report a . changing Do, or

slope, with a change in the dose rate from 0.94 to 0.74 Gy

min~1 regspectively. The dose rate used in all my

experiments was approximately 0.30 + 0.02 Gy/ min .

Another explanation for the discrepancy existing in the
valueé of slopes of endogenous SCA may arise from the use
of different mouse strains. A literature search did not
reveal any endogenous SCA data for CD~i1 mice. Although CD-
1 mice have been used for CFU studies (Monette and Demers

1982), no dose response curves for endogenous CFU were

presented.

Exogenous Spleen Colony Assay

The genéral form of th; dose-response curves of
the exogenous SCA for the transplanted bone merrow cell
agrees well with data presented by other authors (Till and
McCul loch 1943, Puro and Clark 1972). Althopgh the slopes
and extrapolation number (n} of bone marrow CFU are well

documented, less data is available for transplanted spleen
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CFU. Reports that are auai{able suggest that spleen CFU
may respond sh;ilarly to the bone marrow CFU (Siminovitch
g%fal.- 1945, Guzman and Lajtha 1??0, Schofield 19707 with
respect to the exponential part of the curve,- Do being
close‘ to 1.0 Gy in both casééf. The extrapclation number
however is larg;r for ;ho bone marrow cells (1.5 compared
to that of spleen cells (6.8—1.0). The present results are
congistent with the published data (Table 5). ‘The Do for
both spléen and bone marrow CFU in the present study is
approximately 0.9-1.0 Gy. The extrapolation number +For
spleeh i; lower than that of bone marrow, n = 1.0 and
n = "1.,95 res?ectiue]{ for g;oups receiving no further
treatment after the i.u. transplant and subsequent
irradiation.

- Extrapolating the exponential part of the curve
back to zero dose yieids the extrapolation number <(n)
where the curve intersects the ordinate (Figure &, 7). The
.extrapolation number is ° thought to indicate an
accumulation of repairable sublethal damage (Elkind and
Sutton 1960, Aiper 19279). An increase in the shoulder of
such curves results in a lafger n, hence a greater
capacity for the cell to accept sublethal damage. It wa;
though the influence of tocopherol on irradiated CFU may
result from an increased capacity to accept and repair

sublethal daﬁage.' This would appear as an extended

shoulder in the survival curves of CFU in the tocopherol-
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treated groups. However, as illustrated in Figures 8, 7
'and, Table 5 this is not the case. The shoulder in thelsj;;-\}
of the bone marrow ?uruiual curves was not modified by
tocophercl, and where none existed in the control spleen
CFU survival curveﬁg none appeared in treated groups.

An .interoszzng comparison may be made between the
spleeh and bane marrow CFU. Whereas the Do are similar for
the two cell types, no shoulder appeared in the spleen
derived cells. This would suggest that the hematopoietic
stem cells originating from the splieen have a reduced
capacity at repairing or accepking damage at the low dose
regiSH. The +final sliopes however are similar suggesting
that repair capacity in the two cell types, as measured by
radiosensitivity is similar at the higher dose range.

The finding that shoulder width is not increased
in the case of bone marrow stem cells, nor is one induced
in stem cells originating from the spleen, suégests that
the observed tocopherol effect in roducjng animal
lethality is not due to a stimulation of repair at the low
dose regioﬁ. This is consistent with the results obtaiped
from - the thirty—-da survival experiments (Figure 2,
Table 1) and the endo s' spleen colony experiments
(Figure. 3). The effect of tocopherol appear; to be
negligible at the lower radiation dose range where the

cell’s capacity +for repair is presumably more or less

intact. The tocopherol effect appears to be at the higher
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‘dose raAQe where repair is diminished. . Examination of the'
survival curves of CFU originating from bone marrow
(Figure 7) suggests a prdbable slope change'in the two
control curves at doses greater than 4.3 Gy. There.is a
significant di?ference be tween mean colony counts of
tocopherol-treated grodps and control as well as non-
injected groups at the higher dése range for bone marrow
CFU (Table &). Whereas the slopes of the non-injected and
uehicle—injeéted .groups appear to become more steep at
doses greater than 4.3 Gy, that of tocopherol remains
con%tant._ The réason for the Siope Ehange is. unknown.
\

There may be reakdown ip the repair capacity of the

cell at the higher dose range (Alper 1979). 1Ib has  been

suggested that such survival curves are actually not

straight but .curvilinear approaching linearity
(Alper 1977), the slope {ncreasing with increasing dose.
It is conceivable that tocopherol is acting to  stimulate
or to protect the repair capacity of the ceil. 14 the

effect is linked to repair, I-would suggest that the slope
of the tocopherol-supplemented group would remain
approximateliy linear up to a certain dose beyond thch
damaging events would override ihe protective effect of
tocopherot. “at  this point, the slope of the vitamin E
group would also increase as did the vehicle-injected and
non-injected groups.

- Doses could not be .increased beyond the range of
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3.4 Gy in the spleen CFU ;tudy as the number of cells
required‘tb achieve suffic?eﬁt colony number on the spleen
was so large that most animals died within mvndies after
being inJected.. As fewer cells were required to achieve
sufficient colonies in the bone marrow-groups, 10 CFU/105
cells in bone marrow'(ﬁppendix, Tables 12-17), and 1.5
CFU/10°  cells in the spleen (Appendix, Tables 9-11),
.higher doses could be wsed. The largest dose that could be
administered with the present protocol is 5.0 Gy for bone
ma;row cells. A larger animal model ’ é&y prove more
practical for evaluating Q;U survival at higher doses.
Rats have been used for CFU studies (Comas and Byrd 1967,
Comas 1948). A large animal would not only vyield a
greater number of CFU as a donor, but would also be able

to accept a larger transplant as a recipient., This would

enable higher dose ranges to be used.

Spleen Microenvironment

-

éome authors have suggested that colony formation
in the spleen can be increased by wvarious agents that
enhance thé implantation of CFU due to an improved spleQn
microenvironment (Mori 1973,Mori and Kitamura 1976,
RoszkowskKi ei_al.‘l980).

Tocopherol was found to increase the number of
colonies appearing in the-spleen in the endogenous SCA

(Figure 3) when administered immediately post-irradiation.
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This may be due to an increase in the ability ;f_ the
spleen to accept CFU in its tissue due to an improvement
in its microenvironment. To test this hypothesis, samples.
of bone marrow or_spleen cells were removed from healthy
donor. mice and injected into lethally irradiated
recipients 24 hours after irradiation. Recipient mice were
injected with tocogrerol, vehicle, or were not injected
immediately after the transplant., The seeding efficiency
(CFU/IO6 cells) was similar within the three groups.
(Table 7). This is consistent with the results of Roy et
al. (1982) who showed no change in seeding efficiency jﬂ
lethaliy irradiatéd mice receiving tocopherol immediately
post—-irradiation and the Bhone marrow transplant 20-24
hours later. Therefore, it does not seem probable that

increases observed in the endogenous ‘spleen colony counts

were simply due to an improved microenvironment.

Spli t-Dose Assay

The Kinetics of the ’Elkind—type’ recovery
" established in the curves of the split-dose experiments
generally agree with tho§e published by other authors
(Tiltl and McCulloch 1963).‘ The first dose given in the
split-dose assay serves to damage the hematopoietic stem
cells and initiate recovery. A certain fraction of CFU
will haue.lost their proliferative capacity, while another

fraction will have received a sublethal dose. The
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sublethally— irradiated group, if given sufficient time,
can completely repair the damage inflicted by the  first
dose (Elkind-_and Sutton 1940, Till and McCulloch 1943,
Alper 1977, 1979). The induction of sublethal damage gives
rise to the phenomenon of ‘Elkind-type’ recdvery seen as
the reappe;rance of the shoulder in dose responsg curves.
One can ascertain whether a population of celis hauiné
received a dose of X-radiation has completed recovery by
giving a second.-dose of radiation at wvarious time
intervais after the first dose. If the surviving
populati;n has in fact complieted récoueryl the original
dose - response curve of the surviving, fully recovered,
irradiated -population will vield a curve with a shouldeﬁ_
and slope,fdentic;l to that of the original wunirradiated
population <(ElKind aﬁd Sutton 1?60, Alpéf 19797,

The Kinetics of recovery after a first dose follow
well establishéd patterns (ElKind and Sutton 1960, Till
and McCulloch 1963, Alper 1977 ). 1In the present split-
dose assay, a maximum isﬂreached at approximately 7 to 9
hours followed by a minimum at {3 hours.for CFU irradiated
endogenously of CD-1 mice receiving two fractions of 3.4
Gy (Figure 8). The results are consistent with those of
Till and McCulloch (1963) who have shown for C57Bl/Ha and
C3H/Ha mice’'receiving two dos?s of radiation, 3.0 - 4.0
Gy, the max.imum recovery appears at 5 hours followed by a

minimum at 11 hours.. Fractionation recovery curves have

b‘\

2
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also been obtainedkfggm other cell types (Eikind and

Sutton 1960, Hornsey and Silini 1962> with similar
resul ts. N

A comparison of the }hreé curves (Figure 8) - of

ose assay suggests that the three'groups of QFU
not be equally sengitive to the two doses of 3.4 Gy.’
- This ‘15 indicated by the. generally hfgher yield of
colonies in the tocopherol-jniec%ed groups and. the
vehicle—injected groups as compared to the non-injected
groups. The difference setweép mean colony codnts at the
various time intervals with respect toutocopherol—fnjected

and non—injected groups is significant at,0, 1, 3, 35, 7,

9, 16 and 24 hours (Table 8). The vehicle. shows some

protective effectsf at the 1, 146 and 19~hour intervals.
Al though tocopherol-treated groups appear to have an
increased number of broliferating CFU com?aréd to @he non-—
injected controls, the magnitude of the differenc; is not
signiffcant when tocopherol groups are compared with those
of the vehicle-injected groups. The two exceptions are at
0 and 7 hoJr intervals. Tocopherol adninistrati&n appears
to increase the recovery peaK in the region‘ of max}mum
repair., .

The exact interpretation of split-dose survival
curves is not completely ;greed upon. Sinclair and Morton
(1944> interpret the maximum survival as being due ;o a

combination of cell recpvery and cell division Kinetics.

el
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Their reasoning. is based on _kes&lts of'_synchronized
Chinese hamster cells gro@ing j#?cu!ture. These cells were
;o;nd to have differ{ng radfosensitiuities dependfﬁg on
the phase of the cell cycle. Cells in S. phase .wér; f;r
more radioresistant compared to those of § bhase. The
firzt dose 64 radiation of an'asynchrdnou; population, for
example asynchronous CFU, will . preferentially desﬁﬁb;
cells in the more radiosensitive phase ozfthe cell cycles,
The populafion of cells is then sqmewhat synchﬁonized. Iﬁe
secénd dose of radiation may be delivered fd:the remaining
fraction of the cells at the more resistant part of ‘the
cycle resultlng in an apparent reduced effect of radlatlon.'
damage. This may be |nterpreted as cell recovery (repalr)

where none existed. .

[ |
E]knnd (1947), however, suggested that the‘ first

dose of radiation arrests cell dtvusuon and results in the
cinitiation of repair. At this point thelcells in the more
"sen51t|ve phage of the mitotic cyt]e have‘bben destroyred,
whlle- those suruuuang are partially synchronized in the
moére radioresistant phase of the cycle. At some point
‘after recovery is complete, <(interpreted first as repair -
by Elkind and Sutton 1960, Elkind 1967)> the synchronized
population reenters di?ision. This portion ofy the split-
dose curve is characterized by the peak appearing at 7-9
'hour interval in the present experimept (Figure 8). A

-

second dose of radiation®after the recovery period will
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strike ‘the cell cohprt in a.more sensittve phase of' the

cell cyc*e characterized by & reduction in  mean cotony

counts.’ The cell popu!ation_reaéhes a maximum sensitivity
. . )

“then passes through the cycle to:more sensitive phases as i

. J . . .
illustrated by the minimum appearing at 13 hours
SNy ‘ . »

(Figure 8). At this point, -the pbpulation becomes less. and

losf " synchronized and evehtual ly reaches A.'platodﬁ of
ggn@ral response of an'asynchrbnoug population of cells.

‘Evidence . for this hypothesis was put. forth by ElKind

-

L

* . ~

at 37 °C 6r %4 °C.' Dose—fractionatfidn experiments were
carried out at both tempe}aturfs; Both. cell ‘populations
- showed ﬁaximgi Fecovery at two hours. ‘+ho cells Kept.
at 37 #C, capable-of nof-mal;diyi.sion_, went through the

R

normal Kinetics of splii—dose‘ recoyery. - The ‘cultubgs

stored at 3: C, incapable of cell diuision,.:reached'a~

plateau it two hours.” This is taken as strong eyidence
’ ) * . t. W7 _
that the initial increasé is due to .céll recovery whereas

" the decrease appearingjltter is largely a phenomendn of
cel] diyisioﬁ; . " '
A \
' Vitamin 'E has been shown to increase cell
pqoliferatioﬁ‘in the spleen (Corwin ot ¢ 1981, Corwin

and Gordon 1982) and of smooth fauscle cells "in cul turd®

(Corwe1]l et al., 1979, ¥Miller al, i980). At present no

- cell division in hematopaiefic: cology forming units.
. A

coL ?
.nﬁ ., e

'(19&?). Cul tures of: Chinese hamster cells were Kept

Bl
-
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‘Resylits of the present ei ' . nts{sugges}ithat div sion’

is taking place in the tocoph¥®i-injected group prior to

that in the vehicle-injected 6r non—injected groups. The

-

poak mean colony counts for tocopherol groupi in the dose-
fradtiohagion s;pdy are at approximitely.? hours "and 16
ﬁours; The peaks{Loro at 9 hours anﬁ {9 hours respectively
for both the vehicle-injected and non-injected groups

(Figure 8). This suggests that there is a probable

4

. decrease in the time required for recovery and initiation

of cgll. division afteﬁltho fiést dose of 3.4 Gy in the
frac%%oﬁatod-doso assayé Due to‘tHe loss of synchrony, the
. ;pli'gaose response was only studfeq for 24 hours. I+ CFU
couia‘ be induced to divide at a greater rate than
controls, one qpuld expoct a greater nymbor of stem cells
“{CFU) to bo.aqﬁﬁlable fbr spleen colony production.
| “The mechanism of action by .which tocopherol
f‘imj:urw:v.ve!. whole animal and CFU’survival when administered
‘pogf:T?radiation ig obsure. A large variety of data is
aJ;ilable suggesting an antioxidant effect of tocopherol
when present in th; cell at the time of radical
pr%duction' (Bieri and Farrell 19746, Konings gi al. 1979,
.Horwftt’i?ﬂﬂ, Konings and Osterloo 19680, Dougherty 1981,
Gavino 2t al. 1983, McCay £t al. 1982). A mechanism for
<a!he pratection by tocopherol was suggested by Paéyer et
al. (1979>. According to this model, a radical may /be

reduced -Bv- Vitamin E resul ting in’ the productioﬂ o a

s
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Vi tamin E rad;éal. This newly formed radical ﬁay then be
reduced by vitamin C which in turn is rod;cgd by NADH. The
process would result in the rogonorati;n of the
antioxidant capacity of vitamin E..

A ‘- requisite for the antioxidant theory of
tocopherol action is its presence at the time of radical
productioﬁ. Oxidizing radicals, and'excitod molecules,
once 'productd; last from 10714 to 1073 sec (Coggle
1971>. To have an effect, an antioxidant must be present
during this short time period. ﬁddition‘oﬁ an antioxidant
shortiy after radical pdeuction would not be expected to
show any‘radical scavenging or noutralfzing effect. ln.the
present experiments tocopherol was ad&id post—irradiation,
hence post radical production aﬁd radical degeneration.

(=

However, an ameliorating effectépas still observed.

l- Some authors have .suggostodi post—-irradiation
hypoxiy, brought about by decreased oxygen content in
blood may be radioprotective <(Whitfield and Brohee 1565,
Rixon and Baird 1968). Rixon and Baird (1968) have shown
that injoc;ions of serotonin af*pr total body irradiation
of rats, decreased animal lethality. The authors suggested
that hypoxia induced by serotonin resulted in a roduced
rate of cellular respiration which may iﬁhturn delay the
mani+esta£ion bf the radiation lesion. This delay may
allow the cell’s hepair capacit& to repair -tﬁe damage

before it is expressed.
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/Sakamato = and Sakka (1973)  suggest that
radioprotective effects of vitamin E may be due to an
abilit; to reduce oxygen tension in the bliood and tissues.
Studies on oxygenation of tumor cells however have not
shown aﬁy tocopherol effects on oxygenation in irradiat;d‘
br un-irradiated tumqr;ﬂ (Kagerud ot al. 1978, 1981 a,
1981 b). Experiments on 1ymphoma cell survival after kx-
irradiation (Fonck and lKonings 1978 have sbo;n that
tocopherol -supplemented cultures ~ha60 tho.same siope of
the survival curves as the non-suppltemented cul tures (Do -
1.0 *+ 0.1 Gy>. For suppl;montod or non-supplemented
hypoxic cuituros, the Do was 2.2 * 0.23 Gy. If tocopherol
was inducing hypoxia, the slope of the survival curves of
the supplemented groups would be intermediate betwoen' the
aofatod ,qontrol ‘and the hypoxic..tolls. An inteﬁesting.
observation in éheso resul ts was the appearance of a
shoulder in the survival curvés 64 the aerated or hypoxiq.
cells receiving tacopherol supploﬁontatioh. There was no
shoulder in ﬁho non-supplemented groups. This suggests an
increased capacity for repairing sub-lethal damage in the
lymphoma cells as a'ros;It of t&copherol freatment.

-Dthor compounds offer protection when administer;d
po?t radical production.l InJoct{on 94 leukotrophin (cell-
free thymus extract) post-irradiation has been found to
increa;e endogenous colony'counts and incrgaso LDSO/SO

in total-body—irradiated mice (Uray ot al. 1980). The

~
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authors also report an increase in. the uptake of 3 H—
thymidine in bone marﬁow and - 59Fe uptake in bone marrow

and spleen. The authors suggest that ‘the obserﬁed
radiocprotective effect may be Vduo to an " enhanced
1ymphopoi¢ses and eryihropoiesis. Takeda 2t al. (1981)
report an increased survival in animals receiving an
injection of purified ginseng extract 2.5 hours post-
irradiation. They also observed an apparent increase in
. _
myelopoiosis‘ and erythropoiesis. Studies with tOﬁOthPO‘
injection- post—irradiation suggest that the wvitamin may
not increase erythropoiesis. Roy at al. (1982) report an
injection of tocopherol post-irradiation did not increase
Fe uptake in the spleen or in bone marrow.

The enzyme superoxide di;:ytase (SOD) is Known for
its . protective propqriies against - the 05 anion.'
Injection of the enzyme post-irradiation to-mico increased
the LDgg 30 (Petkau et al. 1976). After irradiation,
the levels of SOD fell -and reached a minimum at 3-5 days.
The levels returned to normal at day 7 (Petkau 19?8).! The
superoxide anion, however, is not only produced “agb a

product of irradiation but is also generated through the

cell’s metabolic processes. An injection of exogenous:-

bovine SOD helped protect the cell against fJ%ther dama.g:K

from 0; production, until - the endogenous sSoD
concentration reached normality at day 7. ~

) : |

v Antioxidant levels have been shown to decrease
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after acute radiationloxposure (Glavind et al. 19465,
Dawes and Wills 1972, Wills 1980) . Radical prodd;tion
from’ normal metabolic processo; continues éuen in the
absence of exogenous agents (Copeland 1978, Rosen ot al.
1981, Pryor 1982). It is therefore possible that th;
adninisgration of tocopherol post-X-irradiation rgsults in
the replenishing of depleted antioxidants and an arrest of
fu;thor endogenous radical ‘damage. If this yere the case,
other a;tioxidants adminjstered post—irradiation would be
oxpottod- to dempnstrate some degree of ;adioprotoction.
However, Ben—Hur\ . at al. (1981) have shown th;t no
radioprotective effiects are observed upon the addition of
the antioxidants HT ,BHA and PG (propyl gallate) post-
irradiation of Salmonella xxphimuniﬁm. However, addition
of 'tho antioxidants prior to irradiatién did ghow
.protection.

Administration of cysteamine IS minutes posf-
irrfqiation proto;ts liver cells from chrgposomal
aberrations (Gil‘’Yano and Malinovskii 1979). The authors
suggest this may be due :q an activation of the reﬁa[r
system; perhaps associated with repair of potentially-
iethal damage in the foaﬁ of chromosomal aberrations. Some
data is available on the influence of ‘tocophorol on
chromosome damage. Patterson et al. (1981) reported a

reduction in dimethyl sulfoxide (DMSO) induced chromosomal

al ternations in Chinese hamster ovary cells when
T

)

: _ &
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A

supplemented with Vitamine E. alekperov and Akhundova’
.(1974) showed a decrease in spontaneous and radiation
induced chromosome aberrations by tocopherol
administration prior to germination of elliug fistulosum
(onion) and UPcia fabha (broad boa;). Tocopherol has also
been shown to decrease chromosomal aberrations induced by
potassium ' bichromate in \bone marrow cells iﬁ the rat
(Bigalie0 and Elemesova 1?78). Recently, Kalinina et al.
(1979 repor.ted.tocopherol to be effective ggfireducing the
mutation ;}tgfdn two strains of the bacterium Salmnnella
TA 1535 and TA 1930, caused by N-ni troso—N-me thy Imonourea
(NMU) . Tocophoﬁol was effective if admin}stcred to the
cul tures at 14 days, 7 dars or 1 day oprior t6 NMU.
Interestingly, additiqn of tocopherol post-NMU alsa
resulied in a decreased yield of mutations. This decrease
was not due to tocopherol’s direct action on NMU in the
,culture.‘ Before addition of tocophero], the cells were
wasﬁéd'froe of the mutagen. This suggests that vitamin E
is capable of reducing chromosome dam;ge, peﬁhaps\'by
stimulation of repair, even when added after the damaaFT/
or initiation of the damage, has taken place.

. The observed effects of tocopherol in this study
caghot be readily explained by its established properties:
as a radical scavenger during radiation stress (Sakam;to

and Sakka 1973, Konings and Drivjer 1979, Srinivasan and

Weiss 1981). The evidence of increased recovery in the
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tocopherol -supplemented group of the split-dose asSay, as’
well as the increased number. of endogenous colonies in
mice- injected with tocopherol immediately after
.irradiation, sugQest the observed tocopherol effects are
mediated during the recovery period of the hematopoietic
stem cell. This is further confirmed by the Iaqﬁgzof
tocopherol effect in increasing endogenocus CFU when the
vitamin is administered after the recovery period. The
resul ts of the endogenous SCA and the split-dose as§fy are
consistent with reports of possible tocopherol involvement
in the modification of cetliular repair (Fonck and Konings‘
1978, Hal{ck at fl' 1978, Kalin{na at al. 1981, Roy at zl:
1982, Tho"lack‘of increasodfihouldor, however, in the
exogenocus SCA of bone marrow d;rivod and spleen derived
homatopoiofic CFU, suggest that tocépherol does not -modi+fy
sublethal repair, of low level radiation damage ' of
hcmatbpoiotic stem cells, This is consisttﬁt with the lack
of increased exogenous and endogenous CFU, and theJ}aé??g4
iﬁgreased animal survival, in the Jower radiation dose-
rapge of bone marrow syﬁdrame. The post;radiation
tocopherol effect’ appears to be mediated at the higher
dose-range. Whether this effect is indeed related to

modification of cellular repair requires further

experimentagioﬁ.
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APPENDIX

TABLE 9

SURVIVAL OF EXOGENOUS HEMATOPQIETIC COLONY FORMING UNITS
© (CFU> ORIGINATING FROM THE SPLEEN OF DONOR MICE
AND TRANSPLANTED INTO LETHALLY IRRADIATED RECIPIENT MICE.

CFU WERE IRRADIATED IN WIUD IN THE RECIPIENTS.C

Dose (By) . [} .2 1.4 0.8 1.9 2.58 3.4
/ $Colis inj X197 3.8 3.3 3.3 2 . Sd 174 %8

Sample size i3 14 13 14 13 ? 15
Meaa coloay couat )
! ﬂ ‘l?!Zla -6|l!2¢4' ‘-2!2-5 45‘!2-‘ ‘-'!2-‘0 3-8!2-1 5.2!2-‘
cFw1sd cells 2.3 8.4 189 110 7.8 2.2 LR
Swreiving '
fraction X 19 190 82.5 M8 493 3.0 9.9 4.1

C Nice rrcpived no further treatmeat after irradiation,

LN



TABLE 10

SURVIVAL OF EXOGENOUS HEMATOPQIETIC COLONY FORMING UNITS -
'(CFU> ORIGINATING. FROM THE SPLEEN OF DONOR MICE
AND TRANSPLANTED INTO LETHALLY ‘IRRADIATED RECIPIENT MICE.

CFU WERE IRRADIATED IM WIUN IN THE RECIPIENTS.Y

Dose (6y) T w2 L ' .9 - 2% 3.4
) ) .
CoaCells i X190 S8 8.4 6.6 8.3 S0 18 M 128
Sample size 13 12 9 1] 15 52 2 2

Meaa colomy ctouat

- wEm pm ww e Y oe B om R ae RS EE T R

)y D628 7528 52113 3.4 1 26002 . 4222 416 S.2438
Wi eells - 138 1.4 7.9 69 1 15.6 4.2 1.4 0.4
Serviving 2 - .

fraction X 10 " 26 N3 N " %9 - 9 3.0

v Recipients were injected with the vehicle posi-irradiation.
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TABLE 11

Ay

SURVIVAL OF EXOGENOUS HEMATOPOIETIG COLONY RMING UNITS
(CFU) ORIGINATING FROM THE SPLEEN OF DONOR MICE
AND TRANSPLANTED INTO LETHALLY IRRADIATED RECIPIENTS.

CFU WERE IRRﬁD_Iﬂ-\TED IN LIYG IN THE RECIP;IENTS-.E
\. T

4

Dose (By) 0 L2 M43 08 .9 258 3.4
H

Blells inj X105 5.0 b6 %) 83 ! S50 10.8 340 152.0

Saple size 7 3 . B 12 1 13 . 9 9 10
:

Hean coloay comt H :

- 624 B.2.8 64133 5240 29146 4413 43103 58025
1

CRV/IN celis. 13.7 12,7 9.7 60 1 158 . 44 1.3 .52
. . o
Surviving '

fraction X 1072 190 27 NB 488 ! w28 8.2 3.3

e Recipients were injected with tocopherol post-itradiation.
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TABLE 12

»

SURVIVAL OF EXOGENOUS. HEMATOPOIETIC COLONY " FORMING UNITS
(CFU) ORIGINATING FROM THE BONE MARROW OF DONOR MICE
AND TWQPMED INTO LETHALLY IRRADIATED RECIPIENT MICE.

. 4
CFU WERE IRRADIATED IN WIVUD IN THE RECIPIENTS. ©,

-

Dose (8) 0 L2 e L LB 28 M
BCelis i X109 19 21 21 26 327 8 34
Swple size - 14 14 4 i i n
Hean colony commt .
+ 8 S S 15.003.9 1035 12.404.2 11.502.8 10,203.5 11.845.4
Wi cells - 72 0 7SS 7 23 8.7 14 33
Surviving - .
fraction X 10 - %66 833 A4 47 133 42
C Mice received a0 further treatnent after irradiation. L

»
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. . TABLE 13

SURVIVAL OF EXOGENOUS HEMATOPOIETIC. 'co;.m?romme UNITS
(CRU) ORIGINATING FROM THE BONE MARROW OF DONOR MICE
AND TRANSPLANTED INTO LETHALLY IRRADIATED RECIPIENT n-'ucs.‘ '.
CFU WERE IRRADIATED IN VIO IN .THE’RECIPI_ENTS.C

. J _ ; * . A

'\l
k
fuse (B) - “oo S 5.0

«  Coatrol Ipradiated  Coatrol °  Irradiated  Control Irradiated

ACels X195 20 @ e B 2.2 9.9
Smplesie . 1 0 o9 12 S T
Mean coloay couat 11}735.1 1&434.4 11,4814 | n.?gsfs ' i6e66 28423
cﬂvuﬁung] .7 2 19 0.93 7.9 K
Serviving  _ | ) ' ' .

fraction X IV 100 2.3 1 07 10 .

% -
v

C HNice received 20, forther theatnent after irradiation.
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TABLE 14
- . e . .
SURVIVAL OF EXOGENOUS HEMATOPOIETLC COLONY FORMING UNITS
(CFU> ORIGINATING FRm' THE BONE MARROW OF DONOR MICE

o MD TRﬁNSPLPNTED INTO LETHALLY IRMDIATED REC!'PIENT MICE.
CFU IJERE IRRADIATED J.N UM IN THE RECIPIBTI'S.

bose () . & A2 0O LB 13 23 .34
B 1T ITY UV STL AN Kt KT KU ¥ SN F A
Splesiz 12 13 15 u -2 @B on
Hean coloay couat . . . ‘
-0 12.645.0 7 18,3067 157043 12230 (4.9501° 13,9944 1Z.845.0
crwn® ceils R4 @2 M8 B3 43 129 25

1

Swviving v . S § -
fraction X 19 100 1.0 .4 N4 3.0 3.7 3.8

v Recipients were injected with the vebicle post-irradiation.

b




TABLE 15

. ‘ ) ‘ ' . l .
SURMIVAL OF EXOGENOUS HEMATOPOIETIC COLONY. FORMING ITif
(CFU) ORIGINATING FROM THE BONE HARROU OF'DONOR.HICE
AND‘TRANSPLQNTED‘INTU LETHALLY. IRRADIATED RECIPIENT MICE.

CFU WERE IRRABIATED IN LIv0 IN THE RECIPIENTS.V

~
~
(;- v .
Dose (6y) 3 4.3 , 4.7 _ 5.0
Control/Ircadiated Control/Irradiated Control/Irradiated " Control/Irradiated
telsinix 0’ 20 Wo 20 & 0.87 125 2.2
Sanple size. 8 ? | \ 8 1 7 9 15 ‘
Nein colony count  19.248.8 233,68 192080 7734 113130 5.445.8 14.645.4
CFI0° celis 9%.3 2.4 " 96.3 1.3 138.0 L2 - 66
éuruifing 3
fraction X 10 100 2.5 100 1.3 100 0.95 100 0.29

v Recipients were injected with the vehicle posi-irradiation.
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TABLE 16

SURVIVAL OF EXOGENOUS HEMATOROIETIC COLONY FORMING UNITS
(CFU> ORIGINATING FROM THE BONE MARROW OF DONOR MICE
AND TRANSPLANTED INTO LETHALLY IRRADIATED RECIPIENT MICE.

CFU WERE IRRADIATED IN UIUN IN THE RECIPIWS.e

Dose (Gy) 9 .2 .43 1.84 1.29 2.38

# Cells inj X ll5 2.9 2.8 2.8 3.3 43 144

Sample size f2 13 12 i1 13 13

Meaa colony cowat . i . )

t S0 20.044.0  19.343.8 19.7¢42.0 18.314.% 18.943.9 16.70_3_.4
CFlVlllé celis 88.0 §8.9 7.4 52.2 4.9 11.4 y
Serviviag t

fraction X 10’2 100 8.1 88.0 43.2 32.3 14.5

@ Recipients were injected wiih tocophero) post-irradiation.



TABLE 17

SURVIVAL OF EXOGENOUS HEMATOPOIETIC COLONY FORMING UNITS
(CFW ORIGINATING FROM THE BONE MARROW OF DONOR MICE
AND TRANSPLANTED INTO LETHALLY IRRADIATED RECIPIENT MICE.

}_ CFU WERE IRRADIATED IN uiun IN THE REl:ZlPIENTS.e -

Dose {67) . 3.4 ' 4.3 4.7 ‘ 5.0

Cmtrol)lrradiatod Control/Irradiated Control/Irradiated Control/Irradiated
\

Poells ini X100 1.9 360 20 &0 2.8 5 0 22 9.0

Sanple size 12 8 ? 12 12 19 - 12 11

Mean c;lony count _ .

15 J6. 7444 5.314.3 18.044,3 13.845.3 11,242.7  20.144.4 348 4.m4.2

crw10® cels w7 42 9.0 2.3 1296 1.4 Q1 0.9

Surviving

fraction X 10 100 4.8 100 ‘2.6 100 S B 180 1.4

-

€ Recipienis were injected with tocopherol post-irradiation.
v’
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