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ABSTRACT

THE EFFECT OF SHORT-TERM FEEDING CF CATHCDE RAY- AID
GAMMA-IRRADIATED WHEAT UPON FAT DEPOSITICN AID EINZYIE

SYSTEMS IN THE RAT LIVER

by Norma Magnus Gilmore

Jonizing radiation has been hailed as a most effective means of
decreasing food storage losses through better insect control. Although
small chemical changes are known to occur with radiation, foods so pre-
served have yet to be shown detrimental to animals with regard to re-
production, longevity, and growth. Wheat is one of the basic grains
capable of long term storage and irradiation could conceivably increase
its storage ability. Any process which may affect the future utiliza-
tion of such wheat needs investigation., This nutritional study was un-
dertaken to further evaluate the effects of feeding four levels each of
cathode ray- and gamma-irradiated wheat to experimental animals for 28
days. Growth measurements and protein efficiency ratios were examined,
To investigate possible micro alterations which the metabolizing of an
irradiated food may produce, liver enzyme systems xanthine oxidase and
cytochrome oxidase were measured and histological sections were made of
the livers, Total liver nitrogen and fat were also measured.

There appeared to be no difference in the feed intakes and

weight gains due to the type of irradiation, but there was indication
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that the level of irradiation had some effect, The animals tended to
grow at the same rate except for those on the highest level of irradia-
tion who appeared to grow somewhat more slowly. The same trend persist-
ed when the average weight gains per gram of diet eaten were calculated.
Protein efficiency ratios were found to be similar in animals fed the
lower levels of irradiation but again, the highest level of irradiation,
regardless of the type incorporated into diets, resulted in lower pro-
tein efficiency ratios,

The activities of xanthine oxidase and cytochrome oxidase meas-
ured in the livers of animals fed irradiated diets were consistently
lower than those obtained from the livers of control wheat-fed animals,
The depression of activity of both enzyme systems was most pronounced
in livers from gamma-irradiated wheat-fed animals., Histological examina-
tion of fat deposition within the cell and lobule of the individual livers
presented a picture of possible intensified dietary unbalance, especially
in the gamma-irradiated wheat-fed animals, No significant alterations
were found in the total liver nitrogen or fat determinations.

The findings suggest that the type of radiation may have more
significant influence than the level of irradiation,
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INTRODUCTION

Preservation of foed has been an age-old problem for man and
until recently has been limited more or less to the following methods
as given by Tanner (*ik):

1., Asepsis.

2, Addition of chemical substances: sodium benzoate, salt
or sugar, or both, spices.

3. Low temperatures: refrigeration, slow-freesing, and

quiek freesing.

ko High temperatures: pasteurisation, boiling, and
canning.

5. Fermentation: sauerkraut, piékles, and fermented
milks.

6. Abstraction of moisture: meats, vegstables, amd
fruits.

With the adveat of atomic pewer and the huge stockpiling of atomis
waste products, great imterest has been generated inm using atomic waste
products for feod preservation. Ionising rediation has been hailed as
a most effective mesans of sterilisation, a means of decreasing food
lesses because of better insect control, a means of impreviag flavor
aad texture of meats, fruits, and vegetables simoe mo heat is required,
a means of providing imcreased variety of food selestion aad distribe-
tion of perishables, and as a means of extending shelf-1life. (Peterman,
*56; Ryer, '56).

A most desirable quality afforded by irredistien, especially
with these feods eapable of leng term storage, is the contrel of imsect
and mold infestation, The greatest problem im the storage of grain






is fungal growth which is the major seurce of respiration and heating.
In time, respiretiom and heating will lead to chemical deterioratiom

of the grain. Yenm, Milmer, and Ward ('56) moted that whea the moisture
sontent of wheat was maintained st 12f or 20X, gamma dosages of 250,000
and 625,000 rep, respectively, would eliminate grain speilage fungi but
below these levels molds would proliferate, The effect of irrediatien
upon basterial contamimation has been studied also, and rediosensitivity
appears to vary frem species to species. Numercus investigations have
generally suggested the following mest desireble levels of irradiatiom
applicable to eemmercial use:

12,000 rep, potatess and enioms will be inhibited from
sprouting;

10,000 to 20,000 rep, adult imsests will be sterilised;

25,000 rep will be required to kill worms, flukes, and many
insects;

200,000 rep will be the pasteurisatiom level at which most
nicro~organisas will be killed;

250,000 to 625,000 rep, grain will be preserved from fungal
growth;

and 2,000,000 rep the sterilisatiem level at which the most
resistant of bacteria will be killed,*

In 1954, Lehman and Lang made the first statement cencerning
ieaising rediatien in feed preservation as viewed by the Foed and Drug
Muimistration, The authers advecated a oomservative appreach because
of the inadequate means of testing safety. It was suggested that the
ninimm dosage of cathede ray and gamme-irrediation mecessary to effect

*rq;:nutmoginlutwqhdaﬂhoqdulmuthoa-
serption of 93 ergs per unit gram of density.
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commereially satisfactory sterilisation be determimed first; them, the
minimm desage which would preduse defimite deteriorstiom of a product.
And fimally, somvhere between these two extremes, the minimm dosage
for processing feed which would be acceptable in texture, eelor, odor,
mell, taste, mutritive value, keeping quality, etc., mast be determinmed.
At the present time, 2,8 x 105 red®* has been considered the most likely
level of ienising radiation whiech will be used commercially, allewing

a safety tolerance above the 2 x 106 rep level established for steril-
isation. But simee there is ne wvay of knowing how an irrediated preduet

will be used at some future date, deliberste exaggeretion of dosage
was suggested, alse, as a means of acquiring information necessary fer

future use.

Under the plan suggested, irradiatiom studies mast determine
mtritional adequacy and possible toxicity., Simoe this is difficult
%0 do in the same experimeatal situation, mutritional adequacy has re~
eoived more attemtion, with primary emphasis upen lengevity, repro-
duction, and grewth, Jo significant adverse effects have been found
in these gross measurements, but edor and flavor changes in irrediated
foeds have been widely neted,

Melehy ('58) in using cathode ray-irrediated wheat im dosages
frem 5 x 10% to0 1 x 10° rep found the diets mtritionally adequate for
growth and the protein readily available to the rat at these levels.
Cannom (*59) wsing beth cathode ray- and game-irredisted wheat varying

#ired is equivalent to the absorptien of 100 ergs per umit grea
of density. Ome red wnit is equal to 93/100 rep.
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in dosage from 0,28 x 10° to 9.3 x 10° rad bas suggested that meither
the type of rediation nor the level of irrediatioa affects the valume
of vheat protein except at the very highest gamme level, and that the
effect of the twe types of rediation appears to be slightly different.
Camnon (?59) maintained rats for ten weeks on the variocus irred-
iated diets. Im addition to growth measurements, protein quality was
assessed using the ensyms system, liver xanthine oxidase. Per cent of
fat vas determined in the livers, alse. An interesting trend was noted
in animals consuming the cathode rey diets which was not observed ia
the gamma diets, As the level of irrediation imcreased, there vas an
increase im liver fat accompanied by a smll deerease im xanthine oxi-
dase activity. Carrell ('60) working with threonine deficient casein
diets has shown this relationship to be & signifieant sdaptation
mechanism, Possibly the altered fat levels found im the rat livers as
part of Carmon's ('59) study may peint te a more specific undesireble
side-effoct of irradiated feedings.

Vothes and Lehman (*56) discussing the foed additives situation
declared that for all practical purpeses, ienising rediation is a food
additive and that the fate ef this ingested food additive must be wunder-
stoed in norml as well as inm subclimical physical cenditions. The
safety preblem is most eomplex and difficult because the flaver amd odor
changes peint te chemical reactions withim the food which im turm sug-
gost matrient changes with new and possibly toxic end-products, The
suthors pointed out that:

Sele reliance on findings of orthedox toxicelogical study ef
irrediated foods themselves, in ignorance of both the identity

and quantity eof substances therein that may influence such
findings, imvites valid reservations te any final conclusions.






The desirable advantages of irradiation preservation of foods

nosessitates oontimeed research in this field. If the high levels of
irrediation de preduce changes in the chemical eompounds of foods so
preserved wvhich weuld be toxic to animals, then these mmst be carefully
studied. And im turn, animal findings must be evaluated with reference
te the heterogencus nature of man and every assurance given to man that
irredisted preservatiea of foods will be bemeficial to him,

This study was undertaken in an attempt to further evaluate the
effects of feeding catheds ray- and gamma-irrediated wheat protein to
experimental animmls, It was designed as a mtritiomal study and no
attempt has been made to determine chemical changes in the wheat, In
addition te grewth of the rat, the more sensitive techniques of enzyms
system and histological evaluations of liver tissue have been used.






REVIEN OF LITERATURE

Jonixing Radiaties
Jenisation is a molecular change induced by an energy source that

increases the chemical reactivity within the molecule, There are cer-
tain types of rediatieon energy which may blage a trail threugh a material.
There are those wvhich are astive agents themselves colliding with mole-
cules, and there are those that can cause the sjection of electrons from
atoms of the material., As a result of this process the remainder of

the atom aequires a positive charge, and a pair of "iens" hubocn

formed eut of an electrically meutral atom. This may be called an "ion-
pair® formatien, and is a fundamental precess which mmst be understood

in censidering the biolegical effects of any rediation. When a molecule
is ienised, it generally breaks up but simce the pieces are unable

to escape, they react and re-react umtil the most stable combinatien

can be found, (Ellimger, !'57). The ionising source used, the mechanism
of its effest, and the applicatiom it finds may be cemsidered somewhat
aev but the appearanse of new and largely unknowa chemical substances

in & preduct are net, This is an o0ld preblem emcoumtered with all methods
of food preservation.

There are two basie problems to comsider when choosing the energy
souree of iomization fer feed preservation., One of these is the souree
itself, whether machine or isotope, and the other is the type of redia-
tion wvhich must be such that mo muclear transformations will ecour. The
sources of irradiation for food preservatiean are chiefly electron






accelerating machines and redicactive isetopes; the possible types of
rediation are x-rays, gamma wvaves, cathode rays, and beta rays.

The electron accelerating machines in common use are basically
of four types: resenant transformers, Van de Graaff, linear, and the
Capacitron. All of them operate om the principle of projecting arti-
ficially predused electrons (commonly desigmated cathode rays) directly
at a material as it passes through the field. (Evans, '55). The elec-
trom acoelerating securces are advantageous because they may be stopped
or started at will, de net require excessive precautionary measures,
and are available at outputs sufficient for large scale precessing.

The isotopic scurees may be of several kinds, There are gamma-
emitting radicastive isctepes such as Cebalt-60 which may be preduced
in stomic reactors. There are fission isctopes sueh as Cesiwm-137
(gamma-emitting) which may be separsted from the cembimations of redie-
astive clements remaining after the umsed uranimm {s remsved frem
spent reactor fusl. There are the cempletely spemt or mearly completely
spent fuel elements available from reactors and stored as waste predusts
until they can be returned te processing plants fer reecovery of fissien-
able material. Prebably the greatest advantage of isctepic sourees is
that they will cemstantly emit at knowm retes and emergies but since
they are oonstantly emitting, extremes precautienary measures mast be
used to protect persomnel. (Browmell aad co-smthors, '57).

mmnnmroiuofmtmmdd&dmwh
for bombarding feed material in feod preservation are eathode rays
produced by machine seurees, and gaxms wvaves emitted from isotopic
sources. The gamm waves are feund in the wpper fyegmnsies of the
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electromagnetic spestrum and eonsist of electrie and magnetic vibratioms
which travel in straight lines through a material but perpendicular te
one ansther, The terms ecathode rey and beta-irradiatioa are used inter-
changably because they are physieally identical although true beta par-
tiecles are emitted only by radioisotopes.

The ability of these two sources of rediatiom to penetrate and
therefore produce ionisation throughout a material varies. Goldblith
and Proctor ('54) claim the cathede ray distribution of energy withinm
a material is men-uniform and that with a 0.55 gm per en? thicimess of
material, the variation in dosage received frem the top to the bottom
of the material may be as much as 40 per cent. Therefore, it is highly
important in using this socurse that this lack of uniformity be minimised
as mmch as possible; for imstance, with wheat, only one layer thickness
of grain kernel is passed under the electiron generating beam at a time.
The gamma emitting sources, however, penetrate deeply inte a material
giving a more uniform effect. This source itself has high activity and
its location in relation to the material absorbing is important.

The energy introduced via sathode ray- and gamrsirrediation is
theught to ionise a given material either direetly or imdirectly or
through a combinatien of both. The bisloglcal astion of irradiatiem,
regardless of the approach, may have a feur-fold effect: a primary
physical process, a secondary physical process, a primary biological
precess, and a secondary biologieal process. The direct approasch
or the Target theory as it is called suggests that energy is released
directly in the molecular structure at the most sensitive area with the
primary piysical reaction ahd the primary biological reaction taking






place at the same lecation within the material or cell. The extent
of damage will depeamd upon the degree of radiosensitivity within the
material, with embryonic and immature cells undergoing the most extean-
sive ehanges. Bacteria,mterials with low moisture content, and fats
are thought to be affected ia this way. (Ellinger, '57).

Alexander and co-suthors (460) have recently postulated that the
primary physical precess is the biologically importast stage in direst
ionisation. After subjesting orystalline serum bovine albumin to ener-
gles ebtained from a Vaa de Graaff gensretor, and subsequently stwdying
solubility, hydrolysis, and ultracentrifugation results, the authors
oonaluded that the first effect of a direct "hit" in the protein was to
alter the shape of the molecule, Then with a second "hit,® the molecule
appeared to opem eut still further until ene-half of the disulfide bonds
were acoessible. Amd fimally, wdth a third "hit," the chemiecal changes
in the molecule became signifiecant with losses of carboxyl, amino, and
disulfide groups.

The indirect theory proposes that irradiation creates free radi-
cals in the body ef the material which diffuse to the surface of the
nearest molecule and then resct, The primary physical process may take
place in ene area, them the emergy diffusion of either a physieal or
chemieal mature brings about the biological changes in another area.
The preductien of these free radicals im contrast to organic radicals
depends upon an aquecus medium, wvhich is readily available in feod
materials. The primary physical reactien has been described by O'Msara
('52) as follews: |






H0 — uzo"-y- (

Hyo' 5 H* + o~

H0 + ¢"—=H + OH™
These short-lived decompositioa products of water initiate the preduction
of long-lived redicals and peroxide~like derivatives which ia turn effest
oxidatiens and reductions througheut the material, particularly among
the preteins and amine acids which are so closely associsted with water
molecules. Barrem (*54) has suggested that the chief oxidising radieals
prodaced by lonising radiations are Gf, HOp, amd Hx0,, the HyO, having
a negligible role, and the chief reducing redical is H', The total
effect will vary with the quantity of various redieals presemt, their
active life, and the presence im the solutien of others competing fer
them, If the material has a high moisture eontent, it is more apt to
undergo irradiation damage, and the over-all chemical effects have been
found to be reduced wvhem material is irradiated in the frozea state.
(0*Mears, '52).

| w,mum,aﬂuthodommcmhmmodh

rosntgen umits, mamed for Konrad Reentgen who discovered in 1895 the
first of the artificially preduced rediations, X-rays. The Internatiomal
Commission Reccsmendations for Radielogical units (1954) defined the
roentgen as the unit or dose of radiatien "such that the associated
corpuscular emission per 0.001293 grams of air produces, in air, iens
carrying one elestrostatic unit of quamtity of electricity of either
ene.” In ienisation terms, cne roentgen preduces about two ioniszations
per cubic microm of tissue. The "absorbimg dose of any ionizing redia-
tien is the ameunt of emergy imparted to mstter by the ionising partieles
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per unit mass of irradiated material at the place of interest,” and in
the older literature, the term "rep" (roemntgen equivalent physical)
was used, usually refering to the unit of energy absorption equal to
93 ergs per gram of tissue, (Swanson, '57). The official term im use
20w i3 "red,” and one rad is equivalent 'to the absorption of 100 ergs
per gram of tissue, se ene "rad® unit is equivalent to 0.93 rep.

Effects U Protein and A Co on
It is generally agreed that the irradiation effect is much grester

in individual, isolated compounds than it is whea the amimo acids, sugars,
and fatty acids are withim the framework of a whole food. The density
of the material may be great enough to slow down er minimize the ionis-
ing action, This protection which is afforded by intasct food materials,
my be of value in food preservation but :l.ndividual.rcnlts suggest
that subtle irrediation effects can lead to deamination, decarboxyla-
tion, and polymeriszation of proteims, carbohydrates, and fats, any
one of which could be responsible for damage to0 mutritive value and
palatability,
Barron and co-workers ('55) treated simple amime acids with low

levels of X-irradiation and suggested that the imitial reaction was
one of oxidative deamination. The authors postulated the following re-
astions in the presence of the oxidizing radicals, OH and HO,t

CH,MH ,COCH + O ——> CHNH,,CO0H + HO,¢

CMME ,COCH + HOp —> HC = NHCOOH +H,0,
Then if metal ions were present, H,0, could react with amino acids,
eventually giving CO,, IH3, aldehydes or acids with ome less carbon atom.






Ammonia formatien was found to be highest in acid and alkalime solu-
tiens indicating that pH influences the irradiatiom effect,

Barrem ('SA) and Dale and Davies ('51) have both showm that
thiols aad sulfur—sontidning amino aeids are chemically altered when
irredisted in dilute aqueous solutions. Ambe and co-workers (60) ia
{rrediating the amine acids cysteine, cystine, and methionine, gluta-
thione, and other sulfyhydryl preteins found only traces of ¥.,S. Oredy
and ce-authors ('55) have suggested that the reduction of sulfur amimo
acids prebably prevents and diminishes irrediation damage by supplying
electrons to damaged protein molecules in a material.

Pale ('49, '42) in workiamg with emsyme protein, carboxypeptidase
nﬂd—nlhoumm, feund that the more dilute the ensyms concen~
tration, the more imactivation X-irrediation eould preduce. Glucose,
frustose, and mucleic acids were feund to be effective protective ageats.
The pretein portiea of the ensyme was more sensitive to irrediation thaa
the phosthetic greup. Loken and eo-workers ('59) ebserved that albuminm,
cysteamine, systeine, glucose or sucrose would protect the ensyme pepsin
if ome of them wvas in solution during irrediation.

Food materials have been used to study the effect of irrediatiom
on sxmino seids, Proctor and Bhatia ('50) irradiated haddock fillets
with 9 x 105, 2.7 x 20%, 5.7 x 10° rep levels of eathode rays and observed
no signifieant destruction of arginiwe, valine, histidine, leucine,
lysine, methionine, phemylalanime, tryptophane, threonine, or cystinme.
Iysine, methionine, and tryptophane exhibited at the most only 9.8 per
cont loss, |
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Tsein and Johnson ('59a) prepared pretein hydrolysates of mom-
irrediated and irredisted beef and milk and studied the changes in
amine aeid compositien after 2.8 x 10°, 5.6 x 108, and 9.3 x 106 raa
gamm-irradiation. Both products wers frosen prior to irradiation since
this was considered a desirable way to minimize the effect of free
redieal formation in wvater, Stein-Moore column chromatographic tech-
Rique was used for amine acid determinations. At the 2,8 x 10° rad
level, the following amino acids were found significantly reduced in
milk: aspartic acid, serine, methionine, and isoleucine., At the 9.3
x 10% rad level; glutamic acid, glycine, leucine, phemylalanime, and
histidine were found significantly reduced also. In the beef, the
follewing exder of amino acids were sericusly reduced: glutamie aeid,
serine, aspartic acid, threoaine, glycine, lysine, methionine, arginine,
histidine, and proline. And in both the beef and the milk, the greatest
reduction vas feund in glutamiec acid, aspartic acid, serine, and glycinme.

Effect b Value of F.

Various studies of irradiation effects i food materials have
se far indiested no traces of radicactivity preduced in the food.
Meinke ('54) tested fer redicastivity in 24 elememtal food constitu-
ents ordimarily found in meat and found no detectable radioactivity
following low levels of irradiation, However, mich higher energy levels
of irrediation need t0 be tested further before the possibility of in-
duced radicactivity is completely discounted. The threshold energy level
for the productien of induced radicactivity is thought to be about tem
million electron volts, (Hannah, !56).
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Irrediation studies have for the most part been directed toward
the mutritive value and possible toxicity in foods. Richardson and
Brock ('58) reported, that in general, the data obtained in an 80-week
feeding study with rats indicated the nutritive value of an irradiated
diet was slightly less than that of a non-irradiated diet but the dif-
feremces were so smll as to be of questionable significance. Four
generations of rats were followed and fed a synthetic diet based on
soybean protein irradiated with 2.79 x 10° rad gamma. Life spans of
both the control-fed and irradiation dist-fed animals were essentially
the same; of the 80 females of each group who reproduced, the irradiated
diet group produced 3467 young and weaned 84.7 per cent of the 2993
allowed to remain with them, while the control group produced 3290 young
and weaned 90.0 per cent of the 2923 allowed to remain with them,

Fats and vater are thought to be important targets for rediation
damage im food materials., Since pork is a high 1lipid and high moisture
content food material, it has been considered am excellent material for
studying possible radiaticn damage. Bubl and Butts ('60) fed gamma-
irradiated pork, which had been stored at room tomﬁtm for three
to eight months prier to diet mixing, to rats through four generatioems.
The pork was imcorporated as 35 per cemt of the dry weight of the diet.
No statistically significant differemces were obtained in growth, breed-
ing, and longevity in the four gemerations.

Read and Kraybill ('58a) selected fourteen food items representa-
tive of different chemical systems and fed them ad libjtum te rets for
eight to twelve weeks. The foods were stored frozen following gasma-
irradistion at 3 x 108 rep ad 6 x 106 rep, prior to incorporation into
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diets as 35 per cent dry weight. The following foods were investigated:
ground beef, fresh ham, haddock fillets, boned turkey, sliced baconm,
whele kermel corn, leaf spinach, sliced peeled beets, zreen snap beans,
sliced peaches, whole strawberries, cammed bread, military cereal bars,
and whele powdered milk, Decreased growth wvas found in animals fed
diets contaiming 6 x 10° rep irradisted sliced peaches, which may indi-
eate that repeated ingestion of low level radiation by-products might
establish a "toxic condition characterised by depressed growth." Sig-
nificant weight gains were found among the rats fed irrediated cereal
bar aad eorn, and this was attributed to the breakidown of cellular walls
making it possible for the amimals to utilise the foods better.

Very little work has been done im investigating the mutritive
value of wheat subjected to irradiation. Simce irrediatiom of wheat
suggests improved insect infestatien eontrol, a study directed toward
uncovering the effect of irrediation wpon the mutritive value of wheat
can be comsidered practical and desirable.

Whoat Protein
Wheat is a basic farm crop in the United States and a staple in

the diet, and it affords an excellent material for irrsdiation studies.
It ecmbinmes the advantages of studying direct and indirect effects of
irrediation upon the embryo and storage reserves as well as contimued
study of seedling growth and second generation properties. The umique
cemnstitutien of its protein deems that it be understood before such use
is made, however, Since the beginning work of Osborme and Mendel, wheat
has been knowa as an imadequate protein, mot biologically complete in
its amino acid content.
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Osborne and Mendel ('12), charseterizing the gliadim portion of
wheat protein, fed carefully extracted gliadin which has been dried to
a fine pewder to rets for varying periods of time. The gliadin was in-
corporated as 18 per cemt of the diet with starch, sucrose, agar, salt
mixture, and lard making up the balance., lLong term feedimg trials with
young and old animals were done, and the older animals varied im their
ability te remain on the diet without undue loss of weight from 79 to
290 days. The young animals were foumd to remain mere or less at
status quo, an indication that the gliadinm was able to maintain the
animsl but mot able to promote growth.

Glisdin at that time was generally censidered te be differemt
from animal proteims because it contained mome or else a very small
amount, of the amino acid lysime, Simce growth respoase was so prompt
whem even a limited amount of amimal protein (which was theught to be
high in lysine) was added to a gliadim diet, Osberme and Mendel ('lk)
wndertook additiomal feeding trials using lysine supplements. An 18
per cent level of gliadim was agaim used in the basal diet and reduced
enly encugh to add 0.5k per oemt lysime in the supplemented diet. The
animals were found to respond promptly to the addition of lysime Ly grow-
ing rapidly. Waea the lysine supplement was remeved, grewth stepped
and did not begin again until resupplementation was started, The
authors felt this gave eonclusive evidence that lysinme was indispensable
for growth in the rat and apparently the rat was net able to synthesise
lysine.

With the imprevement in methods of determining exact quantities
of amino acids present im proteims throughout the years, the F.A.O.
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Natritiomal Studies No. 16 ('57) established a "reference protein® as a
gulde for supplementing baui wheat diets. This "reference protein®
established that the amino acids which will require supplementation inm
erder to bring a basal wheat diet to a complete pretein basis will be
lysime, tryptophane, methionine, isoleucine, valine, and threonine.
lysine, the most limiting amine acid, has received attention, since it
éan net undergo reversible deaminatiom nor can the carbon skeleton of
the d-amino acid be used for the l-form synthesis, and all animals
ctﬂidmdln:l.muacouponcntp.rtoftho foods being taken inte
the bedy.

Lawrence and co-workers (?58) carried out mierobiological assays
for lysine on 286 samples of whn‘t, representing durum, triticum, and
hybrids. The various varieties had a minimum of 2,46 per cent lysine
te a maximam of 3.8l per cent per unit ef pretein, and the over-all
aversge was 2,89 per cent for wheat of abeut 13.5 per cemt or more
protein, The authors reported no sigaficant differences im lysine cen-
tent ameng the spring wheats, red spring wvheats, aand winter wheats, and
no alterations dus te year of growth or lecatiem exsept wherein the
tetal protein level was affected, Below the protein level of 13.5 per
sent, however, an inverse relatiomship im lysine content was found.

It appeared that more lysine was available in the bran and germ amd there
was alse a higher lysine centent present in the endosperam in low-pretein
wheat. Perue and co-workers ('50) also shewed the gluten-lysime contemt
of 17 different fleurs derived from wheats of all the major types rang-
ing frem 5.7 to lh.2 per cemt nitrogen to be consistently higher in

the low-pretein flour samples,






Animals fed with a diet contaiming smell amount of lysine may
not show outstanding symptoms of a deficiency, and Harris and co-workers
('43) have suggested that for the young rat, lysine may be required
pﬁroly as a "passive material" for synthesis of proteins, Using an 18
per cent level of corn or wheat and starting with three week old rats,
rats were fed for five, six, and seven weeks on supplemented and non-
supplemented diets., Those diets with the smallest amounts of lysine
(controls) resulted in cessatiom of growth as Osborne and Mendel had
shown and hypoproteinaemia as well, It was felt that the blood picture
obtained indicated mot so much an anemia as a retarded development of
the hasmatopoietic system. Radiological examinations showed decreased
sabcutaneous fat, waste of muscle, and reduction of bone calcification.
Apparently the animal body in detecting the absence of lysine reduced
growth of some organs and transfered the available amino acids to
organs with higher growth priorities so that status quo could be main-
tained,

Since wheat is so important in the economy and diet of the
people of the United States and the world, any process applied to it
which may affect the limiting amino acid lysine needs further investi-
gation. Barcroft ('39) in arranging foods into three groups based upon
the time they could .bo preserved satisfactorily im storage for emergemcy
purpeses classified wheat among those that may be kept for tem years
or longer. When it is considered that irrediation would greatly iam-
erease this projested estimte, any mutritive value study wtilizing
irradiated wheat must attempt to investigate any effect on lysine.
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Irradiated Wheat Protein
Irrediation in low doses does appear to affect the physical and

chemical properties of wheat in ways which alter its storsge and baking
qualities. Grains are commonly thought to be more affected by direct
ionisation than by indirect since better quality wheat tends to have

& low moisture content.

Conger and Randolph ('59) observed wheat seed embryos, before,
and after irredistion and storage fer free radical formation. Ground
wheat germ was used because the majority of the primary mutrients of
the seed are located in the embryo and bielogical damage is most apt
to ocour there,

Both x-reys and Cobali-60 gamma rays were used, varying frem
1 x 10% to 6 x 10° roentgen units, and measurements were made from
three mimates to 30 days following irrsdiatien. The moisture coantent
was carefully controlled by limiting the dry germ to 1.5 per cent by
weight and the wet germ to 8.5 per cemt by weight., One hundred milli-
gram samples were used to detect and measure electron resonances with
each resonance presumed to represent a free radical, The non-irradiated
wheat embryos whether wet or dry gave no detectable yield of free or-
ganie radicals but the irradiated wheat germ gave a broad radical sig-
nal, very similar to those obtained from ether irradiated proteins
(Grody and co-workers, '55). Two to three times as many radicals were
,dotoctdhtmaryuhoit germ after irradiation as were found im the
wet, appreximately 1011 redicals per milligram of dry weight of geram
irrediated dry im air per one-kilo-reentgem of Cobalt-60. Similar
results were obtained whether the irradiatiem took place im air, or in



an atmesphere of oxygen or nitrogen. The authors crudely fractionated
the wheat germ into component parts in an effort te determine im which
area the largest share of radicals resided. The fats and oils gave
no detectable signal even after doses 100 times as large as that required
for whole germ. The carbohydrate fraction gave a slightly differeamt
signal, as yet unexplained, but for equal dry weights and doses the
water-goluble protein-micleiec acid fraction gave a signal averaging
2.8 times as great as the dry whole germ,

Altheugh the post-irrediatiom radicals were not idemtified, it
was found that radicals decayed rapidly within the first ten mimutes
and then progressively less rapidly as storage time increased., It
was suggested by the authors that the wide difference in radiul'quu-
tity noted between the dry and wet wheat gorm might be due to the more
rapid decay of the redicals noted im the wet germ and that biological
differences noted later in the seeds may be due to this desay rate.

Yen, Milner, and Ward ('56) in addition te storsge studies foumd
after using games radiation st sero, 2.5 x 10%, 6.25 x 105, 1.675 x 10%,
and 3.75 x 10° rep levels that germinatiom could be elimimated at 1.25
x 105 rep if the moisture vas maimtained at 20 per cent but 6.25 x 105
rep was necessary for eliminating germination im a 12 per cent moisture
wheat, Fat-splitting did not occur with dosages as high as 3.75 x 106
rep but there was marked increase in flworeseence of the graim extrests
after irradiatioa at high levels. This was an indicatiom of the imter-

action ef carbohydrate and protein and suggests germ damage. The two
highest dosages produced a small but definite loss im proteim solubil-

ity as measured by turbidity of saline extrects and this was found



=



strongly imtensified by storage, much greater than was found in the
non-irrediated wvheat storage. In those instances im which the wheat
was wetted prior to irrediation, the wet grain was apparently less
resistant to all the above changes.

Milner and Yen ('56) also studied the baking qualities of wheat
gausm-irrediated st sero, 1.25 x 10%, 2.5 x 10%, 5 x 105, and 1 x 106
rep levels, In imvestigating the wheat prior to milling, decreased
germination but no immediate changes in protein solubility amd
fluoresence at these lewer levels was found, But the flour milled from
the same wheat showed a decreasing ability to hold water as irrediation
levels increased, and drastic redustien in viscosity. These findings
agree with werk reported by Brownell and eco-suthors ('55) im which bread
flour was found to be more starsch-like, drier, and less able to bind
moisture whem subjected to dosages of gamma-irradiatiom above 5 x 10k
rep. _

Alsup ('59) reported definite changes in the proteim structure
at dosages above 3x l()6 rep vhen c¢rude gluten was extracted frem

irradiated flours. Up to 1 x 10° rep, the weight of erude gluten was
increased indieating increasing water retention but after the 3 x 106

rep level yields were very small, Electrophoretic analysis by the mov-
ing boundary method was attempted imn order to study changes in the preo-
tein structure, and it was found that above 1 x ].06 rep, the six sep-
arate protein compoaent peaks noted in the mom-irradiated wheat controls
gradually changed, until enly two main peaks were distinguishable at

1 x 107 rep. The total nitrogen levels remained the same so one could
suspect that there must have beem a change or alteration within the
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structure of the protein itself, All of these investigators have re-
ported off-flavors and palatability changes in the irradiated wheat
preducts.

It is possible that the physical alterations in the wheat pro-
tein may be due to partial destruction of essential amino acids or the
binding of them so they are no longer available to the animal, Tsien
and Johnson ('59b) observed changes in the amimo acid content of lima
beans and gardem peas due to irradiation. The authors used hydrolysates
of gamma-irrediated and nmon-irradiated peas and beans and the Stein-
Moore chrematographic technique., Amino acid assays showed marked
destruction of the lysine and arginine with destruction inoreasing with
inoreasing irradiation,

Comtrol 2.8 x120° rad 9.3 x 105 red
Lysine 10,4k X .05 9,21 * ,09 5.83t .07
Arginine 7.57* .Q1 6.05 .08 L.23 + .06

Further work by Metta and Johmsom ('59) in studying the affect
of gamma-irrediation and heat sterilizatiom upon the mitritional value
of corn protein and wheat gluten indicated no changes im the lysine
content of the corn or the wheat gluten, A high protein corm and eom-
mereial wheat glutem were used, suspended im water, frozen, then
trradiated, 2,79 x 10° red gamss for vhest and 2,79 and 9.3 x 10° red
gamm for the corn, The samples were dried, ground, and proximate
analysis redone prior to diet preparatiom, providing 10 per cent pre-
tein, for rat growth studies. The animals on irradiated wheat diets
averaged nine grams of food intake per day, growing at a rate of 0,55

grams per day. Proximate anslysis showed that neither the lysine
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content of the wheat or the corn was affected by heat processing or
by the level of irradiation used, and the animals accepted the diets
readily.

In outlining the general course to pursue in establishing the
fulibiiity of ionizing radiation for foed preservation, Lehman and
Lang ('Shk) suggested that the amount of research would have te be
oonﬁit. proportional to the scope of application in preservation.

If there are purposes for which irradiation preservation is better
suited than any other method of preservation, then more risk can be
Justifiably acecepted. Heat processing has been criticised for its al-
teration of physical and chemical properties of food and if irradia-
tion sterilization could alleviate this, be proven nutritionally
adequate, and non-toxie, it could become a valuable preservation method.



METHODS OF EVALUATING RADIATION DAMAGE TO NUTRITIVE

VALUE OF FOD

Protein Qualjty
The primary emphasis im studies of the mutritional adequacy of

irrediated food products has been directed toward reproduction, longev-
ity, and growth. Any food product whem fed to an animel must provide
to the cells of the animal body protein adequate in amino acid content
80 that tissue may be built, maintained, and repaired. Two methods of
assaying protein quality, nitrogen balance and protein efficiency ratio,
have beea used,

Nitrogen balance, determinimg the nitrogen in the food consumed
and the nitrogen of the excreta under controlled conditions, is a quan~-
titative measure of the gaim or loss of protein from the animal body.
If the animal body is foumd to be im positive nitrogen balance or in
a state of having sufficient protein for maintenance, repair, and growth,
& more exact measure of the effect of protein quality upen growth is
possible than is previded by simple weight increase (Maynard and
Loosli, '56).

Melehy ('58), feeding rats diets composed of li per gent wheat
protein and 1mdiatod with cathode ray at 5 x 10“' lx 105, 5x 105
and 1 x 205 rep levels, determined nitrogen balance. ALl the diets
were equally acceptable to the amimals; all animals were found to be
in positive nitrogen balance, and no significance was found among the
diets in utilising this measure of protein quality. Cannon ('59) also
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determine nitrogen balanee of animals maintained on cathode ray- and
gamma-irradiated wheat diets varying in dosage from 0.28 x 10° to

9.3 x 106 rad. Only in results obtained from feeding the gamma-irradiated
vheat diet of 9.3 x JI.O6 rad vas any decrease in nitrogen balamce ob-
served and found statistically significamt. Apparently neither cathode
ray-mer gaamma-irradiation up to the level of 2.8 x 10° rad affects the
mtritive value of wheat protein when measured in this way.

Another measurement of protein guality is given by measuring
protein efficiency raties. Protein efficiency retios in terms of gaim
in body weight per gram of protein or nitregen fed express the growth-
premoting ability of a protein, and the greater the ratie, the better
the animal cell is able to utilise the protein provided feor necessary
body fumctioms, However, this measurement has its limitations since
the protein contemt of the actual gain in body weight may be variable.

Protein efficiency ratio received its initial wsefulness from
work of Osborne and Mendel who felt that prelonged growth was a good
eriterion for protein symthesis. Im 1915, these authors reported
attempts to establish the absolute protein imtake at which exact main-
tenance of body weight could be found, the intake at which slight de-
cline could be found, and the intake at which slight gain could be
found, Gliadim was among the preteims used im the study but the results
ocbtained were so variable that high value ceuld not be placed upom
them. However, they did show that when gliadin was the source of
pretein in the rat diet there was a slight decline im weight on & 9
per cent proteim level and a slight imcrease im weight with a 10,5 per

cent protein level, ad libjtugy feedimg. It was noted that in young






26

animals the protein intake had to be decreased beyond the point where
growth just ceased since there appeared to be a considerable range
below this at which maintenance was still possible. The maximum
efficiency of the different proteins was found to vary with the type
of preteim supplied by the diet.

Barnes and co-authors ('45) in investigating the various methods
of studyimg protein quality augguted that the efficiencies of animal
proteins are highest when fed at low levels such as 8 to 12 per cent,
but that efficiencies of cereal proteins improve as the level approaches
20 per cent of the diet. On the basis of proteim efficiemcy, it would
appear that a dietary level of proteim which can give.an efficiemcy
ratio of 2.0 or greater would need to supply only 10 per cent of the
diet. The authors suggested that no matter what expsrimental appreach
was used, paired-feeding or ad libitum feeding, if the protein level
of the diet wvas adjusted se that about 0.9 grams of protein could be
retained each day, then the efficiency of the protein would be close
to ite maximm,

Recent research reported by Campbell ('60) has attempted te
clarify seme of the variables associated with proteim efficiency ratio
determinations., Using a basic diet furmishing 10 per cemt pretein and
10 per cent fat and correcting back te a casein reference standard, the
autheor found that marked differences im protein efficiency ratios result
from differences in age of the animals, The protein efficiemcy ratio
dorived froam casein decreased as the age and time on the test imcreased,
When casein was compared with plant proteinm sources, the differences
noted in protein efficiency retios were greatest during the early part
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of a four week experimental period. When a 10 per cent level of either
protein source was fed, the protein efficiency ratios were near maximum
values. The auther concluded that if only one level of protein could
be used in an experimental situation, then the 10 per cent level of
protein would be satisfactory regardless of the type of proteim, if

all variables wers carefully cemtrolled,

Before irrediated foods can be commercially feasible for human
eonsumptien, work must be dene at the micro level also. It is kmowm
that only a small percentage of the eompounds im a food are immediately
affected by irradiation (Goldblith and Proctor, '55). But often a timy
ameunt of any preduct or chemical reaction can bring about extensive
biolegical and/or physiological changes. The fimal determination of
suitability will have to rest with a large body of biological data more
extensive than afforded by growth and protein efficiency studies.

Engymes and Liver Fat
Lehman and Lang (*54) suggested that enzyme systems which are

such important units of animal metabolism should be studied as a means
of exploring every possible facet of the metabolism of irradiated foods
and their possible damage to the animal bodj. One of the most sensitive
enzyme systems for indicating quality of protein being fed into a system
is liver xanthine oxidase.

ILitwack and co-authors ('52; '53a) in studies of the liver xan-
thine oxidase activity of rats fed cdsein, whole gliadin, and gliadin
supplemented with various amino acids found that this enzyme system is
especially sensitive to the amino acid availability in the dietary
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proteins., Any measurement of its activity actually measures the forma-
tion of that enzyme protein, and this has been found to correlate well
with growth results without the added interference of hormonal state,
water intake, and balance, etc. When the gliadin was supplemented with
tryptophane to bring it to the level present in casein, greater activ-
ity vas noted than with whole gliadin alone. When lysine and trypto-
phﬁo supplements were added to gliadin, a still greater response was
found indieating that the lysine was the most important fastor lacking
in the gliadim to stimulate the processes of growth as well as enzyme
formation.

Bothwell and Williams ('5;) studied the effects of a lysine-free
ration upon the liver xanthine -ox‘[dau activity in weanling rats fed
either foreibly or ad libitum. The rats were not started on the puri-
fied amino acid retion until betweem 55 and 60 grams in weight and then
maintained for tem to fourteem days. Rats force-fed the lysine defi-
eient ratiem began to die earlier but mo matter how the ration was
fed, the lysine deficient diet resulted im a small but definite reduc-
tion in liver nitrogen content and reduction of the liver xanthine oxi-
dase activity to somewhat over ene-half that of the coatrols. The
lysine-free ration was found to give a completely different ensyme pic-
ture in ecomparison to a histidime-free ration which had no effect
and a methionine-free ration which completely depressed enzyme activity,

Where living tissues are concerned, rediant energy invariably
produses imjurieus effects., Besides the mtations which may ocecur,
mitotis activity may be depressed, the synthesis of DNA may be slowed
down, clumping and fragmentation of chromosomes may occur, as well as
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various cellular changes such as vacuolisation, increased fatty changes,
and cell death (Swanson, '57). The action of ionising radiation is
thought to be oxidative in nature and possibly directed at the oxida-
tive activities of the cell., A study of the enzyme systems directly
invelved in the electron transport eould possible shed additiomal light
en the adequacy of irradiated foods.

Benditt and co-workers ('49) fed a non-irradiated protein-
deficient diet to rets and used cytechrome oxidase activity as an in-
dication of protein quality. The authors found that the cytochrome
oxidase activity decreased progressively with time and somewhat faster
than the liver protein decreased. Cytochrome oxidase would provide a
means of studying a mitochondrial ensyme system of the cell while
liver xanthine oxidase would provide an excellent meens of studying
a soluble cytoplasmic enzyme system,

Read and co-workers (!58b) are the only investigators who have
included evaluations of both enzyme systems im irradiated feod studies.
The authors have reported that no changes were found in the xanthine
oxidase system but that the cytochrome oxidase system increased in ac-
tivity throughout a four generation study of rats. The diets used were
composites of nine frosen-stored 6 x ZI.()6 rep gamma items: beef, pork,
bacon, haddock, greenbeans, beets, peaches, powdered milk, and military
cereal bar.

Work has been done in the Feods and Nutritiom Department, Michi-
gan State University, eoncerning the ability of an animal system te
adapt to or adjust itself to the dietary proteim fed. Carroll ('60)
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working with 9 per cent casein diets deficient in threonine found the
liver xanthine oxidase system depressed to a maximm point im 19 days
after whieh it began to recover. Along with this decrease, the per
cent of liver fat imcreased, reaching its highest point five days after
the xanthine oxidase maximm depression. Then the fat began to move
out of the liver, and the fat returned to its initial level following
the lead of the recovering xanthine exidase system. In addition, to
the xanthine oxidase system, eytochrome oxidase was studied, Cytoshrome
oxidase, however, was found to be depressed throughout the experi-
mental periods and did not tend to recover. Simce cytochrome exidase
is so intimately associated with the oxidative processes of the cells,
any depression here would have wide effect im all the cell's activities.

Cannon ('59) in studying the mitritive value of cathode ray-
and ganma-irradiated whest from sero to 9.3 x 10° rad levels found that
as the per cent of liver fat oa a dry weight basis imcreased the liver
xanthine oxidase activity decreased. The progressive imcrease moted
in the liver fat levels with incru.ing rediation levels was signifi-
eant, This could suggest a possible alteratiom im the irradiated wheat
vhich the animal was capable of detecting. The liver nitrogem levels
in this work and that of Carroll ('60) showed no significant increase
or desrease with the various diets ~\uod.

Since the animal liver is vital to the well-being of the animal,
rapid changes in its sise and compesition may be due to the protein
and/or glycogen being quickly added er withdrewa, And either of these
will earry with it a mltiple of its weight in water., The amount of
protein present im the average liver cell may vary with the availability,
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quantity of, and the amino acid composition of the dietary protein.

As the animal body adjusts to the dietary intake, fat may be called
upon to move also., In starvation, for instance, as the liver is de-
pleted of its proteins, fat will move quickly into the liver cells un-
t11l the depots are empty.

Fat infiltration of the liver under mumerous conditions may be
thought of as an alteration in the normal processes governing the fat
eontent of the liver. An excess of fat may be due to increased forma-
tion of fat, decreased oxidation of fat, increased flow of fat from
the depots, and impaired removal from the liver. And any one of these
may be the secondary result of a primary factor. These basic primary
factors have been catalogued by Popper and Schaffmer ('57).

1, Imbalance |
A, Nutritional factors
1. Starvation

2, Low-protein diet: Methionine deficiency;
cystine deficiency

3., High-fat diet
h, High carbohydrate diet
5. Lipotropic deficiency

6. Vitamin imbalance: thiamine excess; biotin
eXCess.

B, Metabolic factors
1. Pituitary hormones
2., Adrenal cortical hormones
3. Thyroid deficiency or excess
k. Insalin deficiency
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5. Sex hormones
6. Central mervous system influence
7. Obesity.

2, Toxie factors

A, Chemical poisons: carbon tetrachloride; chloroform;
phosphorus; trinitrotoluene,

B, Bacterial toxins
C. Anoxic factors; anemia; congestion
3+ Combined factors
A, Alcoholic fatty liver
In studying this complicated interaction of dietary protein-,

liver-, and fat metabolism, growth periods may be of great help, During
growth, the animal body is called upon to utilise werfthing at its
command to develop the animal, If there is amy deficiency apparent in
the dietary protein, the general metabolic stimlation created by the
growth process can aggrevate the defieiency. Histology is another
research tool which may be used for studying the aggrevation at the
cellular level,

Histology

There is such a wide variety of biological events which may be
attributed to irrsdiation that mo single response has been found to be
unique for radiation damage (Patt, '53). Likewise, the feeding of
irradiated foods and their subsequent metabolism im the animal cell
might be suspected of as yet undetected effects, According to Ellinger
('57), there is disagreement on the effect irradiation has om liver

ticcue proper, probably due to the cycliec changes in cells following
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irradiation and the enormous repair power of the liver, But cellular
and functional changes do occur as well as reactions to toxic sub-
stances and any intimate examination of liver tissue such as histology
affords could possibly indicate effects attributable to the feeding
of irradiated foods.

The liver is one of the largest organs in the animal body, and
it is one of the most homogenous of organs regarding its primary cell
type. The classic lobule of the liver is established by the location
of central veins and portal areas. The portal areas are composed of
bile ducts, lymph channels, and blood vessels., They are the gateway
for mitrients to the liver cells, The liver cells are thought to be
no more than two cell thicknesses and are arranged in cords surrounded
by contimuous ducts called simusoids, Most of the metabolic preducts
of the cells are emptied into the sinusoids and gradually are pooled
in the central vein areas from which they will find their way out
of the liver and into the body as a whole. Using this concept of the
liver lobule, there must be a large number of portal areas in compari-
son to the central vein areas, This gives the classic concept of the
liver lobule a characteristic hexagorn appearance. (Copenhaver and
Johnson, '58).

Thé average liver cell of the rat may contain one or two nuclei
which may have one, two, or four nucleoli in them. This can give the
rat liver cell a high degree of DNA, Mitochondria are also prominent
in the liver eell, and it is here that the oxidation-reduction activ-
ities of the cell are thought to be carried out as well as fat metabo-

lism,
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In the normal liver, fat is found in the hepatic cells and the

Kupffer eells in the form of small droplets, This can be demonstrated

by semsitive histological techniques. The rat liver, however, ordin-

arily does not show fat deposition by any of the routine methods.

Popper and Schaffner ('57) have attempted to classify the various

patterns of fat deposition which have become known through research

studies, first, according to its position in the liver cell itself,

and secondly, according to its lobular locatiom.

Cellular classification:

1.

2,

3.

he

5

Perisinusoidal pattern. Fine droplets, like beads on
a string, lie at the edge of the liver cell wvall next
to the sinusoids. Under abnormal conditions they
grow in sise,

Perinuclear pattern. Fat droplets will be found
the mucleus or located im the eenter of
the hepatic cells,

Diffuse small droplet pattern. Fat droplets will be
found surrounding the nucleus or located in the
center of the hepatic cells,

large droplet deposition. Small fat dreplets will
coalesce to form one or two large droplets which
gradually become one huge droplet. It will replace
the entire ecytoplasm in time and push the nucleus te
the side. As this fat droplet contimies to grow,

it will break the cellular membrane and two huge fat
droplets will ocalesce to form a fatty cyst, enabling
greater fat storage.

Diffuse fat. Grossly the liver will be enlarged,
yellow, and even doughy im consistency. Every cell
will contain excess fat, readily shown chemically,
and simusoids will be narrow. Since this class is
actuslly an exaggeration of the cemtral and peri-
pheral forms, it is usually mutritionmal,toxie, or
endochrine in origia.

The classification on the lobular level is independent of the type of

fat deposited within the cell itself except the perinuclear fat which

is usually centrolobularly located.
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1, Secattered fat, Isolated fat rich cells can be found
throughout the normal liver lobule and will be seen in

high ecarbohydrate diets.

2, Centrolobular fat. This oceurs readily with eholine
defieciency., The fat rich cells will appear first and
disappear last from the central vein area, The condi-
tion will be noted on gross examination because the
liver will show definite yellow areas.

3. Intermediary fat. Wwhenever the central gone area can
no longer function, the intermediary sone will take
over. It will be active in severe passive congestion
and carbon tetrachloride poisoning.

ko Peripheral fat. This will be found most commonly in
toxemias and as result of other misfunctioms such as
altered protein metabolism.

Since the fat deposition of the liver can be correlated with
varieus mutritional conditions and the type of protein being eaten,
there is a wide body of histological literature which has accumlated.
Mach work has been done using a 9 per cent casein as the protein source
of the diet studying the variance of individw] amino acid levels and
choline in relation to the fat picture. Nino-Herrera and co-workers
('54), varying the choline in the diets of male weanling rats on a 9
per cemt caseim diet, reported that histological findings could differ-
entiate the choline deficient animals from the low protein plus choline
diet animals, The choline deficient animals im this study showed dif-
fuse fatty imfiltration most severe im the eentral veim area, Whereas
the low protein diet plus choline showed fatty cells distributed in
sones interspersed among sones of normal cells with only rare fat cells
being found im the central vein area, The 9 per cent casein plus cholime

animals had a per cemt dry weight liver fat of 8.7 but the choline
deficient animals averaged 27.3 per ecent, It was noted that there

existed a close correlation between the extent of a fat deposit as
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deterxine chemically and the severity of the fat infiltration noted
histologically.

Phenylalanine, leucine, histidine, tryptophane, methionine, as
well as threonine and lysine have been individually studied. Adamsteme
and Spector ('50) fed casein hydrolysates to show tryptophane influence
upon fat dopooit:lon. The mima]:o were on the diet for three weeks and
then killed at approximately seven, fourteen, and twenty-one day inter-
vals. A heavy accumlation of fat was found in the liver. During the
first week the fat was primarily peripheral and periportal with moderate
sised droplets. The second week, larger droplets appeared, and withia
nine to fifteen days, an increasing amount of fat was found areund the
ssntral vein area with eventual complete infiltration of the lobule.

In addition, a change was noted in the nucleus as the fat became more
centrally located. Instead of retaining two to four small nucleoli,
a single large mucleolus appeared in the nucleus.

Dick and co-workers ('52) showed fatty liver development by feed-
ing diets deficient in threomine or lysine. The rats were started on
the respective diets at 27 to 28 days of age and fed for 28 to 63 days.
Although the chemical fat levels determined were not high, a fatty change
was noted on histological examination, The threonine deficient diet
animel livers showed small to medium sized fat droplets which distended
the cytoplasm, Wherever there were fat rich cells, they compressed the
simusoids although the miclei were usually still centrally located in
the cells, One large nucleolus was prominent in the micleus rather
than the usual two to four smaller ones, The majority of the livers
showed fat around the central vein area. When lysine deficient diets
were fed, the histological examination revealed a much slower develop-
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ment of similar fatty movement into the cells, and the muclear changes
were less prominent.

Another report on the suboptimal intake of lysine and threonine
reported by Singel and co-authors ('53) showed that no large excess of
fat would develop on diets completely deficient in threonine or lysinme,
But if graded levels of each were fed, fatty livers did develop. It
was felt that in order to overcome the requirements of growth, the
diets must be adequate for at least 80 per cemt of the optimal growth
rate,

Plant protein diets have been studied im relation to their
effect upon fat deposit in the liver. Shils and co-workers ('54)
showed that a portal type of fatty liver can be rapidly and econsis-
tently produced in weanling rets by feeding diets im whiech protein source
was eorn, rice, wheat or cassava., In one week on the corn meal diet
exsess fat appeared im the portal region of the liver lobule and dur-
ing the twelve weeks of the study, just kept piling up. Even with very
high fat levels, the portal areas were most seriously invoelved. When
an unenriched wheat flour diet was fed, adjusted to 7.8 per ceat pro-
tein level, the same number of portal placements as diffuse placements
was found., These diet animals were killed after 21 to 28 days on the
diet and although the fat levels were not as high as others from a chem-
1cal standpoint, it was felt there was emough evidence to indicate
that the fat weuld just keep piling up om this diet also.

In work reported by Vemnart and eo-suthors ('58) the additiom
of tryptophane and lysine to a diet based solely on corn reversed the
portal fatty livers observed. The amimals om the supplemented diets
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showed Rormal or near normal levels of fat when killed at 28 days, but
the control group showed portal fat with small droplets visable,

These studies point to a reédﬂy discernable picture of fat with-
in the cells and lobules of the liver, When choline is deficient in
the diet, a central displacement of the fat in the lobule may be
found, With low protein levels or diets based on low biological value
proteins or with amino acid deficient diets, a portal type of fat can
be observed in the lobule. Now how do these patterns change when
the protein of the diet has been subjected to ionizing radiation:

There have been few studies involving the histological differ-
entiation of fat im liver tissue derived from animals fed irradiated
diets. The majority of the work has been directed toward the detestion
of malignant and benign conditions which are found in animals sub-
jected to external radiatioa.

Poling and co-authors ('55) conducted a long term extensive study
foeding albino rats a diet composed of raw ground beef irradiated with
2 x 10° rep catbode rey. The feeding contimmed through three genera-
tions with a total ef 2685 animals., The meat was equivaleat to about
45 per ecent of the diet solids and results regarding growth, adult
size, efficiency of food utilisation, reproduction, hematology, sur-
vival, pathology, and neoplasms were reported, Most of the histologi-
cal work was directed toward the presence of malignant and benign
neoplasms of which the authors found equal distribution between the
experimental and control groups., Histologically, most of the tissues
examined were normal, roughly 79 per cent im both groups. Of the
slight to quite severe histological deviations noted, there were 18
classes according to nature and location. The most frequent was
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hemosiderosis ef the spleen found im nearly all adult animals, both
control and experimental, which is of obscure significance. The fifth
most frequent occurence was fatty livers but here again there was equal
distyibution between control and experimental groups, Nearly all the
histological abnormalities observed in both groups wers those of heter-
ogenous, spontaneous changes which one would expect with aging rats.

Growing chicks have also been used for irradiation studies.
White leghorn chickens were raised and maintained for thirteen months
on & wet-mash diet irradiated with 3 x .'I.O6 rep gamma, The proper
Ralston-Purina Company diets for each growth level were used but com-
plete vitamin mix was added to each one. Burns and co-workers ('56)
reported the study and gross and histological findings were obufnd.
The pathelogy of the birds showed no obvious abnormalities as being
attributable to one greup or another, Extensive fat infiltratiom in
the livers of some of the animals fed irradiated diets was noted,
however,

One other study, Ousterhout ('60) has been reported with rats
maintained threugh three generations on a diet composed of 1.68 x 106
rep gamm-irradiated butter-fat, along with skim milk powder, ground
whole wheat, salt, and vitamin A and D supplements, Extensive pathology
was done but not reported in detail. All changes found were essen-
tially the same in the comtrol and experimental animals with equal fre-
quemsy im both groups. No evidence of malignant tumors was found.
Although histological work has been done usimg various plant protein
sources, none have been published in which irradiated wheat was the

primary dietary source.
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Cannen ('59) suggested a possible adaptive mechanism on the part
of the rat im the complicated picture of irradiated proteim, liver,
enzsyme, and fat deposition. Although experimental fatty infiltratien
had not given any comvincing indication of significant impairment of
liver functioa, this does nmot rule ocut the possibility of damage yet
undetected, It is kmown that the liver is more susceptible to injury
vhen fatty, that detoxification of injuriocus substances may be faulty,
and that the liver may be more sensitive to toxins.

If the picture previously reported was an adaptive mschanism,
possibly the imitial point of adaption could be detected with a shorter
grewth and feeding trial, If there were alteratioms in the irradiated
protein molecule, possibly the animal liver cell could detect these
enough to bring about changes in the ensyms systems. And if fat is
being moved into the liver cells as a secondary result of protein al-
teration, histological sections could give indications as to its nature
and manmner,

This study was undertaken to determine the effeet of 28 days
of feeding cathode- ray- and gamma-irradiated wheat, at levels of 0.28
x 10%, 0,93 x 106, 2.8 x 105, 9.3 x 10° rad, upon the liver xanthine
oxidase and cytechrome oxidase systems, and the deposition of fat in
the rat liver.



EXPERIMENTAL PROCEDURE

A 15 per cent protein wheat obtained from the Agricultural College
of Michigan State University was used in this study, It was divided
into nine lots, one of which was not exposed to radiation and served
as a eont.fol for the entire study. Of the remaining eight lots, four
were exposed to cathode ray-radiation from a high energy electron
beam pnoratorl
emitted by Cobalt-602, The four levels of irradiation used with each

type were 0,28 x ].O6 rad, 0,93 :I:ZI.O6

and the other four were exposed to gamma-radiation

rad, 2.8 x 10° rad, and 9.3 x 10°
rad. EFach of the nine samples of wheat was ground and incorporeated
into diets to provide 12 per cent protein. The composition of each

diet wvas as follows:

TABLE I
Composition of diet

y
Wheat 75
Corn oil ' 5
Mineral Mix# b
Vitamin Mixi# 2
Sucrose 14

* YWesson's Salts were obtained from the Nutritional Biochemicals Corpor-
ation of Cleveland, Ohio.

#¢ The vitamin mdx provided the following per kilogrem of diet: 1 mgm
of thiamin hydrochloride, 2.4 mgm of riboflavin, 1 mgm of pyridoxine
hydrochloride, 3000 I.U. of vitamin D, and 298 I.U. of vitamin A,

lpept. of Agriculturel Engineering, Michigan State University,
East Lansing, Michigan.

2Phoenix Laboratory, University of Michigan, Ann Arbor, Michigan,
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Male weanling albino rats weighing between 45 and 55 grams were
allotted at random to the experimental diets so that each diet was fed
to four rats. The same procedure was followed during a second experi-
mental period two months later. A third group of four animsls, a supple-
mentary control for the histological part of the study, was fed a non-
irradiated wheat diet whose protein content was 7 per cent.

The animals were placed at random into individual wire-bottomed
cages and food and water were given ad ljbitum for a four week period.
Records of weekly weight changes and daily records of food consumption
were kept. On the 25th, 26th, 27th, and 28th days of each feeding
peried, one rat from each diet group was sacrificed by decapitation.
The animals of each diet were sacrificed at varying times within the
four days in order to minimize this source of bias as much as possible,
The four animals of the low protein diet group were all sacrificed on
the 27th day of that period.

After the animals were decapitated, livers were removed and
xanthine oxidase and cytochrome oxidase activities were determined the
same day. One lobe of each liver was placed in 10 per cent formaldehyde
for later histological examination, and the remainder of the liver was
frosen and stored for subsequent nitrogen and fat determinations.

Xanthine oxidase activity, expressed as micromoles of xanthine
disappearing in one hour per unit weight of liver, was determined by
the ecolorimetric assay of Litwack and co-workers ('53b). One modifi-
cation (inoreased observation time) suggested by the procedure was
utilized in this study im order to minimige the variability introduced
by the immstirity of the animals., Although a long induction period
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was noted in nearly all animals, first order reaction rates were even-
tually obtained. The cytochrome oxidase activity wes determined spec-
trophotometrically as described by Smith ('55) using a reduced cyto-
chrome oxidase solution and was expressed o;a a first order velocity
constant in seconds™t per unit weight of liver., Difficulty was found
in keeping the cytochrome oxidase solution sufficiently reduced for
determinatien of an entire day'i samples., Maintaining the solution in
a frosen state and re-reducing it mid-way through each day yielded
somewhat more stability, however. During the reduction process, the
nitrogen was bubbled through a solution of potassiwm pyrogallate as

an additional precaution against oxidatiom.

The dried livers were analysed for total nitrogem by the boric-
acid modification of the Kjeldahl-Gunnimg method, (A.0.A.C., '57), fat
was determined by ether extraction im the Goldfisch apptut.us,. and
moisture was determined by difference after oven-drying. Since the
liver weights were small in all the experimental groups and large amounts
. of wet weight were needed for the ensyme studies, it was necessary to
do the ether extractiens on extremely small amounts of dried liver.
Therefore, it was deemed advisable to use a histological technique
vhich could give an intimate picture of fat within the eell with regard
to distribution and quantity. The liver lobe placed im 10 per cent
formaldehyde at the time of sacrifice was allowed to fix until all the
experimental groups were completed. Sections were prepared using the
carbon dioxide freezing technigue with some modifications. (See
Appendix for method).
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The data was evaluated by analysis of variance and by the T-test
(Snedecor, '56) using the average of the irradiated diets as a unit
against that of the control diet.

average of the control - average of the experimental djets

TS Standard deviation of the difference
(derived from the remainder term of the analysis of variance)

Use of the T-test was considered because there was a consistent trend
of depression noted in the xanthime oxidase and cytochrome oxidase
measurements obtained from those animals fed the gamma-irradiated diets.
The additional anslysis was incerporsted as a means of determining a
possible significance of this trend. (See Appendix, Tables vii and
viii).



RESULTS AND DISCUSSION

Osborneand Mendel ('15) pointed out that when the protein level
of the diet is low an aninal may try to eat more liberally in attempt-
ing to make-up the percentage deficiency of the ration by increased
intake. The protein levels of all diets in this study varied from
11.8 per cent to 12,2 per cent which suggests little difference for
practical considerations. The animals accepted the diets readily and
at the time they were sacrificed had doubled their initial weight. No
animals were lost during the study. The weather was extremely hot in
the first experimental period, and although the animals were maintaied
in an air conditioned laboratory throughout, additional stress was
undoubtedly placed upon them by some variation in temperatures. Food
intake records were kept on all animals during each experimental period.
Food intake of animals receiving the irradiated diets tended to be
greater than that of animals on the control wheat diets. (Table 2).

TABLE 2
Average food intake and weight gain for four week period

- —Control Cathode Gamma
Radiation Feed Weight —_m_—?‘_——rm Weight eed Weight
dosage (rad) intake

t Again  intake  gain intake _gain
None 191 gm 30 gm
0.28 x 10° 203 gn  3hgn 213 gn 38 gn
0.93 x 108 205 35 205 36
2.8 x 10° 212 37 210 37
9.3 x 105 200 32 202 33

Aversge 191 30 205 3.5 208 36
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There appeared to be no difference in the feed intakes and weight
gains due to the type of rediation, However, there is some indication
that the level of irradiation had some effect. The animals tended to
grovw at the same rate except for those on the highest level of irradia-
tion who appeared to grow somewhat more slowly. The three lowest levels
of irradiation measurements tended to be similar and greater than the
control diet measurements, But the animals fed the highest level of
irradiation, both cathode rey and gamma, showed weight gain averages
more closely aligned with those found for animals on the control
diets.

Cannon ('59) noted this same trend in the growth measurements
of that study in which the animals were fed irradiated wheat diets
containing 14.2 per cent protein and growth curves showed similar growth
rates in animals fed diets made from wheat irradiated to the level of

2.8 x 106 rad, However, at the highest level of both cathode ray- and

gamma-irradiation, 9.3 x 106 rad, a slower growth rate was noted, The
author suggested that the animals on the highest level of irradiation
might possibly have reached the same level of growth as the other
animals if the study had not terminated at ten weeks., Since the same
pattern of growth was found im this study when animals were under in-
tensive growth stress, it may more logically suggest an alteration in
the protein which the animal was not able to utilize as well, As Read
and Kraybill ('58) suggested, it is possible that irradiation broke
dowm the cellular walls of the wheat so that the animals found the

wheat easier to eat and acoept, However, at the higher level some

other undetermined factors may have epposed this beneficial effect.
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The average weight gains per gram of diet eaten (figure 1) were
calcuiated also in order to determine whether the trend noted from the
growth results would be altered when weight gains were corrected for
feed intake. The trend persisted, appearing to be inversely related
to the level of irradiation rather than to the type of radiation, as
the animals fed the highest level of irradiation, both cathode ray and
gamma, showed weight gain averages similar to those found for the
animals on the control diets, The results were subjected to analysis
of variance but were net found statistically significant. (See
Appendix, Table iii).

Although weight gains and feed intakes do give a relative
measure of growth and in turn indicate the protein quality of the
feed, another measurement is that of protein efficiency ratio. These
ratios in terms of gain in body weight per gram of proteim or mitro-
gen fed, express the growth-promoting ability of a protein, and the
greater the ratio, the better the animal cell is able to utilize the
protein provided for necessary body functions. The protein efficiencies
of the various irradiated diets used in this study were calculated and
expressed as the weight gain per gram of proteim eaten during the four
week dudy. (Table 3). Very little difference was found in the average
efficiency ratios obtained among the comtrol and the irradiated diets,
This suggests that the typs of radiatiom had no measurable effect upoa
the mitritional quality of the proteinm.



by
TABLE 3

Average protein efficiency ratios in grams per gram of protein
eaten for four week period

Radiatien
) Comtrol _ Cathode ray Gamma

Nome 1,39
0.28 x 10° 1.4l 1.48
0.93 x 10° 1.39 Lokl
2.8 x 108 1ok5 1.45
9.3 x 10 1.32 1.36
Average 1.39 1.39 1.43
Standard error

of mean 0,19

These results compare favorably with those reported by Cannon
('59) in the ten week study. The results obtained in this study aver-
age slightly higher, in agreement with the time variable suggested by
findings of Campbell ('60). Simce the protein value of the dists was
12 per cent and a level of 5 per cent fat was used, and the ratios were
obtained during a four week study, the variables suggeétod by Campbell
as most desirable for obtaining reliable protein efficiency ratios were
apparently adoquatd.y eontrolled in this study. The ratios compare
favorably with those obtained by Hove and co-workers ('45) who in assay-
ing protein quality fed a 10 per cemt level of protein supplied by com-
mercially blended hard spring wheat, milled and unmilled, te 35 to 45
grem weanling rats for six weeks. The authors found that the protein
efficiency values ranged from 0,84 for patent flour to 2.86 for wheat
gern, The protein efficleacy ratio of whole wheat was 1,40,
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It should be noted in reviewing Table 3 that the same trend is
observed with regard to the level of irradiation as was suggested in
the results of weight gain per gram of food eaten. The lower levels
of irradiation when incorporated in diets and fed to animals have re-
sulted in similar protein efficiency ratios. The highest level of ir-
rediation, 9.3 x 106 rad, whether cathode ray or gamma, when incorpor-
ated in diets and fed to animals, has resulted in apparently lower
protein efficiency ratios, However, the results were not found statis-
tically significant,

Although growth and protein efficiency ratios may give a rela-
tive picture of the quality of irradiated foods fed to animals, it was
considered advisable to investigate more sensitive measursments of
dietary quality. Thus, liver xanthine oxidase, liver cytochrome oxidase
activitisswere determined and the results are presented in Table 4.

The quantities of these components measured in the livers of
animals fed irradiated diets were consistemtly lower than those ob-
tained from the livers of the control wheat-fed animals, and the
depression was most pronounced in those livers from gamma-irradiated
wheat-fed animals, The depression was observed in the activities of
both the liver Xanthine oxidase and the cytochrome oxidase enzyme
system. The level of irradiation appeared to have little effect upon
the activities measured.

Cannon ('59) assayed only liver xanthine oxidase, The ten week
study suggested .depresnion of the liver xanthine oxidase activity also,
but the slight depression noted was with both types of radiation and
varied inversely with the level of irradiation, The results of this
study do mot agree with those reported by Read and Kraybill ('58) who
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found the liver xanthine oxidase activity to be unchanged and the cyto-
chroms oxidase activity increased upon feeding gamma-irradiated diets
to rats for four generations. The levels of irradiation reported,
however, were not so high as those reported here. Pirie ('56) has
suggested that the effect of irradiation upon living cells may be to
disturb the internal barrier of the cell so that enzymes may move into
sites where they are normally excluded. Thus the immediate activity
might appear to increase but as the enzyme was influenced by the
unnatural surrounding media, its activity would decrease. Whether this
is also possible when cells are metabolizing irradiated foods remains
to be seen.

The depression of activity suggested by the results of this study
were not found statistically significant when subjected to analysis
of variance, and therefore, the T-test was utilized in an effort te
eompare the over-all effect ef feeding cathode ray- and gamma-irradiated
wheat diets with that found in the non-irradiated wheat diet-fed
animals, (See Appendix, Tables vii and viii). Significance was found
by the T-test between the control and the average obtained from the
gamma~irrediated wheat-fed animals for both systems, but no significance
was found for either ensyme system between the control and the aversge
ebtained from animals fed cathode ray-irradiated wheat diets. Although
the T-test can only be considered a supplementary appraisal of the trend
neted, it was interesting to observe that the average obtained from
assay of the livers of animals fed ganma-irradiated wheat diets was
responsible for the significance found in the T-test in both ensyme
systems,
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Table 4 also contains the aversge liver nitrogen measurements
which were not found significantly different by either statistical
procedure. (See Appendix, Table v). Miller ('48) and Younathan and
co-authors ('56) have both suggested that when the organism is sub-
jected to an unusual physiological condition, such as protein de-
ficiency, that it may tend to first sacrifice those enzymes which will
enable the organisam to conserve its metabolic economy under the stated
conditions, Since analysis of variance showed no significance in the
results obtained in either enzyme system, and only questionable signif-
icance may be attached to the tremd observed until additional data is
obtained from further studies, possibly the conservation of metabolie
esconomy noted here is one of depressed activity rather than reduction
of actual ensyme protein.

The growth, protein efficiency ratios, and measurements obtained
from the ensyme studies of both this study adCamon's ('59) seem to
suggest that there is a difference in wheat quality due to the type of
radiation and the level of irradiation used. Variability of results,
however, possibly due to the immaturity of the animals has made the
trends noted difficult to prove statistically.

Analysis of variance of the liver fat data showed no signifi-
cance. The liver fat levels (Table 5) obtained were not high in either
the animals on the control or the irradiated wheat diets, and they
corresponded to those for mormal rats reported by Elvehjem ('56). This
suthor used weanling rats maintained oa a diet composed ofséporcm
wheat supplying 9.1 per cemt protein amd after two weeks on the diet,

the liver fat was found te be 12 per cent, The fat content of the livers
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in this study averaged between 8.12 per cent and 10.09 per cent (Stan-
dard error of the mean, 2.8). The high average noted in the 9.3 x 106
rad cathode ray diet animals was dus to one animal in this diet group
who showed 20,79 per cent liver fat, The high percentage found upon
ether extraction was substantiated upon examination of the histological
sections of this liver. (See Appendix, Tables vi and ix),

In comparing the liver fat obtained in this four week study with
that found by Cannon ('59) in which progressively increasing liver fat
levels varied directly with increasing irradiation levels, it should
be noted that the results reported here compare with the highest
level reported by Cannon., Also, the relationship between the liver
xanthine oxidase activity and the per cent of liver fat observed by
Cannon was not found in this study.

Although the data obtained does not bear out the type of adapta-
tion to an amino acid imbalance reported by Carroll ('60) and suggested
by Cannon ('59) as a possible factor in that study, adaptation still
can not be éomplctc]q ruled out on the basis of the present findings.
It is possible that the adaptation is of ancther nature. In the involved
picture of dietary pretein, the liver and fat metabolism, the accumila-
tion of fat tends to follow the removal of protein froa the liver eell.
It is possible that irradiation of the wheat slightly altered the
protein structure and im turn altered the metabolism of it by the
liver cell. Whereas the animals upon the control diet were able to
adjust to the limitations of wheat protein, it is suggested that the
animels on the irradiated wheat protein diets were not able to do this
as readily. It would be advisable to undertake a long term study, the
nature of which could attempt to determine at regular intervals over
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a8 long period of time, the various changes noted in these two studies.
Not until adaptation of some nature is clearly ruled out can it be
taken from the realm of possibility.

It was hoped in using the 12 per cent level of dietary protein
that the wheat protein and its limiting amino acid lysine would be
sufficiently borderline so that any damage to lysine induced by the
irradiation would be detected by the animals, The histological study
was undertaken to see if the animal was able to detect any difference
in the protein which would result imn the indirect effect of altered fat
deposit within the cell and lobule of the liver itself,

In reading the histological slides, some point of reference had
to be established. Two were chosen from mon-irradiated wheat diets,
both representative of the average, one coming from the 12 per cent
protein diet and the other from the 7 per cent protein diet. Each of
the individual animal tissues was compared with both of these in regard
to the pattem of fat deposition. In addition, each of the animal
tissues was compared with the 12 per cent wheat control animal tissue
for the amount of fat present, and this was reported as ons, two,
three, and four plus, (See Appendix, Table ix). The 12 per cent con-
trol was ranked as sero,

In general, the individual histological estimate of amount of
fat agreed with the ether extractions. In comparing the fat deposition
of each against the 12 per cent and 7 per cent control wheat-fed animal
tissues, a picture of a possible intensified dietary unbalance, partic-
ularly in the gamma-irradiated wheat diet animsls evolved.

Photomicrographs of representatixe tissues are presented in
Flates I3 II, and III.






FLATE I

tistological sections of liver from animals fed

12 per cent and 7 per cent wheat diets.

Cil Red O Fat stain

Figure 1. Tielve per cent protein diet

™.

The tissue exhibited predominately portal deposition
cf the fat. Only fine droplets of fat were observed
and these tended to be located at the ends of the

portal areas. larnification, 1020 X

Figure 2. Seven per cent rrotein diet

Fine to medium droplets of fat were observed in the
cells of the portal areas and in the intermediate
zones. Fat-rich cells were scattered throughout

the arcas. Lasification, 370 X






PLATE IT

[Hstolorical sections of liver from animals fed

gamma—- and cathode ray- irradiated vitheat diets,

0il Red O Fat stain

Figure 1, Gamma-irradiated whecat, 93 x 106 rad
Fine droplets of fat were observed in individual
cells scattered throughout the lobules. ko
definite pattern conld be estatlished.

lagnification, 390 X

Figure 2. Cathode ray-irradiated whecat, 2.8 x 106 rad
Ilediun to large droplets of fat were observed in
cells of the portal areas and intemediate zone,
The fat-rich cells were scattered throughout the
areas and scime large single nucleoli were noted.

Yarnification, 360 X



PIATE II




FLATE III

Histolozical secticns of liver from animals fed
gama- and cathode ray- irradiated wheat diets.

Cil Red O Fat stain

Figure 1. Gamma-irradiated wheat, 93 x lO6 rad
Fine to large droplets of fat were observed in
cells surrounding the yportal areas. Some fat-rich
cells were scattered into the intermedizte zone and

the central vein area. Lagnification, 365 X

Figure 2. Cathode ray-irradiated wheat, 9.3 x 106 rad
Fine to large droplets of fat-rich cells were massed
in the portal areas, intemmediate zone, and the
central vein area., leavy fat derosition was noted

throughout the tissue. acnification, 330 X
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There appeared to be a difference in the way in which fat was
deposited within the liver lobule between the tissues obtained from
feeding the cathode ray- and gamma-irradiated diets and the 12 per
cent control wheat diet. All the tissuss exhibited predominately
portal deposition of the fat im agreement with Shils and co-workers
('54) and Adamstone and Spector ('50). As more fat was moved into the
lobule, rather than being found at one end of a portal area as the con-
trol showed, the fat became periportal, Then from the immediate peri-
portal deposit, it fanned out around and away from the portal areas
and along the periphery of the lobule. As more and more fat arrived
in the lobule, the heaviest deposits were still seen in the portal
areas but now individual fat cells were found in the intermediate zone
and on rare occasion in the central vein area as well, The fat droplets
themselves varied from a fine peppery sise to large droplets. The nue-
lei did not appear to undergo any changes other than being pushed to
the side of the cell, There wers one to feur mucleoli present in the
miclei with oeccasional large ones as Adamstone and Spector ('50) showed.

The above changes noted in the fat pattern have been énggectod
in studies discussed earlier in which phenylalanine, leucine, histidine,
tryptophane, methionine, threonine, and lysine deficiencies have been
individually studied, Of all the amino acid deficiencies, lysine
appears to be the most passive in mature and slowest to show fat-pattern
changes. It has been well established as the major limiting amino acid
for wheat, Im the study reported by Harris and Burress ('59), fatty
livers were found in animals maintained on an 8 per ceat cereal protein
diet from Ui to 28 days. Thcmimiamintainodonals per cent pro-
tein diet for the same period of time did mot show fatty liver. When
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the 8 per cent diet was supplemented with varying levels of lysine,
the fatty livers were prevented. It follows that the 7 per cent
level of wheat protein used in this study might be expected to show
fatty livers induced by the limiting amino acid, lysine,

The fat cells found in the sections made from the liver of
the animal fed the 7 per cent non-irradiated wheat dist had a charac=-
teristic impact upon the observer, Fine to medium-sized droplets were
found in individual cells following the portal areas, fanning around
them and over the periphery. Individual cells were found in the
intermediate sone and occasionally in the central vein area., There
was & clumped scattered appearance to the fat-rich cells in contrast
to the smooth steady movement of fat cells observed in agreement with
the 12 per cent control, Dick and co-workers ('52) and Vemnart and
co-workers ('58) have reported changes similar to these when diets
deficient in lysine were fed.

When the tissues derived from the animals fed various levels
of cathode ray- and gamma-irradiated wheat were compared with the 7
per cent control, the gamma-irradiated tissues se;med to have a gener-
alized scattering of fat-rich cells with 12 out of 31 tissues compar-
able with the 7 per cent control, And of the 12 tissues, ten were from

the two lowest levels of gamma-irradiated diets, 0.28 x 106 and 0,93

x 10° rad. The upper levels, 2.8 x 105 rad and 9.3 x 10% rad had a

scattered appearance but were so diffuse that no definite pattern could
be discerned, The cathode ray-irradiated diet-derived-tissues, however,
compared more closely with the 12 per cent control tissue and only eight

of their total number of 32 showed any characteristics of the 7 per cent
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control., The eight tissues were evenly distributed among the wvarious
levels, These tissues do not represent a majority of the tissues exam-
ined, However, this does not preclude the possibility of an amino acid
unbalance intensified by irradiation,

No explanation for the majority of changes in the tissues de-
rived from feeding the lower levels of gamma-irradiated wheat diets
can be made since the source of irradiation was the same, A more uni-
form pattern of fat deposition as was found in the tissues derived from
cathode ray-irradiated wheat diet animals was to be expected. The
tissues from the gamma-irradiated wheat-fed animals as a whole had a
more scattered clumped appearance. The tissues from the cathode ray-
irradiated wheat-fed animals gave a clearer, smoother picture of fat
deposition, It is possible that a long term feeding study would clar-
ify the reason for this, and whether the trend in fat deposition noted
here is transitory or characteristic.

There was a consistent trend throughout the results reported
in this study and in the findings of Cannon ('59) indicating a possible
protein alteration of some nature, The otruct;ura.l damage which may be
induced by irradiation and the slowness of response of an animal to
lysine deficiency as noted earlier may well be an explanation for this
consistent trend, It would appear from the findings reported here that
the type of radiation had more influence than the level of irradiation
used. Since only the initial attack of cathode ray- and gamma-irradia-
tion is thought to be different, the nature of this difference should
be further investigated.



In general, the animals liked the irradiated diets, ate them,
and gave no outward signs of being other than healthy, growing young
animals, It remains to be determined whether the changes observed in

the liver tissues are detrimental to the well-being of the whole animal,



SUMMARY AND CONCLUSIONS

Seventy-six male weanling albino rats were allotted at random to
individual wire-bottomed cages and fed food and water ad libitum for a
four week period., Wheat was divided into nine lots, one of which was not
exposed to radiation and served as a control. Of the remaining eight
lots, four were exposed to cathode ray and the other four to gamma-irre-
diation, each at the following levels: 0,28 x 106 rad, 0,93 x 106 rad,
2.8 x 10° rad, and 9.3 x 10° rad. The wheat was ground following irra-
diation, incorporated into diets to provide a total of 12 per cent pro-
tein, and eight animals were maintained on each of the nine diets. A
third group of four animals was fed a non-irradiated wheat diet of 7 per
cent protein as a supplementary control. Records of weekly weight chan-
ges and daily records of féod consumption were kepte On the last four
days of the experimental period, one rat from each diet group was sacri-
ficed by decapitation, the liver removed, and xanthine oxidase and cyto-
chrome oxidase activities determined. One lobe of each liver was placed
in 10 per cent formaldehyde for histological examination, and the remain-
der of each liver was saved for nitrogen and fat determinations. Protein
efficiency ratios and growth measurements were evaluated., All findings
were subjected to analysis of variance, and in addition, measurements of
the enzyme system activity were subjected to T-testing.

There appeared to be no difference in the feed intakes and weight
gains due to the type of radiation but there was indication that the
level of irradiation had some effect., The animals tended to grow at the

same rate except for those on the highest level of irradiation who appear-



ed to grow somewhat more slowly. The same trend persisted when the aver-
age weight gains per gram of diet eaten were calculated., Protein effi-
clency ratios were found to be similar in animals fed the lower levels of
irradiation but again, the highest level of irradiation, regardless of
the type incorporated into diets, resulted in lower protein efficiency
ratios,

The activities of xanthine oxidase and cytochrome oxidase meas=—
ured in the livers of animals fed irradiated diets were consistently
lower than those obtained from the livers of control wheat-fed animals.
The depression of activity of both enzyme systems was most pronounced in
livers from gamma-irradiated wheat-fed animals, and was found statisti-
cally significant at the 5 per cent level with the T-test but not with
" analysis of variance., Histological examination of fat deposition within
the cell and lobule of the individual livers presented a picture of possi-
ble intensified dietary unbalance, especially in the gamma-irradiated
wheat~-fed animals, The level of irradiation appeared to have little
effect upon the degree of depression noted in the enzyme system activi-
ties and upon the fat deposition noted histologically.

The findings suggest that the type of radiation may have more
significant influence than the level of irradiation with regard to the
animal's ability to metabolize the food presented. There are indica-
tions in the findings of this study that some type of alteration has been
produced in the nutritional value of the wheat by the irradiation pro-
cess, Since wheat protein is nutritionally incomplete, assay of the irrae-
diated wheat for the limiting amino acids might clarify one possible as-
pect of the alteration. In addition, a long term feeding study, with ani-
mals being sacrificed at regular intervals, might clarify whether the fat
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deposition noted was transitory or characteristic and potentially detri-
mental to the well-being of the animals,
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APFENDIX




HISTOLOGICAL METH(D

The liver lobe used for histological examination was cut from
the intact liver before taking the amount necessary for the enxymes and
chemical studies. The same lobe was taken from all animals, It was
the small tear-drop caudate lobe situated to the left beneath the two
upper large lobes, and varied in weight from 0.32 to 0.80 grams. Each
lobe was quickly placed in ten volumes of 10 per cent formalin neutra-
lised with marble chips., They were allowed to fix for a mimimm of
two months and were creamy white im color.

Tissue was prepared for cutting by gelatin infiltration (Gurr,
'56). The lobe was cut into two or three lengthwise pieces depending
\ipon its over-all sise. These in turn were cut in half, crosswise.
An attempt was made in every liver to secure the same middle, lower-
half ef the lobe for infiltration. The tissues were rinsed in running
water and immersed in 5 per cent gelatin solution for 24 hours im a 37°
incubator, Following this, they were immersed in 10 per cent gelatin
for 12 hours, 15 per eent gelatin for 6 hours, both in 37° incubator,
and then embedded in 20 per cent gelatin and allowed to set overnight
in the refrigerator. The next day the tissues were trizmed from the
golatin blecks and immersed in 10 per cent formalin for 24 hours, after
which they were ready for cutting. Although the time involved in
gelatin infiltretion was considerabls, sections could be cut at five
mierons and handled with each throughout the stainimg and mounting
techniques.
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The tissues were washed in running water for ten mimtes prior
to freesing. They were frozen with carbon dioxide and cut at five
microns on a Spencer Automatie Clinical Microtome with freesing attach-
ment, The sections were stained with 0il Red O following the technique
of Bell, ('59). Since the gelatin was not removed prior to staining,
the free sections were allowed to remain in the Oil Red O from six to
sixteen hours., No appreciable loss of fat was noted and an intense
stain was obtained. The free sections were counter-stained one minute
with Groat's hematoxylin and blued for ten minutes with 1 per cent sod-
ium bicarbénato. After rinsing in distilled water, they were fixed to
the slides with Mayer's albumin and mounted with glycerine jelly. The
slides were allowed to dry for one month before final cleaning.
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TABLE ix - SCORING CF HISTCLOGICAL SECTICNS FOR FAT AND POSSIELE AMINO
ACID UNEALANCE

12% WEEAT DI=T 7% WHEAT DIET
Controls Scoring Unbalance Scoring Unbalance
0.5" none h: suggestive
2" none 1 suggestive
3+ none —
1.5% none —
zero none
CATHODE RAY RADIATION (RAD) GAMMA RADIATION (RAD)
Scoring Unbalance Scoring Unbalance
0.28 x 106 4? none 1* none
3 . suggestive 4 suggestive
2.5 questionable 1l none
2 suggestive zero none
1t . none 3* suggestive
1.5 none zero none
2.5% suggestive 2 suggestive
zero none 2 suggestive
0.93 x 106 1t none 3* suggestive
1: none 2.5 suggestive
1, suggestive 0.5 none
2 none 3 suggestive
1 none 0.5 none
1l none 0.5 suggestive
1.5 none 2 suggestive
1 none 1.5 suggestive
2.8x10° 3* suggestive 0.5" none
1: none 3 questionable
l+ none 1l none
1 none 1 none
A suggestive 0.5 none
0.5 none 1.5 none
zero none 1l none
zZero none 3 suggestive
9.3 x10° 1 none 2.5 suggestive
zero none 2 none
zero none 1 none
0.5 none 1 none
1l none 1l none
L complete infil- 1.5 none
1l none tration 1l none
3 suggestive —% —

¥insufficient liver
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TABLE x - DATA COMPILED FOR THE 7% WHEAT DIET

Weight gain Feed intake Weight gain per
in grams in grams gram of food eaten
2 - 192 0.125
26 20 0.124
2 189 0,110
18 193 C.092
AVERAGE 22.5 196 o.113
Protein Efficiency Percentage Percentage of
ratio (grams) of nitrogen fat
(dry weight) (dry weight)
1.77 6.90 .73
1.78 8.04 9.66
1.58 8.00 10.17
1.33 6.85 5.78
AVERAGE 1.61 Teli5 9.36
Liver xanthine oxidase activity, Cytochromeoxidase activity,
micromoles of xanthine disappearing  in seconds< , first order
per hour per gram of liver (wet velocity constant per gram
weight) of liver (wet weight)
2.2 6.04
2.1 7.07
2.8 8.38
3.2 13.76

AVERAGE 2.6 8.81
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