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During the past century, a variety of premises have been
advanced in the dental literature concerning the relationship
of the physical consistency of the diet to the dental caries
incidence in human populations. Practically none of these
hypotheses have been followed up by investigative studies to
determine their validity in man or in laboratory animals.
Neumann et al. (’'52) conducted an experiment with 266 chil-
dren under close supervision in an institution. The 81 children
in the control group received what was described as a good
diet; in addition to the same ration, the 102 children in the
experimental group were instructed to chew vigorously on a
6-inch stalk of dried sugar cane once daily; a second control
group of 83 was also maintained in which each subject was
given, as a supplement to the institutional diet, an aliquot
of freshly extracted cane juice equivalent in volume to the
juice in one of the stalks chewed by the subjects in the experi-
mental group. After 18 months, the average increase in the
number of decayed, missing and filled teeth for the boys in
the experimental group was 1.1 in contrast to 2.1 and 2.2
for the first and second control groups, respectively. At pres-
ent no parallel studies with experimental animals have been

1These studies were supported to a large extent by a grant-in-aid from the
Sugar Research Foundation, Inc., New York, N. Y.
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presented in the literature. The classical studies by Hoppert,
Webber and Canniff (’'32) on the relation of the particle size
of the diet to dental caries incidence cannot be considered to
be analogous since the coarse particles initiated carious le-
sions at least partially through a mechanical injury effect.

The studies which are to he presented in this report were
conducted in order to evaluate various methods to increase
the amount of mastication by experimental animals. All
studies were conducted with modifications of the purified
caries-producing diet, which provided the same nutrients
hut with different physical characteristics.

EXPERIMENTAL

The results of 5 experiments are to be presented. The
subjects in the first experiment were cotton rats from our
caries-susceptible strain. They were weaned at 14 days of
age and distributed among the various groups in which they
were maintained for 14 weeks prior to sacrifice. The subjects
in the remaining 4 experiments were white rats of our caries-
susceptible strain which were weaned at 21 days of age and
distributed among the several groups in each experiment. All
white rats were desalivated within 10 days of the beginning
of the experiment and maintained for 12 weeks thereafter.
Throughout these studies a close littermate distribution was
followed among the several groups in any experiment.

All animals were maintained in individual cages through-
out the experimental periods with ad libitum access to the
experimental diets and to drinking water. Weight recor*ds
were kept on a biweekly basis. At the termination of the
experiments, the animals were sacrificed under ether anes-
thesia and the heads preserved in 95% ethanol. The number
of carious molars, the number of carious lesions and the
extent of the individual lesions were determined by previ-
ously reported criteria (Shaw, Schweigert, Elvehjem and
Phillips, '44).

Experiments 1 and 2 were designed to determine whether
the increase in mastication occasioned by a simple increase
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in the quantity of diet required for normal growth would
alter the incidence of carious lesions. This was done by the
incorporation into the diet of varying amounts of agar or
cellu flour as inert materials which would increase the weight
of ration required by a rat per day in order to supply its
normal, nutritional requirements. Both materials were in-
corporated into the diet in the form of fine powder.

The first experiment was divided into two parts. The first
half was composed of 5 groups and a total of 25 cotton rats.
The first group was fed the usual purified, finely divided,
caries-producing diet 100 used in these laboratories (Shaw,
'47). The cotton rats in the second group received the same
diet with a supplement of 10% agar. The subjects in the
third, 4th and 5th groups received the same diet with supple-
ments of 10, 35 and 50% cellu flour, respectively. The second
half of this experiment consisted of three groups with a total
of 44 cotton rats. These subjects received diet 100 with sup-
plements of 10, 75 and 100% cellu flour, respectively.

The second experiment was made up of 4 groups and a
total of 23 white rats. The first group received caries-pro-
ducing ration 100. The remaining groups were fed this diet
with supplements of 10, 35 and 50% cellu flour, respectively.

In the third experiment, in which 55 rats were used, a
synthetic resin polyvinyl acetate with a molecular weight of
2400 was incorporated into the experimental diets. This
material was selected because it could be tolerated physio-
logically in relatively large amounts. In addition, its physical
properties were such that it could be used to produce a mass
requiring a large amount of chewing without being brittle
or abrasive. In this experiment which was the first in our
laboratories to use the polyvinyl acetate or any other resin,
the selection was based on its binding properties and not
on the basis of any anticipation that this material per se
would influence the incidence of dental caries in the rat. ~.s
in the first two experiments, the first group served as controls
and was fed the basic caries-producing ration 100. The sec-
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ond group was fed ration 100 with a 20% supplement of the
finely powdered, low molecular weight, polyvinyl acetate.
This ration was designated as (100 + 20% L-PVA) — no. 1.
The ration for the third group had a final composition equiva-
lent to 100 + 20% polyvinyl acetate but was prepared in such
a way as to result in a cake with stiff chewy physical prop-
erties which was broken up into chunks prior to feeding.
This ration was designated as (100 + 20% L-PYA) — no. 2.
The latter diet was made by placing 670 gm sucrose, 50 gm
corn oil with added fat-soluble vitamins, 40 gm reagent grade
nutrient salt mixture, 20 gm whole liver substance and 20 gm
1:20 liver concentrate powder in a food mixer. To this was
added 65 ml of water and the entire mass mixed thoroughly. A
240 gm aliquot of casein to which the various members of the
B-complex vitamins had been added was introduced into the
above mixture. As the final step, 200 gm of low molecular
polyvinyl acetate was added in molten form at 150°F. The
entire mass was mixed for approximately 30 min. at a tem-
perature in the neighborhood of 130°F. and was then placed
to cool in pans in sheets with a thickness of about one inch.
At room temperature, this mixture was a hard cake which
broke with difficulty and in the fracture faces could be seen
large numbers of tenuous thread-like strands of the resin.
The general procedure for the preparation of this ration was
not based on any scientific design but was an emipirical one
which was adopted simply because of the desirability of the
end product for the specific purpose. -
The 4th experiment with 38 rats was carried out because
of unexpected findings in experiment 3 and was composed
of 4 groups. The low-molecular weight polyvinyl acetate was
incorporated in finely powdered form into ration 100 for the
second, third and 4th groups at levels of 5, 10 and 20%, re-
spectively, with the first group being fed ration 100 alone.
The 5th experiment was made up of 5 groups in which were
a total of 46 rats. The basal ration was 700 in this case which
had the identical composition of ration 100 with the single
exception that the “ de-vitaminized ” casein had been replaced
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by an equal amount of crude casein. The use of ration 700
has been shown in a number of experiments in this laboratory
to result in an incidence of carious lesions identical to that
produced by ration 100. The first group served as controls
and received ration 700 only. The second through 5th groups
of rat» received ration 700 to which had been added either
10% of the low-molecular-weight polyvinyl acetate, 10% of
a high-molecular-weight (50,000-100,000) polyvinyl acetate,
10% natural chicle or 10% arochem (an esterification polymer
of glycerol, fatty acids and dimerized rosin), respectively. In
each case, the material was incorporated into the ration in
finely powdered form.

RESULTS

The results of the first experiment are presented in table 1.
From these data, it can be concluded that the incorporation
of 10% agar or varying amounts of cellu flour from 10 to
100% into caries-producing diet 100 did not alter the incidence
of tooth decay in the cotton rat whether measured by the
average number of carious molars, the average number of
carious lesions or the average extent of carious lesions. The
inclusion of 10% agar, 10, 35 or 50% cellu flour into the
ration did not alter the rate of growth or the total increase
in weight of the cotton rats maintained thereon. When as
much as 75 or 100% by weight of cellu flour was added to
the ration, the rate of growth of some of the cotton rats was
markedly reduced; however the majority of the cotton rats
in these groups grew as well as their littermate controls. The
average increases in weight for the rats in the groups re-
ceiving 75 and 100% supplements of cellu flour were 12 and
18% less, respectively, than for the controls. In all groups
receiving an agar or cellu flour supplement, the overall ration
consumption increased in proportion to the amount of inert
material added until the cotton rats which received ration
100 + 100% cellu flour consumed almost twice as much, diet
by weight as the controls. Obviously the calories consumed
per rat per day by both groups were closely similar.
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'The results of the second experiment are recorded in table
2. As in the first experiment, the incorporation of varying
amounts of cellu flour from 10 to 50% into the caries-pro-
ducing diet did not cause any significant change in the inci-
dence of dental caries in the white rat. The average rates
of groVth and average increases in weight for the several
groups were practically identical. Again the quantities of
ration consumed increased in proportion to the amount of
added cellu flour.

The results of the third experiment are presented in table
3. Both of the rations to which the 20% supplement of the
low-molecular-weight polyvinyl acetate had been added caused
highly significant decreases in the incidence of dental caries
in the desalivated white rat. From these data it is obvious
that the different physical forms of the two rations appeared
to be unimportant because the small differences between the
results for groups 2 and 3 were not statistically significant
even at the 5% level. The rates of growth in the control and
ration 100 -j- 20% finely powdered polyvinyl acetate groups
were closely similar for both males and females. The rats
in the third group which were fed the ration requiring a great
deal of mastication attained somewhat higher final weights
than their littermates in the first and second groups. Part of
this increase in final weight was due to the accumulation in
their stomachs of large plastic masses of polyvinyl acetate.
Similar but smaller masses had been found in the stomachs
of most of the rats receiving the polyvinyl acetate in powdered
form. Grossly at autopsy, it appeared that the polyvinyl ace-
tate had been more readily eliminated when fed in powdered
form than when incorporated into the ration by the heating
described in the experimental procedure.

In the 4th experiment where the low-molecular-weight poly-
vinyl acetate was incorporated into the caries-producing diet
at levels of 5, 10 and 20% (table 4), the data indicate a pro-
gressive decrease in the average number of carious molhrs,
the average number of carious lesions and the average extent
of carious lesions as the amount of polyvinyl acetate was
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increased. The decrease in the average number of carious
molars noted between the control group and the group with
5% polyvinyl acetate was highly significant. The decrease
in the average number of carious lesions and average extent
of carious lesions between the same two groups was statisti-
cally Significant but not highly significant. The differences
between the dental caries experience of the rats in the control
group and those in the groups with 10 and 20% low-molecular
polyvinyl acetate were highly significant in all cases. The
differences between the three groups with added low-molecu-
lar-weight polyvinyl acetate were not highly significant in
any comparison but the further reductions produced when
20% rather than 5% polyvinyl acetate was used, were sta-
tistically significant at the 5% level. The rates of growth
and increases in weight produced by all 4 rations in this
experiment were indistinguishable from one another for
both males and females.

In experiment 5 where the effects of 10% levels of low-
molecular-weight polyvinyl acetate, high-molecular-weight
polyvinyl acetate, natural chicle, and arochem were com-
pared, each of these materials caused a highly significant
reduction in the incidence of dental caries in desalivated
rats. On the basis of the arithmetic averages, the low-molecu-
lar-weight polyvinyl acetate appeared to he most effective
and the high-molecular-weight polyvinyl acetate least effective,
with natural chicle and arochem occupying approximately
the same intermediate position. The difference between the
reductions produced by the two polyvinyl acetate resins was
barely significant at the 5% level. The rates of growth and
final increase in body weight for the rats in the control group,
the group with 10% of the low-molecular polyvinyl acetate
and with 10% of a high-molecular polyvinyl acetate were
comparable. The rats which received 10% natural chicle or
10% arochem grew slower than the rats in the control group.
Their total increase in body weight during the experimental
period was about 50% that of the controls.
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DISCUSSION

The increase in mastication caused by the inclusion of
agar or varying amounts of cellu flour in the purified caries-
producing ration did not alter the dental caries incidence in
either cotton rats or white rats. Even though as much as
twofold increases in the weight of ration consumed' were
noted, the total amount of mastication caused by these
amounts of finely divided rations probably was still fairly
low compared to the mastication required by smaller amounts
of a hard ration.

The striking reductions in dental caries incidence caused
by the two forms of polyvinyl acetate, chicle and arochem
cannot be explained at present. These 4 materials show wide
differences in chemical composition and physical form. The
two materials, low-molecular-weight polyvinyl acetate and
chicle, which were the most effective in causing reductions
in the dental caries incidence were of such physical form that
they were malleable and tacky at body temperatures. In the
oral cavity, these materials may have caused appreciable in-
creases in the amount of mastication required by reason of
these physical characteristics. However, it is noteworthy
that the use of the polyvinyl acetate to form a ration re-
quiring a great deal more chewing to prepare it for swallowing
did not result in any lower incidence of dental caries than did
the incorporation into the diet of the same amount of poly-
vinyl acetate in finely powdered form. Hence it would seem
on the basis of existing evidence that the low-molecular-
weight polyvinyl acetate was not effective because it caused
an increase in the amount of mastication or else the smaller
increase in mastication required by the tackiness of the small
particles of the material at body temperatures was enough
to produce the maximum reduction in dental caries incidence
that was possible through this pathway.

The results obtained with finely divided arochem and the
high-molecular-weight polyvinyl acetate further confuse the
issue. Both of these materials at body temperatures main-
tained a gritty form and gave no evidence of becoming malle-
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able or chewy under the circumstances prevailing in the oral
cavity. Thus it would seem that neither of these materials
would cause any further mastication than a comparable
amount of agar or cellu flour. Yet despite this, both materials
caused significant reductions in the dental caries incidence
of degalivated white rats. In view of this observation, there
appears to be ample reason to suspect that all 4 materials
were effective in reducing the dental caries incidence through
some other route than increased mastication. There are
possibilities that these materials produced some type of
cleansing action on the tooth surfaces or in the oral cavity
as a whole or that they deposited a thin film on the tooth
surfaces during the process of mastication which increased
the caries resistance of the teeth. Neither of these possi-
bilities has any definite experimental support. The former
is postulated on the basis of the observation that the white
rats in groups fed these materials had mouths which were
distinctly cleaner than those in the control group. The latter
is based on the suggestion of a difference in appearance of
the teeth themselves as they had a somewhat glossier surface
texture although no evidence of a microscopically definable
surface coating.

On the basis of present knowledge, there is no reason to
postulate that these data can be applied to human beings.
Though the low-molecular-weight polyvinyl acetate and nat-
ural chicle are common components in chewing gum, the
Circumstances in these experiments whereby these inert ma-
terials were incorporated into the entire food allocation are
believed to be considerably different from those resulting
from the intermittent use of chewing gum.

SUMMARY

1 The inclusion of 10% agar or varying amounts of cellu
flour from 10 to 100% in a caries-producing diet after,tooth
development was complete did not alter the dental caries
incidence in intact cotton rats.
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2. The inclusion of 10 to 50% cellu flour in the caries-
producing diet after tooth development was complete did
not alter the dental caries incidence in desalivated white rats.

3. The inclusion of varying amounts from 5 to 20% of a
finely powdered low-molecular-weight polyvinyl acetate in a
purified diet caused a much lower incidence of dental varies
in desalivated white rats than in littermates fed only the
caries-producing diet.

4. The inclusion of 20% polyvinyl acetate in the ration in
such a way as to produce a firm cake which required a great
deal of mastication did not reduce the dental caries incidence
further than the inclusion of 20% polyvinyl acetate in finely
powdered form.

5. The addition of 10% of either high-molecular-weight
polyvinyl acetate, natural chicle or arochem in a caries-pro-
ducing diet produced significantly less tooth decay than the
diet alone. However, these materials were somewhat less
effective than a similar amount of the low-molecular-weight
polyvinyl acetate.

These data as a whole do not provide any concrete evidence
that the amount of mastication required in the consumption
of a purified caries-producing diet is a determining factor
in the incidence of dental caries.
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There is little information in the literature concerning the
requirement of essential fatty acids for reproduction and for
lactation. Evans and collaborators ('34a, '34b) reported that
normal reproduction was impossible without essential fatty
acids in the diet, and that the mothers were unable to suckle
their young in the absence of these required nutrients. The
addition of saturated fatty acids to the diet failed to alleviate
these symptoms (Evans et al., '34b). Quackenbush and co-
workers (’'42) noted that the essential fatty acid requirement
for reproduction is about twice that needed for the cure of
dermal lesions produced by a fat-free diet. Linolenic acid
was found to be ineffective as a supplement to restore normal
reproduction, while there was no significant difference in
physiologic activity between linoleic and arachidonic acids.

1This work was carried out under a research grant from The Best Foods, Ine.
The authors wish to acknowledge the helpful advice of Professor Anvon J.
Carlson of the University of Chicago, of Professor Arthur W. Thomas of Columbia
University, and of Dr. H. W. Vahlteich, Dr. Chester M. Gooding, and Dr. Daniel
Melnick of The Best Foods, Inc., during the course of these experiments.

We wish to thank Merck and Co., Hoffman-LaRoehe, and Lederle Laboratories
for the synthetic vitamins used in the basal diet. *

2Contribution no. 356 of the Department of Biochemistry and Nutrition, Uni-
versity of Southern California.
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Insofar as lactation is concerned, it has been generally
recognized that fat stimulates this function. For example,
Maynard and Rasmussen (’'42) reported that a high-fat diet
increased milk production in rats and that the mothers gained
instead of losing weight. Loosli et al. ('44) demonstrated
that the feeding of corn oil improved lactation performance
in rats; this effect of fat was traced to the unsaturated fatty
acids. It is therefore evident that the type of fat is an im-
portant factor in establishing the beneficial action of this
foodstuff on lactation. However, in a series of studies by
Deuel et al. ('44), no differences in pregnancy or lactation
performance were noted in the case of rats fed diets contain-
ing 20% of fat, irrespective of whether the fat was corn,
cottonseed, olive, peanut, or soybean oil, a vegetable mar-
garine fat, or butter. It is apparent that, at this level of fat
intake, the amount of essential fatty acids has not become a
limiting factor.

In a later series of tests by Deuel and associates ('47) it
was shown that, although some litters were cast by females
maintained on fat-low diets, the number of rats per litter was
reduced. Although some survived for 21 days, they were in-
ferior in size and weight. In another study by this group
(Scheer et al., '47b), it was observed that the total litter
weight at 21 days increased progressively when the fat con-
tent of the diet was 0, 5, 10, 20, and 40% respectively. In
rats which had previously been on a restricted diet, 100%
fertility was achieved only when they were subsequently fed
on diets containing 20 or 40% of fat (Deuel et al., '47; Scheer
et al.,, '47a, '47b). Kummerow et al. ('52) reported that
linoleic acid is the limiting factor in reproduction and lacta-
tion.

There would seem to be little doubt that dietary fat is
required for successful pregnancy and lactation; the active
principle appears to be the essential fatty acids which are
present in fat. The object of the present study is to investigate
the quantitative aspects of this requirement for the essential
acids, both from the standpoint of pregnancy and from that
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of lactation, as judged by survival and by the weight gain of
the pups at three and 21 days after birth.

EXPERIMENTAL

Two series of tests were carried out, using female rats of
the UJ3.C. strain. These animals were placed on a fat-free
diet when weaned at 21 days. After being maintained for 10
weeks on the fat-free diet, the rats were divided into the
several groups listed in tables 1 and 2, and were supplemented
from this time as recorded in the tables. They were bred with
proven normal male rats from our stock colony which had

TABLE 1

The effect of different levels of cottonseed oil on pregnancy, survival, and growth
of young from females on a fat-free diet (series 1)

o AGROPN2
1 2 3 4 5 6 7

Cottonseed oil fed daily, mg 0 10 40 100 200 400 1000
Females bred 23 24 25 25 25 25 25
Litters cast, per cent 83 96 92 100 9% 92 100
Litter (at birth)

Total number of rats 122 196 192 228 210 227 232

Average number per litter 64 85 83 91 88 99 9.3
Litter (at 3 days)

Total number of rats 0 46 117 162 162 196 175

Total litters represented 9 18 22 21 23 21

Average weight per rat, gm 4.7 6.1 63 68 64 6.6
Litter (at 21 days)

Total number of rats 0 9 88 124 114 122 126

Total litters represented 3 16 21 18 20 21

Average weight per rat, gm 246 269 294 334 320 29.4
Mortality (0-3 days)

Total 122 150 75 66 48 31 57

Per cent 100 76 39 29 23 14 25
Mortality (3-21 days)1

Total 32 9 11 18 22 14

Per cent 7 9 8 14 15 11

1Litters were cut to 7 at three days.
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previously received a Purina chow diet. During the breeding
period, the male rats received only the fat-free diet. The
onset of pregnancy was determined from the time of appear-
ance of sperm in the vagina, and from changes in the oestrus

TABLE 2

The effect of different levels of linoleate on pregnancy, survival, and growth
of young from females on a fat-free diet (series I1)

AGOPND
CATERY
11 12 13 14 15 16 17

Linoleate fed daily, mg 0 25 5.0 10 20 40 80
Females bred 16 15 16 16 16 16 16
Litters cast, per cent 87 93 87 100 100 94 100
Litter (at birth)

Total number of rats 69 93 9% 111 120 108 115

Average number per litter 4.9 6.6 68 69 75 72 7.2
Litter (at 3 days)

Total number of rats 0 0 0 14 68 79 99

Total litters represented 3 11 15 14

Average weight per rat, gm 5.0 4.9 5.6 6.5
Litter (at 21 days)

Total number of rats 0 0 0 a4 58 7

Total litters represented 8 10 13

Average weight per rat, gm 229 257 292
Mortality (0-3 days)

Total 69 93 96 97 52 29 16

Per cent 100 100 100 87 43 27 14
Mortality (3-21 days)l <

Total 13 21 11 12

Per cent 100 32 16 13

1Litters were cut to 7 at three days.

cycle. The males were removed as soon as a successful mating
had occurred, and the female rats were then kept in large
individual cages. The composition of the basal diet cor-
responded to that employed by Greenberg et al. ('50).

The two series of experiments were carried out in a similar
manner except that, in series |, the supplement used was
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cottonseed salad oil while, in series Il, methyl linoleate (Hor-
mel) was employed as the source of the essential fatty acids.

RESULTS AND DISCUSSION

The results of series | are recorded in table 1, while those
of series Il are summarized in table 2.

Tables 1 and 2 offer proof that dietary fats are not required
by the female for conception, for the continuance of the
development of the fetuses, and for parturition. Thus, in
series | (group 1) 83% of the pregnant females cast a litter
while, in series Il (group 11) the figure was 87.5%. However,
many of the pups were born dead, and none of those which
were alive at birth survived as long as three days.

Although dietary fats or essential fatty acids are not re-
quired for the completion of intrauterine growth, they are
required for the survival of the pups for the first critical
three-day period. Up to a certain level, survival is related
quantitatively to the intake of cottonseed oil or of essential
fatty acids by the mother. Thus, in the case of cottonseed oil
(table 1), although a partial survival of the young was noted
in the groups receiving 10 and 40 mg of cottonseed oil daily,
at a level of 200 mg of supplement daily, the best average
weight was noted at three days, whereas the greatest pro-
portion of survival was found when the mothers were sup-
plemented with 400 mg of cottonseed oil daily. In series 11,
no survival of the young was obtained until a daily dosage
of 10 mg of methyl linoleate was given. The optimum sur-
vival in series Il, which compared favorably with that ob-
tained in series I, was noted when the daily dosage level
of 80 mg of linoleate was given.

The requirement of essential fatty acids for lactation is
reflected in the percentage of survival, in the average body
weight, and in the total number of animals in the litters at
21 days after birth. In series I, the optimum results insofar
as lactation is concerned were achieved when the dosage 4evel
of cottonseed oil was 100 to 200 mg daily (50 to 100 mg lino-
leate, assuming that cottonseed oil is approximately 50%
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linoleic acid). When these levels were exceeded (400 mg* or
1000 mg daily), neither the average weight per rat at 21 days
nor the total number of rats or litters reaching 21 days was
significantly altered. In the tests in which methyl linoleate
was employed, these results were confirmed; group 17, in
which the individual rats received 80 mg of methyl lirwleate
daily, yielded results comparable to the optimum recorded
for cottonseed oil.

This requirement for pregnancy and lactation is at least
twice that necessary for optimum growth and clearing of the
dermal deficiency symptoms in the female rat (Quackenbush
et al., '42).

SUMMARY

In studies designed to determine whether or not fats are
necessary for successful pregnancy and lactation and, if so,
in what amounts, the following conclusions were reached:

1. Dietary fat is not required by the female rat for con-
ception or for the completion of pregnancy when the diets
are otherwise complete.

2. However, fat is required in the diet of the mother to
insure the survival of the pups after birth. Although, in
some cases, daily doses of cottonseed oil as low as 10 mg
insured the survival of the pups for three days, as much as
200 mg of cottonseed oil were required per day for optimum
results.

3. The optimum daily requirement of cottonseed oil for
lactation, as determined by the weight of the young at 21
days, was found to be between 100 mg and 200 mg.

4. The constituents of the fat responsible for the survival
of the young and for satisfactory lactation appear to be the
essential fatty acids.
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THE EFFECT OF FAT LEVEL OF THE DIET
ON GENERAL NUTRITION

X, THE EFFECT OF INCREASING DOSAGES OF X-IRRADIATION
ON THE PROTECTIVE ACTION OF FAT ON
RADIATION INJURY 1,2

AMBER L. S. CHENG, ROSLYN B. ALFIN-SLATER
AND HARRY J. DEUEL, JR

Department of Biochemistry and Nutrition, School of Medicine,
University of Southern California, Los Angeles

Although diet plays an insignificant role in the survival
of rats subjected to single high doses of x-irradiation, the
nature of the food ingested may alter the susceptibility of
rats when they are exposed to repeated sublethal doses of
x-irradiation. Cheng et al. (’'52) found that, under the latter
conditions, rats receiving a diet containing as small an
amount as 2% of cottonseed oil (Wesson oil) exhibited a
resistance to x-irradiation which was statistically greater than
that shown by animals on a fat-free regimen. In a later study
in this laboratory (Deuel et al.,, '53), it was found that the
survival time after x-ray injury was increased when ethyl
Ipjoleate in amounts as small as 10 mg per day were fed to
rats on fat-free diets. More recently, it has been observed
that the survival time of male rats, as judged by the intervals
at which an LD 2;, an LD g, or an LD 7 were reached, or by the
average length of survival, was progressively improved when
ethyl linoleate was given in doses of 10, 50, or 100 mg daily
(Cheng et al., '54).

1This work wes carried out under a contract between the University of
Southermn California and the Atomic Energy Commission (no. AT (11-1)-113".

2Contribution number 366 of the Department of Biochemistry and Nutrition,
University of Southem California.
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In the current tests, the authors wished first to determine
at what levels of x-irradiation the beneficial effects of dietary
fat on survival could be noted. A second objective was to
develop a procedure for studying x-irradiation injury which
would involve a minimum number of exposures to x-rays and,
at the same time, would permit the therapeutic effect «of fat
to be exhibited. The employment of this technic would simplify
the experiments and render possible a more exact evaluation
of the time relations of exposure to the application of therapy.
In the third place, the present tests attempted to determine
how long a preliminary feeding period, using the experi-
mental diets, is required after weaning for the protective
effect of fat to be demonstrable. Finally, an answer was
sought to the question as to whether or not commercial casein
can replace vitamin-test casein in the fat-free diet without
loss of the protective effect of fat.

EXPERIMENTAL PROCEDURE AND RESULTS

A total of 33 series of tests were carried out on male rats;
each series was conducted as a unit, and consisted of two or
three groups of test animals, which received the fat-low diets
A and/or B and the diet containing 15% cottonseed oil (C).
The detailed composition of the diets is given in table 1.

The rats were placed on the diets under investigation im-
mediately after weaning at 21 days of age. The mothers had
previously been receiving the Sherman B diet. The young
rats were prefed on the several diets for three to 8 weeks,
after which they were exposed to x-rays at various levels
of dosage. Groups 1 to 5 received 300 r per week over a
period of one to 5 weeks, respectively, giving a total of 300
r, 600 r, 900 r, 1200 r, or 1500 r in the several groups. Groups
11 to 13 received 400 r, 800 r, or 1200 r during one to three
weeks; finally groups 21 and 22 were irradiated with 500 r
or 1000 r over one or two weeks. The irradiation was carried
out in a manner similar to that employed in our earlier tests
(Cheng et al.,, '52). The results on these rats are recorded
in condensed form in table 2. In another series of tests, which
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are recorded in table 3 in more detail than the earlier tests,
the rats all received 800 r, either in two doses of 400 r each,
spaced at intervals of 4 or 8 days, or in 4 doses of 200 r each,
given on 4 successive days. The rats used were from the
U.S.C. strain. These data are summarized in tables 2 and 3.
The rhts were kept under observation for 84 days after the
last x-irradiation had been given. Animals still living at
this time were considered to have a survival time of 84 days.

TABLE 1

Composition of diets

COVFONENT 1 DIETA DIETB DIETC
% % %

Casein, vitamin-test2 20.00

Casein, commercial 20.00 24.00
Cottonseed 0il3 15.00
Sucrose 70.68 70.68 51.68
Cellulose & 4.00 4.00 4.00
Salt mixture 3 4.00 4.00 4.00
Water-soluble vitamin mixture ® 0.32 0.32 0.32
Fat-soluble vitamin mixture T 1.00 1.00 1.00

1The folic acid was furnished through the hindness of Lederle Laboratories, and
the biotin by the Hoffmann-LaRoche Co. The remaining B vitamins were given us
through the courtesy of Merck and Co.

2General Biochemicals Inc., Chagrin Falls, Ohio.
‘ Refined, winterized cottonseed oil.
4* Solka-floc” obtained from the Mefford Co., Los Angeles.

6 Mixture of L. G. Wesson (Science, 75: 339, 1932). Obtained from General Bio-
chemicals, Inc., Chagrin Falls, Ohio.

6 The water-soluble mixture had the following composition in per cent: choline
chloride, 67.51; thiamine hydrochloride, 2.43; riboflavin, 0.92: pyridoxine hydro-
chloride, 0.91; calcium pantothenate, 2.02; niacin, 2.02; ¢-inositol, 16.85; folic acid,
0.34; biotin, 0.08; vitamin Ba, 0.01; ascorbic acid, 6.74; and menadione, 0.17.

' The fat-soluble vitamin mixture was composed of the following vitamins made
up to 100 ml with propylene glycol: Napsol, 8.72 gm (vitamin A: 100,000 U.S.P.
units per gram and vitamin D: 20,000 LIT. per gram), obtained from the National
Oil Products Co., Harrison, N.J.; and mixed tocopherols, 25.7 gm (Distillation
Products, Inc., Rochester, N. Y.).
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TABLE 2

The survival time of male rats receiving x-irradiation weekly at levels of 300 r up to
5 times, of 400 r up to 3 times, and of 500 r up to I times

PERICD ON DIET FRICR TO X IRRADIATION

%.P DIET '\é%\gé? 3 weeks 5 weeks 8 weeks
ROBLRES No. of  Average No. of Average No. of Average
rats survival rats survival rats survival

300 r once weekly

days days days
1 A | 10 59.8
B 14 79.7 10 722
C 14 84 10 84.0
2 A 2 16 49.1 12 59.4
B 14 57.2 15 63.6 n 68.0
C 14 59.0 14 76.8 10 66.3
3 A 3 18 454 13 15.2
B 18 24.6 14 48.1 12 46.7
C 14 34.7 15 63.5 12 53.2
4 A 4 19 22.8 12 16.3
B 19 13.6 14 48.1 12 224
C 13 29.9 15 63.5 10 54.0
5 A 5 6 438 11 6.0
B 6 82 13 115 u 174
C 13 20.2 14 16.3 u 315
400 r once weekly
u A 1 14 75.3 10 53.9
B 14 66.7 14 84.0 10 60.0
Cc 14 79.6 14 84.0 10 84.0
12 A 2 17 29.9 12 355
B 17 40.6 16 495 12 49.1
C 14 493 16 56.4 10 84.0
13 A 3 11 151 15 12.8
B 12 174 14 47.1 12 218
C 14 20.1 14 416 12 321
500 r once weekly
21 A 1 14 54.4
B 14 65.2 14 68.3
- C 13 81.9 14 78.9
22 A 2 14 223
B 14 26.3 19 384
C 14 479 17 341
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DISCUSSION

The superior survival of rats receiving the fat diet was
noted under practically all the experimental conditions listed
under table 2. The only exceptions were group 2 (8-week
group), group 3 (3-week group), group 13 (5-week group)
and group 22 (5-week group). In these cases, the results
were erratic. In all other 23 series of tests listed in table 2,
as well as in all 6 series of experiments given in table 3,
the fat-fed rats survived longer than did those on the low-fat
diets (A or B).

Although commercial casein contains only minimal quanti-
ties of essential fatty acids, the survival time was, in prac-
tically every case, considerably extended in those groups
which received diet B (commercial casein) as contrasted with
those receiving diet A (vitamin-test casein). However, the
survival time of the rats receiving diet C (commercial casein
plus 15% cottonseed oil) was generally considerably greater
than that of the animals on the commercial casein diet devoid
of fat.

The extended survival of the rats on the high-fat diet over
that of the animals on the fat-free regimens was apparent
irrespective of whether they had been receiving the diets for
three, 5, or 8 weeks previous to exposure to x-irradiation.
Moreover, rats which had received the diets for only three
weeks before x-irradiation (and hence were only 6 weeks old)
exhibited the protective effect of fat as well as did adult
animals. *

In the tests listed in table 3, in which 800 r was the total
dosage of x-irradiation, groups 32, 34, and 36, in which the
x-irradiations were given 4 days apart, yielded results which
were consistently as satisfactory in demonstrating the pro-
tective effect of fat against x-irradiation as were any other
series of tests we have conducted. It may be desirable to
employ this procedure in the future because of its simplicity,
and because of the shorter interval over which the x-irradia-
tion is administered.
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SUMMARY

1. The present tests confirmed the earlier experiments in
demonstrating the protective effects of dietary fat against
x-irradiation in a variety of doses and given at several time
intervals.

2. The rats on the test diets for only three weeks after
weaning exhibited the protective effects of fat against Xx-ir-
radiation as satisfactorily as did rats which had received the
test diets for as long as 8 weeks after weaning.

3. The survival time of rats receiving a commercial casein
diet which was otherwise fat-free was considerably longer
than that of rats on a fat-free diet containing vitamin-test
casein. However, the period of survival was prolonged by an
additional interval when cottonseed oil was also added to the
diet.

4. A simple procedure for studying the effect of diet on
protection from x-irradiation involves prefeeding the wean-
ling rats for three weeks on the test diets, followed by ex-
posure of the animals to two 400 r doses of x-rays at intervals
of 4 days.

LITERATURE CITED

Cheng, A. L. S, G. D. Kryder, L. Bergquist and H. J. Deuel, Jr, 1952 The
effect of fat level of the diet on general nutrition. 1X. The relationship
of radiation injury in the rat to the fat content of the diet. J.
Nutrition, 48: 161.

Cheng, A. L. S., M. Ryan, R. B. A1fin-Staver and H. J. Deuel, Jr. 1954 The
effect of fat level of the diet on general nutrition. XI. The protective

y effect of varying levels of ethyl linoleate against multiple sublethal

doses of x-irradiation in the rat. J. Nutrition, BS: 637.

Deuel, H. J. Jr, A. L. S. Cheng, G. D. Kryder and M. E. Bingemann 1953
The protective effect against x-irradiation of methyl linoleate in the
rat. Science, 117: 254.



ORGAN WEIGHTS AND OBESITY IN MICE1

SAMUEL H. WAXLEE AND MARILYN ENGER

Department of Pharmacology and Therapeutics, Standford University
School of Medicine, San Francisco, California

(Received for publication November 9, 1953}

The experimental production of obesity in mice by a single
injection of gold thioglucose was described by Brecber and
Waxier (’'49). Measurements of food intake showed that the
food consumption of those animals which became obese ex-
ceeded that of the controls (Waxier and Brecher, '50). This
obesity can be readily regulated as gold-treated animals, given
a diet identical in caloric value with that of their controls,
maintain the same weight levels. Autopsy findings and chem-
ical analyses of total body lipids, proteins, water and ash
indicated that these weight gains were primarily due to an
increase in adipose tissue. There was also, however, a definite
increase in body protein in the obese mice.

An increase in size and weight of several organs in the
obese animals was evident on gross observation. It was there-
fore thought desirable to determine the degree of change of
the individual organs and to ascertain whether the lipids
could wholly account for this change or whether there was
sojne enlargement of the organ itself. Similarly the experi-
ment was extended to ascertain the effect of dieting on the
organs of previously obese animals.

EFFECT OF EXPERIMENTALLY INDUCED
OBESITY ON ORGAN SIZE

Method. A pure line strain of C3H male mice with known
birth dates were used in this experiment. At 5 months of age,
1This investigation was supported by a grant-in-aid from the National dancer

Institute, National Institutes of Health, Public Health Service, Bethesda, Mary-
land.
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the animals were divided into two groups, and those in one
group were given a toxic dose of gold thioglucose 2 intraperi-
toneally. Survivors of the LD dose of gold were then ear-
tagged, weighed and set aside to be observed at intervals in
comparison with the control group (Waxier et al., '53). The
mice were fasted a day prior to injection to enhance their
tolerance to the drug (Waxier and Brecher, unpublished data).
The animals were housed in groups of 8 per cage and were
allowed free access to Purina Laboratory chow and water
throughout the experiment. At 9 months of age the animals
were weighed and autopsied. The following organs were
removed and weighed rapidly on a torsion balance: brain,
heart, lung, liver, spleen, kidney, thymus, testes, femurs and
adrenals. After obtaining the wet weights, the organs were
dried for 24 hours at 70°C. and reweighed. The organs were
subsequently defatted with a petroleum ether-ethyl ether mix-
ture, dried and then weighed for the third time.

Results. Table 1 gives the data on 12 obese and 24 control
mice. The obese mice weighed from 46 to 55 gm compared
with the controls of 27 to 38 gm. The wet, dry and defatted
weights of the 10 organs are listed.

THE EFFECT OF REDUCTION IN BODY WEIGHT
ON ORGAN SIZE

In the first phase of this experiment we showed that there
was a definite increase in the weight of various organs with
an increase in total body weight. The weights of the dried
and defatted organs indicated that this increase was due to
more than just adipose tissue, and that some enlargement
had occurred to account for the heavier organs.

Method. Male CH mice of similar ages were used in this
experiment. At 6 months of age one group of mice was given
a toxic dose of gold thioglucose and allowed to become obese.
Four months later 14 obese animals with an average weight of
50 gm were paired with 14 controls averaging 30.8 gm. With-

sThe gold thioglucose was generously supplied by Sehering Corp., Bloomfield,
New Jersey.
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holding of food from these obese mice brought them down to
the weights of their controls. Subsequently, both groups were
maintained for the next three months at similar weights by
paired-feeding at which time the animals were autopsied and

TABLE 2
Organ weights of control and previously obese mice *
CEATTED
WETVWHCGHT ORYWEIGHT WEIGHT
mg mg mg
Liver Control 1867.7 £ 16741 5734+ 3771 527.2 £+ 29.8
Reduced 1674.7 £ 170.9 538.7 + 49.2 461.1 + 45.3
Spleen Control 116.0 + 333 257+ 72 245+ 71
Reduced 1474+ 404 325+ 97 311+ 93
Thymus Control 126+ 43 21+ 06 15+ 05
Reduced 127+ 39 25+ 096 18+ 0.8
Adrenals Control 51+ 06 09 04 05it 01
Reduced 50+ 07 09+ 04 05+ 01
Heart Control 1572+ 152 345+ 34 328+ 24
Reduced 1481+ 110 318+ 14 304+ 23
Lung Control 1782 + 185 339+ 27 307+ 15
Reduced 1895+ 222 399+ 12 331+ 42
Femur Control 1390+ 124 840+ 56 808+ 54
Reduced 1248 + 183 753+ 6.2 724+ 6.0
Kidney Control 7047 + 255 146.7 £+ 15.2 140.2 £ 145
Reduced 5702 + 240 116.7 + 185 110.8 + 155
Testes Control 1762+ 122 265+ 25 253+ 24
Reduced 1702 + 132 266+ 20 248+ 1.8
Brain Control 429.7 + 115 985+ 96 66.1+ 6.0
Reduced 399.2+ 220 901+ 7.0 624+ 49

1Standard deviation.

organs removed for wet, dry and defatted weights. At this
time the previously obese mice averaged 34.5 gm and the con-
trols, 33.7gm.

Results. Table 2 lists the various organs and weights in the
two groups of mice, the controls and the previously obese
mice. With this reduction in body weight in the injected mice
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from an average of 50 gm to that of 34.5 gm, there is a con-
comitant decrease in organ weights. When comparison is
made between the obese animals (table 1) and the reduced
animals of table 2, one will note the marked decrease which
has occurred during the period of body weight reduction.

DISCUSSION

Gross examination showed that the livers were markedly
enlarged in the obese animals. The livers of these animals
were almost 50% heavier than those of the controls. This in-
creased weight was also evident in the dry and defatted
weights. The spleen and the thymus likewise showed an en-
largement which was obvious and was reflected in the per-
centage increase in the weights of the wet, dry and defatted
organs. The increase in weight of the lungs and hearts in
the obese animals was of a lesser order. Of interest was the
increase of the femurs of the obese animals over that of the
controls. The weights of the adrenals showed a definite change,
but with such small organs it was difficult to ascertain whether
or not these were of a valid nature. The three organs which
did not show any degree of change were the Kkidneys, testes
and brain. In the obese animals the brain weighed less than
that of the control animals.

The organ weights of reduced, previously obese, mice are
in all cases much lower than those of the obese mice fed ad
libitum. Generally these organ weights were quite close to
those of their controls, and in some instances the control or-
gans were heavier than those found in the reduced mice.

SUMMARY

1. The organs of obese animals tend to he heavier than
those of control mice, and this increase in weight is apparent
in the wet, dry and defatted state. This increase in organ
weight of obese animals cannot be accounted for by adipose
tissue alone. -

2. Mice which were made experimentally obese were sub-
sequently reduced to the weight of controls. These animals
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were then maintained by pair-feeding at the weight level of
their controls. The organ weights of these reduced animals
were of the same order of magnitude as those of the controls.
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The toxic effect of small quantities of molybdenum in feed
for cattle has been described by Ferguson et al. (’38) and by
Britton and Goss (’'46). In subsequent studies, others (Fair-
hall et al., '45; Neilands et al., '48; Singer, '49; Gray and Ellis,
'50) have shown the toxicity of molybdenum for laboratory
animals. The therapeutic effect of copper upon molybdenosis
has been demonstrated in cattle, sheep and laboratory animals.
(Ferguson et al., '40, '43; Neilands et al.,, '48; Singer, '49;
Gray and Ellis, '50; Comar et al., '49.) Although anemia is a
common symptom of excess molybdenum in cattle and sheep,
varying results have been reported relative to the effect of
dietary molybdenum upon the hemoglobin in rats. The extent
to which molybdenum toxicity may affect reproduction has not
been established. Since the completion of this study, the ad-
verse effect of molybdenum upon spermatogenesis of young
dairy bulls has been reported by Thomas and Moss(’51).

The present investigation was conducted to extend observa-
tions of the effect of molybdenum upon growth and hemoglobin
in rats and to study the effect upon reproduction.

1Florida Agricultural Experiment Station Journal Series, no. 236.
2Present address: Indiana Farm Bureau Cooperative Association, Indianapolis,
Indiana.
215
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EXPERIMENTAL

The Long-Evans strain of rats was used throughout the
study. Animals were housed inwire cages in aroom maintained
at 80°F. The basal diet was a mineralized milk-sucrose mix-
ture of the following composition: Whole milk powder,
3418 gm ; sucrose, 3381 gm; ferrous sulfate, 0.136 gm ; man-
ganous sulfate, 0.06 gm; thiamine hydrochloride, 0.023 gm.
The copper content by analysis was 1.78p.p.m. and molyb-
denum was less than 1 p.p.m. In order to vary the copper and
molybdenum content of the diets, copper was added as
CuS04 «5H20 and molybdenum was added as NaM o004 «2H 20
(table 1). At the time of breeding, the iron and manganese
content of the diets was increased to a level optimum for re-
production. Diets were fed ad libitum and food consumption
determined periodically. Pyrex distilled water was supplied.

Growth measurements were made by weekly weights from
weaning to 11 weeks of age. Hemoglobin was determined at
4, 7, 10 and 13 weeks of age using the acid hematin method.
Reproductive studies were initiated after completion of the
growth experiments. Fertility studies involved mating of the
experimental males and females, and in cases of apparent in-
fertility, the rats were bred to proved fertile rats on a stock
diet. Histological sections were made of the testes from in-
fertile males. The number of litters produced, size and weight
of litter, loss of weight of lactating females and weight of
litters at weaning were criteria of gestation and lactation per-
formance. New-born litters were reduced to 6 when they ex-
ceeded that number. In order to determine the effect of molyb-
denum upon estrus cycle, 4 females were fed a ration containing
700 p.p.m. of molybdenum and vaginal smears were made over
a 5-week period by the technique of Long and Evans ('22).

RESULTS AND DISCUSSION

Growth. A summary of the growth data is presented in
table 1. Eighty parts per million of molybdenum in the diet did
not significantly retard the gain in weight when 20 p.p.m. of
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copper was included in the ration. When the copper content of
the diet was decreased to 5p.p.m., the growth of male rats
was retarded at all levels of molybdenum. The growth of
females was not retarded on the ration of 20 p.p.m. of molyb-
denum, but was decreased at 80 p.p.m. of molybdenum and
5p.p.m. of copper. The difference in the growth rate of the
male and female rats receiving molybdenum in the ration
indicates a sex difference in tolerance to molybdenum.

TABLE 1

Growth and hemoglobin concentration of rats receiving varying
levels of molybdenum

RATION
NUVBERGF RATS S=X ABPCEGINAT
Mo Q
p.p.m. p.p.m. A o gm
<i 20 4 ’ 163
4
80 20 4 5 135
8 < 176
<1 5 8 2 128
4 o 1401
20 5 4 5 117
8 o 1471
80 5 8 5 105 1
4 s 5
140 5 4 5 81

- Growth retardation significant at 5% level.
3Growth retardation significant at 1% level.

Hemoglobin. Hemoglobin concentration which was deter-
mined at intervals during the experimental period was not af-
fected by the presence of molybdenum in the diet. The values
obtained were within the range of that of normal rats on a
stock ration. The absence of anemia is in contrast to the anemia
in ruminants caused by dietary molybdenum.

Other symptoms. Achromotrichia followed by varylng de-
grees of alopecia was present in the groups receiving 80 and
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140 p.p.m. of molybdenum, but this condition was not observed
in all of the rats in each group. Depigmentation was occasion-
ally observed in the rats receiving 20 p.p.m. of molybdenum.

Fertility and gestation. The small number of litters from
the females receiving 80 and 140 p.p.m. of molybdenum (table
2) was the result of male infertility. There was no evidence
that fertility in females was affected. Of 8 male rats which
received 80 and 140 p.p.m. of molybdenum from weaning,

TABLE 2

'Reproduction and growth of nursing young of females receiving
varying levels of molybdenum

p.p.m. p.p.m gm gm
< i 20 4 4 4.83 25.1
80 o 4 4 5.01 242
<1 5 . . 5.21 0 7 327
2o 5 . . 4.77 0 13 20.3
80 5 A j 472 . ‘ 283
40 5 4 4 5.07 " 9 238

1Taken from weight of entire litter.
2Males received molybdenum from weaning.
3Males had not received molybdenum from weaning.

only two proved to be fertile. When the apparently infertile
males were bred to proved stock females, they did not sire
litters. Histological examination of the testes from these
males showed varying degrees of seminiferous tubule degen-
eration, while testes from rats which had received less than
1p.p.m. of molybdenum were normal.

The data for the gestation studies (table 2) do not indicate
any. detrimental effect of molybdenum upon gestation. All
females were heavier on the day after parturition than at the
time of breeding, but there were no differences in gains which
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could be attributed to molybdenum content of the diet. Mature
virgin female rats showed irregular estrus cycles after re-
ceiving the rations containing 700 p.p.m. molybdenum for
10 days. Similar female rats on the same ration without
molybdenum had normal estrus.

Lactation. The measurement of lactation performance in-
dicates a reduced milk yield from rats consuming molybdenum
(table 3). When female rats were raised from weaning on
diets containing molybdenum or were placed on these diets

TABLE 3

Lactation performance of female rats receiving dietary molybdenum

MOLYBCENUMIN DIET (P.F.M)

<1 20 80 140
Number of litters nursed 5 5 3 4
Percentage loss of weight
in mothers 1 8.40 7.34 16.21 19.83
Loss of weight per young
nursed (gm) 3.57 271 7.28 7.30
Weaning weight (gm)
Males 339 27.8 28.1 24.7
Females 325 27.8 28.4 229

1Size of litters was 5 or 6 rats.

at breeding, the loss of weight during lactation, and the wean-
ing weights of the litters indicated poor lactation. A deter-
mination of the food consumption during the second week of
lactation indicated normal food intake, and demonstrated that
a low food intake could not account for the poor lactation. An
increased secretion of molybdenum into the milk remains a
possibility and may account for low weaning weights of the
litters.

SUMMARY
Molybdenum as sodium molybdate was fed to weanling rats

and to mature rats in order to study the effect of molybdenum
upon growth and reproduction. The gain in weight of both



220 MAX A. JETEB AND GEORGE K. DAVIS

sexes was retarded, but males were affected to a greater extent
than females. Seventy-five percent of the males which were
fed from weaning on a diet containing 80 and 140 p.p.m. of
molybdenum were sterile. Limited histological examination
showed some testicular degeneration. Fertility and gestation
in females were not affected by the quantities of molybdenum
fed, but there was some interference with normal lactation.
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FOOD INTAKE AND FOOD EFFICIENCY
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(Received for publication April 2, 1954)

Since water is the largest single constituent of all living
matter its importance in vital body processes has long been
recognized. Excellent reviews dealing with water metabolism
(Adolph, 33, '47), with water requirements of different ani-
mal species (Leitch and Thomson, '44; Bruce, '50), and with
the effects of both water deprivation and water excesses on
body function (Adolph, '47a) have appeared during the past
few years. None of these, however, have made mention of
the effect of water restriction on growth and food utilization
in young animals. The type of food eaten has a direct effect
on the water requirement, and the mineral content is par-
ticularly important in this respect. Adolph himself (’33)
points out that while one calorie of protein in food requires
3 ml of water for the elimination of the urea and sulfate
formed from it, 65 ml are needed for each gram of ash. This
explains why, in spite of its high free-water content, there is
a body water deficit to the extent of some 43 ml for each 100
cal. of milk consumed. At Wisconsin, Rupel (’29) showed
that calves given skimmed milk as the only beverage ate only
half the quantity of hay and grain that was eaten by calves
given the same quantity of milk but provided with water
twice daily. The water deficit arising from the feeding of
milk alone also resulted in a 24% decrease in daily gain.

The experiments outlined in this report have been con-
ducted over a period of 4 years, and were designed to deter-

Contribution from the Faculty of Agriculture, McGill University, Macdonald
College, Que., Canada. Journal Series no. 348.
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mine the effect of a restriction of water intake on the rate
of gain, food intake and food utilization of growing rats.

EXPERIMENTAL

Animals. A total of 164 white rats, ranging in age from 4
to 8 weeks, were used in 4 separate tests. Within ench test
the rats were paired as to sex and initial weight, and housed
individually in wire-bottomed cages. All tests were of two
weeks duration.

W ater allowance. One rat of each pair, chosen at random,
was restricted in water intake to approximately one-half that
of the pair mate which was allowed water ad libitum. All
rats received water ad libitum for the first 24 hours and the
quantity consumed was recorded as a basis for the initial
restricted allowances which began on the second day. Sub-
sequently, the restricted allowance was based on the previ-
ous day’s ad libitum intake of the appropriate pair mate.
The rats on the ad libitum water intake were provided with
an inverted-bottle watering device calibrated as to volume,
while the restricted animals received once daily their allow-
ance of water in an open container.

Diet. The rats were given the regular stock colony diet in
use in this laboratory. The proximate analysis of the diet
was as follows: total ash 8, crude protein 25, ether extract 3,
crude fibre 3 and nitrogen-free extract 49%.

Records. The rats were weighed to the nearest whole gram
at the start of the test, at the end of the first week and at the
end of the second week. Food consumption records were
obtained at the end of the first and the second weeks.

Water consumption was recorded daily for each rat.

RESULTS AND DISCUSSION

The average data from this study are shown in table 1.

.The immediate effect of restricting the water intake of
growing rats was to reduce substantially the voluntary in-
take of food and consequently to inhibit gain in body weight.
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The greatest and least reductions in average food intake were
found for the youngest and oldest rats respectively. These
data suggest that the age of the animal (presumably relative
physiological age) may affect the extent of the effect of water
restriction on food intake. Of particular interest was the
fact that the food efficiency of all rations, expressed as
gain/food ratios, was reduced by over 30% when water in-
take was restricted.

The marked adverse effects of limited water intake on the
efficiency of the diet in permitting growth has apparently
not heretofore been widely recognized.
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* VI. A COMPARISON OP THE USE OP SOYA FLOUR
AND WHEAT GERM 1
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Manhattan

(Received for publication January 9, 1954)

Wheat germ and soya flour are two naturally-occurring-sub-
stances containing considerable quantities of the B vitamins
and essential amino acids, which are known to be deficient in
wheat flour. Considerable work has been reported on the sup-
plementation of wheat flour with soya protein (Jones and
Divine, '44; Carlson, Hafner and Hayward, '46; Volz, Forbes,
Nelson and Loosli, '45), but little attention has been given
to soya flour as a source of B vitamins. Ofelt, Smith and
Mills (’'54) found that soya flour used in bread doughs did
not impair loaf volume or crumb character.

Wheat germ also could be used to supply B vitamins and
essential amino acids. Westerman, Roach and Stone (’'52)
showed that the addition of defatted wheat germ to enriched
and non-enriched flour produced an increase in growth rate,
reproduction and lactation performance and storage of panto-
thenic acid in the livers of albino rats.

The purpose of these experiments was to compare the
nutritive value of wheat germ and soya flour as a supplement
to wheat flour, using as criteria the effects upon rate of
growth, reproduction and lactation and deposition of B vita-
mins in the liver and tissues of rats.

1Contribution 174, Department of Home Economies. This research wes sup-
ported by Purnell Funds.
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PROCEDURE

Albino rats, 24 days of age and weighing between 45 and
50 gm were placed on a vitamin B-free diet in order to de-
plete their bodies of these vitamins. After 10 to 14 days the
animals were divided into 8 groups of 10 rats each, with
equal distribution as to sex and litter mates. Diets consisting
of natural foods similar to those consumed by human beings
were prepared according to the methods described previously
by Westerman, Linn, Templeton and Wells (’49). Enriched
and non-enriched flour made up the cereal component of the
diet and furnished approximately 52% of the total calories.
The wheat germ had been defatted and toasted. The soya
flour called “ Nutrisoy” had been heated during processing
to improve the nutritive value of the protein. These sub-
stances were added to the flour at a 3% level, as the standards
set for bread allow the use of 3% soya flour in the formula.
The diets contained the following variables: (1) enriched
flour with 3% wheat germ; (I1) non-enriched flour with 3%
wheat germ; (111) enriched flour with 3% soya flour; (1V)
non-enriched flour with 3% soya flour; (V) enriched flour
with the addition of both 3% soya flour and 3% wheat germ;
(V1) enriched flour only; (VI1) non-enriched flour only; and
(VI111) stock diet of Purina laboratory chow.

The rats were weighed weekly for a 12-weeks period. They
were mated and carried through three periods of pregnancy
and lactation. The young were used in a second generation
growth test while the first generation animals were sacrificed
and their muscle tissues and livers analyzed for thiamine,
riboflavin, niacin and pantothenic acid. In order to report
the data on a dry fat-free basis, fat and water determinations
were made also.

RESULTS AND DISCUSSION

Tlie nutritive value of the diets was calculated and the
results are shown in table 1. The amounts of iron and of the
B vitamins were lowest in those diets containing the non-
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enriched flour, i.e., Il, 1Y, and VII. Protein was slightly lower
in those without added soya flour or wheat germ.

The total average weight gains of the first generation
animals over the 12-weeks period are shown in table 2. The
rats receiving diet Y Il made the smallest weight gains of the
entire» group. The addition of 3% wheat germ to the non-
enriched flour, (diet I1), brought about an increase in growth

TABLE 1

Nutritive value of diets
Based on the daily food consumption of some human beings

THA  RBO PANTO:
FOCD FROEIN RN uNe  HAN NAON THENC
gn mg mg mg mg mg
| Enriched -j-
3% wheat germ 66.9 15.3 3.55 1.95 20.5 152
11 Non-enriched -f-
3% wheat germ 66.9 82 212 134 12.2 152
i Enriched +
3% soya flour 68.2 15.3 3.29 191 204 1.56
v Non-enriched +
3% soya flour 68.2 82 1.86 1.30 12.1 1.56
V Enriched + 3%
soya flour + 3%
wheat germ 721 15.3 3.62 1.99 211 164
\ Enriched flour 63.0 15.3 3.22 1.87 19.8 1.45
Nil Non-enriched flour 63.0 8.2 1.79 1.26 115 1.45

rate which was statistically significant (P < .05) for the
females hut a non-significant increase for the males. When
3% soya flour was added, (diet 1Y), there was a non-significant
increase for the females but a significant increase (P < .01)
for the males. Evidently the B vitamins and amino acids,
particularly lysine and valine in the wheat germ and soya
flour, were helpful in providing for an increase in growth.
However, the difference in weight gain between the animals
receiving diets Il and 1Y, were non-significant, indicating
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that soya flour and wheat germ, when added to non-enriched
flour at the 3% level, aided in producing the same beneficial
results.

None of the animals receiving non-enriched flour gained as
much as those on the stock diet. The males on diet V111 gained
34 gm more than those on diet Il, a significant difference
(P < .05). Differences in weight gains by the females on the
two diets were non-significant. The average gains made by
the rats on diet V111 were significantly greater (P < .05) for
both sexes than those on diet 1V, and were significantly
greater for both females (P < .01) and males (P < .001)
than those on diet VTI. While wheat germ and soya flour
were beneficial in promoting growth, when added to non-
enriched flour these diets did not promote as good growth as
the stock diet.

The gains made by the females on diets | and |1l were not
statistically significant when compared with those on diet
V1. However the males on diet I (P < .001) and those on
diet Il (P < .05) made a significant increase over those on
diet VI. The differences in weight gains between the animals
receiving diets | and 11l were not significant. Wheat germ
and soya flour seem to he equally beneficial when used with
enriched flour. The rats receiving both wheat germ and soya
flour in the diet did not show a significant increase in growth
over those receiving enriched flour alone. The male animals
on diet I showed a highly significant increase (P < .01) over
those on diet V. Other differences between animals on diets
I, Il and V were non-significant. These data seem to in-
dicate there may he more value in the addition of either
wheat germ or soya flour alone to flour rather than both at
the same time.

The male animals, which grew to a larger size than the fe-
males, showed greater differences in weight gains. The males
on diet | made a significantly greater gain (P <.01) than those
on*diets Il, 1V and V, thus indicating that the addition of
3% wheat germ to enriched flour provided for an increase in
the growth rate above that of the animals receiving non-
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enriched flour plus 3% wheat germ or 3% soya flour. The
weight gains on diets VI and VIl were significantly less
(P < .001) than those on diet I.

For the males the addition of wheat germ to both enriched
and non-enriched flour was highly beneficial. The addition of
3% soya flour, as in diet 111, allowed a significant increase
(P < .05) in growth over diet VI and a very highly significant
increase (P < .001) over diet VII. Non-significant differ-
ences were found between the weight gains of the animals on
diets I and 111, indicating that while the addition of either
wheat germ or soya flour was significantly beneficial, there
was no statistically significant difference between the two
supplements.

At the end of the growth test the animals were bred and the
young used for a second generation growth test. The results
are shown in table 2. The animals on diet VIl made the least
gains during the 10-week period. The males on diet VI made
a significantly greater (P < .05) gain than those receiving-
diet VII. The gain made by the females on diet VI was not
significantly greater than that made by those on diet VII.
When wheat germ was added to the non-enriched flour, the
gains made by both the males and the females were signifi-
cantly greater (P < .05) than for those on diet VII. With
soya flour added the gains made by both sexes were signifi-
cantly greater (P < .01) than for those on diet VII thus in-
dicating that the addition of either wheat germ or soya flour
to non-enriched flour was beneficial in promoting growth, in
the second generation animals. The increase of 52 gm by the
males on diet IV over that of those on diet Il was highly
significant. The increase of 21 gm by the females on diet IV
in comparison with diet Il was significant, showing that with
both sexes the addition of soya flour to the enriched wheat
flour increased the growth rate above that of those receiving
wheat germ. When wheat germ and soya flour were added to
enfiched flour, the differences in growth rate for the rats
on these diets were non-significant for both sexes. Evidently
the B vitamins in the soya flour were responsible for the
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increased growth of the animals receiving non-enriched flour
for when such flour was enriched, the growth of those re-
ceiving wheat germ and soya flour was the same. This is also
shown by the non-significant differences in growth between

the animals on diets 11l and IV.

Both sexes on diet I made highly significant increases
(P < .01) over those on diet VI. Significant increases were
also made by both sexes on diet Ill, indicating again that the

addition of either soya flour or wheat germ was beneficial
in increasing growth rate. Differences between the animals
on diets I and IlIl were non-significant showing that, when
added to enriched flour, wheat germ and soya flour are about
equal in benefiting growth.

The livers were removed from the first generation rats and
analyzed for thiamine, riboflavin, pantothenic acid and niacin.
Table 3 shows the average vitamin contents of the livers. The
analysis of variance showed that differences due to diets were
produced only for thiamine and riboflavin and no significant
differences were indicated for pantothenic acid and niacin
content. The animals receiving diet VI stored a significantly
greater (P < .01) amount of thiamine than those on diet VII.
The differences in storage of the other three vitamins were
non-significant between these two groups.

The addition of wheat germ to non-enriched flour, diet II,
resulted in a significant increase in thiamine storage (P < .01)
over diet V11 while the addition of soya flour, diet 1V, did not
produce a significant increase in thiamine storage. Diets 111,
V1 and V111l produced the greatest storage of thiamine in the
livers. These amounts were significantly greater (P < .05)
than those in livers of animals on diet I.

As for the storage of riboflavin, the animals receiving the
stock diet stored the larges“ amounts of vitamin in the livers
followed by those on diet Ill. Rats receiving non-enriched
flour alone stored the least. When soya flour was added there
was a very highly significant increase in storage (P < .CCID).
With the addition of wheat germ, there was a significant in-
crease (P < .05). Evidently wheat germ or soya flour when
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added singly to non-enriched flour provide good sources of
riboflavin for storage purposes. Enriched flour provided for
good storage of this vitamin and the addition of either wheat
germ or soya flour did not increase the storage a statistically
significant amount.

Animals receiving diet VI stored the least amount of panto-
thenic acid in the livers, followed by those on diet VII and
diet Il1l. Those on diets VIII and | stored the largest amount.
The storage of niacin showed no striking differences due to
diet.

The average vitamin content of the muscle tissue is shown
in table 3. The analysis of variance showed that differences
due to diet in the deposition of thiamine were very highly
significant (P < .001) and of pantothenic acid were highly
significant (P < .01) while the differences for riboflavin and
niacin were non-significant. Animals receiving the stock diet
had the largest amounts of thiamine, in their tissues while
those receiving non-enriched flour had the least. This dif-
ference was highly significant (P < .01). Those receiving
enriched flour stored a significantly greater amount (P < .05)
than those on diet VII. When wheat germ was added to non-
enriched flour the average amount stored was significantly
greater (P < .01) than those on diets VII and IV. The dif-
ferences in tissue storage for thiamine by the rats receiving
enriched flour alone or with wheat germ or soya flour added
were not significant. The addition of either wheat germ or
soya flour to enriched flour did not increase the deposition
of thiamine in the tissues above that of enriched flour alone.
The addition of wheat germ to non-enriched flour produced
about the same amount of storage of this vitamin in the
tissues as enriched flour hut the addition of soya flour to
non-enriched flour did not increase the tissue storage. Analysis
showed that soya flour contained less thiamine, 9.1 (jg/gm,
than wheat germ, 24.2 |Jig/gm, which may have influenced the
amount deposited in the tissues. -

The differences between the amount of pantothenic acid
deposited in the muscle tissues of the animals on diets I, |1,
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I, VI and VIl were non-significant. The differences between
those on diet V11 and those on diets IV and V11l were highly
significant (P < .01) and the difference between those on
diets VII and Il was significant (P < .01). These data do
not show any striking effects of the addition of wheat genn
or soya flonr npon the deposition of this vitamin in muscle
tissue.

The animals on diets I, II, 111, 1V, VI and VIl were carried
through three periods of reproduction and lactation. The
females on diet | produced 94 young and weaned 40 of these
at 21 days. Those on diet Il produced 40 young and weaned
9. Diet Ill females had 73 young, weaning 19, while those on
diet IV had 87 young, weaning 29. Those on diet VI had 46,
weaning 12 and those on diet VII had 20, weaning 8. The
average loss of weight by the females during the lactation
period was 44, 19, 38, 47, 30 and 16 gm, respectively, on the
different diets. The small loss by those on diets Il and VI
probably is due to the smaller number of young raised.

It may be noted that the animals on diet I weaned 421%
of the young born. Those on diet Il produced fewer young
and raised only 22% of these. Evidently the vitamins in the
enriched flour were responsible for this difference. However
the added wheat germ did help to increase the number of

young produced over those on diet VII. The females on diet
IV produced a greater number of young and raised more to
maturity than those on diet I1l1. Both groups with soya flour

added, produced and weaned more young than those on diet
V1 with only enriched flour.

The addition of either wheat germ or soya flour to enriched
and non-enriched flour aided in increasing the number of
young produced. Wheat germ gave the best results when ad-
ded to enriched flour and soya flour the best results when
added to non-enriched flour.

SUMMARY

Comparisons were made of the value of adding soya flour
or wheat germ to enriched and non-enriched flour. Results
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indicated that both were significantly beneficial in promoting'
growth in rats when added to non-enriched flour but neither
supported as good growth as the stock diet. When added
to enriched flour these materials supported as good growth
as the stock diet. No significant differences were found in
rats receiving enriched flour plus wheat germ as against
those receiving enriched flour plus soya flour in either the
first or second generation. There was some evidence that
soya flour when added to non-enriched flour aided in promot-
ing better growth in the second generation than did wheat
germ.

Differences in storage of the B vitamins in the livers were
significant for thiamine and riboflavin but not for pantothenic
acid and niacin. Rats receiving non-enriched flour alone
stored the least thiamine and riboflavin. Those with enriched
flour plus soya flour in the diet stored the largest amount
of these vitamins. Significant differences in amounts of thia-
mine deposited in the muscle tissues were found. The addi-
tion of wheat germ or soya flour to enriched flour did not
increase the deposition of thiamine above that of enriched
flour alone. The addition of wheat germ to non-enriched
flour increased deposition of this vitamin up to that of en-
riched flour.
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THE UTILIZATION OF ALFALFA AND ALFALFA
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Investigations of the use of alfalfa in the rations of simple-
stomached species have been concerned mainly with alfalfa
as a source of vitamins or unidentified factors. Little attention
has been paid to the protein and energy furnished by alfalfa.
The work of Schmidt and Lagneau (’32) with swine indicated
that alfalfa nitrogen was 40 to 50% digestible hut the organic
matter only 28 to 37% digestible. Mitchell and Hamilton
reported a poor utilization of alfalfa fiber by pigs on low-
protein rations, while Forbes and Hamilton (’'52) found a
higher utilization of the fiber of alfalfa by pigs on a higher
protein ration. Tschemiak (’'36) reported that alfalfa meal
fiber was indigestible by poultry. Fraps and Carlyle ('41) in
work with growing chickens found the total digestible nutri-
ents of alfalfa leaf meal to be only 18.4%.

In general, fiber, cellulose, and hemicellulose disappear to a
variable extent when they pass through the digestive tract of
swine (Forbes and Hamilton, '52; Hvidsten and Homb, '47;
Mitchell and Hamilton, '33; Trautman and Asher, '42; Wood-
man and Evans, '47), man (Hummel et al,, '43; Williams and
Olmsted, '36), and most other simple-stomached animals (Man-
gold, '34). The data do not show the extent of the actual
utilization of the apparently digested fiber.

The experiments reported herein were designed to investi-
gate the utilization of alfalfa and certain alfalfa fiber fractions
by the use of paired-feeding techniques, nitrogen balances, and
digestibility.

237
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EXPERIMENTAL

Three fiber fractions were isolated from an alfalfa meal
and fed to growing rats. An extracted fraction was prepared
by extracting alfalfa three times with a hot ethyl alcohol-
benzene solution, then three times with hot water. This residue
was then dried at room temperature. Holocellulose w&s pre-
pared from alfalfa by the method of Wise et al. (’46). This

TABLE 1

Basal rations

LOWPROTEHN HIGHPROTEIN

gm an

Sucrose 76.6 51.6
Casein 1 10.0 35.0
Cottonseed 0il2 50 5.0
Salts 1V 3 6.0 6.0
Vitamin mix 43 0.2 0.2
Choline 0.2 0.2
Liver powder, 1: 206 20 20
Total 100.0 100.0

1Vitamin-free test casein, General Biochemicals, Inc., Chagrin Falls, Ohio.

“Wesson oil.

“Phillips and Hart, J. Biol. Chem., 109: 657, 1935.

4The vitamin mix supplied the following vitamins in milligrams per 100 gm of the
ration: thiamine 0.6, riboflavin 0.6, pyridoxine 0.4, niacin 4.0, calcium pantothenate
4.0, folic acid 0.05, biotin 0.02, and inositol 20.0.

3Ample amounts of vitamins A, D, E, and K were supplied weekly by oral ad-
ministration.

6General Biochemicals, Inc., Chagrin Falls, Ohio. -

method uses sodium chlorite to remove part of the lignin
and protein, leaving cellulose and hemicellulose in a fraction
called holocellulose. The method of Ellis et al. ('46), with
certain modifications, was used to isolate lignin. The modi-
fications were the adaptation of the method to a larger scale
and the elimination of the pepsin digestion.

fTwo rations were used — a low-protein ration for experi-
ment 1 and a high-protein ration for experiment 2. The rations
are shown in table 1. It should be noted that the vitamins, liver
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powder, and the minerals were added in large enough quantities
to insure adequate intakes of these constituents by all groups.

The following 6 treatments were used at each protein level:
lot 1, basal; lot 2, 38% alfalfa; lot 3, 30% extracted alfalfa;
lot 4, 21% holocellulose; lot 5, 8% lignin; and lot 6, 21% holo-
cellulose and 8% lignin. The above are percentages of the
total ration on an oven-dry basis and the fiber fractions are
equal to an amount isolated from 38% alfalfa. One member
of each litter of 6 was assigned to each treatment. All mem-
bers of a litter were fed the same amount of basal ration con-
sumed by the rat on the alfalfa ration (lot 2). The various
fiber fractions were consumed in addition to the basal ration.
The moisture content of the rations was determined weekly,
and appropriate adjustments were made to insure equal basal
ration intake and the proper fiber fraction intake.

Male, weanling, inbred Long-Evans rats were used. They
were housed in screen-bottomed cages for the first 7 days.
Metabolism cages designed from the description of Harned
et al. ('49) were then used for the 21-day collection and metab-
olism study. The Kjeldahl method was used for the nitrogen
determination. The method of Ellis et al. ('46) was used for
lignin analysis. The analysis of variance as described by
Snedecor (’46) was used as a test of significance. The method
of least significant difference was used to determine differences
between treatments and the controls.

RESULTS AND DISCUSSION

Table 2 shows some analyses of the fiber fractions. The iso-
lation procedures used did net remove all of the protein from
the holocellulose and lignin. All of the lignin remained in
the extracted alfalfa and lignin fractions. About 80% of
the lignin was removed when the holocellulose was isolated.

The results of the growth and digestion trials are shown in
table 3. These experiments were designed to pair feed all
rats within a litter of 6 the same amount of basal ration plus
the designated fiber fraction. Additional weight gain over and
above the controls fed the basal ration alone would be due to
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the contribution of the fiber. When the low-protein ration
was used additional weight gains were noted for rats fed
alfalfa, extracted alfalfa, and holocellulose. No additional
weight gains were observed for the rats fed lignin.

Rats fed alfalfa and extracted alfalfa as a supplement to
the high protein ration showed a significant growth increase
in comparison with the controls. The addition of holocellulose
and of lignin to the high protein ration did not result in in-
creased weight gains over these obtained for the controls fed

TABLE 2

Analysis of alfalfa fiber fractions

ALFALFA EIRGED HooEIUOoE  LIGNIN
FRACTICN FRACTICN FRACTKN

Percentage of

original alfalfa 100 71 45 14
Protein, % 1 17 16 3 15
Percentage of original

alfalfa protein

remaining 100 66 7 12
Lignin, % 1 10.9 11.2 438 78.1
Percentage of original

alfalfa lignin

remaining 100 103 19 100

* Oven dry basis.

the basal ration. The utilization of the holocellulose with the
two protein levels does not agree. Since the utilization oc-
curred on the low protein ration, the presence of incompletely-
extracted protein, 3%, may have been responsible for the
growth increase.

Any additional weight gain observed in the rats of the
alfalfa groups in comparison with those fed the extracted
alfalfa would be due to the soluble constituents of the alfalfa.
There was a differential response to the alfalfa extract for the
two protein levels. On the low protein ration the rats fed the
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extracted alfalfa gained 15 gm more than the controls, and the
rats fed alfalfa gained 14 gm more than those fed extracted
alfalfa. This would indicate that the protein from the alfalfa
extract and extracted alfalfa were used for about the same
weight gain. A different response occurred in the animals fed
the high-protein rations. The rats fed the extracted «ilfalfa
gained 6 gm more than those fed the basal ration, while the
rats fed alfalfa gained 32 gm more than those fed extracted
alfalfa. It would appear from this that the extracted alfalfa
was more valuable as a source of nitrogen than as a source of
energy.

The consumption and apparent digestion of organic matter
are also shown in table 3. A larger amount of organic matter
was digested by the rats fed alfalfa, extracted alfalfa and
holocellulose than by those fed the basal ration. This indicates
an apparent utilization of these fractions. There was no sig-
nificant increase in the amount of organic matter utilized by
the rats on the lignin fraction.

The percentage of the alfalfa or fiber fraction digested was
calculated by difference. As might be expected, a great drop
in the digestibility of the organic matter occurred when the
alfalfa was extracted. There was no significant difference
between the digestibility of holocellulose and that of extracted
alfalfa. Protein level did not influence digestibility except for
the lignin groups. Here an increase occurred when the low-
protein ration was fed.

Lignin digestibility was determined by analysis of the fwod
and feces according to the method of Ellis et al. ('46). When
the lignin digestibility of the rations containing lignin was cal-
culated, inconsistent coefficients of digestibility were observed.
Consistent, small amounts of lignin were found in the food
and feces of the rats fed the basal ration. These amounts of
lignin are artifacts since obviously there is no true lignin
in the basal rations.

Table 4 presents the data for the nitrogen balance studies.
The rats fed alfalfa and extracted alfalfa apparently absorbed
more nitrogen than did the controls. The addition of holocel-
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TABLE 4

Effect of alfalfa fiber fraction on nitrogen balance 8

FIBER

nitrogen

NITROGEN FIBER
CONSUMED AZZ?S:Q‘ETSV AEESE:C}:E.Y E:ETTRAOIﬁ:I’Z\)‘ “R"ETTF"AO”?EE[’;‘
gm gm gm agm gm

LOW Protein :
Lot 1
Basal 263 222 113
Lot 2
Alfalfa 503 3531 131 1611 048
Lot 3
Extracted

alfalfa 4.37 2691 047 1401 0.27
Lot 4
Holocellulose 291 2151 — 007 1271 014
Lot 5
Lignin 290 2181 — 004 115 0.02
Lot 6
Holocellulose

lignin 320 2031 - 019 116 0.03
High Protein :
Lot 1
Basal 1258 11.79 4.30
Lot 2
Alfalfa 16.02 13451 1.66 4.843 053
Lot 3
Extracted

¢Sfalfa 14.84 12241 045 4892 058
Lot 4
Holocellulose 12.63 11121 - 067 4.00 - 030
Lot 5
Lignin 13.02 11.70 — 010 4.07 - 023
Lot 6
Holocellulose

lignin 1317 11371 - 044 4852 0.55

lindicates a highly significant difference from lot 1 within the respective protein
level.

2Indicates a significant difference from lot 1 within the respective protein level.

3Twenty-one-day collection period.
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lulose to the ration decreased the apparent nitrogen absorption
at both protein levels, while lignin decreased absorption only
on the low-protein level. Mitchell ('24), Duckworth and Gtod-
den ('35), Woodman and Evans ('47), and Forbes and Hamil-
ton ('52), have reported increases in fecal nitrogen when fiber
was included in the rations of rats and pigs. They suggest
that this is due to increased fecal metabolic nitrogen. It is
apparent in our experiments that when holocellulose and lig-
nin, either singly or in combination, were added to the rations,
the nitrogen excretion increased over and above that in the
controls. Adolph and Wu ('34) have reported no difference
in the true digestibility of protein fed with high fiber rations.

A certain amount of nitrogen was retained by the rats from
the alfalfa fiber fractions fed with the low-protein rations.
The rats fed alfalfa had the highest nitrogen retention, fol-
lowed by the animals fed extracted alfalfa and then those fed
holocellulose. These differences from the controls were highly
significant. No significant increase in nitrogen retention in
comparison with the controls was noted for the rats fed lignin
and lignin plus holocellulose. In general, the nitrogen reten-
tion closely confirms the weight gains. This indicates that
these fiber fractions, with the exception of lignin, supply
nitrogen that can be utilized by the rats.

The high protein ration was fed to determine the energy
value of the fiber. In this case, a high correlation of nitrogen
retention with body weight gain would not be expected, since
adequate nitrogen was supplied by the basal ration. A lauge
increase in weight gains was noted for the rats fed alfalfa
but only small increments for those fed extracted alfalfa.
Nitrogen retention, however, was the same for both groups.
This indicated a good utilization of the nitrogen from the ex-
tracted alfalfa but a poor utilization of that from extracted
alfalfa for weight gain. Utilization of holocellulose and lignin
for weight gain with the high protein ration was nil. Holo-
ceflulose and lignin fed alone did not increase nitrogen re-
tention. For some unexplained reason, the feeding of holocel-
lulose plus lignin caused an increase in nitrogen retention.
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The nitrogen retention confirms the observation that ex-
tracted alfalfa was valuable as a source of nitrogen but not
as a source of energy, while the soluble constituents of alfalfa
are valuable as a source of both energy and nitrogen. With
the low-protein ration, nitrogen retention for the rats fed the
extracted alfalfa was 0.27 gm more than that of the controls,
while the alfalfa-fed rats retained 0.21 gm more than those
fed extracted alfalfa. Calculations show a 15% retention of
the nitrogen from extracted alfalfa, 31% from the soluble
constituents.

In experiments with rats Duckworth and Glodden ('35) re-
ported a lowered nitrogen balance when fiber was added to
rations. Food consumption decreased and as a consequence
nitrogen intake was lower when fiber was added to diets. This
may account for their lowered nitrogen balance. We observed
no significant decrease in nitrogen retention with fiber addi-
tions.

SUMMARY

Experiments were designed to test the utilization of alfalfa
and three alfalfa fiber fractions — namely, extracted alfalfa,
holocellulose, and lignin — through the use of paired-feeding
techniques, nitrogen balances, and digestibility. Alfalfa lignin
was not utilized for weight gains or nitrogen retention but
was digested to a small extent only when fed in conjunction
with low-protein rations. Alfalfa holocellulose was not utilized
fer weight gains or nitrogen retention when fed with a high-
protein ration but did support a small weight increase and
nitrogen retention when fed with a low-protein ration. From
8 to 14% of the holocellulose was apparently digested.

Alfalfa extracted with water and a benzene-alcohol mixture
was utilized to a very small extent as an energy source; how-
ever, its nitrogn was utilized. Approximately 12% of the
organic matter of the extracted alfalfa was apparently di-
gested. In comparison, the soluble constituents of alfalfa
were important for weight gain and nitrogen retention. The
soluble constituents were from 69 to 75% digested.
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The modifying influence of iodine upon the goitrogenicity
of thiouracil has been studied hy Astwood ('43), Mackenzie
(’47), McGinty ('49) and others. However, there is a need for
more information concerning the quantitative interrelation-
ships between thiouracil and the iodine intake of the animal.

There has been a tendency to minimize or overlook the im-
portance of dietary iodine in studies concerning the activity
of the goitrogens.

In an effort to re-emphasize the importance of dietary iodine
in the response to thiouracil and to develop a more guantita-
tive evaluation of the interrelationships between thiouracil
and ingested iodine these experiments were undertaken.

EXPERIMENTAL

In experiment 1, 160 weanling, male white rats of the
Wistar Strain were divided into 16 groups (table 1) and placed
in individual wire cages. An incomplete block, balanced lat-
tice design was used to facilitate adjustment of litter differ-
ence. The rats were fed diets containing 20, 100, 400, and
1600 parts per billion (p.p.b.) of iodine for 6 weeks and during
the 5th and 6th weeks the diets at each iodine level were

1Jourmal Paper no. 779 of the Purdue Agricultural Experiment Station,
Lafayette, Indiana
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supplemented with thiouracil at the 4 levels indicated in
table 1. At the end of the 6th week, the animals were sacrificed
by a blow on the head. Thyroid and adrenal glands were
excised and weighed. One thyroid from each animal was
reserved for histological examination. The remaining thyroids
were grouped according to treatment, dried to constant weight
at 100° C. and analyzed for total iodine.

In experiment 2, the effect of the iodine level in the diet
prior to and during thiouracil feeding on the response to
thiouracil was determined using 90 weanling male rats treated
as shown in table 2. Analysis of data from experiment 1 had
shown that litter difference caused only slight variations in
response, therefore no effort was made in this experiment to
adjust for litter difference. Autopsy was performed in the
same manner as in experiment 1.

The percentage composition of the diet used in the experi-
ments was as follows : ground yellow corn, 58.6 ; wheat germ,2
35.0 ; minerals, 4.0; cottonseed oil, 2.0 ; and DD-methionine, 0.4.
Vitamin additions in mg per 100 gm of diet were as follows :
riboflavin, 1.0; thiamine hydrochloride, 0.75; nicotinic acid,
5.0; ¢-inositol, 30.0; pyridoxine hydrochloride, 1.0; choline
chloride, 200; biotin, 0.01; folic acid, 0.01; calcium panto-
thenate, 5.0 ; p-amino benzoic acid, 30.0; 2-methyl-1,4-naphtho-
quinone, 0.50; B12 0.002 ; a-tocopherol, 25.0; vitamin A acetate,
0.05; and calciferol, 0.005. The mineral mixture was prepared
as described by Parker et al. ('51), from compounds known
to be low in iodine. This diet was found to contain 20 p.p.b. of
iodine using the combustion procedure described by Godfrey
et al. ('51) and the catalytic method of Chaney ('40). The;
latter procedure was modified by replacing the complicated
iodine trap with a simple distillation apparatus and gently
evaporating the distillate to a convenient volume for analysis.
Additional dietary iodine levels were obtained by adding
potassium iodide to the feed.

2Partially defatted; Viobin Corporation, Monticello, Illinois.
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The effect of iodine intake before and during thiouracil feeding upon the response to thiouracil
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Each group consisted of 10 rats.
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RESULTS

The growth rate of the rats was not affected by the iodine
content of the diet when the thiouracil level was 0.005% or
less (table 1). Increasing the iodine level to 400 p.p.b. counter-
acted the growth reducing effect of 0.025% thiouracil, hut
1600 p.p.b. of iodine did not completely neutralize the effect
of 0.1% thiouracil. The addition of thiouracil caused an in-
crease in thyroid size and a decrease in thyroid iodine concen-
tration of rats at all levels of iodine; however, thiouracil
affected thyroid size and iodine content more at the 100 and
400 p.p.b. levels of iodine than at low or high iodine levels.

It was found that the mathematical relationship developed
by Bargeton et al. ('49) that thyroid weight (mg % body
weight) was proportional to the log log of the dose of thiouracil
(mg/kg body weight/day) was not valid at all dietary iodine
levels (table 1). This relationship exists when the iodine level
in the diet is relatively low (20 to 400p.p.b.). At higher
iodine levels (400 to 1600 p.p.b.) the thyroid weight appears to
be proportional to the log of the dose of thiouracil.

The thyroid glands from all rats fed the lowest level of
iodine contained scant amounts of colloid, the epithelial cells
were columnar, and hypertrophy and hyperplasia were evi-
dent. The histological appearance of the thyroids of rats
receiving thiouracil at all levels of iodine resembled that of
iodine-deficient rats. Columnar epithelial cells, hypertrophy
and hyperplasia were observed in the thyroids of rats at
the’ highest level of iodine when as little as 0.005% thiouracil
was included in the diet.

While there were no significant differences in adrenal
weights at different dietary levels of iodine or thiouracil in
trial 1, certain trends were observed. Increasing the thiouracil
level tended to decrease the adrenal weight (mg% body
weight) at the two higher levels of iodine, but at the two lower
levels of iodine an increase in dietary thiouracil appeared to
cause an increase in adrenal weight. When 0.1% thiouracil
was administered for 6 weeks to rats fed 20 or 400 p.p.b. of
iodine a significant increase in adrenal weight was observed
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(table 2). Histological examinations of adrenal sections failed
to reveal any definite cytological differences in either the
medulla or cortex dne to thiouracil treatment.

The iodine level in the diet of the rats before the addition
of thiouracil had a pronounced effect on the growth response
to thiouracil (table 2). When weanling rats were.fed an
iodine-deficient diet for 4 weeks and then fed thiouracil for
two weeks the rate of growth (during the latter two weeks)
was greatly reduced regardless of the iodine content of the
thiouracil-containing diet. Rats receiving 0.1% thiouracil for
6 weeks grew poorly and were cretinoid in appearance.

The increase in thyroid size and decrease in thyroid iodine
caused by thiouracil were partially counteracted by increased
iodine levels before or during thiouracil feeding.

DISCUSSION

The comparative thyroid enlargement and decreased iodine
content of the thyroid of rats caused by thiouracil were de-
pendent upon the level of iodine in the diet. These effects
were greatest near the minimum iodine requirement of the
normal rat which was found to lie between 100 and 400 p.p.b.
of iodine.

That thiouracil exerted its growth-reducing activity through
its action on the thyroid gland is indicated by the fact that
the growth-reducing influence was depressed when the intake
of iodine was increased. As would be expected iodine intake
prior to thiouracil feeding modified the growth response to
thiouracil. Growth retardation caused by thiouracil was over-
come by increased dietary iodine provided the thiouracil
content of the diet did not exceed 0.025%.

When the dietary level of iodine was near the mim'mnm
iodine requirement of the rat, thyroid enlargment caused by
thiouracil appeared to be proportional to the log log of the
dose of thiouracil. This is in agreement with the findings
of Bargeton et al. If, however, the iodine content of the diet
is increased, this relationship no longer exists, emphasizing
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the importance of iodine intake when the potency of a goitro-
gen is being investigated.

Increased adrenal size observed after 6 weeks of thiouracil
feeding was not in agreement with the findings of Zarrow
and Money (’49), or Freedman and Gordon (’50). These
conflicting resnlts are interesting when viewed in terms of
a trend observed in experiment 1. When the iodine intake
was below the iodine requirement of the rat, increased thio-
uracil appeared to cause adrenal enlargement, but when the
minimum iodine requirement was exceeded, decreased adrenal
size was observed with increased thiouracil. It should be
emphasized that these changes were small but this approach
might help explain adrenal atrophy obtained in long term
thiouracil feeding experiments with animals fed commercial
feeds that were relatively hig'h in iodine.

SUMMARY

In quantitative studies of the effect of goitrogens at differ-
ent iodine levels it was found that the synthetic goitrogen,
thiouracil, exerted a maximum effect on the thyroid glands
of rats when the iodine level in the diet was near the minimum
level required to prevent thyroid enlargement in the normal
rat. High dietary iodine decreased, but did not prevent, the
effects of thiouracil on thyroid size, histology, and iodine
content.

It was found that the mathematical relationship between
thyroid size and the dose of thiouracil changed with altera-
tions in the dietary iodine level. Increasing the iodine intake
completely counteracted the effect of thiouracil on growth
only at the lower levels of thiouracil. Thiouracil appeared to
exert its growth-reducing effect by way of the thyroid gland,
at least at the lower levels used.

The iodine level in the diet prior to the feeding of thiouracil
had a pronounced effect on the response to thiouracil. When
thiouracil was fed for 6 weeks, adrenal enlargement was ob-
served. This is in contrast to previous reports, and may have
been due to differences in the iodine level of the diet.
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THE INFLUENCE OF FLAVONOID COMPOUNDS ON
THE NASAL EXCRETION OF A RED
* PIGMENT BY RATS SUBJECTED
TO STRESS CONDITIONS12
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INTRODUCTION

In a preliminary study by Collins, Schreiber, Nifio-Her-
rera and Elvebjem ('52), and in a more detailed report by
Collins, Schreiber and Elvehjem (’53), the influence of high
and low relative humidity conditions upon young albino rats
fed vitamin-deficient diets was described.

The animals maintained at 90% relative humidity developed
within a period of one to three weeks, a red-stained fur about
the head and body. This condition was nearly non-existent in
animals maintained below 50% relative humidify. The great-
est extent and incidence of this phenomenon occurred among
the rats receiving diets deficient in riboflavin, pantothenic
acid or pyridoxine, and to a lesser degree among those fed
a vitamin A-deficient diet.

1Published with the approval of the Director of the Wisconsin Agricultural
Experiment Station. This work was supported in part by the Research Committee
of the Graduate School from funds supplied by the Wisconsin Alumni Research
Foundation.

2We are indebted to the Eastern Regional Research Laboratory, BAIC-ARA,
USDA, Philadelphia, Pa., for the quercetin, rutin, and quercitrin; to the Sunkist
Growers Inc., Research Department, Ontario, California, for the hesperetin,
liesperidin, naringenin, naringin and hesperidin-methyl-chalcone : to Abbott Labora-
tories, North Chicago, 111, for the penicillin and streptomycin; and to the

Lederle Laboratories Division, American Cyanamid Company, Pearl River, N. Y.,
for the aureomycin.
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W hen illuminated with ultraviolet light, the nasal exudate
g'ave a red fluorescence similar to that of the porphyrin pig-
ments arising from the Harderian glands of rats subjected to
a vitamin A deficiency or to acetylcholine-induced chromo-
dacryorrhea, or “ bloody tears.” The extent of production
of chromodacryorrhea, using the method devised by Tashiro,
Smith, Badger and Kezur ('40), was not influenced by the
humidity conditions or the vitamin deficiencies studied.

TABLE 1

Composition of complete diet

Casein (vitamin free) 18%

Sucrose 73%

Cottonseed oil 5%

Salts IV 1 4%

Vitamins (mg/100 gm of diet) :
Thiamine <HC1 04s Folic acid 0.2
Riboflavin 0.3 Vitamin B2 0.002
Pyridoxine «HC1 0.2 Choline chloride 100.0
Nicotinic acid 25 /3-Carotene 05
Ca Pantothenate 2.0 Calciferol 0.005
Inositol 10.0 a-Toeopherol 3.0
Biotin 0.01 Menadione 10

1Hegsted, Mills, Elvehjem and Hart ('41).
2Fed initially at 0.2 mg/100 gm of diet. Changed to 0.4 mg/100 gm of diet in
experiment 400 et seq.

Since flavonoid compounds have been reported by a number
of workers to possess beneficial action for the alleviation of
a variety of pathological conditions including the reduction
of capillary fragility and permeability while other investiga-
tors have reported negative results (see compilations on the
subject by Couch, '48, and Couch, Krewson and Naghski, '51),
it was decided to study the effect of the flavonoid compounds
on the red pigment excretion.

- EXPERIMENTAL

Male weanling albino rats of the Sprague-Dawley strain
were given a complete diet (table 1) and B-vitamin-deficient
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diets prepared by omitting the appropriate vitamin. Ad
libitum feeding of the diets and water administration by bot-
tle were the general procedures employed with exceptions
noted. Supplements were incorporated into the diets.

The animals were housed in individual raised screen-bottom
cages tmd were maintained in chambers at a controlled rela-
tive humidity of approximately 90% and a temperature of
24 to 26°C. Calibrated instruments were used to check the
experimental conditions.

In order to evaluate the extent of the red pigment excretion,
an arbitrary rating system was devised: (0.0)— no observ-
able red pigment; (1.0) = slight excretion; (2.0) = moderate
excretion; and (3.0) — severe red pigment excretion.

All experiments were of three weeks duration. Water con-
sumption records were kept in every experiment. The results
of this study appear in table 2

RESULTS

The purpose of experiment 100 was to determine whether
the flavonols — rutin, quercetin, and quercitrin — when in-
corporated jointly into riboflavin- or pyridoxine-deficient
diets possessed activity in preventing the nasal excretion of
the red pigment. The inclusion of all three flavonols in the
deficient diets prevented the discharge of pigmented exudate
and altered water consumption (see table 2, experiment 100).

yhe following objectives were studied in experiment 200:
the excretion-preventive activity of the flavonols at levels ap-
proaching those of the vitamins; the effect of feeding thia-
mine-, choline-, and niacin-deficient diets; and the effect of
food or water restriction, or both, using a complete diet. Food
and water consumption data in earlier experiments revealed
an increasing self-restriction by animals fed deficient diets
with progressive depletion of vitamin stores. Restricted levels
were based on food and water consumption values obtained
with the riboflavin deficiency, namely, 4 gm of food and 4 mi
of water/rat/day.
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TABLE 2

Nasal excretion of red pigment and water consumption by rats under controlled conditions
of humidity and temperature and fed vitamin-deficient diets supplemented with flavonoid com-
pounds. (Experimental conditions: Relative humidity, 90%; temperature, 25°C. All experi-
ments were of three weelcs duration.)

EXTENT,1INCIDENCE AV. H 20
EXP. GROUP DIETS WT. GAIN OP RED PIGMEWT intake/
NO. NO. (3 WKs.) EXCRETION RAT/DAY
gm ml
100 101  Complete 94 (0.2) 3/6 2 73
102  Complete — riboflavin 13 (1.8) 6/6 51
103 Same as 102 + 0.25% of each of 3 15 (0.1) 1/6 3.6
flavonols 3
104  Complete — pyridoxine 35 1.2) 6/6 4.8
105 Same as 104 -j- 0.25% of each of 3 28 (0.1) 1/6 5.8
flavonols
200 201  Complete 92 (0.1) 1/4 8.4
202  Complete (4 ml HD/day by cup) 62 (0.6) 3/4 4.0
203  Complete (4 gm food/day) 22 0.2) 2/4 6.5
204  Complete (4 ml HD by cup and 4 gm 21 (0.2) 2/4 4.0
food/day)
205 Complete — riboflavin 11 (2.0) 4/4 4.2*
206 Same as 205 + 0.1% rutin 11 0.7) 2/4 6.5
207 Same as 205 + 0.1% quercetin 11 (0.4) 1/4 4.7
208  Same as 205 -f- 0.1% quercitrin 8 2.7) 4/4 43
209 Same as 205 + 0.05% of each of 3 12 (0.6) 1/4 5.6
flavonols3
210  Same as 205 + 0.005% of each of 3 15 @.7) 2/2 4.9
flavonols
211 Same as 210 -f- 0.25% vitamin C 7 (2.5) 2/2 50
212 Complete — thiamine 12 (1.2) 3/3 52
213  Complete — choline 83 (0.6) 2/2 9.0
214 Complete — niacin 62 (0.3) 1/2
300 301  Complete 104 (0.0) 0/4 * 102
302  Complete (2 ml H.O/day by cup) 47 (2.4) 4/4 20
303 Same as 301 + 0.25% quercitrin 110 (0.1) 1/4 9.7
304 Same as 301 — thiamine 15 (2.4) 4/4 46
305 Same as 304 + 0.25% quercetin 14 0.2) 2/4 5.2
306  Complete — riboflavin 13 (2.0) 3/3 46
307 Same as 306 + 0.1% quercetin 15 0.2) 1/4 39
308 Same as 306 + 0.25% quercetin 13 0.1) 1/4 45
309  Complete — pyridoxine 39 (1.6) 3/3 55
310 Same as 309 -f- 0.25% quercetin 41 (1.5) 4/4 5.4
SIl Complete — pantothenate 48 (1.4) 414 8.0
312  Same as 311 + 0.25% quercetin 46 (0.1) 1/4 97
313  Same as 311 -j- 0.25% quercitrin 43 0.2) 2/4 8.9
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EXTENT,18INCIDENCE AV. HaO
ENXOP. ng?P DI V(VSTWGKA;T OFER;(I?RPEITGISANE N IRnA‘Ta/iII; ;/T
gm ml
500-A4 501  Complete 104 0.3) 3/4 10.8
502  Complete (2 ml HD/day) 45 (2.1) 4/4 205
503 Same as 502 + 0.25% quercetin 45 (0.0) 0/4 20
504  Same as 502 + 0.25% quercitrin 42 (0.5) 3/4 20
505 Same as 502 + 8 mg quercitrin 6 43 1.2) 4/4 2.0
506  Complete — riboflavin 13 (2.2) 3/3 44
507  Same as 506 + 0.25% quercetin 12 (0.3) 2/4 4.7
508 Same as 506 + 0.02% salicylic acid 18 (1.5) 4/4 6.1
509 Same as 506 + 8mg rutin 8 10 0.9) 3/4 4.6
510 Same as 506 - 8mg quercitrin O 17 (0.9) 4/4 8.8
511 Same as 506 + 0.02% penicillin 13 (1.5) 4/4 4.6
512  Same as 506 - 0.02% streptomycin 15 (1.8) 4/4 4.6
500-B7 513  Complete 103 (0.0) 0/4 12.0
514  Complete + 0.25% rutin 107 (0.0) 0/4 13.6
515 Complete + 0.25% quercitrin 96 (0.0) 0/4 144
516  Complete + 0.25% quercetin 104 (0.0) 0/4 13.0
517  Complete (2 ml HD/day) 18 (0.5) 4/4 20s
- 518 Same as 517 + 0.25% rutin 21 (0.2) 3/4 2.0
519  Same as 517 + 0.25% quercitrin 20 (0.5) 3/4 2.0
520 Same as 517 + 0.25% quercetin 19 (0.2) 3/4 20
521  Complete (1mI| HD./day) —9 (0.9) 4/4 10
522  Complete (3 ml HD/day) 39 (0.2) 2/4 3.0
523  Complete (4 ml HD,/day) 54 (0.1) 1/4 4.0
700 701  Complete 101 (0.1) 1/4 10.8

702  Complete (2 ml HD/day) (1.8) 4/4 209

41
703  Same as 702 + 0.25% quercetin 40 (0.0) 0/4 2.0
704  Same as 702 -f- 0.25% rutin 43 (0.2) 2/4 2.0
705 Same as 702 + 0.25% quercitrin 42 (0.4) 3/4 20
706 Same as 702 + 0.25% hesperetin 40 (1.4) 4/4 2.0
707 Same as 702  0.25% naringenin 39 (1.9) 4/4 20
708 Same as 702 + 0.25% hesperidin 39 (1.5) 4/4 2.0
709 Same as 702 + 0.25% naringin 38 (0.7) 4/4 2.0
710 Same as 702 + 0.25% hesperidin- 38 (1.6) 4/4 20
methyl-ehalcone
711 Same as 702 -f- 0.1% menadione 39 (1.0) 4/4 20

1Extent is based on the total number of animals in each group.

3Denominators indicate the number of animals/group.

3Three flavonols include: quercetin, rutin and quercitrin.

4Thiamine level was increased from 0.2 to 0.4 mg/100 gm of diet in this experiment et seq.

5Groups 502-5 received water in cups. -

Olnjected intraperitoneally each day.

7Experiment 500-B conducted in animal room: relative humidity, approx. 60%; temperature,
24-26°C.

8Groups 517-23 received water in cups.

9Groups 702-11 received water in cups.
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Only the water-restrictive treatment with animals fed the
complete diet provided an indication of increased pigment
excretion; food- and food-plns-water-restriction did not
(groups 201-4). Quercetin and rutin at a level of 0.1% demon-
strated good but incomplete activity with the riboflavin de-
ficiency, whereas, 0.1% quercitrin was ineffective. Aj0.05%
level of all three flavonols also reduced the extent of pigmenta-
tion; however, a 0.005% level with or without ascorbic acid
supplementation gave no protective action. The thiamine
deficiency and to lesser extents the choline and niacin de-
ficiencies paralleled the excretion phenomena witnessed in
the initial B-vitamin deficiency studies.

To check the possibility of an antagonistic action of querci-
trin (see groups 205 and 208) and quercetin’s efficacy with
other B-vitamin deficiencies, experiment 300 was conducted.
The inclusion of quercitrin in the complete diet did not induce
excretion (groups 301 and 303). In the pantothenate-deficient
diet it was protective (groups 311 and 313). One-quarter per
cent quercetin was effective with the thiamine-, riboflavin-,
or pantothenate-deficient diets but not so with the pyridoxine
deficiency. When water was restricted to 2 ml /day to animals
of group 302 receiving the complete diet, a moderate-to-severe
extent of red pigment was observed and the growth rate was
less than 50% of their control. There were thus two ways of
producing the nasal excretion or red pigment extensively in
the high relative humidity environment, by the feeding of
B-vitamin-deficient diets or the use of water-restrictive meas-
ures with the complete diet.

Experiment 400, not tabulated here, revealed that with the
pyridoxine deficiency 1% quercetin or 0.25% of each of the
three flavonols fed simultaneously prevented the nasal dis-
charge of pigment. Good protection was again obtained by
adding 0.25% quercetin to the thiamine-, riboflavin-, or panto-
thenate-deficient diets as in experiment 300.

Up to this time the flavonols had been incorporated into the
various diets. Although the urine of animals fed these com-
pounds had acquired a color similar to that of the flavonols,
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thus indicating’ absorption, the bulk of these compounds could
conceivably be excreted in the feces (changed or unchanged)
and therefore perform their primary action in the gastro-
intestinal tract by altering or modifying the flora or the waste
products of these organisms. Two measures were adopted
to test this hypothesis. The first was to by-pass the tract
by injecting the flavonols. Unfortunately, these compounds
were practically water- and fat-insoluble but could be made
soluble in water with alkali; quercetin completely dissolved
at pH 10.9, rutin at 85 and quercitrin at 8.0. Because of the
large quantity of alkali required to render these substances
(especially quercetin) soluble only alkaline solutions of rutin
and quercitrin could be used for intraperitoneal injections.
The second measure to test the hypothesis was to feed antibio-
tics to see if the results obtained with the flavonols could be
achieved with antibiotics. Salicylic acid, reported to have
pharmacological properties similar to the flavonoid com-
pounds, was also assayed.

Restricting water to 2ml/day to animals fed the complete
diet produced a moderate extent of red pigment excretion
(groups 501-2). When 0.25% quercetin was given to a sim-
ilarly-treated group, complete protection occurred; quercitrin
was almost as active. Intraperitoneal injection of quercitrin
gave only partial protection, but the large alkaline content of
each daily dose obscured the interpretation of the results.
The same situation was encountered with the animals of
groups 509 and 510 which were fed the complete-riboflavin
diet. Here also partial protection was obtained with rutin or
quercitrin by the injection route; salicylic acid, penicillin, or
streptomycin were of little value when given in addition to
the riboflavin-deficient diet.

Experiment 500-B was run concurrently with 500-A but was
performed in our animal room at a lower and more variable
relative humidity. All groups in this experiment were fed
the complete diet. Animals of groups 514-16 consumed mpre
water when given any one of the three flavonols but grew
approximately at the same rate as their control, group 513,
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and exhibited no sign of pigmentation. Animals of groups
518-20, supplied 2ml of water/day, also gained about the
same weight as their control, group 517, and, like their con-
trol, showed only the very slightest indication of pigment
excretion. Inspection of water cups provided no evidence of
washed-off pigment. By decreasing the daily water allotment
in 1 ml gradations, a progressively lower growth rate was
obtained (see weight gain of groups 513, 523, 522, 517, and
521). Only when 1ml of water/rat/day was supplied to
the rats of group 521 could a slight extent of nasal discharge
of pigment be produced in an environment of 60% relative
humidity.

A comparison of the weight gain and pigment excretion
data for the two groups receiving 2ml of water/rat/day
(group 502 maintained at 90% and group 517 at 60% relative
humidity) dramatized the great influence of humidity when
water was the limiting nutrient. The group maintained at
90% relative humidity grew at a rate 150% faster and ex-
creted considerably more pigment than did their counterpart
at 60% relative humidity. (This particular work has been
repeated on a subsequent occasion.) Groups 501 and 513,
given access to water ad libitum, grew similarly and displayed
minimal pigmentation but differed somewhat in their water
consumption, a consequence of the different humidity environ-
ments.

The ratios of thymus weight to body weight and of kidney
weight to body weight of the animals in all groups of experi-
ment 500-A and 500-B have been calculated; however, only
those of key groups are presented in table 3, Inspection of
the ratios for those groups which received graded amounts
of water revealed that as the water allotment was reduced
the ratio of thymus weight to body weight declined progres-
sively, whereas the ratio of kidney weights to body weight
in<ireased (see values for groups 513, 523, 522, 517, and 521
in table 3). Note also the ratios for groups 502 and 517
referred to above.
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The acquisition of 5 additional flavonoid compounds —
hesperetin, hesperidin, naringenin, naringin, and hesperidin-
methyl-chalcone — permitted the testing of their excretion-
preventive properties. In the first trial (experiment 600)
inconclusive results were obtained because the (negative)
contrgl group displayed erratic pigmentation; however, 0.04%

TABLE 3

Ratios of thymus weight to body weight and of Icidney weights 1to tody weight of
hey groups2in experiments 500-A and 500-B

GROUP DIETS THYMUS WEIGHT ~ 1000 KIDNEY WEIGHTS ~
NO. BODY WEIGHT BODY WEIGHT

5013 Complete (HD ad libitum) 4.87 (4.45-5.55)4 0.98 (0.96-1.04)4

502 Complete (2 ml HD/day) 3.56 (3.29-3.81) 1.10 (1.04-1.16)

503 Same as 502 + 0.25% 4.06 (3.86—4.16) 1.07 (1.01-1.18)
quercetin

504 Same as 502 -f- 0.25% 3.99 (3.11-4.61) 1.11 (1.07-1.13)
quercitrin

506 Complete — riboflavin 1.06 (0.83-1.63) 1.28 (1.18-1.34)

507  Same as 506 + 0.25% 1.85 (1.19-2.77) 1.23 (1.12-1.30)
quercetin

5135 Complete (HD ad libitum) 4.72 (4.17-5.17) 0.98 (0.91-1.05)

523 Complete (4 ml HD/day) 3.67 (3.48-4.00) 1.10 (1.06-1.18)

522 Complete (3mIH D/day) 3.40 (3.25-3.69) 115 (1.11-1.18)

517 Complete (2 ml HD/day) 2.98 (2.75-3.10) 1.33 (1.28-1.44)

521 Complete (Im IH D/day) 0“ 1.64 (1.56-1.70)

1Both kidneys used to determine kidney weights.

2Animals sacrificed at the end of the three-week experiment.
"Groups 501 to 507, inclusive, maintained at 90% relative humidity.
4Figures in parentheses refer to range of values for each group.
¢Groups 513 to 523, inclusive, maintained at 60% relative humidity.
8Complete involution of thymus glands in this group.

aureomycin and 0.04% penicillin were of no benefit. Conse-
guently, a re-exainination of the efficacy of all the flavonoid
compounds at hand was conducted in experiment 700 using
the water restriction technique of alloting to animals 2ml
of water/day with the complete diets. Although 0.001%
menadione was routinely added to all diets (see table 1), its
structural similarity to that of the flavonoids suggested a
trial at a higher level, e.g., 0.1%.
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Quercetin, rutin, and quercitrin fed at a level of 0.25% to
the rats of groups 703 to 705, respectively, were effective in
keeping the extent of red pigment excretion at a minimum.
The animals of group 709, receiving naringin, were partially
protected, whereas, hesperetin, hesperidin, naringenin, and
hesperidin-methyl-chalcone were practically inactive. Mena-
dione supplied at the 0.1% level to the rats of group 711 gave
rather poor protection.

DISCUSSION

Graffin ('41) observed that the Harderian gland secreted
porphyrin. Prior to this, earlier investigators had established
the fact that this gland synthesized and stored porphyrin.
Figge and Atkinson ('41) attempted to correlate the extent
of porphyrin excretion with the size and degree of fluorescence
of the Harderian gland. Ablation of this gland by McElroy,
Solomon, Figge and Cowgill ('41) and by Figge and Solomon
(’42) prevented the accumulation of the red pigment in rats
fed a pantothenic acid-deficient diet.

By the maintenance of an atmosphere with a constant high
relative humidity the two types of nutritional stresses studied
in this laboratory were responsible for the production of a
uniform, extensive amount of red pigment excretion. The
imposition of either the environmental or nutritional stresses
in the absence of the other yielded practically no pigmenta-
tion during the three-week periods of experimentation. The
mechanism whereby high relative humidity was instrumental
in insuring consistent excretion remains unsolved. Selye’s
belief ('50) that simultaneous exposure to several systemic
stressors can produce a summated effect, might explain the
coupling of the environmental stress (high relative humidity)
with the nutritional stresses to induce the nasal discharge
of pigment.

Smith ('32) reported that rats denied food hut given water
ad.libitum exhibited no red-stained fur; however, when de-
prived of water hut given food ad libitum, the animals de-
veloped what was called “ blood-stained” wrists. The mouth,
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nose, and eyes were also stained. We have performed this
type of experiment in our animal room at a relative humidity
of approximately 37% using a complete (synthetic) diet.
The extent of pigmentation was considerably less than that
observed when the animals were maintained at high humidity
and given water-restrictive of vitamin-deficient diets. Smith
and Sprnnt ('35) and Smith ('42) related the red staining
of paws and whiskers of rats to dehydration effects. Figge
and Atkinson ('41) observed that water deprivation or limita-
tion induced porphyrin incrustations in rats supplied with
unlimited amounts of food. Although there was a tendency
for animals receiving less water to develop the condition more
rapidly than those receiving a larger allotment, these workers
found little correlation between the absolute volume of water
ingested and the extent of pigment excretion. This finding
is in agreement with the observations of Collins et al. ('53),
yet in the present study a reduction in the restricted water
ration from 4 to 2ml/rat/day increased the extent of dis-
charge of red pigment (see groups 202 and 302, table 2).
It was also noticed in the initial study that when animals
were fed the B vitamin-deficient diets and maintained at the
different humidities, those which were exposed to an atmos-
phere of 90% relative humidity excreted the most pigment
and drank the least amount of water. On the other hand
animals given 1ml of water/day and kept at a relative
humidity of 60% developed only half the extent of pigmenta-
tion of those rats which received 2ml of water/day in 90%
relative humidity (see groups 521 and 502, table 2). Further-
more, the addition of the active flavonoids to various diets
was instrumental in minimizing or preventing the discharge
of red pigment but provided no consistent effect on water
consumption. Lemberg and Legge ('49) have reviewed the
porphyrin metabolism of the Harderian gland and have cor-
related the porphyrin excretion resulting from B vitarpin
deficiencies with that resulting from water restriction. There
is, therefore, ample evidence to suggest a link of the excretion
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phenomenon with a disturbance in water metaholism. The
relationship does not appear to be direct or consistent.

The action of the flavonols in minimizing or preventing the
discharge of red pigment might be explained by any of the
following: (1) prevention of permeability alterations in the
nasolacrymal duct of the Harderian gland, (2) correction of
the disturbance in water metabolism with subsequent stabiliza-
tion of a balance, (3) prevention of vascular leakage in the
respiratory tract. Whether the flavonols can influence the
synthesis, concentration, or distribution of the porphyrins
must also he considered a possibility.

The fact that the intraperitoneal injection of rutin or
quercetin provided partial protection (groups 505, 509, and
510) would suggest that these flavonols could function sys-
temically, although they might be excreted into the tract fol-
lowing injection and perform their action there. (Examina-
tion of the collecting tubules of the kidneys of stock animals
injected intraperitoneally with these compounds revealed evi-
dence of their presence). Inasmuch as levels of the flavonols
in excess of 0.1%, and 0.25%, in the case of the pyridoxine
deficiency, were necessary to demonstrate excretion-preven-
tative action, it appeared that they were active systemically;
the relatively non-aqueous, non-lipid solubility of these com-
pounds would necessitate their use in amounts considerably
larger than those of the vitamins to insure adequate absorp-
tion. The ineffectiveness of feeding penicillin, aureomycin,
or streptomycin favors the view that the flavonols were active
in regions other than the gastro-intestinal tract.

Of what value these flavonoid compounds are to animals
subjected to environmental and nutritional stresses other than
to prevent or minimize the excretion of red pigment cannot he
stated at this time. However, healthy animals receiving ade-
quate diets with water supplied ad libitum, and maintained
in a “normal” environment did not excrete the pigment to
any extent. It is not inconceivable to assume that the mechan-
ism blocking the nasal discharge of red pigment could also
serve as a harrier by denying invasive and toxic agents a
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portal of entry. Consequently, it might be necessary to give
consideration to the possible requirement or need of animals,
at least the albino rat, for the active flavonoid compounds
or other substances with similar properties when dealing with
stress situations, intentional or otherwise.

SUMMARY

1. A nasal excretion of a red pigment was observed in
young male albino rats maintained at approximately 90%
relative humidity for one to three weeks and fed (a) a diet
deficient in either thiamine, riboflavin, pyridoxine, or panto-
thenate, or (b) a complete diet with a limited water allotment.

2. The discharge of pigment was essentially prevented
by (a) reducing the relative humidity below 70%, or (b) in-
corporating into the vitamin-deficient or water-restrictive
diets the active flavonoid compounds, quercetin or rutin.
Quercitrin and naringin were somewhat less effective, where-
as hesperetin, hesperidin, naringenin, and hesperidin-methyl-
chalcone possessed little activity.

3. A large excess of menadione or the intraperitoneal in-
jection of alkaline solutions of rutin or quercitrin partially
decreased the extent of pigmentation; penicillin, streptomycin,
aureomycin, salicylic acid, and ascorbic acid were practically
inactive.

4. It is suggested that rats may require flavonoid com-
pounds under conditions of stress.

LITERATURE CITED

Collins, R. A., M. Sohretber and C. A. Edvbhjem 1953 The influence of rela-
tive humidity upon vitamin deficiences in rats. J. Nutrition, 49: 589.

Collins, R. A.,, M. Schrbibek, H. Nifo-Herrera and C. A. Elvehjem 1953
Importance of relative humidity in vitamin deficiency. Fed. Proc.,
11: 438 (abst.).

Couch, J. F. 1948 Selected references to the literature on rutin, vitamin P,
flavonols and related subjects. Bur. Agr. Ind. Chem., ARA-US*DA,
AIC =192,

Couch, J. F., C. F. Krewson and J. Naghski 1951 Chemistry, pharmacology,
and clinical application of rutin. Ibid.,, AIC — $91.



270 MANUEL SCHREIBER AND CONRAD ARNOLD ELVEHJEM

Figge, F. H. J., and W. B. Atkinson 1941 Relation of water metabolism to
porphyrin incrustations in pantothenic acid-deficient rats. Proc. Soc.
Exp. Biol. Med., 48: 112.

Figge, F. H. J., and K. Solomon 1942 Prevention of porphyrin incrustations
on pantothenic acid-deficient rats by Harderian gland ablation. J. Lab.
Clin. Med., 27: 1495,

Graffin, A. L. 1941 Porphyrin-secreting Harderian gland of the aljjino rat.
Anat. Ree., 79: 25 (abst.).

Hegsted, D. M., R. C. Mit1s, C. A. Etvehjem and E. B. Hart 1941 Choline in
the nutrition of chicks. J. Biol. Chem., 138: 459.

Lemberg, R., and J. W. Legge 1949 Hematin Compounds and Bile Pigments.
Interscience Publishers, Inc., New York, N. Y., p. 584

McE1roy, L. W., K. Solomon, F. H. J. Figge and G. R. Cowgill 1941 On the
porphyrin nature of the fluorescent “ blood caked” whiskers of panto-
thenic acid deficient rats. Science, 94: 467.

Selye, H. 1950 The Physiology and Pathology of Exposure to Stress. Acta, Inc.,
Medical Publishers, Montreal, Canada, p. 51.

Smith, S. G. 1932 A new symptom complex in vitamin G-deficiency in rats.
Proc. Soc. Exp. Biol. Med., 30: 198.

---------------- 1942 Red staining of paws and whiskers as in vitamin B,-complex-
defieient rats after dehydration. Ibid., 49: 691.

Smith, S. G, and D. H. Sprunt 1935 Pathological skin changes in the tail of
the albino rat on a diet deficient in vitamin G. J. Nutrition, 10: 481.

Tashiro, S., C. C. Smith, E. Badger and E. Kezijr 1940 Chromodaeryorrhea,

a new criterion for biological assay of acetylcholine. Proc. Soc. Exp.
Med. Biol.. 44: 658.



THE,EFFECT OF AUREOMYCIN ON GROWTH AND
PROTEIN UTILIZATION IN THE RAT

MARION E. BERRY AND CECILIA SCHUCK
Department of Foods and Nutrition, Purdue University, Lafayette, Indiana

(Received for publication May 13, 1954)

Several publications have appeared which suggest a pro-
tein-sparing action of dietary antibiotics in pigs (Catron et
al.,, '52), turkey poults (McGinnis, '51), and chicks (Macklin
et al.,, '52). As a result of their studies with chicks Anderson
et al. ('52) concluded thai penicillin enhanced protein utili-
zation but did not alter the protein requirements. Similar
conclusions have been drawn by Biely et al. ('52) and John-
son ('52). A review of this aspect of antibiotic action reveals
considerable difference of opinion in the interpretation of
similar sets of experimental data when based on growth or
food and protein efficiency ratios.

Vijayaraghaven et al. ('52) postulated that the growth-
promoting effect of aureomycin depends on the biological
value of the dietary protein employed. They noted that the
majority of positive reports on the action of aureomycin have
been obtained, as with their studies using mice, on diets con-
taining plant proteins. The authors considered that anti-
biotics may promote the development of a microflora which
enhances the availability or intestinal synthesis of critical
amino acids. Lack of response to aureomycin when proteins
or protein mixtures of high biological value (e.g., casein,
peanut meal, calf meal) were fed, indicated to them that a
favorable effect of aureomycin did not occur because ammo
acids were not limiting factors in these proteins. Although
5 antibiotics tested improved 90% rice diets for rats, only
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two of these antibiotics were effective in improving the rice
rations when supplemented with lysine and threonine (Pe-
cora, '53).

On the other hand, Biely et al. ('52) concluded that with
a better balance of amino acids a greater response to anti-
biotics was possible in chicks than with rations deficFent in
some amino acid. Antibiotics had little or no stimulatory
effect on growth with rations in which the limiting factor
was either lysine or tryptophan. Similarly, Bloss et al. ('53)
found that aureomycin was ineffective in counteracting the
tryptophan deficiency of experimental rations for pigs. Jones
and Combs ('51) reported that chicks responded with im-
proved growth when aureomycin was added to a diet sub-
optimal in tryptophan, but not in the case of a diet subopti-
mal in lysine. Penicillin enhanced the growth response from
added methionine with a diet low in this amino acid but did
not spare methionine in the basal diet alone.

A close similarity of nitrogen retention in antibiotic-sup-
plemented and control animals, in spite of improved growth
and protein efficiency ratios by the supplemented groups, has
been noted in rats (Black and Bratzler, '52; Pecora, '53),
pigs (Braude and Johnson, '53), and dogs (Arnrich et al.,
'52). This raises a question regarding the composition of
gains induced by antibiotics. Several publications (Becker
et al., '53; Beeson, '52; Bowland et al., '51; Huang and McCay,
'63; Perry et al., '53) have indicated increased fat deposition
with decreased protein content of pigs fed antibiotics. Others
(Catron et al.,, '52; Bennison et al., '51; Jensen et al.,, '52),
however, were unable to verify this observation. Wilson et
al. ('53) found that fat deposition was not increased when
the addition of aureomycin accelerated growth, but only when
a high-protein ration was used without stimulation of growth.
Recent studies by Hartsook and Johnson (’'53) showed that
with methionine and cystine at levels bordering on the in-
adequate, the inclusion of terramycin enhanced weight gains
chiefly by increasing fat deposition in rats, the efficiency of
nitrogen utilization being reduced. When adequate or excess
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methionine or cystine was present, the efficiency of nitrogen
utilization was increased, and carcass fat deposition did not
increase as fast as with the diet bordering on inadequacy
with respect to these amino acids.

Observations of body composition following antibiotic ad-
ministration have not been limited to studies with swine.
Arnrich et al. ('52) concluded that extra weight gains of
dogs fed purified diets supplemented with aureomycin were
due solely to increased fat deposition. Microscopic obser-
vations of some rats receiving antibiotics showed a slight
increase in tissue fat and glycogen as compared with the
controls (Pecora, '53). Black and Bratzler ('52) have also
reported a trend toward a higher fat content of the bodies
of rats when streptomycin was added to their rations. Simi-
lar results were reported when turkeys were fed penicillin
(Saxena et al., '53).

Since reports in the literature concerning the interrelation
of dietary proteins and antibiotics are somewhat variable,
further study of this aspect of antibiotic action seemed de-
sirable. This investigation deals with the effect of the bio-
logical value of the dietary protein, amino acid supplementa-
tion, and varying levels of protein in the diet on the response
of young rats to aureomycin.

EXPERIMENTAL

Weanling male albino rats were housed individually in
elevated wire-bottom cages. Rats from the Purdue Biochem-
istry colony were used in the preliminary experiments, and
those from a AVistar-Purdue strain for the remainder of the
study. The minimum length of the experimental period was
4 weeks; some groups were continued for an additional one
or two weeks. Data are presented only for the 4-week periods
since essentially the same results were obtained for the longer
periods. The diets and water were fed ad libitum. Rats were
weighed twice weekly, while their food intake was determined
once a week. Aureomycin hydrochloride, when used, was
added to basal diets at a level of 10 mg %.
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Sources of dietary protein were casein, cottonseed meal,
or soybean meal. The composition of the various diets is
given in table 1. An attempt was made to have equivalent
amounts of fat and fiber in the 15% protein diets by the
addition of Wesson oil and “ Alphacel” in suitable amounts
to the soybean meal and casein diets. *

TABLE 1

Percentage composition of experimental diets

SOYBEAN VEAL COTTONSED MEAL CAHIN

% % % % % %
15% protein 314 37.1 15.0
18% protein 44.6
21% protein 52.0
9% protein 9.0
Sucrose 53.8 52.4 44.9 375 68.1 74.1
Wesson oil 21 24 2.4
Mazola 5.6 5.6 5.6 5.6 5.6 5.6
‘*Alphacel’ 22 4.0 4.0
Salt mixture 1 4.0 4.0 4.0 4.0 4.0 4.0
Vitamin mixture 2 0.4 04 04 0.4 0.4 0.4
Liver extract 0.5 05 05 05 05 05

Cone. 1: 20

1Wesson, L. G. Science, I1B; 339, 1932.

2Vitamin mixture: thiamine HC1 250 mg, pyridoxine HC1 250 mg, riboflavin
500 mg, niacin 500 mg, calcium pantothenate 2.5 gm, para-aminobenzoie acid 5gm,
inositol 15 gm, choline 150 gm, folic acid 10 mg, biotin 50 fig, menadione 125 mg,
alpha-tocopherol 5 gm, oleum percomorphum 25 gm.

Amino acid supplementation was designed to raise the
level of deficient amino acids to that used by Ramasarmer
and co-workers ('49) in their optimum essential amino acid
mixture for the growing rat. The composition of the amino
acid mixtures is indicated at the bottom of table 3.

From the report of the Bureau of Biological Research,
Rutgers University ('46-'50) on the amino acid composition
of casein, it was calculated that 9 gm of casein should supply
0.3 gm of methionine. Accordingly, 0.3gm of a1 methionine
was added per 100 gm of the 9% casein rations to supply a
total of 0.6% methionine, the amount recommended by Wo-
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mack and Bose ('41) and Ramasarmer et al. ('49). It was
thought that this amount of methionine would he sufficient
to satisfy the requirement for both methionine and cystine.

In addition to observations on weight gains, 5-day nitrogen
metabolism studies were conducted on selected groups of
rats during the second, third, or 4th week of the experimental
period. All nitrogen determinations were made by the boric
acid modification of the macro-Kjeldahl method.

TABLE 2

Average weight gains on protein fed at 15% level with and without
aureomycin supplementation

SOINTIS o p GROUP NO. OP INITIAL. GAIN
PROTEIN NO. RATS wT. WT. GAIN TORE'B’:\‘TT':()ELS

gm gm %
,(cC 4 20 3

Soybean meal is 4 20 177 124
lc 4 40 44

Cottonseed meal 2 is 4 40 49 11
. 1C 4 42 158

Casein 3is 4 @ 157 %

C= control. S= aureomycin supplenmented.

DISCUSSION OF RESULTS

In a preliminary experiment, a study was made of the
degree of growth stimulation induced by aureomycin when
(@) casein, (b) cottonseed meal, or (c) soybean meal supplied
15% protein in the diet. The results of this study are pre-
sented in table 2. Rats fed 15% casein diets did not respond
with increased growth when aureomycin was given. When
the two plant products were used in the diet, however, aureo-
mycin was effective in stimulating growth. These findings
are in accord with those of Vijayaraghaven et al. ('52) as
a result of similar studies with mice.

When compared at the end of 4 weeks, the stimulatory
effect of aureomycin was more pronounced at the 15% pro-
tein level with soybean-meal diets than with the cottonseed-
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meal diets which did not support a good rate of growth. It
was decided to increase the level of protein in the cottonseed-
meal diets to 18 and 21% in order to promote better growth.
Taking the gain of the controls as 100%, anreomycin added
to 18% protein diets produced a gain of 134% during a period
of 4 weeks (table 3) as compared with one of 111% wherfused
as a supplement to the 15% protein rations (table 2). Simi-
larly, when added to 21% protein rations, aureomycin pro-
duced a gain of 119%. Supplementing the 15% protein level
of the cottonseed meal rations with amino acids thought to
be deficient markedly improved the growth rate. Aureomycin
added to the amino acid-supplemented rations caused a gain
38% greater than in the control group. These results bring
to mind the report of Biely et al. ('52) who suggested that
a greater response to antibiotics was possible with a better
balance of amino acids.

The addition of aureomycin to soybean-meal diets (15%
protein) supplemented with AAM 11 elicited less response
than its addition to the same rations without amino acid
supplementation. It is conceivable that the greater maturity
of these rats may have influenced results. The possibility
also exists that this amino acid mixture actually produced
an amino acid imbalance, in which case these results would
be consistent with the hypothesis of Biely et al. (op. cit)
concerning the importance of amino acid balance in anti-
biotic growth studies. A comparison of growth and protein
efficiency data (table 3) of rat groups 8 (15% protein) and
9 (15% protein plus AAM 2) indicates that AMM 2 was at
least partially effective in counteracting the deficiencies of
the soybean rations. The response to aureomycin in these
two groups was nearly the same.

The difference in growth rate of groups 1 (table 2) and
8 (table 3), both fed 15% soybean-protein rations and having
the same average starting weights, may be due to two factors.
The preliminary study with groups 1, 2, and 3 was carried
out in the spring, while the remainder of the experimental

*See footnotes to table 3 for composition of the three amino acid mixtures used.
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TABLE 3

Average weight gains and protein intake with and without
aureomycin supplementation

PROTEIN NO. OP  INJT4AL GAIN RELA- ppoTEIN P.E

WT. GAIN T
LEVIflb NO. RATS conTRoLs NTAKE RATIO

gn gm % gn
Cottcnseed-meal diets

1% c 4 D & 00 212

+ AAVB 1 Mis 4 L0 17 1B 292 2%

c 6 &4 @ 88 2@

18% 51s 6 4 1B 1% =6 223

. fc 4 &4 12 &6 187

2% 6{s 4 &4 W 1w 70 20

Soybean-meal diets

c 3 4o 10 M6 2%

15% 81s 3 & 1» 1 =0 27

15% c 4 & 1B B85 286

+ AAVR2 8ls 42 o B w®m =7 24

15% (c 4 B 188 %6 20

+ AAMIS 41s 4 B 1B WO 52 30

Casein diets

fc 4 B 03B 116 22

P v 4 B M 1B 15 oM

fc 2 &4 A 140 21

P »{s 2 4 4 158 D0 23
Do+

0.3%o.- 31 c 5 47 57 A8 20

methionine 1s 5 & <) 1% A3 35

C= control.

S = aureomycinsupplemented.

P. E. rati/= gm gain/gm protein intake.

1Amino acid mixture 3= DL-methionine 0.37, Llysine 0.47, DL-phenylalanine 0.12
gm per 100 gmration. ,

2Amino acid mixture 2 = DL-methionine 0.36, L-lysine 0.16, DL-phenylalanine 0.16,
L-kistidine 0.14 gm per 100 gm ration.

3Amino acid mixture 1= DL-~valine 0.70, DL-methionine 0.50, L-lysine 0.06, L-histi-
dine 0.20, DL-threonine 0.60 gm per 100 gm ration.
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work was performed in the summer months during which
extremely warm and humid weather prevailed. Since the
laboratory was not air-conditioned, the weather conditions
may have influenced food consumption and growth. Secondly,
a difference in the strain of rats may have been a factor since
the strain used for the preliminary study was not available
for the subsequent experiments.

The fact that improving the nutritive value of cottonseed
or soybean rations, either by increasing the protein level or
by supplementation with limiting amino acids, did not cancel
the stimulatory effect of aureomycin on growth suggests that
the antibiotic does not function by increasing the availability
or intestinal synthesis of these amino acids.

To test this hypothesis further, the protein level of the
casein rations was lowered to 9% where methionine or cystine
is a limiting factor. Contrary to expectations, aureomycin
did enhance growth under these conditions, with both groups
of rats studied (7 and 12), although it had no effect with
15%-casein rations, as seen in table 2 The effect appeared
to be more pronounced with the less mature animals. At first
appraisal, these results seemed to oppose the findings obtained
with the plant protein rations in that the antibiotic elicited
a response when casein was fed at a level known to be in-
adequate with respect to amino acid content, but not when a
higher level, supplying adequate amounts of amino acids,
was used. In an attempt to elucidate the problem, 0.3% d1
methionine was added to the 9%-casein diet of another group
of animals. Improved growth and food efficiency ratios indi-
cated that the supplementary methionine improved the quality
of the 9%-casein rations. But since aureomycin produced an
even greater response when added to the methionine-supple-
mented rations, it would seem that some factor or factors
other than an amino acid deficiency was involved in the re-
sponse of casein rats to aureomycin. A possible explanation
is that aureomycin spares some unidentified growth factor in
casein (but absent in the plant proteins used) which is limit-
ing at the 9% level. That antibiotics may spare the require-
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ment for an unidentified growth factor in casein, has also
been suggested by Scotland Jensen ('52) as a result of their
studies with turkeys.

The influence of auroemycin on nitrogen metabolism is
indicg:lted in table 4. It is interesting to note the increased

Yo
TABLE 4
Influence of aureomycin on nitrogen utilisation
(Av. N intake and retentions)

PROTEIN GROUP NO. OF NITROGEN ADP|PGAERS?\|‘-T NITROGEN RETENTION

LEVEL = NO. RATS INTAKE Ly om OIAJ g N % ofN
gm
CottonseedHmeal diets
15% C 3 114 82.5 0.65 57.0 69.1
+ AAM3 n { S 3 1.48 84.5 0.80 54.1 64.0
. c 3 2.03 79.3 0.98 48.3 60.9
18% 5 1s 3 257 83.7 113 440 526
c 3 2.79 79.6 1.32 47.3 59.5
21% « 1
6 1S 3 3.18 83.1 1.34 42.1 50.8
. Cc 2 1.36 77.2 0.63 46.1 59.8
21% 10 s 2 1.45 81.4 0.63 42.9 53.0
Soybean-meal diets

i& (c D 0.82 82.9 0.51 62.2 75.0
15% 8 is 5 0.96 87.5 0.61 63.6 735
15% + c 4 1.00 83.0 0.71 71.0 85.6
AAM2 9 {s 4 1.26 85.7 0.90 713 83.4
15% + C 4 2.01 83.3 1.24 61.6 74.0
AAM1 *{s 4 1.95 86.8 121 62.0 71.4

percentage of absorbed nitrogen which is retained as a result
of the addition of AAM 2 and AAM 3 to soybean and cotton-
seed rations, respectively. This gives further evidence that
these amino acid mixtures improved the amino acid balance
of the rations to which they were added.

The antibiotic consistently improved the apparent digesti-
bility of cottonseed and soybean proteins in all dietary groups
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tested regardless of the age of the rats. This is in accord
with the findings of Hnang and McCay ('53) who reported
increased protein digestibility coefficients when pigs were
fed terramycin. Black and Bratzle.r ('52), however, found
no observable effect on apparent digestibility of protein when
streptomycin was added to rations for rats. Although, the
larger animals consumed more nitrogen and retained larger
amounts, the depression in the percentage of absorbed nitro-
gen with aureomycin supplementation was similar to that of
the smaller rats. It is interesting to note the studies cited
by Braude et al. ('53) in which it was found that chicks
receiving penicillin had thinner intestinal walls than the un-
supplemented controls. An effect of this nature might well
result in more efficient absorption of nutrients.

In contrast to the beneficial effect of aureomycin on protein
digestibility, the antibiotic appeared to impair nitrogen utili-
zation following absorption from the digestive tract. This
effect was particularly pronounced in rats fed the various
cottonseed diets; with these animals the favorable influence
on digestibility was more than offset by the greater amount
of nitrogenous products excreted in the urine. In rats fed
soybean-meal diets, the positive effect of auroemycin on
digestibility more nearly balanced the negative effect on
utilization subsequent to absorption.

The antibacterial effects of a number of antibiotics have
been explained on the basis of their action as competitive
inhibitors in enzyme systems essential for the life of thb
bacterial cell. A number of these same enzyme systems are
also important in the cells of the host organism. One sug-
gestion advanced to explain the selective action of antibiotics
is that selective permeability prevents antibiotics from reach-
ing the critical enzyme in the animal cell. If, however, small
amounts of the antibiotic were able to penetrate the host
cells and were able to exert a minor inhibitory effect, im-
paired protein utilization by the host could result. This
might be an explanation for the results obtained in this study
— namely, an adverse effect of aureomycin on protein utili-
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zation in the body tissues. Of particular interest are studies
which have suggested that antibiotics interfere with protein
synthesis in bacterial cells (Hahn and Wisseman, '51; Work,
'52). That antibiotics may also affect enzymatic processes
in mammalian tissues is indicated by a number of studies,
for example, those of Van Meter et al. ('52) using liver
homogenates.

In group 6, fed cottonseed-meal diet and in groups 1, 8,
and 9 fed soybean diets, weight gains of aureomycin-supple-
mented rats during the 5-day metabolism periods, considered
as percentage relative to controls, were greater than the
relative gains of body nitrogen. These data imply a smaller
gain of nitrogen per unit of body weight gained, when rats
were fed aureomyein. Several studies cited previously have
indicated decreased protein content and increased percentage
of body fat as a result of antibiotic administration. In two
groups of rats, 5 and 11, fed cottonseed-meal diets, the aver-
age percentage weight increases induced by aureomyein were
in close relationship to the average percentage gains of body
nitrogen. It appears that in these two groups, the increased
food consumption of supplemented animals supplied enough
extra protein to support gains of approximately normal
composition with respect to nitrogen, in spite of the impaired
net utilization of nitrogen. Since this study exhibits some-
what inconsistent results regarding this aspect of antibiotic
action more information is needed before drawing definite
conclusions concerning the composition of the weight gains
induced by aureomyein in rats.

The data indicate that protein efficiency ratios bear little
relation to the efficiency of protein utilization as judged by
nitrogen metabolism studies. Since the weight gains induced
by antibiotics are of questionable composition, it is considered
that nitrogen metabolism studies serve as more reliable
criteria of protein utilization than protein efficiency ratios.
The chief limitation of the latter is the assumption, inherent
in the method, that all weight increase is of equal composition.
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SUMMARY

Young albino rats were used to study the effect of the
addition of aureomycin to diets containing casein, cottonseed
meal and soybean meal as sources of protein. Observations
were made on growth responses and protein utilization.

A growth-stimulating effect of aureomycin was observed
when soybean meal and cottonseed meal supplied protein at
the 15% level. The effect was less marked with the cotton-
seed meal at this level than when the protein level was raised
to 18%. Aureomycin was ineffective when added to casein
at the 15% level but brought about increased weight gains
with casein at the 9% level.

Supplementation of the casein at the 9% level and the
soybean and cottonseed-meal proteins at the 15% level with
the amino acids considered limiting factors resulted in some
increase in growth, but there was further improvement on
the addition of aureomycin. This suggests that the aureo-
mycin functioned in a manner beyond that of increasing the
availability of the limiting amino acids in the proteins studied.

Nitrogen metabolism studies indicated that aureomycin
improved the apparent digestibility of the cottonseed- and
soybean-meal proteins, but impaired utilization following
absorption. This effect was evident to such a degree in rats
receiving cottonseed-meal diets that nitrogen retention ex-
pressed both in terms of per cent of ingested nitrogen and
absorbed nitrogen was actually depressed in antibiotic-sup-
plemented animals.
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It has been shown (Wynn, Haldi, Shaw and Sognnaes, '53)
that two high-sncrose diets, which we have designated as the
Emory and Harvard diets, differing from each other in some
respects but containing identical amounts of sugar, show a
pronounced difference in eariogenicity. In searching for a
possible single factor which might account for this difference,
it was noted that a very small amount of aluminum had been
incorporated in the salt mixture of the Emory diet whereas
none had been added to the Harvard diet. As the Emory diet
was much less cariogenic than the Harvard diet, the present
experiments were undertaken to determine whether additions
of this trace element to the diet might serve somewhat like
the fluoride ion in giving protection to the teeth against dental
caries. In this connection it may be of interest to note that
Piernccini ('47, cited by McConnell, '52) has suggested that
aluminum can substitute for calcium and phosphorus in the
structure of apatite. This type of substitution, says McCon-
nell, is not particularly surprising when considered in the
light of the demonstration by Yoder and Keith ('51) of com-
plete replacement of silicon by aluminum in synthetic yttrium
garnetoid, although substitution of A104 for Si04 was pre-
viously supposed to be very limited in orthosilicates.

It has been shown by Hove, Elvehjem and Hart (’38) that
if aluminum is needed in the nutrition of the rat during its

285
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most rapid period of growth, 1 Jig per day will satisfy this
requirement. Conversely, no deleterious action upon growth,
reproduction or general well-being of animals has been ob-
served when relatively large amounts of aluminum have
been added to the diet. In the experiments of Myers and
Mull ('28) 4 generations of rats were fed 2mg of aluiAinum
in the form of potassium aluminum sulfate per rat daily in
addition to the stock diet. No abnormalities were noted on
autopsy and all animals appeared healthy. Similar results
were obtained by McCollum, Rask and Becker ('28). They
found that aluminum compounds in the diet in concentrations
as high as 600 p.p.m of the element aluminum exerted no
noticeably deleterious action on growth, reproduction, or
general well-being as judged by external appearance and by
autopsy. In view of these observations on aluminum require-
ments of the rat and the effects of a relatively large intake,
it was deemed unnecessary to extend our studies beyond the
condition of the teeth. Notation was nevertheless made of
the amount of food consumed and of the weekly change in
body weight.

EXPERIMENTAL

Albino rats of the Wistar strain were selected at weaning
in groups of 4 of the same sex from the same litter and
placed on 4 rations that were identical in composition except
for their aluminum content. The basic ration consisted of
64% sucrose, 20% casein, 8% fat, 4% yeast and liver extract,
4% salt mixture and all the known essential vitamins in
adequate amounts. The composition of the salt and vitamin
mixtures is given elsewhere (Haldi and Wynn, '52). The 4
rations will he referred to as rations A, B, C and D, respec-
tively. No aluminum was added to ration A. To ration B
there was added the same amount of aluminum (0.16 p.p.m.)
as in the ration fed in our previous experiments (Haldi and
Wynn, '52; Wynn, Haldi, Shaw and Sognnaes, '53), whereas
125 and 125 times this amount was added to rations C and
D, respectively. These amounts of aluminum (2 p.p.m. and
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20p.p.m.) may appear to be small, but it should be borne in
mind that similarly small amounts of fluoride afford some
protection to the teeth against dental caries.

There were two sets of experiments, one on non-desalivated
and the other on desalivated animals. In the experiment on
the non-desalivated animals, 14 rats were placed on each of
the 4 rations. They were fed ad libitum for 180 days and at
the end of this period were sacrificed and the teeth examined
under a dissecting microscope for the evaluation of dental
caries.

In the second experiment the major salivary glands were
removed when the animals had been fed the rations 120 days.
In this experiment there were 10 animals on each ration.
They were continued on these rations 60 days longer and
were then sacrificed and the teeth examined for caries. The
method of desalivation has been described elsewhere (Haldi,
Wynn, Shaw and Sognnaes, '53).

Carious lesions were graded in accordance with the criteria
followed in our earlier study (Haldi and Wynn, '52). The
total score for the animals on each ration was derived by
adding the products that were obtained by multiplying the
number of lesions of each grade by the grade itself; the aver-
age score by dividing the total score by the number of teeth.
This latter value is particularly helpful in comparing the
carious destruction of the teeth on the 4 rations.

RESULTS

The number of carious lesions and the caries score for the
non-desalivated rats are presented in table 1 and for the
desalivated rats in table 2 The males and females have been
grouped together as we have found that there is no sex dif-
ference in caries susceptibility in our colony of albino rats.

Comparison of the data in tables 1 and 2 shows that de-
salivation resulted in both an increase in the average number
of carious teeth per animal and in the severity of the lesions.

The differences in the total scores on the 4 rations were
relatively small both in the non-desalivated and desalivated
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animals. Statistically, these differences were not significant.
The critical ratio, for example, was less than one in the case
of the greatest difference which was between the non-desali-
vated animals on rations to which were added aluminum in

~ TABLE 1 *

Carious lesions and caries score of non-desalivated albino rats on rations containing
various amounts of aluminum

ALM TOAL TOALND TOALND o of Lesions o A

T B, GhgE GRAE et R o

LOWER MOLARS

None 84 32 38 21 15 2 0 57 0.68
0.16 p.p.m. 84 33 39 25 10 2 2 59 0.70
2.0 p.p.m. 84 31 39 24 10 3 2 61 0.73
20 p.p.m. 84 31 39 28 7 4 0 54 0.64
UPPER MOLARS
None 84 4 4 4 0 0 o 4 0.05
0.16 p.p.m. 84 5 6 6 0 0 o 6 0.07
2.0 p.p.m. 84 2 2 2 0 0 © 2 0.02
20 p.p.m. 84 3 5 5 0o 0 O 5 0.06
TABLE 2

Carious lesions and caries score of desalinated albino rats on rations containing
various amounts of aluminum

ALUMINUM TOTAL TOTAL NO. TOTAL NO. NO. OF LESIONS TOTAL
ADDED TO NO. CARIOUS  CARIOUS Grade SCORE sé\c\)/kg
RATION TEETH TEETH LESIONS 12 3 4
LOWER MOLARS
None 60 26 46 22 10 9 5 89 1.48
0.16 p.p.m. 60 30 46 19 14 11 2 88 1.47
2.0p.p.m. 60 28 43 14 15 12 2 88 1.47
20 p.p.m. 60 25 45 13 19 12 1 91 1.52
UPPER MOLARS
None 60 10 14 12 2 0 0 16 0.27
0.16 p.p.m. 60 12 15 11 3 1 0 17 0.28
2.0 p.p.m. 60 13 20 15 5 0 0 20 0.33
20 p.p.m. 60 12 16 10 4 2 0 24 0.40
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the amounts of 2 and 20 p.p.m. It may therefore be concluded
that the addition of aluminum to the Emory diet was not the
factor responsible for making it less cariogenic than the
Harvard diet.

Incidental to these observations on the teeth it is of interest
to not$ that there was no perceptible difference in the general
physical condition of the animals on the 4 rations. The aver-
age weight of the 4 groups of males at the conclusion of the
experiment was 302, 304, 301 and 307 gm, respectively; and
of the females, 191, 194, 190 and 193 gm. The initial average
weight of the groups at the beginning of the experiment did
not vary by more than 1 or 2gm. Although the animals were
allowed to eat ad libitum the amount of food consumed by
the different groups was remarkably uniform. The average
daily consumption by the 4 groups of males was 11.2, 11.5,
11.2 and 11.3gm, respectively, and of the females, 8.7, 8.9,
8.8 and 8.7gm. Obviously, appetite and growth were not
affected by the addition of aluminum to the rations in the
amounts used in these experiments.

SUMMARY AND CONCLUSIONS

These experiments were undertaken to determine whether
aluminum, like fluoride, when added to the diet in small
amounts may offer some protection against dental caries.

No significant differences were found in the number of
carious molars or in the caries scores as a result of the addi-
tion of aluminum in the amounts used in this study, either
in non-desalivated or desalivated animals.

It may be concluded therefore that the difference in cario-
genicity of two diets containing the same amount of sucrose
but with different amounts of aluminum, as reported previ-
ously, is not due to the small amount of aluminum that was
added to the salt mixture of one of these diets. The explana-
tion of the lower cariogenicity of one of the high sucrose
diets must be sought elsewhere.

The addition of aluminum up to 20 p.p.m. had no effect on
appetite or growth of the animals.
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It has been known for many years that pregnant women
normally exhibit a markedly positive nitrogen balance. An
adequate explanation of the mechanism has not been estab-
lished. To permit tissue studies not possible in humans, we
have conducted studies on protein metabolism in pregnant
rats.

Poo et al. ('40) reported that the amount of protein re-
tained by maternal rat tissues during gestation varies with
the protein content of the diet. Pike et al. ('54) found that
the amount of protein retained by pregnant rats was influenced
by the caloric intake, provided that protein content of the
diet was adequate. Morse and Schmidt ('44) reported bal-
ances of —1 to + 2gm of protein for the entire period of
pregnancy in mature rats if the loss of fetal protein was
considered. The present experiments have confirmed these
findings and demonstrated the simultaneous appearance of
certain other metabolic disturbances.

EXPERIMENTAL

To obtain pregnant rats, female Wistar strain animals,
weighing from 250 to 300 gm, were housed v/ith males for
two and a half days. Following breeding, the pregnant rats
and comparable non-pregnant controls were placed in *n

1This study was made possible by a grant from the Department of National
Health and Welfare of the Government of Canada.

291



292 GEORGE H. BEATON AND OTHERS

dividual cages and provided, ad libitum, with a prepared fox
chow.2 During nitrogen balance studies, the animals were
housed in individual metabolism cages and fed ground fox
chow ad libitum. Collections of feces and urine were made
daily and pooled for three-day periods.

In experiment I, 117 rats, with an initial average* body
weight of 258 gm, were used. Animals were killed in groups
of 12 over a two-day period such that there were groups for
the 5th, 8th, 12th, 14th, 16th, 18th, 20th and 22nd days of
gestation and on the 4th and 9th days post partum. In
both experiments | and 11, the young were removed at parturi-
tion. Nine pregnant and two non-pregnant rats, having an
initial average body weight of 269 gm, were used in experi-
ment Il for a continuous nitrogen balance study throughout
gestation. Six pregnant and 6 non-pregnant rats, having an
initial average body weight of 290 gm, were killed on the
17th day of gestation in experiment Ill; 8 pregnant and 7
non-pregnant rats, having an initial average body weight of
279 gm, were Killed on the 16th day of gestation in experi-
ment 1Y. In experiment V, 6 pregnant and 8 non-pregnant
rats, having an initial average body weight of 251 gm, were
killed over a period of 7 days, through the last week of gesta-
tion. It should be noted that all the times, specified are the
times from the middle of the mating period to the middle of
the killing period.

All of the animals were killed by stunning and decapitation
following a 20-hour fast. Blood was collected from the neck
and heparinized; livers were removed, weighed and immedi-
ately prepared for enzyme assays. Analytical procedures
were as follows: blood urea, Archibald (’'45); blood amino
nitrogen, Frame et al. ('43); blood hemoglobin, Collier (’44);
blood packed cell volume by the standard procedure. Nitrogen
determinations were carried out by a standard macro-Kjeldahl
procedure; the values were multiplied by 6.25 to obtain the

2Master Fox Breeder Ration, Toronto Elevators Limited.

crude protein — 20%

crude fat — 3.5%
crude fiber — 5%
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protein content. A modified Liebermann procedure, as de-
scribed by Gavin and McHenry (’40), was employed for the
estimation of total crude fatty acids. Tissue moisture was
determined by drying alicuots of tissue in aluminum dishes
(A.ON.C.) for 5hours in an electric oven at 105°C.

Liver urea formation was determined as the Quea of Krebs
and Henseleit ('32), defined as the number of microliters of
urea-COo formed per milligram dry tissue per hour. The pro-
cedure of Gornall and Hunter ('43), as modified by Caldwell
and McHenry (’'53a), was employed. Activity of the aspartic-
glutamic transaminase in liver homogenates was estimated
by the procedure of Tonhazy et al. ('50); activity of the
alanine-glutamic transaminase was estimated by this pro-
cedure as modified by Caldwell and McHenry (’'53b). Results
are expressed as the Q™, defined as the microliters of pyruvate-
C02formed per milligram wet tissue per hour. Arginase ac-
tivity of liver homogenates was estimated by the method of Van
Slyke and Archibald ('46) as adapted to liver tissue by Liener
and Schultze ('50). Arginase activities were expressed as the
micromols of urea formed per 100 mg wet tissue per hour.

RESULTS AND DISCUSSION

Changes in hochj, fetal and liver weight
and liver moisture

The rats used in experiment | were weighed initially and
before fasting. After killing or at parturition the fetal weights
were also determined. Liver weights and moistures were
determined after killing. The experimental findings are shown
in table 1

Fetal growth was markedly increased after the 15th day of
gestation. Maternal body weight gains paralleled the increases
in total fetal weight until parturition when the maternal
weight rapidly fell toward the non-pregnant level. Li%er
weight and moisture also increased after the 15th day of
gestation. The increase in liver weight can not be accounted
for by water retention alone.
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Carcass composition

The decapitated carcasses from experiment | were com-
pletely eviscerated, pooled by groups, frozen and passed
through a power grinder. Analyses were carried out on

Gross changes during and after gestation in the rat

AL Q% AL AR
GOP ND P TOA- i
-EI%-\]E RAIS @;ﬁ)\l{ \Il_-‘\%r%_ F\‘/EVFI_A_ (meanwir S.D.) (mean * S.D.)
days gm am gm gm %
5 pregnant 6 2 71+ 02 @8+ 03
control 6 8 67+ 04 9% Q9
8 pregnant 3 B3 0(0¢} 03 74+ 04 @5+ 08
control 9 13 a7+ 09 @2+ 04
2 pregnant 3 3 0103 06 84+ 05 @8+ 04
control 9 12 7Si 12 &31 07
“ pregnant 4 D 012 10 89+ 05 @7+ 06
control 8 7 77+ 11 @6+ 06
16 pregnant 6 5H Q66 58 105+ 08 05+ 03
control 6 5 73+ 08 @2+ 08
diff.3 diff.2
18 pregnant 5 B 176 194 107+ 06 06+ Q7
control 7 6 75+ 06 @3+ 06
diff.3 diff.3
2 pregnant 5 5] 4 B4 9.8i 05 04+ 06
control 6 8 70+ 11 @7+ 03
diff.3 diff.1
22 pregnant 6 B 5% =1 93+ Q9 M09+ 08
control 6 8 68: 05 @6: Q7
diff.3
Post partum
4 pregnant 6 22 83+ 08 7M0: 06
control 6 7 73+ 13 00+ Q7
9 pregnant 6 24 81+ 08 @2+ 05
control 4 11 a7+ 11 04+ 10

1Statistical significance at the 5% level.
2Statistical significance at the 2% level.
s Statistical significance at the 1% level.
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samples of these, and the results are shown in table 2, ex-
pressed as the net changes in grams of the carcass consti-
tuents, the 5th day of gestation being taken as the initial point.

Initially there was an accumulation of total crude fatty
acids in the maternal carcass and then, at the time when fat
storage decreased, there was an increase in protein. This
change was coincident with the commencement of rapid growth

TABLE 2

Changes in carcass constituents in pregnant and in control rats 1
(Calculated in grams per animal)

TINECE FREGNANT2 GNIRL.2
GSIATICN Fat Protein Moisture Fat Protein Moisture
days
8 +21 + 17 + 62 + 19 —24 —Q05
i + 45 + 24 + 75 + 33 + 04 + 25
“ + 65 + 32 + 118 + 35 + 27 + 05
16 + 57 +24 + 70 + 14 +10 —Q02
18 + 15 + 70 + 138 + 37 —14 + Q7
D + 04 + 49 + 119 +15 —08 + 31
2 —05 + 01 + 34 —03 —22 —02
Post partum
4 —04 + 26 + 47 + 17 +27 —10
9 +24 + 20 +70 + 12 +11 + 45

1The analyses reported in this table were carried out on pooled samples of
ground, decapitated, eviscerated carcasses.
2The initial compositions in grams per carcass of the two groups were as follows:
Pregnant: fat 19.8; protein 37.6; moisture 101.2.
Control: fat 17.8; protein 40.5; moisture 102.0.

by the fetuses. After the initial storage of protein, it too
decreased, presumably being transferred to the rapidly grow-
ing fetuses. This might suggest an inter-relationship of fat
and protein metabolism, the fat being catabolized to provide
energy and to spare the protein when protein storage was
desirable. Water was retained throughout gestation but w%s
rapidly excreted following parturition.

It should be noted that the proportions of protein, fat and
carbohydrate in the food intake were constant throughout
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pregnancy. However, the intake of food varied, depending
on free-will nse of the animal. Generally, the food use was
greater in the second half of pregnancy. This increased con-
sumption might explain extra protein retention, but does not
explain the decrease in fat storage. The alterations in nutrient
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Fig. 1 Nitrogen balance studies during gestation. The bars represent the total
nitrogen intake; the shaded portions represent the feeal nitrogen; the blank
portions represent the urinary nitrogen; and the black portions represent the
retention. It should be noted that in this experiment, the average period of

gestation was 21.5 days. The average fetal nitrogen per litter was found to be
787 mg.

retention, not explicable on the basis of food consumption, are
likely consequent to an alteration in metabolism.

Nitrogen balance

In experiment Il a record of the nitrogen retention was
kept throughout gestation as shown in figure 1. At parturi-
tion, the fetuses were removed, pooled by litters and analysed
for total nitrogen. The difference between the average nitrogen
retentions in the pregnant and control groups was found to
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be statistically significant at 124 days (t = 2.26; significant at
5% level) and at 194 days (t= 3.58; significant at 1% level).
A significant difference between the average nitrogen reten-
tion of pregnant and control groups was also observed at the
14th dgy in experiment 111 (pregnant — 140 mg/rat/day, con-
trol = 87mg/rat/day; t= 260, significant at the 5% level).

Blood constituents

An examination of the blood constituents of the animals
used in experiment | revealed a marked hemodilution and a
fall in blood amino nitrogen during the last week of gestation,
as is shown in table 3. Blood urea, which was also measured,
showed no change except at parturition when there was an
elevated level. (Average blood urea value for all determina-
tions — 35.2mg%.) Parsons ('30) reported that the unfasted
blood urea did not change during gestation in the rat. The
observation of hemodilution is in agreement with the findings
of Bond ('48), who reported an increase in blood volume in
the pregnant rat; he observed that there was an increase in
the total circulating erythrocytes, but that this failed to in-
crease as rapidly as did the blood volume. The increased
packed cell volume on the 9th day post partum could be ex-
plained on the basis of this observation of an increased total
circulating erythrocyte count, since a decrease in blood volume
to the normal level would give a higher than normal erythro-
cyte count until they also decreased. The decreased blood
amino nitrogen might be a reflection of the increased utiliza-
tion of amino acids by the growing fetuses.

The rate of urea production in liver slices

In experiment | it was found that there was a consistent
lowering of the Quma from the 15th day of gestation until
parturition, returning to the non-pregnant level at parturi-
tion; however, due to a high individual variation, statistical
significance was not obtained. For brevity these results will
not be presented in detail. This lowered Qumain the last week
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TABLE 3

Blood constituent levels in pregnant and in control rats

pregnant
control

pregnant

pregnant
control
pregnant
control

pregnant
control

pregnant
control

pregnant
control

pregnant
control

pregnant

pregnant
control

POEDEL
\VALME
(mean+ SD)'

%
510+ 42
509 = 37

505+ 09
50.7 = 4.7

457 + 14
46.6 + 3.7

444+ 16
473 + 2.2
diff.1

473 + 43
48.4 + 38

420+ 4.0
48.7 it 2.4
diff.3

410+ 43
464+ 18
diff.1

395+ 59
46.7 + 2.3
diff.2

480 + 43
51.2+ 46

549 + 4.6
483 + 3.9
diff.1

1 Statistical significance at the 5% level.

2Statistical significance at the 2% level.

8Statistical significance at the 1% level.

HEMCA. (BN
(mean+ SD)

gm/100 ml
120+ 1.2
127 + 10

11.7 + 0.7
121+ 15

11.2 + 05
11.8+ 1.2

112+ 04
125+ 09
diff.1

11.6 + 05
120+ 04

109 £ 05
120+ 1.0
diff.1

103+ 08
125+ 0.7
diff.3

105+ 13
120+ 0.9
diff.1

126+ 1.1
133+ 08

141+ 13
129+ 14

BADAVIND
NTROEN
(meager SD)
mg %

95+ 07
91+ 08

109 + 1.3
113+ 13

112+ 26
114+ 14

86+ 18
102+ 19

79+ 06
91+ 0.8
diff.3

74+ 13
83+ 08

71+ 02
90+ 22

91+ 19
82+ 05

11.0 £ 17
104 £ 19

84+ 0.6
92+ 07
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of gestation had been consistently noted in preliminary ex-
periments in onr laboratory. In experiment I11 it was found
that pregnant rats killed on the 17th day of gestation had a
significantly lower Quea than comparable non-pregnant con-
trols (pregnant= 3.04 + 0.72, control= 501 + 0.71; t= 4.75,
significant at the 1% level).

No change in liver arginase activity was observed when
determinations were carried out in experiment IV (pregnant
= 57 +15, control= 64 + 16). This is in agreement with
the results of Folley and Greenbaum (’'47), who could show
no change during gestation except on the 15th day when they

TABLE 4

The effect of additions of ornithine and of citrulline on the
@ureal of pregnant and of control rats

ATITION tuel
Pregnant Control
(mean Hs.p ) (mean + S.D.)
None 3.04 =t 0.42 3.51 * 063
PL-ornithine hydrochloride 8.19 * 1.45 9.18 + 1.68
DL-citrulline 8.22 + 135 8.66 + 1.79

1Defined as microliters of urea-CO2 formed per milligram dry tissue per hour.

observed a lowered activity. Lightbody et al. ('41) also re-
ported no change in liver arginase activity per milligram of
tissue during gestation.

In experiment V an attempt was made to find the cause of
the lowered Quea observed in pregnant rats. Ornithine and
citrulline were added to the medium in the determination of
Quma in amounts that had been shown by Gornall and Hunter
(’43) to give maximal stimulation of urea production in
normal fasted rats. Sufficient slices were prepared from each
liver for 6 determinations of Qama Duplicate estimations were
made without additions, in the presence of added DL-citrulline
(31.2 mg%), and in the presence of added DL-ornithine hydro-
chloride (30.0mg%). It should be noted that equimolar
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amounts of the two additives were used. Simultaneous de-
terminations of liver arginase activity were carried out. The
results are shown in table 4. A lowered Que was observed
in the pregnant group although statistical significance was not
attained. No difference in liver arginase activity wa”™ noted
(pregnant= 57.4 + 99, control= 54.2 + 8.8) and on the basis
of individual results, there was no apparent correlation be-
tween the Quma and liver arginase activity. Among the indi-
vidual results, it was also noted that even livers exhibiting

TABLE 5

Liver alanine-glutamic transaminase activity in pregnant and in control rats

AANNEQUAMCTRANAMNATE 1 %%ﬁ%
Pregnant Control between means
days (mean + S.D.) (mean + S.D.) %
5 415+ 77 423+ 76
8 31.0 + 122 409 + 10.7
12 39.0+ 70 38.0+ 123
14 433+ 83 53.3+ 185
16 263+ 74 365+ 7.1 5
18 148 + 22 330+ 40 1
20 182+ 7.8 36.8+ 90 1
22 127+ 71 407+ 7.8 1
Post partum
4 231+ 105 278+ 84
9 365+ 51 380+ 55

1Defined as mieroliters pyruvate-C02 formed per milligram wet tissue per hour.

avery low initial Queademonstrated a stimulated Queaas high
as other livers exhibiting a higher initial Quea It would seem
therefore that there was no abnormality of the enzymes of the
ornithine cycle since no difference between the groups was ob-
served in the stimulation following the addition of either
catalyst. The decrease in the rate of urea formation is likely
secondary to the increased utilization of amino acids for
protein synthesis. Although there may have been a reduced
amount of ornithine and citrulline present in the livers of the
pregnant rats, sufficient enzyme activity was present to permit
marked stimulation by the addition of ornithine or citrulline.
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Liver transaminase activity

In experiment I, no change was observed in the aspartic-
glutamic transaminase activity at any time; the alanine-
glutamic transaminase showed a significantly lowered activity
during»the last week of gestation, with a rapid return to the
non-pregnant level following parturition, as is shown in table
5.

In experiment |1l both transaminases were estimated in
livers and kidneys; there was a lowering of alanine-glutamic
transaminase activity in the livers of pregnant rats (pregnant
= 38+ 6.6, control= 47 £ 16.8) hut no change was observed
in the kidney (pregnant= 14 + 35, control= 13+ 4.9); no
differences were observed between the two groups in the
aspartic-glutamic transaminase of either liver (pregnant
= 97+£13.8, control= 98 —12.1) or Kidney (pregnant=
61 + 13.9, control= 62 + 11.0).

Discussion of changes occurring during

and after gestation

The observations reported above are summarized as fol-
lows —

During 0-15 days of gestation.

1. Slight increase in total body weight.

2. Small increase in fetus weight.

3. Small increase in liver weight.

4. Total crude fatty acids accumulate and water retention
occurs in the maternal carcass.

5. Slightly greater retention of nitrogen than in the non-
pregnant rat.

After 15 days gestation up to parturition.

1 Marked increase in total body, fetus and liver weights
and liver moisture.

2. Sharp fall in the fat stores and a simultaneous increase
in protein stores with a subsequent gradual fall; continued
water retention.

3. Greatly increased retention of nitrogen.
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4. Hemodilution and lowered blood amino nitrogen.

5. Lowered Qumin liver slices.

6. Lowered alanine-glutamic transaminase.

At and following parturition.

1 An initial rise in blood urea and a rise in Quea to the
non-pregnant level.

2. Immediate rise in blood amino nitrogen to the non-
pregnant level.

3. Gradual return of other changes to the non-pregnant
level.

All of the changes noted were sharply accentuated following
the 15th day of gestation. This appears to be a critical point
in the total period of pregnancy in the rat. Some factor,
probably hormonal, may control these alterations in meta-
bolism. In view of the apparent interrelationship of fat and
protein metabolism as evidenced by the changes in carcass
constituents, it is interesting to note that it has been recently
suggested by Greenbaum (’'53) that growth hormone may
exert its primary effect on fat metabolism with a secondary
effect on protein metabolism. It has been known for many
years that the administration of this hormone promotes nitro-
gen retention. Experiments in our laboratory (Beaton et al.,
'653) have demonstrated that the injection of growth hormone
into normal male rats can cause a lowered Queaand a decrease
in liver alanine-glutamic transaminase activity. It may be
that growth hormone plays an important role in controlling
the metabolic alterations which have been observed in the

pregnant rat.
SUMVARY

1. During the first two weeks of pregnancy in the rat,
marked storage of fat and water occurs in the maternal car-
cass while there is little fetal growth.

2. At about the 15th day of gestation, a definite decrease
in fat stores occurs and the retention of protein increases.
Accompanying protein retention there are decreases in blood
amino nitrogen, in hepatic alanine-glutamic transaminase and
in the rate of urea formation in liver slices.
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3. It is suggested that growth hormone may be implicated
in the alteration in metabolism observed at about the 15th
day of gestation.
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EFFECT OF ASCORBIC ACID ON RATS DEPRIVED
= OF PANTOTHENIC ACID DURING
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An interesting effect of large amounts of ascorbic acid in
delaying the onset of pantothenic acid deficiency has been
reported by Daft ('51) and Daft and Schwarz ('52). More
recently this work has been continued by Hundley and Ing
(’53) who have found that a number of compounds structur-
ally related to ascorbic acid also stimulate growth of young
rats deprived of pantothenic acid. Glucuronolactone, which
was a growth stimulant when given orally, was ineffective
if given parenterally. To date there is no satisfactory ex-
planation as to how ascorbic acid and certain other 6 carbon
compounds “ spare” the need for pantothenic acid.

At the time of the first report from the National Institutes
of Health, studies underway in this laboratory permitted the
testing of the value of ascorbic acid when rats were fed syn-
thetic rations containing varying amounts of pantothenic acid
during the gestation period.

1Journal Paper No. J-2409 of the lowa Agricultural Experiment Station, Ames,

lowa. Project No. 1213. A preliminary report appears in Federation Proc., 1?,
413 (1953).

2Financial support from the Department of Health Education and Welfare,
Public Health Service, National Institutes of Health (G-3198) is gratefully
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3Present address: Department of Home Economics, University of California,
Davis, California.
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In the present paper we wish to report the effect of in-
cluding 2% ascorbic acid in the diet upon the reproductive
performance of the rat and upon certain chemical and histo-
chemical findings in the young at birth when the maternal
diet is lacking in pantothenic acid. -

TABLE 1

Composition of the synthetic ration

Vitamin-free casein 25%
Dextrose 55%
Swiftening 1 15%
Salts 2 5%
Vitamin mix fed daily per rat
Choline chloride 10 mg
Inositol 5mg
p-aminobenzoie acid 100 My
2-methyl-Napthoquione 250 My
Thiamine hydrochloride 150 My
Riboflavin 100 My
Niacin 500 My
Biotin 25 My
Folic acid 6 My
Pyridoxine hydrochloride 50 My
Vitamin B,, 05 My
Fat soluble vitamins

Cod liver oil: 9 U.S.P. units vitamin D

90 U.S.P. units vitamin A
Alpha tocopherol 750 My

“An hydrogenated fat made by Swift and Company, Chicago, 111, which corr
tains both animal and vegetable fat.
“Richardson and Hogan, J. Nutrition, 3%: 459, 1946.

EXPERIMENTAL

Young adult female rats from an inbred colony of the
Wistar strain were selected for the study. These animals
received the customary stock ration from weaning age until
tlie end of first pregnancies. When it was established that
the first litters were normal, the young were sacrificed and
the females were immediately transferred to one of the fol-
lowing groups:
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Group | (35 females) received a synthetic ration plus a
vitamin mix which contained all known factors except ascorbic
acid and pantothenic acid.

Group Il (17 females) received the same basal ration plus
100 jig o& calcium pantothenate daily.

Group 11l (16 females) received the same ration as group
I plus 2% ascorbic acid.

The synthetic diet is given in table 1

Immediately following the birth of the second litters and
before the young had an opportunity to nurse, the newborn
were removed from the cage and their weight and sex were
determined. Any evidence of abnormalities was recorded.
The young were then distributed into several groups for
subsequent chemical or histological study.

Total pantothenic acid activity of the blood of the young
at birth, of the tissues of the newborn, and of the maternal
eliver and carcass was determined by the microbiological pro-
cedure using Lactobacillus arabinosus as the test organism.
All tissues were treated with chicken liver enzyme and in-
testinal phosphatase to release bound forms of the vitamin.
Serum ascorbic acid was determined in the young at birth
by the Lowry, Lopez and Bessey (’45) microadaptation of
the dinitrophenylhydrazine method of Roe and Kuether ('43).
Alkaline phosphatase values for the serum of the young were
measured by the method of Bessey, Lowry and Brock ('46).
Pyruvic acid concentrations of the blood of the young at
birth were established using the micromethod of Tsao and
Brown (’50). Histological sections were prepared of the
adrenal, tibia, duodenum and liver of the young at birth and
acid and alkaline phosphatase activities of these tissues were
demonstrated by the method of Gomori (’'39, '41) as modified
by Deane and Dempsey ('45).

RESULTS AND DISCUSSION

A distinct difference in the reproductive performance of the
females as well as chemical findings in the tissues of the
mother and the young reveal that ascorbic acid in amounts
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to supply 2% of the ration has a “ sparing” effect upon panto-
thenic acid in the case of the rat (see table 2). Litters horn
to females receiving a synthetic diet lacking in both panto-
thenic acid and ascorbic acid were always poor while young
born to females receiving ascorbic acid were usually superior
in appearance. The average birth weight of the young of
females receiving neither pantothenic acid or ascorbic acid
was 3.7 gm, with an average litter size of 4.2 young. The
presence of ascorbic acid increased the birth weight of the
young slightly although the litter size was still small. The
presence of 100 gg of calcium pantothenate in the ration per
day allowed the birth of larger litters composed of heavier
young.

Pantothenic acid concentrations of the blood, found to be
approximately 500 |ig per 100 ml for young of stock females
at birth, were maintained when the females received only
100 ng of the vitamin per day (Everson, Northrop, Chung,
Getty and Pudelkewicz, '54). The complete withdrawal of
the vitamin, however, caused a lower blood pantothenic acid
concentration in the young. This drop was prevented when
the maternal diet included 2¢c ascorbic acid.

Total tissues of the newborn averaged 6.7 ng of panto-
thenic acid per gram (normal moisture) when the maternal
diet contained no pantothenic acid and no ascorbic acid. The
addition of either 2% ascorbic acid or 100 ng of calcium pan-
tothenate per day more than doubled the quantity of panto-
thenic acid present in the tissues of the young at birth. Simi-
larly the presence of ascorbic acid resulted in a higher con-
centration of pantothenic acid in the hepatic tissue of the
female than when both vitamins were lacking.

The accumulation of pyruvic acid in the young delivered
by females receiving no dietary source of pantothenic acid
was not observed when ascorbic acid was included in the
ration.

While no structural differences were found in the adrenal,
tibia, duodenum, or liver of newborn rats which could be
attributed to a withdrawal of pantothenic acid from the diet
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of the mother during pregnancy, histochemical differences
were noted in the adrenal of young produced by females
restricted in both pantothenic acid and ascorbic acid (Chung,
Northrop, Getty and Everson, '54). The concentration of
alkaline phosphatase was less intense in this tissue when
both vitamins were omitted from the maternal diet. The
addition of ascorbic acid to the ration of the mother pro-
tected against this change.

SUMMARY AND CONCLUSIONS

Studies conducted on albino rats during reproduction have
revealed that 2% ascorbic acid in a synthetic ration lacking
in pantothenic acid had a beneficial effect upon reproductive
performance. The presence of the ascorbic acid increased
the birth weight of the young slightly. Pantothenic acid con-
centrations in the tissues of the young at birth and of the
mother were higher when ascorbic acid was included in the.
diet. Blood values for pantothenic acid were comparable to
those of stock young when 2% ascorbic acid was mixed with
the ration while young born to females deprived of both panto-
thenic acid and ascorbic acid possessed lower concentrations.

Newborn rats produced by females receiving neither panto-
thenic acid or ascorbic acid also exhibited some rise in blood
pyruvic acid. The addition of 2% ascorbic acid to the diet
prevented the accumulation of pyruvic acid and the resulting
values were more like those found in young of stock females.

A single variation from the normal was encountered in
histological studies of 4 tissues of the young at birth — that
of a decrease in alkaline phosphatase activity of the adrenal
when the ration of the female contained neither pantothenic
acid or ascorbic acid. When ascorbic acid was incorporated
into the ration the alkaline phosphatase activity was much
like that found in the adrenals of healthy stock young.

The data reveal that in each case where a definite sign of
pantothenic acid deficiency was established, ascorbic acid
lessened the severity of the deficiency and blood and tissue
findings were more nearly like those of normal young. In
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several instances the protection afforded by the ascorbic acid
was equal to that of 100 Jig of calcium pantothenate.
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OSBORNE AND MENDEL AWARD

Ngminations are invited for the Osborne and Mendel Award
of $1000.00 established by the Nutrition Foundation, Inc., for
the recognition of outstanding accomplishments in the general
field of exploratory research in the science of nutrition. It
shall be given to the investigator who, in the opinion of a Jury
of Award, has made the most significant published contribu-
tion in the year preceding the annual meeting of the Institute,
or who has published a series of contemporary papers of out-
standing significance.

The Award will be presented at the annual meeting of the
American Institute of Nutrition.

The recipient will be chosen by a Jury of Award of the
American Institute of Nutrition. As a general policy, the
Award will be made to one person. If, in the judgment of the
Jury of Award, an injustice would otherwise be done, it may be
divided among two or more persons. Normally preference
will be given to research workers in the United States and
Canada, but investigators in other countries, especially those
sojourning in the United States or Canada for a period of time,
are not excluded from consideration. Membership in the Insti-
tute of Nutrition is not a requirement for eligibility and there
is no limitation as to age.

Nominations may be made by anyone. Nominations for the
1955 Award, accompanied by data relative to the accomplish-
ments of the nominee, must be sent to the Chairman of the
Nominating Committee before January 1, 1955.

Chairman, Nominating Committee.
Da. Floyd S. Daft

Institute of Arthritis and Metabolic Disease
National Institutes of Health
Bethesda, Maryland °
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Nominations are solicited for the 1955 Award and a*gold
medal made available by the Borden Company Foundation,
Inc. The American Institute of Nutrition will make this award
in recognition of distinctive research by investigators in the
United States and Canada which has emphasized the nutritive
significance of the components of milk or of dairy products.
The award will be made primarily for the publication of
specific papers during the previous calendar year, but the Jury
of Award may recommend that it be given for important con-
tributions made over a more extended period of time not
necessarily including the previous calendar year. The award
is usually given to one person, but if in their judgment circum-
stances and justice so dictate, the Jury of Award may recom-
mend that it be divided between two or more collaborators in a
given research. The Jury may also recommend that the award
be omitted in any given year if in its opinion the work sub-
mitted does not warrant the award. Membership in the Ameri-
can Institute of Nutrition is not a requisite of eligibility for the
award. Employees of the Borden Company are not eligible for
this honor.

The formal presentation will be made at the annual meeting
of the Institute in the spring of 1955. To be considered for the
award, nominations must be in the hands of the Chairman of
the Nominating Committee by January 1, 1955. The nomina-
tions should be accompanied by such data relative to the
nominee and his research as will facilitate consideration for
the award.

Chairman, Nominating Committee:
W. D. Salmon
Animal Husbandry and Nutrition

Alabama Polytechnic Institute
Auburn, Alabama
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