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INYRODUCTION

I'he search for additional facts coacering the functions of vari-
ous nutrients in animal nutrition continues, with emphasis not only in
single nutrients, but also in two or more nutrients in combination with

each other.

In the laboratory in which the author of this report conducted
the study upon which this thesis is based, two experimental animal
studies previously had been conducted upon single nutrients, which led
to the selection of the study which is reported herein. KErcelie Doss
Todd (25) had worked upon different percentages of protein in an iso-
caloric diet constant in percentage of all nutrients except protein; and
Harriet Cristeen Miller Jolly (13) had studied two extreme levels of as-
corbic acid in diets similar in other respects. In the former study, vast
differences in growth, skeletal status, condition of the soft tissues, rela-
tive weights of vital organs to total body weight, and other factors were
found where the level of protein in the diet was altered. In the latter
investigation, some differences in several of these attributes were indi-

cated with and without a relatively large addition of ascorbic acid.

The present study was designed to ascertain possible interrela-

tionships between protein and ascorbic acid in the diet of the albino rat.

|



In planning the investigation, the author desired to find whether differ-
ent levels of protein as used by Todd with and without massive additions
of ascorbic acid would result in differences in response by experimental
. rats as measured by: growth; food consumption; three blood values—
blood plasma ascorbic acid, total serum protein, and serum albumin;
skeletal maturation and mineralization; relationship of total skeletal
weight to total body weight; and weights of certain vital organs. The
study was continued for a longer period of time than that used by either
of the aforementioned investigators in order to a ccentuate any changes
for which the experimental diets may have been responsible. More-
over, the quantity of ascorbic acid employed was considerably greater

than that used by Jolly ( 13).

It has been well established that ascorbic acid is needed for
the normal metabolism of the aromatic amino acids-—~phenylalanine and
tyrosine—and that ascorbic acid, as well as some of the proteins
(glutathionone), is invoived in the body's oxidation-reduction system.
Other investigators have considered certain aspects of varying levels
of protein, particularly in the growth and blood values of experimental
animals. Weights of certain vital organs have been studied both in rela-
tion to dietary protein intake and ascorbic acid consumption under nor-
mal conditions, as well as those iavolving stress. Also, some of the
effects of massive dosages of ascorbic acid have been investigated to

some extent by previous workers.



It is hoped by the author that this study on protein and ascorbic
acid may offer a new insight into dietary interrelationships in that both
massive dosages of ascorbic acid and varying levels of protein were

used concurrently.



EXPERIMENTAL

EXPERIMENTAL ANIMALS, i{HEIR CARE,
AND THEIR DIETS

DEECRIPTION OF ANIMALS

Forty-eight albino rats from the animal laboratory col.ony of the
College of Household Arts and Sciences, Texas State College for Women,
were selected from five litters, weaned and placed on experiment at
the age of 21 to 22 days. Three males and three females were placed
on each of the eight dietary leveis, as described below. Zach level con-
tained three pairs of rats; each pair consisted of one male and one fe-
male from the same lifter whose combined weight was 93 to 95 grams.

The weights of animals on each treatment averaged 46. 8 grams per rat.

HOUSING OF EXPERIMENTAL ANIMALS

The animal laboratory in which the experiment was conducted
was maintained automatically under constant conditions of temperature
(between 72° and 4740). Autornatically controlled lighting assured equal
periods of daylight and darkness. Individual Bussey 464A60 cages,
known ag the Insula type, were housed in a five-deck battery containing
60 cages. These cages, 7.0 inches wide, 9.5 inches deep, and 7.5

inches high inside measurement, were closed on the back and sides

4



with 21-gauge galvanized steel and on the {ront and floor with 16-gauge

galvanized wire of one-half inch mesh.

DESCRIPTION Qi DIETS

The experimental diets for four groups of animalis were as
nearly devoid of ascorbic acid as possible and contained four levels of
protein. Two intermediate levels, as suggested by the Wistar Insti-
tute as the most desirable, as well as one lower and one higher ievel
of protein were chosen. Another series of diets containing the same
four levels of protein were supplemented with one per cent of ascorbic
acid. All diets were made isocaloric by substitution of vitamin-test
casein for cornstarch as the protéin content of the diets increased,
These diets were selected after consulting those directing this study
and reading literature on the subject. The composition of the diets
is given in Table I. 'Table II lists the amino acid content and Table III
contains the mineral content, while the vitamin content of the diets is

given in Table IV,



COMPOSITION OF EXPERIMENTAL DIETS

TABLE I

1

PART A—INGREDIENTS IN 600-GRAM PORTION

Ingredients in
600-Gram

3. 2% Protein

25. 2% Protein

40, 2% Protein

78, 2% Protein

Portion of Diet in Diet in Diet in Diet in Diet
Casein 0 132 222 450
Cornstarch 480 348 258 . 30
Dessicated —

liver 24 24 24 24
Salt mixture
No. 1I, 24 24 24 24
U.8. P, XIII
Corn oil 60 60 60 60
Cod liver oil 12 12 12 12
Gram total of

ingredients 600 600 600 600

10ther constituents added to the 600-gram portion of diet were:
5 mg. thiamine chloride; 5 mg. riboﬂavm. 5.6 gm. calcium lactate; and
500 mg. alpha tocopherol.

The four diets outlined above represent those to which no ascorbic
acid was added. Ascorbic acid to the extent of 1 per cent was added, re-
spectively, to form additional identical diets, giving a total of eight dis-

tinct diets.




TABLE I

COMPOSITION OF EXPERIMENTAL DIETS

(CONTINUED)

PART B-—=CALORIE CONTRIBUTICNS FOR RESPECTIVE
iGREDIENTS IN THE DIET

Ingredients in
600-Gram

3. 2% Protein

25. 2% Protein

40, 2% Protein

78. 2% Protein

Portion of Diet in Diet in Diet in Diet in Diet
Casein 0 528 888 1,800
Corastarch 1,920 1,392 1,032 120
Dessicated

liver 384 334 384 3384
Salt mixture
No. II, 0 0 0 0
U.S.P. X1II
Corn oil 540 540 540 540
Cod liver oil 108 108 108 108
Calorie total of 4
ingredients in 2,952 2,952 2,952

600-gram por-
tion of diet

2, 952







TABLE 1I

ESSENTIAL ARKINDO ACID CONYENLY OF THE DIETS

*

O THL BASIS O0F A TEN-GRAM PURTIOK
s o o |
CF HE DIST

Lssential Amino Acids
Protein and Amnino

Acid Groups
Liysine | fryptophane | Histidine | Phenylalanine

Percentage amino
acids required per
19-gram portion
of diet ' 0. 1u . 62 .04 6. 97

3. 2% Proiein in diet

A, Per cent amino
acids i casein in
10-gram portion
of diet 0. 90 g. 00 3. 00 J.0v

B. (A £ liver.) io-
tal per cent amino
acids in 10-gram
portion of diet G, 1o .02 0. 04 0.12

. Plus or miaus the
requirement of

aminu acids Ade- Ade- ide - 0. 05
quate quate guate

l'I'odd. Ercelle Doss (25).




TABLE II—CONTINUED

Essential Amino Acids

Leucine | Isoleucine Threonixia Methionine | Valine | Arginine
0.09 0.05 0.06 0.06 0. 07 0.02
0.00 0.00 0. 00 0.00 0.00 0.00
0.15 0.08 0.09 0.05 0.1¢ 0.10

£0.06 <£0.903 0,03 - 0.01 +£0.03 +0.08




TABLE 11-—-CONTINUED



TABLE 1I-—CONTINUED
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TABLE 1l1—~CONIINUED

Protein aad Amino
Acid Groups

Lasential Amino Acids

l.ysiue

fryptophauae

Histidine

Pheaylalanine

25, 2% Protein in diet

A. Per cent amino
acids in casein
in 10-gram por-
tiou of diet

G. 15

o
(=
¥

.90

G.11

B. (A £lver.) io-
tal per cent
amino acids ia
10-gram portion
of diet

8,96

0,19

U.23

G, Flus or minus
the requirement
of amiao acids

h
€

.
L
L3

A£8.00

e
<>
=
™

40, 2% Protein in diet

A, Per cent amino
acids in casciu
in 10-gram por-
tion of diet

0.67

.10

{ o

B. (A £livez.) Lo-
tal per ceat
amino acids in
10-gram portion
of diet

U. 36

u. l-ﬁ

v. 32




TABLE II1—-CONTINUED

11

Egsential Amino Acids

Leucine | Isoleucine | Threonine | Methionine | Valine | Arginine
0.27 0.14 0'. 09 0.08 0.15 0.08
0.42 0.22 0.18 6.13 0.25 0.18

+0.33 +0.17 40,12 #0.07 +0.18 +0.16
0.46 0. 24 0.14 0.13 .26 0.14
0.61 0. 32 0.23 0.18 0.36 0.24




—CONLINUED



TABLE 11-~CONTINUED
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TABLE _I_{—-C-Z“!i‘%’fli\'ia’]ﬁ;l}

Protein and Amino
Acid Croups

Ispeantial Amino Acids

iLysine

irypiophaae

Histidine

vheayiaianine

40. 2% Protein in diet
{continued)

C. Plus or minus
the per cent re-
quire:aent of
amino acids

£u. 26

A0.14d

78. 2% Protein in diet

A, Per cent arinoe
acids in casein in
1d-gram portion
of diet

d. 52

0' 1‘}

G.3?

B. (& £ liver.) io-
tal per cent
amino acids in
10-gram portion
of diet

g, 62

u, 16

9, 24

V. 51

C. Plus or minus
the per ceat re-
guiremeat of
amino acids

=
©
-

w
)

‘#l)- 1‘6

£, 20




TABLE 11-—-CONTINUED

13

Easential Amino Acids

Leucine | Isocleucine | Threonine | Methionine | Valine | Arginine

£0.52 £0.27 % 0.17 £0.12 4£0.29 £0.22
0.93 0. 49 0.29 0.26 0.53 0.29
1.08 0.57 0.38 0.31 0.63 0.39

+0.99 £0,52 40, 32 +0.25 40,56 +0.49




ENDOF TABLE I1
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TABLE III1

MINERAL CONTENT OF THE DIETS ON THE BASIS
1

GF A TEN-GRAM PORTION OF DIET

Composition of Salt Mixture No, 1I, U.S5.P. XIIi,
Plus Added Caicium Lactate and
Potassium lodide

Mineral Require- | Mineral Content | Relationship

Minerals ment for 10-Gram of 10-Gram to the Re-
Portion Portion quirement
Calcium 40-50 mg. 50 mg. Adequate
Phosphorus 35-45 mg. 40 mg. Adequate
Iron 0. 25 mg. 2.7 mg. +2.45 mg.
Magnesium 0.5 mg. per
kilogram of 11.0 mg. +10.5 mg.

body weight

Potassium Males, 15 mg. #5.0 mg.
Females, 8 mg. 20. 0 mg. +412.0 mg.
Sodium 0. 5% of diet 1.0 mg. Adequate

Chlorine 5.0 mg. 10.0 mg. +5.0 mg.
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TABLE IIl——CONTINUED

Composition of Salt Mixture No. II, U.S.P. XIII,
Plus Added Calcium lLactate and
Potassium lodide

Mineral Require-~ Mineral Content | Relationship
Minerals ment for 10-Gram of 10-Gram to the Re-
Portion Portion quirement
iodine 1 to 2 mcg. 800 mcg. Adequate
Copper 0.1 mg. 0.3 mg. +40. 2 mg.
Zinc 40. 0 mcg. 56. 0 mcg. +16.0 mcg.
1

Todd, Ercelle Doss (25).




TABLE 1V

16

VITAMIN CONTENT OF THE DIETS ON THE BASIS

OF A TEN-GRAM PORTION OF DIET!

Composition of Liver and Cod Liver Oil Plus Added

Alpha Tocopherol, Thiamine Chloride,

and Riboflavin®

Vitamin Require- Vitamin Content Relationship
Vitamins ment for 10- of 10-Gram to the
Gram Portion Portion Requirement
FROM LIVER
Thiamine 10 mcg. 8,006 mcg. Adequate
Riboflavin 40 mcgy. 8, 000 mcg. Adequate
Nicotinic acid None 0.1 mg.
Pyridoxine 10 mcg. 13 mcg. £3.0 rﬁcg-
Choline 2 to 3 mg. 8 mg. +5.0 to 6.0
ms.
Pantothenic 250 mg. dried
acid liver or 100
meg. calcium 00 ug. i g
pantothenate
Folic acid None 3 mcg.




TABLE IV -—-CONTINUED
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Composition of Liver and Cod Liver 0il Plus Added
Alpha Tocopherol, Thiaméne Chloride,

and Riboflavin

Vitamin Require- Vitamin Content Relationship
Vitamins ment for 10- of 10-Gram to the
Gram Portion Portion Requirement|
Ba None 0.4 mcg.
Alpha toco-
pherol 1.0 mg. 1.0 mg. Adequate
FROM COD
LIVER OIL
Vitamin A 4 mcg. 170 1. U. Adequate
Vitamin D Not required if
calcium-phos- 17 1. U. Adequate
phorus ratio is
1:1 to 2:1

1

2 pscorbic acid-supplemented diets contained 1 per

acid.

Todd, Ercelle Doss (25).

cent ascorbic
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METHOD OF FEEDING AND RECORDING FOOD CONSUMPTION

Fresh water was givern to the experimental animals daily and re-
frigerated food was supplied as needed, both being given ad libitum,
Food consumption was calculated by weighing the food and food container
initially and reweighing it before fresh food was added to supplement that
which had be?n eaten. A recozd of the food consumption of each animal

was kept and totalled weekly.

GROWTH RECORDS

The growth records were kept in terms of the weights of the
animals at the beginning of the experiment and weekly thereafter, using

the same animal balances at all times.

EXTENT OF EXPERIMENT

All animals were kept on experiment for 140 days, unless death

occurred before the close of this period.

BLOOD ANALYSES

Blood samples from free-flowing tail punctures were taken at
specified intervals from one male and one female from each protein
level except the lowest (3. 2 per cent). Their times on the experiment
ranged from 89 to 94 days, with an average time on the experiment of
91 days. Using the same rats, final blood samples were collected at

140 days on the investigation.
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Because of the small amount of blood obtainable from animals
on the 3. 2 per cent protein levels, four exira animals, two male and
two female, were placed on the experiment and sacrificed shortly before
death was anticipated, as indicated by extreme deficiency signs. With
the anesthetized animal still alive, an incision was made ints the chest
cavity; and blood was removed by cardiac puncture, These samples
were taken at 45 days.

Blood samples were collected in 5-ml. oxalated centrifuge tubes
and centrifuged for ten minutes at 1800 r.p.m. The serum layer was re-
moved by means of a long-stem pipette to a small test tube, Serum
samples of the male and female from each dietary group were combined
0 that there would be a sufficient amouat for the tests.

Determination of plasma ascorbic #cid was made immediately.
The remainder of the serum was quick-frozen and later used for total
protein and albumin determinations, insofar as the quantity of sample

would permit,

-

DETERMINATION OF BLOOD PLASMA ASGORBIC ACID

The ascorbic acid content in the plasma was determined by an
adaptation of the method used by Farmer and Abt (23 ).
From the sample, 0.2 ml. of plasma was transferred to a 15-ml,

centrifuge tube. With the same pipette, 0.3 ml. of distilled water was

added, thus washing out the pipette. Next, 0.4 ml. of 5 per cent
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metaphosphoric acid was added; the mixiure was stirred, and centrifuged
for at least five minutes. |
Eight-tenths milliliter of dye acetate solution was measured into
a microcolorimeter tube. The supernatant fluid was removed without
contamination by precipitation, and exactly 0. 3 ml. was added to the dye
acetate golution in the microcell. This was stirred immediately, the
plunger placed in position, the cell inseried into the Evelyn micro-
colorimeter and the galvanometer reading taken in 30 seconds. The

sample was blanked with ascorbic acid and the blank reading taken.

DETERMINATION OF TOTAL SERUM PROITEIN AND
SERUM ALBUMIN

Total protein and albumin was determined on the final blood
samples by the Kingsley method ( 9 ).

Each frozen sample of uahemolized serum was thawed and 0,5
ml, transferred to a graduated centrifuge tube. Twenty-three per cent
sodium sulfate solution was added to the 10-ml. mark and contents
of the tube mixed by repeated inversions; and a 2-ml. portion of the
suspension was removed by pipette and placed in a separate small test
tube. This tube was used for the determination of total protein. Three
milliliters of ether were added to the remainder of the suspension in
the centrifuge tube, stoppered, and shaken vigorously. This was cen-

trifuged for about five minutes., After ceantrifuging, a 2-ml. portion



21

of the clear fiuid below the white layer of packed globulin precipitate was
removed by means of a pipette and iransferred to 2 second test tube to
be used for albumin determination.

Four milliliters of a special biuret reagent were added to each
tube, followed by 2 to 3 ml. of ether. These were stoppered, shaken
vigorously, and centrifuged for five minutes. By means of a pipette, the
solution under the ether layer was transferred to the cells which were
used for determining density of these solutions in the Klett Electropho-
tometer. Readings were made within the next 10 to 20 minutes.

The electrophotometer was set at zero, using a blank made of
distilled water and biuret reagent and the 540 Mu filter. Next, the two
solutions for determining total protein and albumin were read. The
readings on the electrophotomneter were plotted on a graph, against a
standard serum.

An insufficient amount of plasma from the 45-day samples taken
from the animals on 3.2 per cent protein, as well as the 91-day sampies
from the animals on 25. 2 per cent, 40.2 per cent, and 78. 2 per cent
protein, prevented the use of the Kingsley method for serum protein and
serum albumin determinations. Instead, total protein was determined
by the Falling Drop method.

By means of a Guthrie Pipette Controller, the #alling Drop

technique involved releasing a drop containing 1/100 ml. of serum into
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a Falling Drop tube filled with xylene-bromobenzene mixture. The drop
was timed as it passed between two marks, 30 cm. apart, engraved on
the tube. A stop-watch calibrated in 1/10 seconds was used and the time
recorded. The temperature of the water bath, which was the same as
the standard solution and the serum, also was recorded. The apparent
density difference of the serum and of the standard solution then was
found by means of an Alignment Chart., The specific gravity of the serum
was calculated; and, from charts, the grams of protein per 100 ml. of

serum wasg found.

VITAL ORGANS

DISSLCVING TECHNILUE AND SUBSEQUENT PROCEDURE

T'he technique described by Donaldson ( 5 ) was used, as fol-
lows:

Lungs: The lungs were severed from the trachea and the
portion of the esophagus usually taken out with them was removed.

Spleen: The vessels were cut close to the hilium.

fidneys: All vessels were cut close to the hilium and all su-
perficial fat removed.

Liver: The vessels were cut close to their entrance into the

liver and the bloodin the larger vessels gently pressed out.

Suprarenals: The suprarenals were removed from all over-

lying fat and the main vessel severed close to the organ.
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festes: The epididymis was removed before the testes were
weighed. As much of the fat was removed as possible.

Heart: The heart was removed after cutting all of its vessels
close to their proximal ends. It then was opened by a longitudinal slice
through its walls and the blood clots removed from the cavities, thus
cxposed,

Brain: The bones from the skull were removed from above
with care to preserve the paraflocculi which lie in boay pockets., The
brain was severed from the cord at the level of the first cervical nerve.
‘The brain thea was removed frorn the floor of the cranium.

ihe vital organs were weighed immediaiely upon digsection with

a fisher Gramrmatic balance,

DETLERAMINATION OF PERGCENTAGE OF BRAIN MOISTURE

To determine the water content of the brain, all brains were
oven dried at 60° C. until a constant weight was obtained., The weights
of the dehydrated brains as well as the percentage of water of each brain

were recorded.

RECURDS OF SRELETAL STATUS

PRODUCING THE X-RAY FILMS

Periodic X-rays were taken of all of the rats in order to deter-

mine the rate of growth and the mmaturation of the skeleton, as well as
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to provide X-ray material for measuriag bone density. Aateroposterior
views of the left front foot were taken weekly throughout the period of the
tests, or until the time of final closure of the metacarpals and phalanges.
Particular care was tacea in immobilizing the rat so that the carpal area,
the metacarpals and phalanges, 2s well as the distal ends of the radius
and ulna, were shown. The anteroposterior view was selecied for deter-
mination of the rate of skeletal maturation in the rat, since it is coin-
parable to the standard view of the hand used for human maturation evalu-
ation, as presented by Todd (26 ), Greulich and Pyle ( 8 ). A lateral
view of the right rear leg, showing the distal end of the femur, the
tibia, and the fibula, as well as the os calcis, was takea at the time of
the initial test and monthly thereafter for the duration of the experiment.
The film used was SEastman double-coated acetate base No-
Sereen X-ray film, Cordboard exposure holders were used. Dy means
of a changeable lcad-rubbe;r protective covering for the hands of the
person holding and iinmiobilizing the animal, four exposures were made
on each § x 10-inch film, with all quadranta of the film except that being
exposed covered with a lead-rubber plate. The distance was decreased
from the normal 30 inches to 15 inches in order to facilitate shorter ex-
posures. Since the intensity of X-radiation varies with the square of
the change in focal-film distance, exposures at 15 inches require only

one fourth of the milliampere-seconds needed at the standard 30-inch
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distance. A short time was essential in the X-ray exposure of living
rats. A General Electric Model ¥ Type 4 Shockproof X-ray Unit was
used, which has a power output of approximately 50 kvp. KExposures of
one-eighth second were made at 15 milliamperes.

In order to provide adeguate proteciion to laboratory personnel,
the X-ray films were taken in a lead-lined protective box equipped with
a lead-glass viewing window and adequate working illuminatio<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>