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HUTRITIONAL AND BIOCHFHICAL EFFECTS OF IRRADIATICH

R. R, Becker, i1,-(, Kung, M. F, Barr, Constance 5. Fearson, and

C. G King
Department of Chemiatry, Columbia University, New York, N. Y.

Introduction:

Experiments carried out in many laboratories have shown clearly
that certain essential nutrients are destroyed to varying degreas when sub-
Jected to sterilizing doses of radiation (1, 2, 3, 8, 10), It has been
amply demonstrated also that undesirable changes in f{laver, odor, celor,
and texture may occur, but it is hoped that these difficulties may be
overcame, It is of obvious importance, also, that the chemical changes
produced by ionizing radiation do not lead to injurious, unwholesoms, or
carcinegenic compounds, Iittle information derived from leng-term fesding
sxperinents is availsble to yive indications as to whether or not such
changee ococur, This paper pressnts some of the results of a long-term
feeding experiment carried through three generationa of experimental

animals, as well ms certain data reparding destruction of specific mitriemts,

#  Paper prasented at the Annual leeting of the Institute of Feod Technolo-

gists, Columbua, “hio, June 145, 1955,
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A larges amount of information regarding reproduction and longevity
has bemn accumulsted over a period of years con continuing generations of
albino ratas of the Sherman strain fed a diet composed of ground whole wheat,
whols milk powder, and salt, It is known, too, that this strain of experi-
mental aniwals ias susceptible to certain carcinogenic agents., The test
diet was preparsd by mixing 53 g. of irradiated butterfat (1.68 x 106 rep
in a b0 source), and 147 . of skim milk powder, in subatitution for
200 g. of whole milk powder, as used in Professoyr Sherman's experiments,
The other distary components were 1000 g. of ground whole wheat and 20 g.
of salt. Both the control and experimental groups received vitamin A and
D supplements,

vhen animals of the same litter reached sixty-three days of age,
they were placed in breasding cages (one male per female), Fregnant females
were separated to single cages untll their offapring reached twenty-eight
days of age; then the mother was yut back in the original cage., In the
first generaticn, six femalsas each were ussd in the control and experi-
mental groups. Thirty-two rats, sixteen males and sixteen females, of
the esecond genesration (matched offapring of the first generation) and the

same¢ number from the third generation were tested in the same way, The
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rats weare wealghed once a waek, Other datn were recorded on the basis of
daily obsarvatiems »f all animals,

Growth dats for the malesg of three genarations are shown in
Figures 1, 71, and 111, The growth pattern was simllar in all groups,
and, although the cmbirel rroups in the firast and third penerations showed
slightly areater gaing in weight, the differences wers not sigilflcant,

Figure IV includes the srowth curves for femslas of thres gonera~
tions up to Lhe e of 70 days, It is ovident that no significant differ-
ence was found in Lhis respect, nor was there a significant difference in
the average weight of young at 28 days, as shown in Table I. The alight
differences in body weight of ihe young at 28 days were favorable to the
econtrol groups, however, in ithe thres successive gonerations,

A1l femmlas of the initial group (first generation) proved to
be fertile, Forty-one littsrs, with 280 young, were deliverad by the mix
control f{emales, comparad with twenty-—eight litters and 193 yovng, by the
8ix axperimental fermles (Table 1), This difference, thirtesn litters and

eighty-seven young, 1s statistically significant,

Washington National Record Center
Office of the Army Surgeon General
Record Group 112
Accession #: 501/'\" cCo3
Box #: \C 5
File: Vis. C.h. King & B, Bedfee HMD-550
STdles o MSTioten) S Bodencl ESkats o Tadistion



Table I

Generation I 11 ITY
et control  irrad, control  irrad, control  irrad,
Tamber of
foamales mated () 6 8 8 g a8
Humbar of
litters bom A 28 L7 39 Lo »n
Number of young

born 280 193 307 293 269 239
Humber of young

reareds 239 151 264 262 215 215
Number of females

regred 131 a7 135 2 109 1G8
Humber of males

reared# 108 &4 129 120 106 107
Average body weight,
of young at 28 days 39 37 L2 a9 41 38

* Young rats were reared to 28 days of age, then eithsr kept for experiment

or sacrifioced,
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Tha remilis obtainsd from the breeding records of the sscond and
third generallon rats ware simidar to thase from the first generation, ex-
cept that ihe differances batwesn the control and experimental proups were
less significant than in the first generation, as is shown in Tables I, 1I,
and 131, The breeding period of the second generation females was almost
complate wien iLhe expavisent was terminated. (ne femaie of this group on
the sxperimental ¢let wne sterile,

Sinby=Lwo anitals, vhose surviving at the end of the experiment,
woere autopsied and examined for pathologlieal changes by Dr, Henjamin Herg
of the Columbia (olleze of Thysicians and Surgeons, All the pathclogic
changss found were essentially the sams in control and in sxperimental ani-
mals and they occurred with sgqual {requency in bobth groupa, Thare was not
a single instance of carcinogenesia, although this strain of animals ia
known to ba suscejtible to cartain carcinogens. In view ;f the axtensive
exporiance of the patholojist wio uxanined the tissusea, the groat varisty
of lipid coustituents in httarfat, and the fcngth of ting during which the
exparinent was contimedl, we regard the clearly negative findings as boing

highly simificant.

Washington Nationa! Record Center
Office of the Army Surgeon General
Record Group 112
Accession #: 59A- 2003
Box #: \2 S
File: WS C. Gl . H\"’f) & R‘B ’BC’CJ/FC(_ ‘—‘(D"'SBO
Srdles o MoKofiom) ¥ Biodemic) ESedre of Tadigtion



Table II

Humber of Litters per Female

Generation Control Experinental
Rnean PaDu# mean Pellet

I 6.8 by 0.5 L7 + 0.6

II ‘3.9 b o 007 l;.? i 008

IIL 5.0 ¥ 0,5 Lol ft 0.5

# Probable deviation of the mean,

Table III

Rumber of Young per Female

Generation Control Fxparimsntal.
mean PoD.# mean Pl

I 16,7 4 K2 32,2 * 4.8

11 3%, + Kb 36.6 . 5.4
I 3.6 * LS 29.9 + 3.7

# Probahle deviation of the mean,
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The reasons for the sliczhily poorer performance of the animsls on
the partially irradiatad ddat are not clear. Work in other laberatories in
addition to our own, has shown that vitamin £ ix radiation-sensitive, and
othares have raport<d that a deficlency developed in animals fed an irradisted
diet, ‘i@ ares currently chacking this point in feeding experiments gimilar
to those ‘ust Adeascribad, in which vitamin £ is heing given independently as
a supplemsnt, The resulis are not yet definite, The composition of the
diet wam such that one would not sxpesct & deficiency of vitamin £ to occur
unless ths residusl peroxides in the irradliated butterfat, upon mixing,
destroyed the tocophercls prasent in the ground wheat, which contains about
2 mg. of the vitamin / 100 g, Dr. Stanley Ames of Dimtillation Products
Industries hae kindly analyrzed our irradiated butterfat, as well as vheat
germ oil by both a chemical mathod and by bioassay, Chemical assays indi-
cated & alight (apparent) increase in tha tocopherol content of both pro-
ducte after irradiation. However, bloassays shoved over #0 per cant
destruction of the vitamin In butterfat, and about 1% per cent destructioen

in wheat germ oi), Theoe data ars susmerized in Tabhle IV,
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Table IV
Vheat Germ (il Butterfat
3 %
hssay Untraated Irradiated® Destruction Untreated Irradiasted Destruction
Chemical, mg./g.
(total tocopherol) 1.34 1.51 — 0,049 0.061 -—
Bicassay, mg./g.
(d‘tﬁ.‘t@ﬁophgrﬁl) 0.92 0-79 ’Jl 9.931 0.005 g2
Biocassay, I.U./g.
(dl~wtocopherol
acetate) 1.06 Q.92 13 0.036 0,006 a3
6

# Doser 1,2 x 10 rep,.
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The formatlon of peroxides and other oxidative changes in fats
have been rlemonatratoed in neveral laboratoriea (4, 5, 6, 7). In connection
with our feeding exporiments, we have aleo dstermined peroxide values in
ssveral fats, including hutberfat, which has been more mtensively studied
by Hannan (3, 5, 10, Typical data are swmarized dn Figure V, Tt i3 ap-
parent that under thess gendiiions, the amount of peroxide ;ag./é.) in~
creasas with incraase in dosage (69,000 rep per hour). A slight increase
in the acetyl value of irradinted butterfat was found {(controls, 6.1, 6.1,
5,93 irradtated at 1,7 x 108 rep, 7.3, 7.3 and 6.1 respectively). Vhather
or not this slight change in apparent hydroxy acids would have an «ffect
on our experimental animels 12 not known,

The radintion=induced destruction of essential nutrients and of
ensymes in foods has been studied quite extensively (1, 2, 3, 8). The re-
sults of such studies have shown that the vitamine are d estroyed in widely
varying degrees, and that, in genersl, snsymes are relatively stable,
Typical results of teats on milk are shown in Figure VI,

Vitamin 4 and ascorbic acid were highly senaitlve to destruction
within the tire period reqired for sterilization, Carctenolds and ribo-

flavin were modarately sennitive, The ensyme phosphalase, howaver,
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which ig very senaitive to heat ‘nactivatien, was only slizhtly changed during
identical axpogures, Simllar results were obtalned with raw wvhole milk,
cream, margarine, and cheeaa, -“xtenaive destruction of ascorbic acid by
ionising radiatirn han haen reportead nlse by Proetor and \feara (9},

e have studied in detall the oxidation of ascorbic acid to the
dehydro form am an example of 8 claes of compounric commonly used for the
inhibition of oxddntive changea that oceur upon irradiation. In these studies,
initial rata data at low dosaires wore obtained, and in'srpretsd on the basis
of the ferrous-ferric reaction under similar eonditions (11), The stoichio~
metry of the reacticn, including dsta on the amount of oxygen consuned,
leads to a poptulated machanlesm as followes

Hol ~meey. H o+ o CH
He  + Uy S Hep®
AH, +  «OH — Hy0  + A
As + HO, © e HoOpy + AH ©
AH » + tg e AHQg
—» 2A F+ Hyg

2 M, 4+ 2 0y — 24 + 2Ny
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The sbsemce of chain ulilization of oxygen is consistent with the
known protective offect of ascorbic acid and othar sasily oxidizable sub-
atances, sich as Lhlourea, tocephinrol, and hydrocuinone, on biolegical sys-
tems, Thasa substancen apparsitly exsrt their protsctive action by limiting
extended chain uvbilization of oxygan,
sumnary

A long-term ferding experimsnt with albine rats, in which the bhutter-
fat portion of the diat consisting of five sixthas whole ground wheat and one
sixth powdered whole milk, was irradisted from a o0 source (idose =
1.68 x 106 rep}, has shown nc svidence of carcinegenicity in three generations
of animals, Grewth rates of the test and control groups showed no atgnificant
differences, although slight differences tended to favor the ocontrol groups.

The repreductivs performance of animals on the partially irradiated
dlet was below that of the control group, for reasons not yet clear, The dife
ferance for the first generation groupa was higher than the later values
{(2nd and 3rd generations,

Oxldative changaas in several fats similar to those reported by

othar lahoratorisas hnve bhaen found, including s marked rise in peroxidea and
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a slight increase in acetyl values,

Nutrient loss was greatest in ascorblo acid and in the fat ssluble
constituents, vitamin &, carotenes and vitamin E. IEnsyms inactivation
tends to be very slight, relative to nutrient destruction or sterilisging
dosage, vhen radiation is compared with heat effacta, Hence a relatively
mild combination of both may offer advantages ever sither, alons, in

specific products,
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