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NOTE

Final reports on the following four feeding experiments will
appear in a separate report during the month of December, 1957:

(1) Long-term feeding experiment on L4-megarep irradi-
ated canned beef, using rats;

(2) The Mouse Reproduction Study, using the irradiated
beef diet above;

(3) The Rat Reproduction Study on Irradiated Wheat; and

() The long-term experiment on 3-megarep irradiated wet
mash, using chickens.
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ABSTRACT

Progress is reported herein on the long-term feeding experiment on irradi-
ated potatoes using rats for the period 15 December 1956 to 15 October 1957.
No important differences have been noted during this period with respect to ir-
radiation of the potatoes in the diet on the basis of the following criteris:
(a) growth rate and maintenance of body weight of three generations of animals,
(b) efficiency of food utilization by second-generation animals, (c) reproduc-
tive performance through two breedings of second-generation animals, (d) blood
cell counts of first-generation animals during the tenth month of life, and (e)
observation of gross pathological abnormalities.

With respect to mortality, a vascular disease has been observed in about
half of the animals which have died or were sacrificed, and in most of these
cases the disease was severe enough to have caused death. This diseasge (a)
bears no relation to irradiation of the potatoes in the diet, (b) iz aggravated
by the potato diet, but not by potato decay present in the diet, and (c) is
genetically influenced.

With respect to mortality of animals not involved with vascular disease,
the incidence among animals fed diets containing irradiated potatoes is two to
three times that of animals fed the control diet. No particular pathology ap-
Pears involved, nor can all this mortality be attributed to the inclusion of
some potato decay in the diets during the early phase of the experiment.

OBJECTIVE

The object of the experiments reported in thig project is to evaluate the
wholesomenegs of food treated with gamma radiation.
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POTATO-FEEDING EXPERIMENT

A. PRESENT STATUS OF THE EXPERIMENT

The first-generation rats on the two-year sub-acute toxicity study of ir-
radiated potatoes are in their nineteenth and twentieth months. The third
round of blood cell counts on the animals regularly used for this purpose is
‘| now being made.

Tissue slides, paraffin blocks, and complete reports are available for 33
animals in this generation which have died or were sacrificed, not including
12 extra-littermate animals. Tissue slides and blocks, but not reports, are
available for 25 additional animals, not including 5 extra-littermates. This
material, except for some of the paraffin blocks, will be sent to the A.F.I.P.
during the first week of November. Of the above 58 animals, 27 showed a vas-
cular disease,and the paraffin blocks of tissues from these animals are being
sent to MNL in Denver.

Because the stores of irradiated potatoes for this experiment will not be
sufficient to complete the experiment as planned, it is proposed that replicate
groups of animals be terminated systematically when (a) mortality reaches 60%
in any one replicate, in which case the survivors in that replicate will be
sacrificed, and (b) when mortality reaches lOO% in any one group in one repli-
cate, in which case the survivors of the same sex in that replicate will be
sacrificed. It is also proposed that, when the stores of Maine Katahdin 2X po-
tatoes are exhausted, to eliminate this variety from all diets, and when the
2X Idaho Russets are exhausted, to sacrifice all survivors on the 2X diet.

Robert Berkman, D.V.M., graduate student in veterinary pathology at Michi-
gan State University, will conduct most of the autopsies involved in the ter-
mination of this experiment. Blood cell counts will be made on all animals as
shortly before sacrifice as possible.

The second-generation animals have been retained on the experiment and
are being fed the potato diet. The potatoes are either Maine Katahdin or Maine
Russet Burbanks and are not irradiated.

In June the second-generation animals completed both breeding periods,
and members of the third generation were selected from their second litters.
Tissue slides, paraffin blocks, and complete reports are available for the
seven animals which died or were sacrificed while on the irradiated potato di-
ets. The paraffin blocks have been sent to MNL in Denver and the slides and
reports will be sent to the A.F.I.P in the first week of November.
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Following this period, these animals were continued on the potato diet,
but nonirradiated Maine varieties from the 1956 crop were substituted for the
irradiated potatoes. These animals are being used for experimental studies
on the vascular disease.

The third-generation animals are now undergoing their first breeding.
Efficiency—of-food-utilization measurements were not made on these animals as
on the first two generations. Instead, members from the first litters of these
animals will be placed in standard metabolism cages and food-efficiency meas-
urements will be made with greater accuracy than before.

B. QUANTITATIVE DATA

1. Body Weight of First-, Second-, and Third-Generation Animals

Figure 1 shows the growth curves for the three generations of animals in
the seventeenth month of the experiment. The mortality among first-generation
males makes comparisons difficult. The 1X and 2X groups, but not the control,
may be entering the period of gradual weight loss which continues until death
occurs. The first-generation females continue to gain weight. In the second
generation, the 1X males appear to be doing the best. The male and female
groups in the third generation show no differences.

2. Efficiency of Food Utilization by Second-Generation Animals

Table I shows data for ten males and twenty females fed each of the three
diets for the last six of the twelve weeks during which food efficiency was
measured. Data for the first six weeks will be presented later.

The efficiency of the 1X males and females is somewhat greater than that
of the 2X animals, but with respect to the controls there appear to be no im-
portant differences dvue to irradiation of the diet.

3. Reproductive Performance of Second-Generation Animals

Table IT gives the data on the second-generation animals through both
breeding periods. Only 70% of the 1X females during each breeding actually
gave birth, whereas at least 95% of the OX and 2X females did so. In all three
groups, the percent of pups alive one day after birth which were weaned was
very low during the first breeding and only a little better during the second.
All other values appear to be normal. Weaning weights were high, due partly
to the fact that the pups have access to the motherts diet before being weaned.
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TABLE I

Efficiency of Food Utilization by Second-Generation Animals™

Week Males Females
Following R
. 0X 1X 2% 0X 1X 2X
Weaning
7 .20 .25 .20 A1 .12 1
8 .13 .21 17 .07 .08 .08
9 .19 .19 .15 .12 .09 .10
10 .15 .15 J1h .10 .08 .10
11 12 b A1 .07 .08 .03
12 A1 .10 .07 .06 .05 Ok
Average .15 A7 J1h .088 .083 077

*Figures are grams gain in body weight per gram diet solids
consumed, and are averages of ten males or twenty females.

C. PATHOLOGY DATA

1. Observations Made at Weekly Inspection of Animals

Table III is a summary of the observations made from the thirty-sixth to
the seventy-second week as a result of the weekly inspection of each first-
generation animal for gross pathology. The maximum-minimum values help to in-
terpret the average; for example, one animal exhibiting a middle-ear infection
for ten weeks contributes to the average the same value as ten animals having
the infection at one time.

None of these abnormalities appears to be related to irradiation of the
potatoes in the diets. In most cases, the incidences among control males are
highest; in half of the cases, incidences among control females are the high-
est.

2. Blood Cell Counts on First-Generation Animals, Second Round, February, 1957

Table IV presents blood cell counts made in February, 1957, on the same
animals used in August, 1956, except for one control male which died. Another
control male had an abscess at the time; its white blood cell count was 25,000/
mm3 and this was not included in the average for the four other males in that
group.

There are no important differences among the groups on the basis of these
counts. L
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TABLE II

Reproductive Performance of Second-Generation Animals

Group: 0X 1X X
Breeding: lst 2nd 1st 2nd lst 2nd
1. Number of females bred 20 1903) 19(1) 18(2) oo 18(4,5)
2. Number of males used 10 10 10 10 10 9(6)
3. Percent of females bred which
appeared to become pregnant 100 ok.7 8h.2 T77.7 100 ol L
L. Percent of apparently pregnant
females which gave birth 100 100 87.5 85.7 95.0 100
5. Average number of pups born
per litter 10.9 9.8 10.3 9.2 11.1 9.8
6. Percent of pups born surviving
birth and the first day after
birth 91.3 93.8 92.4 92.7 90.0 97.6
7. Percent of pups surviving the
first day which reached 21
days (weaning) 57.0 83.2 62.6 T71.8 65.4 72.5
8. Average body weight of pups
at 7 days 15.0 4.5 15.1
9. Average body weight of pups
at 14 days 30.4 30.6 31.7
10. Average body weight of pups at
weaning L7.3 51.1 L9.6 53.5 4.9 544

1st breeding Number of pups disposed on the 5th day:

0X - 15
X - 3
2X - 18

2nd breeding Number of pups disposed or added to litters of less than 10

—
,._I
~—

N N~~~
O\l W
— N N

pups on the Tth day:

X - 7
X - 3
2X - 12

1X % 16Rk sacrificed 570313 after bred for 3 weeks and % days—1lst breed-
ing.

1X ¥ 3R1 sacrificed 570515 after bred for 3 weeks and 4 days—2nd breeding.

0X ¥ 27R1 died 570509 after bred for 2 weeks and 6 days—2nd breeding.

2X ¥ 56R2 sacrificed 570419—at the first day of 2nd breeding.

2X % ThR5 sacrificed 570415—after 1lst breeding.

2X o™ TUR5 died 570519 after bred for 1 week and 2 days—2nd breeding.
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—
TABLE III
Average, Maximum, and Minimum Incidence of Gross Pathology
from 36 to 72 Weeks of Experiment
Males Females
Min Max Min Max
b i ie - ~ -
Gross Observation Diet | 36-wk during 36-wk 36-wk during 36-vk
ave period ave period
Tumors and/or unidentified 0X 1.6 0 3 0.9 0 3
swellings 1X 0.3 0 3 2.1 0 by
2X 0.0 0 0 0.2 0 1
Respiratory Infection
Severe 0X 1.0 0 3 1.3 0 2
1X 2.6 0 5 1.6 0 3
2X 3.4 2 5 1.6 0 i
Moderate X 3.8 1 7 0.7 0 2
1X 3.7 2 6 2.3 1 L
2X 2.7 1 6 1.6 0 L
Other Inflamations
Eyes 0)4 3.1 0 6 2.5 1 7
X 1.1 0 5 1.3 0 3
2X 1.5 0 3 1.9 0 L
Middle ear (0):4 0.0 0 0 0.0 0 0
X 0.4 0 1 0.0 0 ¢
2X 0.0 0 0 0.0 0 0
Nose oX 0.3 0 1 0.10 1 2
X 0.k 0 2 0.08 1 1
2X 0.8 0 3 0.06 1 1
Urogenital 0X 1.6 0 L 0.1 1 1
1X 1.0 0 3 0.0 0 0
2X 0.7 0 2 0.0 0 0
Abscesses and Sores 0X 2.7 0 10 2.0 0 5
1X 2.8 1 5 1.9 0 5
2X 1.9 0 6 2.1 0 6
Sensitivity to touch 0X .8 0 2 0.06 0 2
1X 0.7 0 3 0.08 0 1
2X T 0 3 0.03 0 1
Other Abnormalities 0X 0.6 0 2 1.8 0 3
IX 0.6 0 L 0.1 0 1
2X 0.4 0 1.1 0 3
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3. Mortality

a. Total incidence.-—~The incidence of mortality among first- and second-
generation animals for nineteen months (up to 8 October 1957) is zhown in Fig.
2. The mortality rate for all three groups of females in the first generation
is essentially the same and ranges from 24 to 32%., Also, the mortality rate
for control males is about the same ags that for the females. But the rate for
the males, on the 1X and 2X diets, is 2 to 2-1/2 times higher than that for the
controls (52-60%),—7A linear projection of the mortality rate to 104 weeks of
age for each of these groups would show no animals surviving at the time this
experiment is to be terminated. For comparison it may be mentioned that the
mortality rate for the extra-littermate males and females fed Purina Laboratory
Chow (which is not shown in Fig. 2) is slightly lower than that for the males
and females fed the nonirradiated potato diets.

The mortality rate for second-generation animals is also shown in Fig. 2.
For the period during which they were fed the regular potato diets, one control
animal (a female), three 1X animals (one male, two females), and three 2X ani-
mals (one male, two females) were lost. When the third generation had been
weaned from the second, the entire second-gereration colony was switched to a
single potato diet containing one nonirradiated potato variety (Maine Katahdins
or Maine Russet Burbanks from the same harvest as those used in the experiment).
The mortality during the second phase {shown to the right of the vertical line
in Fig. 2) has been one female formerly on the OX diet, two males and three
females formerly on the 1X diet, and two males and three females formerly on
the 2X diet

The third generation of animals are 22 to 26 weeks of age, and none hag
been lost.

b. Incidence of a vascuiar disease.—0f the 52 first-generation animals
lost to date, 29 or 56% were afflicted with lesions of the vascular system
closely resembling what is called "peri-arteritis nodosa" when seen in humans.
The severity of the disease at the time of death or sacrifice ranged from such
mild cases as to be barely spparent at autopsy to savere cases causing a sudden
and fatal hemorrhage. The occurrence of this disease apparently bears no re-
lation to irradiation of the potatoee in the diet. Five of the six males in
the control group (the sixth hsving died long before the disease was first no-
ted in the colony), seven of the fifteen mele: in the 1X group, and eight of
the thirteen males in the 2X group were found with the diseasge. Among the fe-
males, the incidence to date is four out of six in the control group, two out
of nine in the 1X group, and four out of eight in the 2X group.

Except for a recent cage, none of the sixteen members of the extra-litter-
mate colony which died or were sacrificed wag found to have thig diseasge on
the basis of either the gross or microscopic examination. In the second gen-
eration, on the other hand, fifteen of the eighteen animals lost were found to
be afflicted with it, most of them sevi§ely enough to cause sudden death.
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Fig. 2. Mortality among first- and second- generation rats in the long-term
experiment with irradiated potatoes. The frame of each graph corresponds, ver-
tically, to the number of animals in the group, and horizontally, to the pro-
posed duration of the experiment. Each step upward in the graphs represents
an incidence of mortality.
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The disease involves the arteries of the gastro-intestinal tract, the fo-
cal point being the pyloric end of the duodenum, a point common to the portal
vein, pancreas, stomach, and duodenum. From this point it usually extends down
the small intestine and occasionally involves the colon; it frequently involves
the arteries of the mesentery. It usually involves the arteries of the pan-
creas, microscopically if not grossly. The vascular systems of the stomach,
the spleen, kidneys, and particularly the testes also have been involved. In
a few cases the disease involved the diaphragm, esophagus, heart, trachea, and
the adrenal glands.

The disease consists of nodular developments along an artery, giving the
vessels a '"beaded" appearance. The nodules vary in size from less than 1 to 5
mm in diameter. They are bluish or purplish red, and when crowded together
have the appearance of a cluster of miniature grapes. Although invariably
present on the duodenum in diseased animals, the nodule is never part of the
intestinal wall itself. 1In older animals, some nodules become greatly enlarged
(up to 1 x 2 cm) and assume bizarre shapes. Occasionally a series of nodules
along a portion of the small intestine fuse to form a tortuous tissue running
parallel to the intestine, often larger in volume.

Of the twenty-three cases of this disease found in both first- and second-
generation animals for which the histopathological report has been made, the
following table lists the frequency with which this disease has involved the
blood vessels of various organs from both a gross examination at autopsy and
microscopic examination of tissue sections.

TABLE V

Incidence of Vascular Lesions by Organs

Vascular System of Gross Microscopic
Heart 0 2
Trachea 0 1
Diaphragm 0] 1
Spleen 2 2
Esophagus 0 1
Stomach 1 6
Pancreas 10 18
Duodenum 18
Je junum —_ — — — 14
Ileum } - - - b
Mesentery 8 8
Colon 2 6
Adrenal 0 1
Kidney 0 8
Testis 2 6
Uterus 0 2

10
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Figure 3% illustrates the tendency for this disease to run in families.
The eight animals in each horizontal row are littermates. The diet fed to
each animal is shown across the top. The twenty-five rows or families are di-
vided into five replicates of five litters each, the animals of one replicate
being one week older than those of the next. The figure shows the animals
which have died, their age at death in weeks, the number of animals in the
second generation sired or cast by each first-generation animal, and of these
how many have died, and the presence or absence of vascular lesions,
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Fig. 5. Long-term rat-feeding experiment with irradiated potatoes. Mortality,
ineidence of vascular disease, offspring and mortality of offspring, by family
and dietary group. 15 October 1957 (FPL Nos. 1-100 incl.).
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It is apparent that the disease shows a tendency to run in families. Of
the twenty-five families, five alone account for 21 of 28 cases. A random
distribution of this number of cases in such a colony would show a mean of less
than 1-1/2 members per family.

Further evidence of the genetic tendency is revealed by the fact that of
the eighteen second-generation animals lost, sixteen of them had a parent which
later died usually with the disease. In fact, examination showed that nearly
every one of them was involved with the vascular disease, and the parent was
usually a male (this corresponds to the fact that 71% of the cases of vascular
disease in the parent generation involved males). Table VI shows the relation
between paternity and second-generation mortality and how it varied with di-
etary group.

TABLE VI

Mortality in and Parentage of Second-Generation Colony

% Having Fathers % Having Mothers
Group % Mortality Since Dead of Since Dead of
Vascular Disease Vascular Disease
X T T 17
1X o7 40
X vooeT 53 7

Of the first-generation males which happened to become fathers, a higher
percentage in the 1X and 2X groups happened also to have the vascular disease.
This correlates with the higher mortality among second-generation animals in
these groups, almost all of which was due to vascular lesions. The percentage
of mothers which had vascular disease at death was lower and did not correlate
with the G-2 mortality.

In addition to the genetic factor involved in this disease, there appears
to be a dietary one. It was mentioned that sixteen animals in the extra-litter
mate colony fed Purina Laboratory Chow died or were sacrificed but that none of
these was found with vascular lesions, except possibly the most recent one. Of
the sixteen, five were sacrificed because two or more of their brothers or sis-
ters on the potato diets had been found with the disease. Since the disease
runs in families, they were sacrificed to provide confirmation of its absence
in animals fed Purina Laboratory Chow. An animal in this group recently died
of a hemorrhage which originated from two giant nodules on the duodenum. The
gross morphology of these lesions was somewhat different from vascular lesions
seen previouslys; no other animal in this family has been lost.

12
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In regard to the dietary variable, it is worth noting that the disease be-
gan occurring in the second-generation colony only & month or two after it ap-
peared in the first generation, whereas the age difference is about eight
months. This suggests that something in the potato diets sensitized genetical-
ly susceptible animals to the vascular lesions. That this dietary factor was
not the potato decay included in the diets fed during the sixth and seventh
months of the experiment is shown by the fact that the second-generation ani-
mals were born at least four or five weeks after potato decay was no longer
included. The diet has remained substantially identical in composition and
manner of preparation except for changes in the potatoes themselves, in the
use of cod liver oil or Vitamin A acetate as a Vitamin A source, and in the
replacement of the calcium carbonate in the diet by an equivalent amount of
additional calcium phosphate.

This disease has been recorded in the literature, but the causes of it,
such as advanced age and toxic Vitamin D levels, are far removed from condi-
tions prevailing in this experiment. The predisposing factor may be nondietary,
such as uremia (accumulationof nitrogenous waste products in the blood) due to
kidney infection as is often the case with humans having peri-arteritis nodosa,
or as viral pneumonia which is present in the great majority of animals at
death. The second-generation animals, which were no longer necessary for the
experiment once they had produced the third, were nevertheless retained in the
experiment for the purpose of learning more about the vascular disease.

c. Incidence of other pathology.-—Table VII is a brief summary of the
prominent pathology observed in the first-generation animals at death. The
number which was sacrificed and that which died are included to reflect the
difficulty that has been encountered in anticipating death; the sudden hemor-
rhages caused by severe vascular lesions have accounted for the majority of
deaths. The animal colony is checked frequently each 24-hour period, and
thereby only a very few tissue specimens have been rendered useless by post-
mortem change.

Although the distinction between severe and mild vascular lesions is ar-
bitrary, there is little to distinguish the three groups of males and the three
of females fed the potato diets. The large difference among the dietary groups
is with those which do not have the vascular disease., Only five of these ani-
mals died before the disease first appeared (one 0X, one 1X, and one 2X males
and two 2X females). The remainder of the table is based on a somewhat arbi-
trary classification of pathology, and it includes animals that were involved
with vascular lesions. Severe respiratory disease was present in males on the
irradiated diet to a greater extent than in control males, but this distinction
did not apply to the females. The incidences of middle-ear infection, nephri-
tis, and tumors were not consistently greater among animals on irradiated di-
ets. The usual observation in chronic toxicity experiments is that the toxic
constituent aggravates the "natural" pathology of the test animal but does not
cause a unigue pathology of its own.
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Some of this pathology may be a consequence of having included potato de-
cay in the diets during the first six months of the experiment. During the
last 10 weeks of that period, the percent of decay included was at a maximum
of 0.9, 3.3, and 5.3 for the 0X, 1X, and 2X diets, respectively. The percent
mortality so far not found with vascular lesions is 4, 32, and 24, respective-
ly, for males, and 8, 28, and 16, respectively, for females. However, the
higher mortality of animals fed the 1X diet indicates that not all the results
can be attributed to having included some potato decay in the diet.
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