


This is to certify that the

thesis entitled

'A Study of Rachitogenic Diets with Special Reference
to the Value of Lysine Supplementation'

presented by

Te-shing Yang

has been accepted towards fulfillment
of the requirements for

“c s. deg‘ree in chmi ’t!y

C Q. Hf T

Major przlfs$r

May 27, 1949

Date

0-169






A STUDY OF RACHITOGENIC DIETS WITH SPECIAL
REFERENCE TO THE VALUE OF LYSINE
SUPPLEMENTATION

By
Te-shing Yang

A Thesis
Submitted to the School of Graduate Studies of Michigan
State College of Agrioultural and Applied Science
in Partial Fulfillment of the Requirements
for the Degree of
MASTER OF SCIENCE

Department of Chemistry

June, 1949



—ALIVIAY I K

7E120/5
YR




ACKNOWLEDGMENT

The writer of this thesis wishes
to express her deep gratitude to
Dr. Carl A. Hoppert, for his en-
couragement in carrying out the

investigation, and for his kindly

assistance and oriticism through-
out these studies and in the pre-

paration of the manuscript.

218017



TABLE OF CONTENTS

Introduction « . . ¢« ¢« « ¢ 4 ¢ . . .
Historical Review. . . « . « « « ¢« &
Experimental Procedures. . « « . .« .

I, Preparation of Rations. . .

II., Determination of Caloium
and PhosphoTus. « « o« ¢ o &

III, Care of Animals . . « « « o
IV, Line Test . . ¢« ¢« ¢« ¢« ¢ « @

Data . . ¢« ¢ ¢ ¢ e 0 0 e e e e e
Table I . . ¢« . ¢ & ¢ ¢ ¢ o & &
Experiment I. . . . « ¢« « . . .
Experiment II . . . . « . . « &
Experiment III, . . . . . . . .
Experiment IV , . . . . . . .
Experiment V. . . . . « . ¢« « &
Experiment VI . . . « « ¢« « ¢« &
Experiment VII, . , « « « « .« .
Experiment VIII , , . . . « «
Experiment IX ., . ., . « « « o« .

Results and Discuseion . . . . . . &

Summary and Conclusion « . . « « o &

Bibliography . L] L] . . L] L] ° L L] L] L]

0w O W«

13
14

15
15
16
18

30
33
34
25
37

29
30
33
37
38



INTRODUCTION

Although many attempts have been made to determine
vitamin D with both physical and chemical methods,
none of these methods can as yet compete with the
biological in sensitivity. The rat assay method is
8t11l commonly used and recognized as standard for the
determination of vitamin D intended for use by mammals,
including man, This method involves the production of
rickets by the use of & suitable diet. In spite of the
years of extensive use of rachitogenic diets the pro-
blem of obtaining uniform composition and subseguent
uniform produotion of rickets has not yet been solved,

The classical rachitogenic diets, devised by early
workers, have long been subjected to study, but rela-
tively little progress has been made in improving them,
The variability of the ingredients used in the diet
gave rise to different results in different laborator-
ies. The animals given these diets usually have low
resistance to disease, and frequently a few die during
the period of preparation. Some of the animals do not
develop satisfactory rickets because of insufficient
growth, The need therefore exists of improving the
diet both from the standpoint of assuring greater uni-
formity and, 1f possible, of reducing the time needed
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to develop a suitable degree of rickets and to test for
vitamin D in various products.

The present study was carried out in the hope that
a more satisfactory diet could be developed., Special
attention was given to the use of lysine supplementation,
This is based on the fact that cereal proteins are gener-
ally low in lysine and growth on cereal diets can be
appreciably improved by the addition of this amino acid.
A supply of the DL-lysine monohydrochloride was made
available for this study by Dr. Wadell of the Du Pont

Company of New Jersey.



HISTORICAL REVIEW

A few years before vitamin D was known to the world,
experimental rickets was intensively investigated by a
number of workers. Among them MoCollum, Simmonds, Shiplpy,
Park, and Pappenheimer are all well known in this field.
Starting from the year 1920, a series of papers under the
title "Studies on Experimental Rickets® was published.
(1, 2, 3, 4, 5, 6, 7), Various phases concerning riokets
and the antirachitic substance were thoroughly studied.

McCollum and his coworkers (1) first used rats to
produce experimental riokets. They found that certain
diets, when fed to young rats, produced various distur-
bances in growth and development of the skeleton. These
diets had in common the production of irregularities in
the ocalcification of the intercellular substance of the
proliferative cartilage or absence of lime salt deposi-
tion from the matrix of the tissue, At that tim§ they
attributed the condition to & deficiency in fat-soluble
vitamin A and calcium,

Following the firet experiment, MoCollum and his
coworkers (2) further observed that, with the addition
of cod liver oil to the diets, a fresh deposition of
lime salt between the cells of the proliferative zone

of ocartilage could be observed. The deposition of ocal-
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cium salts was linear, the width of the line apparently
depending on the length of time that the animals had been
fed cod liver oil.

A year later MoCollum and his coworkers (5) sug-
gested the name "line test" for this method of determining
the antirachitic activity of a product. The essential
point of the test was the ability of a given substance to
cause reappearance of a provisional zone of calcification
in the epiphyseal cartilage of animals with severse rickets,
The reliability of the test dependsd upon a suitable diet
which could produce bones with calcium-free epiphyseal
cartilage and metaphyses.

Much work and effort has been put into the development
of rachitogenic diets. Hess, MoCann and Pappenheimer (8)
failed to produce rickets on a diet deficient in vitamin A,
After many trials, MoCollum and his coworkers (3) in 1921
were able to develop a comparatively satisfactory rickets-
producing diet known as MocCollum'e Diet 3143, which was
composed of yellow maize 33%, wheat 33%, gelatin 15%, wheat
gluten 15%, sodium chloride 1%, and caloium oarbonate 3%.
They indicated the diet must have : (1) a specific dispro-
portion in the calocium-phosphorus ratio, the phosphorus
being low, the calcium relatively high, and (3) an insuf-
ficienoy of the antirachitic substance. With this diet
McCollum (4, 6) was able in 1922 to demonstrate the exist-
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ence of vitamin D.

In a more detailed study of the fat-soluble vitamin,
Steenbock and Black (9) found that MoCollum's Diet 3143
induced too much variation in the production of rickets,
due to an insufficiency of vitamin A and too much protein.
They suggested that a diet composed of yellow corn 76%,
wheat gluten 20%, ocalcium carbonate 3%, and sodium chlo-
ride 14 would give far more consistent results. It also
had the advantage of greater ease of preparation, and re-
duced cost. Steenbock and Black's Diet 3965 together
with McCollum's Diet 3143 were soon adopted by many labor-
atories for the determination of vitamin D from various
sources., Due to their wide application these diets were
studied from different angles by many workers,

The first point of attack was the phosphorus con-
tent and the calcium-phosphorus ratio. The importance
of these elements had been pointed out by McCollum and
his coworkers (3, 5) in the early studies. Karelitz
and Shohl (10) first stated that the addition of phosphate
to a rickets-producing diet would cause healing of rickets,
Shohl, Brown, Rose, Chapman, and Saurwein (11, 13) in a
series of experiments, varied the amount of calcium oar-
bonate and sodium dihydrogen phosphate which were added
to the modified Steenbock and Black's Diet 2965, causing

various levels and ratios. With the same ratio of ocal-
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cium and phosphorus, a diet was shown to become progres-
sively less rickets-producing as the salt level was raised.
Within the range used, the greater the ratio at a given
level of phosphorus, the more severe would be the degree
of rickets. When phosphorus was very low (0.127) rickets
could be obtained at any calocium phosphorus ratio. The
production of rickets with a high calcium diet was impos-
sible when the phosphorus content was more than 0.5%,
With a 8till higher ocalcium-phosphorus ratio, as 13:1,
24:1, or 56:1, a less severe degree of rickets resulted,
but such animals would die early without gain or loss in
weight. The optimal calcium-phosphorus ratio (13) for
the production of rickets probvably lay between 4 and 5
to 1.

As for the effect of the acid-base content in a
rickete-producing diet, Shohl and his coworkers (14)
made a number of observations. By analysis, the bone
showed greater ash content with the neutral diet, smaller
with the alkaline diets, and least with the acid diets.
Later studies by Shohl (15, 16) indicated that the acid
diet tended toward the produotion of more severe riokets,
since alkalinity caused a diminished activity on the ion-
ization of calcium. This factor was directly related to
the blood alkalinity, btut its mechanism 1s 8till not

clearly understood.



The composition of the yellow corn used in the Steen-
bock Diet was studied extensively. Holmes and Tripp (17),
upon analyzing samples of the Steenbock Diet from different
laboratories, obtained variations in ash, calcium, and
phosphorus content. Harris and Bunker (18, 19) determined
the calcium and phosphorus in forty samples of corn and
found considerable variation. Rachitogenic diets made
with these varieties of corn had oalcium~-phosphorus ratios
ranging from 3.98:1 to 6,7:1. Such variations are of suf-
ficient magnitude as to produce different degrees of rick-
ets,

Other factors which might have influenced the rachi-
togenio diet were the variation of protein and vitamin A
content and the fineness of grinding. (13, 17)

Modification of the Steenbock Diet 2965 was made by
Ma (30) in 1937. Table corn meal was used 1nétead of or-
dinary ground corn, With the addition of 35% ocatmeal and
14 dried yeast, a comparatively satisfactory rachitogenic
diet was obtained.

In 1947 Bills (13) gave a very comprehensive review
of the determination of vitamin D by the rat assay method.
He mentioned that the U.S.P, method 8till referred to Mo-
Collum's Diet 3143 and Steentock's Diet 2965 as standard
rachitogenic diets. Young rats weighing just over 44

grams were put on either one of the rachitogenic diets for
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a preparatory period of 31-24 days. Those rats weighing
between 60-80 grams were used and continued immediately
for a 7-day test period. The results were judged by the
*line test".

A more recent study by Francis (31) called attention
to the amino acid requirement of the rate. By comparing
the amino acid content in the Steenbock's Diet 2965 with
the rat's requirement as determined by Rose in 1937, the
data indicated that the diet provides ample quantities of
all amino acids save lysine. With the addition of 0.54
lysine to the diet, a satisfactory degree of rickets
ocould be produced in sixteen days. As pure lysine was
too expensive to be used in experiments, blood fibrin was
tried in the place of lysine and found to be unsatisfactory.

The successful practical syntheeis of DL-lysine mono-
hydrochloride by the Du Pont Company has renewed interest
in the use of this amino acid product not only for improv-
ing the growth-promoting properties of rachitogenic diets,
but also of practical mixed feeds containing chiefly cereal

products.



EXPERIMENTAL PROCEDURES

I, Preparation of the rations:

The rachitogenic diets were prerared on the day
that a group of young rate was available for experi-
ment. Usually 1 kg. of each ration was prepared at
the beginning of the experiment. Each ingredient was
weighed carefully on the triple beam balance. Yellow
table meal, which composes the bulk of the ration, was
weighed out first and transferred to a mixing pan.
The other ingrediente were weighed out carefully,
transferred to the mixing pan, and mixed thoroughly
with the yellow table meal. The portions to be used
were imnmediately transferred to Fisher cups and the

rest stored in brown bottles.
II, a a m :

1, Determination of calcium. Method from A.0.A.C.
1945, Sixth Edition (32).
a. Ingredientes other than calcium carbonate and
common salt.
Triplicate 5-10 grams of finely ground seamples
were weighed carefully into a porcelain crucible.
These were ashed in a muffle furnace until carbvon-free.

Then the ash was moistened with 1 ml. of concentrated
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nitrioc acid. This was followed by drying the contents
and again carefully igniting in the muffle furnace till
white-colored. After the ash was allowed to cool, 5 ml,
of hydrochloric acid was added, allowing the acid to
rinse the upper portion of the dish. The material was
now evaporated to dryness on a steam bath, The residue
was dissolved by adding an accurate measure of 2.C ml,
hydrochloric acid. This was heated for five minutes on
a steam bath with & watch glass on the dieh, Afterwards
the watch glass was washed with water and the residue
filtered into a 400-ml. beaker and diluted to 150 ml,
Into the solution 10 drops of bromocresol green
indicator were added and then sufficient 20% sodium ace-
tate solution to change the PH to 4.8 - 5.C (blue),
Then the beaker was covered with a watch glass and the
solution heated to boiling. The calcium was precipi-
tated slowly by adding 3% oxalic acid solution, & drop
every 3-5 seconds, until the PH was changed back to
4.4 - 4.6, indicated by the appearance of a dietinct
green shade, This solution was boiled for 1-2 minutes
and allowed to settle overnight or until clear. The
supernatant liquid was filtered through a fritted glass
crucible and the beaker and preciritates washed with
about 50 ml, of ammonium hydroxide (1450) in small por-

tions, using a wash bottle which would deliver a very
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small stream. The crucible together with the precipitate
was then transferred back to the original beaker, and 125
ml, water and 5 ml. sulfuric acid were added at a temper-
ature of 80-90° C. with 0,05N potassium permanganate until
& 8light pink color was obtained. The titration result
was corrected with a blank titration and the percentage of

calcium in the samples calculated.

b. Calcium carbonate and common salt, Modified meth-
od from William and Furman's "Elementary Quantitative
Analyseis", Third Edition (233).

Triplicate 0.5 grams samples of calcium carbonate
(5 grams samples of common salt) were weighed into a
400-ml, beaker, 230 ml, of water and 5 ml, of concentrated
hydrochloric acid were added. The beaker was covered with
a watch glass and the mixture was then heated until die-
solved. The sides of the beaker and watoch glass were then
rinsed and the total volume of the solution was diluted to
150 ml.

The precipitation and titration were carried out as

previously described.

2. Determination of phosphorus. Method according to
A.0.A.C. 1945, Sixth Edition (33),
Triplicate 5-10 grams of samples were weighed aoocur-

ately into 500-ml Kjeldahl flasks., 5 ml, of oconcentrated
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nitrio aoid and 10 ml, of concentratel sulfuric acid were
added to each flask in the hood. 5 grams of potassium
nitrate was added at once and the flask was allowed to
stand in the hood until the violence of the reaction was
over. Then 50-70 mls. concentrated sulfuric acid was
added to each flask and the mixture was then digested to
the point where the solution had become nearly colorless.
After cooling, 150 ml, distilled water was added and the
solution boiled for a few minutes. The solution, after
cooling, was filtered into & 300-ml. volumetric flask and
diluted to volume,

A 50-ml. aliquot was pipetted into a 250-ml. beaker,
Into the solution ammonium hydroxide was added in slight
excess, A few drops of nitric acid were added to dis-
solve any precipitate formed. The solution was stirred
vigorously and fifteen grams of orystalline ammonium ni-
trate added, 60 ml, of the molybdate solution was then
added and the solution digested at about 65° C. for one
hour. The yellow precipitate was filtered and washed
with ammonium hydroxide solution (149) and then dissolved
from the filter with ammonium hydroxide (14#1) and hot
water into a beaker to a volume of not more than 100 ml.
The solution was then neutralized with hydrochloric acid,
using bromothymol blue as the indicator and then cooled.

15 ml. of magnesia mixture was added slowly from a burette
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(about one drop per second) and the solution subjected

to vigorous stirring. After 15 minutes, 12 ml. of con-
centrate ammonium hydroxide was added. The solution was
allowed to stand until the supernatant liquid was olear,
The precipitate was then filtered and washed with ammon-
ium hydroxide solution (149) until the washings were
practically free from chlorides. The precipitate was
then dried and burned at low heat and ignited to constant
weight in an electric furnace at 950°-1000° C. The resi-
due was cooled in a desiccator and weighed as MgsP30,.
From this the percentages of phosphorus of the samples

were calculated.

Young rats approximately three weeks of age and
weighing 45-55 grams were placed on the rachitogenic
diet in separate cages, Tap water was given ad libitum,
Weights were recorded at the end of each week, At the end
of two or three weeks, when most of the animals gained at
least 20 grams, they were put on a supplemental diet for
from 5-10 days. At the end of the test period the rats
were killed by ether vapors, The radii were removed for

the line test.
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IV, Lipe test:

The wrist bones, after being preserved in 95% alco-
hol for at least 24 hours, were split and then immersed
for 2 minutes in 27 silver nitrate solution., The bones
were then transferred to a small porcelain dish contain-
ing distilled water and exposed either to natural or
artificial light until a desired darkness developed in
the calcified area of the bone. Results were then judged
by observing the epiphyseal line of calcification.



DATA

TABLE I

The calcium and phosphorus content of various ingredients,

NAME OF INGREDIENT 4 CALCIUM ¢ PHOSPHORUS
Yellow table meal 0.00561 0.158
Yeast 0.00167 1.135
011 meal 0.438 0.925
Wheat gluten 0.0832 0.3786
Casein 0.647 1.088
Whole wheat 0.0566 0.338
Gem Iodized salt 0.0236 --
Morton's Iodized salt 0.0379 --
Calcium carbonate 39,85 -
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EXPERIMENT I

TABLE II

Composition of rachitogenic diets,

Name of Ingredient No. of Diet

1 2 3 4 ) 8
Yellow table meal 73% 72% 684 634 684 684
Wheat gluten 20 20 35 30 20 20
Cagein (orude) - -- - - 5 -
041 meal - -- - -- -- 5
Yeast 3 4 3 3 3 3
CaCOg 3 3 3 3 3 3
NaCl 1 1 1 1 1 1
Ca % 1,33 1,22 1.22 1.33 1.25 1,34
P 4 0.204 0.214 0,310 0.316 0.251 0.243
Ca:P 5,95 5.,70 65,81 5.68 4,99 5.13
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TABLE III
Growth response of young rats fed the above rachitogenic diets.
Average Av., Wt. Av, Wi, Av, Wt,

No. of No, of Initial End of Gained Gained
Diet Rats Weight 3 weeks 3 weeks Dailly

grams grams grams grams
1 8 47 73 36 1.2
3 8 49 77 28 1.4
3 7 50 76 26 1.3
4 7 50 83 33 1.5
5 8 46 80 34 1.8
6 7 47 77 20 1.0

Line test:

2 drops of standard cod liver oil containing 5 U.S,P.
units given by mouth on the first day of the test period.
The rats were continued on the same rachitogenic diets for
10 days.

Resgults:

All groups gave good responses,
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EXPERIMENT II

TABLE IV

Composition of rachitogenic diets.

Name of Ingredient No. of Diet

3 _ 4 8
Yellow table meal 72% 714 71.5%
Wheat gluten 20 20 20
Yeast 4 4 4
CaCOy 3 3 3
NaCl 1 1 1l
Lysine - 1 0.5
Ca % 1.33 1.22 1.33
P 4 0.314 0.211 0.213
Ca:P 5.70 5.73 5.73




TABLE V
Growth response of young rats fed the above rachitogenic diets.
Average Av. Wt., Av, W§, Av, Wi,

No., of No. of Initial End of Gained Gained
Diet Rats Weight 3 weeks 3 weeks Dally

grams grams grams grams
2 13 51 76 35 1.2
7 13 50 85 35 1.7
8 12 51 84 33 1.5

Lipe test:

1 drop of standard cod liver oil (5 U.S.P. units)
was given by mouth on the first and sixth day of the
test period, the rats being kept on the same rachito-

genic diets for 10 days.

Results:
All groups gave very good responses.



EXPERIMENT III

TABIE VI

Composition of rachitogenic diets.

No. of Diet

Name of Ingredient 1 9 10 11 13 13
Yellow table meal 73% 73.8% 687 67.5% 63%  62,5%
Whole ground wheat - -- 5 5 10 10
Wheat gluten 20 20 20 30 30 20
Yeast 3 3 3 3 3 3
CaC0; 3 3 3 3 3 3
NaCl 1 1 1 1 1 1
Lyeine - 0.5 - 0.5 -- 0.5
Ca % 1.2 1,22 1,33 1.23 1.23 1.22
P % 0.304 0.204 0.203 0.203 0.321 0.221
Ca:P 5.95 5.95 6.00 6.00 5.52 5.53




TABLE VII
Growth response of young rats fed the above rachitogenic diets,
Average Av, Wt. Av, Wt, Av, Wt,

No. of No. of Initial End of Gained Gained
Diet Rats Weight 3 weeks 3 weeks Daily

grams grams grams grams
1 3 48 76 28 1.4
9 3 53 8l 26 1.2
10 4 53 74 21 1.0
11 4 49 823 33 1.5
12 3 46 66 20 1.0
13 4 53 88 35 1.7
Line test:

4 units of vitamin D in 1 cc, corn o0il, mixed with
50 grams of each rachitogenic ration, were given to the
rats as supplementary diet for 10 days.

Results:

All groups gave good responses, There was a slight
difference in the degree of response with increases in
the amount of phosphorus present in the rachitogenic diet,
Those groups with 0.5% lysine gave slightly better respon-

ses than the similar groups without lysine.
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EXPERIMENT IV

TABLE VIII
Composeition of the rachitogenic diets.

Name of Ingredient No. of Diet
14
Yellow table meal 63, 5%
Wheat gluten 30
Ca.CO3 3
Yeast 3
NaCl 1
Lysine 0.8%
Ca % 1.33
P 4 0.315
Ca:P 5.70




TABLE IX
Growth response of young rats fed the above rachitogenic diets,
Average Av. Wt, Av, Wt, Av, Wt,

No. of No, of Initial End of Gained Gained
Diet Rats Weight 2 weeks 2 weeks Dally

grams gramse grams grams

14 24 47 75 38 2.0

Lipe test:

At the end of two weeks all rats were given supple-
ments of fluid vitamin D in a small cup. The 24 animals
were divided into 4 groups:

(1) 5 ml. vitamin D milk containing 3 U,S.P. unite,

(3) 7-1/3 m1, " . ’ 3 " L

(3) 10 ml, " . " 4 " LI

(4) 10 ml1, ordinary milk,

The rats were killed at the end of 5 days.

Results:
(1) gave broken lines of healing,
(2) gave fairly good responses,

(3) gave very heavy responses, and most of them
tended to ocalocify downward. The lines were not clear.

(4) gave a negative response,
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EXPERIMENT V

TABLE X

Growth response of young rats fed rachitogenic diets No, 4
and No, 14.

Average Av, Wt., Av, Wt, Av, Wt,
No. of No, of Initial End of Gained Gained
Diet Rats Weight 2 weeks 3 weeks Daily

grams grams grams grams
14 12 45 75 30 2.1
4 12 46 64 18 1.3

Line test:

Rats on Diet No. 14 at the end of 2 weeks were given
supplements of 7.5 ml, (3 U.S.P. units) vitamin D milk,
whereas rats on Diet No., 4 were given similar supplements
at the end of the 5th day.

Results:
Rats on Diet No. 14 gave a mostly negative line test.

Rats on Diet No. 4 gave fairly good responses,



EXPERIMENT VI

TABLE XI

Composition of rachitogenic diets.

Name of Ingredients No, of Diet

15 16
Yellow table meal 53,5% 537%
Wheat gluten 40 40
Yeast 3 3
CaCO3 3 3
NaCl 1 1
Lysine 0.5 -
Ca 4 1.34 1.34
P ¢ 0.237 0.238
Ca:P 5.46 5.43
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TABLE XII
Growth response of young rats fed the above rachitogenic diets.
Average Av., Wt. Av, Wt, Av, Wg,

No., of No. of Initial End of Gained Gained
Diet Rats Weight 3 weeks 2 weeks Daily

grams grams grams grams
15 12 45 69 34 1.7
16 10 45 68 23 1.6

Line tes%:

At the end of 2 weeks all rats were given supple-
ments of 7.5 ml vitamin D milk (3 U.S.P. units) in
addition to the rachitogenio diets, All rats were
killed at the end of the fifth day.

Results:

All gave negative response.
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EXPERIMENT VII

TABLE XIII

Composition of rachitogenic diets.

Name of Ingredient No. of Diet
_14 17
Yellow table meal 62.5% 61,.5%
Wheat gluten 30 30
Yeast 3 4
CaCOg4 3 3
NaCl 1l 1
Lysine 0.5 0.5
Ca % 1.33 1.23
P 4 0.215 0.325
Ca:P 5.70 5.46




TABLE XIV

Growth response of young rats fed the above rachitogenic diets.

Average Av, Wt. Av, Wt, Av, Wt,
No, of No, of Initial End of Gained Gained
Diet Rats Weight 2 weeks 2 weeks Dally

grams grams grams grams
14 8 45 66 31 1.5
17 7 48 70 23 1.8

Line test:

At the end of two weeks all rats were given a
supplementary diet containing 10 ml, vitamin D milk
mixed with 40 grams of the ration. All rats were
killed at the end of a week,

Results:

Rats on Diet No., 14 gave slight or negative line
tests.

Rats on Diet No. 17 showed broken lines of calci-
fiocation.

All metaphyses were wide and clear.
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EXPERIMENT VIII

Rachitogenic Diet No. 17 was used, with one varia-
tion, numbered 17'. Diet No. 17' had the same composition
as No., 17, except that ordinary yellow table meal was sub-
stituted for finely ground yellow table meal.

TABLE XV

Growth response of young rats fed the above rachitogenic diets.
Average Av, Wt. Av, Wt, Av, Wt,

No. of No, of Initial End of Gained Gained
Diet Rats Weight 2 weeks 2 weeks Daily

grams grams grams grams
17 6 43 69 37 1.9
17! 6 43 64 33 1.6

At the end of two weeks 10 ml., vitamin D milk,
incorporated with 40 grams of the ration which did not
contain lysine, was given as supplementary diet. The
rats were killed at the end of a week.

Results:
All gave very slight responses with just the sign

of a beginning of line formation,
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EXPERIMENT IX

TABLE XVI

Composition of rachitogenic diets.

Name of quredient No. of Diet

_17 18 _ 19 _30
Yellow table meal 61.54 61.56 614 614
Wheat gluten 30 30 30 30
Yeast 4 4 4 4
CaCoz 3 3 3 3
NaCl 1 1 1 |
Lysine 0.5 0.5 1.0 1.0
NaHCOz -~ 0.2 -- 0.4
ca % 1.33 1.33 1.33 1,23
P % 0.335 0.335 0.324 0.224
Ca:P 5.46 5.46 5.48 5,48




TABLE XVII
Growth response of young rats fed the above rachitogenic diets,
Average Av, Wt, Av, Wt, Av, W¢,

No. of No. of Initial End of Gained Gained
Diet Rate Weight 2 weeks 23 weeks Dally

grams grams grams grams
17 12 47 75 38 3.0
18 10 46 69 35 1.8
19 13 46 73 36 1.9
30 12 45 75 30 3.1

Line test:

At the end of two weeks all rats were given supple-
ments of %5 ml. of vitamin D milk incorporated with 40
grams of the ration. Rats were killed at the end of one
more week,

Regul¥s:

All rats gave very good responses. More uniform

and clearer lines were obtained with the rats receiving

Diets No. 18 and No., 230.
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RESULTS AND DISCUSSION

In this series of studies twenty rachitogenic diets
were used. Each diet was judged by the rate of growth of
the rats, by the width and the character of the rachitic
metaphyses of the radii and the ulnae, and by the extent
and nature of the calocification induced by‘administer1ng
a vitamin D supplement. The results of these experiments
are presented in tables I-XVII,

Inasmuch as considerable emphasis has been placed on
the importance of the calcium-phosphorus ratios of a
rachitogenic diet, oalcium and phosphorus analyses were
made of all the ingredients., The ratios found varied
from 4,89 to 6,00. There was no particular correlation
between the ratios and the sulitability of the rations for
determining vitamin D, |

The Michigan State College standard rachitogenioc diet
(Diet No. 2) and five modifications were used for an ini-
tial exploratory experiment. The rats iere fed the various
rations for & three-week preparatory period and a vitamin
D supplement during the ten-day test period. At the end
of the first trial, all animals gave good line-test res-
ponses., The casein in Diet 5 definitely helped the growth
of the young rats. This was undoubtedly due to the enrich-
ment’of the diet in phosphorus and in the essential amino

acids, especially lysine, in which cereals are strikingly



deficient. Increasing the amount of yeast as well as
the wheat gluten also showed beneficial effects, whereas
011 meal had less influence,

The results of Experiment II show that the rate of
growth was appreciably increased with a supplement of
0.5% of DL-lysine monohydrochloride which was a synthetioc
product supplied by the Du Pont Company., It was espec-
ially noticed that growth was more rapidly initiated
during the first week. A comparison of the dies with
0.5% and 1% lysine supplementation showed that the higher
level did not increase the rate of growth, Some rats on
the 17 lysine diet developed inflamed eyelids, but this
may have been due to other causes. The responses to vita-
min D were good a8 to the quantity of the caloification.
However, & diffused type of calecification ocourred which
was more noticeable at the 1% level., This type of response
i8 undesirable because it is more difficult to evaluate,

As had been pointed out by Karelitz and Shohl (10),
increasing the amount of phosphorus in the diet would
decrease the amount of vitamin D required or increase the
response to a given amount of vitamin D. In the experiment
with the addition of 5 and 10 percent. whole wheat, the
result of the line test showed inocreasing responses with
the increased phosphorus suprplied by the whole wheat,
Lysine supplementation again resulted in an appreciable
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increase in the rate of growth.

Further studies were made by the addition of 0.5% 1ly-
eine to Diet 4, which was the simplest and cheapest to
prepare and would support a good growth rate. The test
period started at the end of two weeks, since all the
rats had gained more than 20 grams. Fairly good results
were obtained with 7.5 ml. of vitamin D milk fed at the
beginning of a test period of 5 days. By comparing the
results with diets 4 and 14, the favorable effect of
lysine supplementation is obvious.

A higher level of wheat gluten diet was tried.
Results showed that a 40% level was too high., In a dir-
ect comparison between the 30% and 407 wheat gluten diets,
the former gave much better growth,

On trying a higher level of yeast, better growth wase
found at the 4% level, This was undoubtedly due to the
larger amount of vitamin B complex supplied in the yeast
as well as to the phosphorus and protein.

A study was made of the influence of the fineness of
grinding of the yellow table meal. The rats showed some-
what better growth on the diet containing the finely
ground meal, which was used in subsequent experiments,

No particular differences in the line-test response were
observed, however,

The last phase of the investigation was a study of
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the influence of the hydrochloric acid introduced in the
use of lysine monohydrochloride. A comparison was there-
fore made with a diet supplementation with lysine mono-
hydrochloride only and another containing in addition
sodium bicarbonate, equivalent to the hydrochloric acig
present in the lysine monohydrochloride. All rats could
be used for the test at the end of two weeks. 7.5 ml,

of vitamin D milk (3 U.S.P. units) incorporated with 40
grams of the diet gave very good line-test responses in

& one-week test period. 0.5% lysine supplementation seemed
to give clearer lines than the 1% lysine. Slightly better
results were obtained with the rations containing sodium
bicarbonate,

In view of thne variability of tae blological assay
for vitamin D, even ynder careful management it would be
desirable to make further comparative studies in the use
of lysine to speed growth and the development of Tiockets.
The results obtained indicate that the time needed to
prepare the rats for the test could be shortened to two
weeks and the test period to one week. This would effect
an overall saving of 10 days in the determination of vita-

min D and simplify the management of the test, Further

work 18 also needed to determine the cduse of the diffused

charaoter of the calcification observed in the lysine-
rats,

fed



SUMMARY AND CONCLUSION

l. Modifications of the Michigan State College

standard basal rachitogenic diet were used in the pro-

duction of rickets in rats., DBetter growth was obtained
by inoreasing the amount of wheat gluten or yeast or by
the addition of casein or oil meal,

3., With the supplementation of 0.5% and 1% syn-
thetic lysine monohydrochloride to the basal diet, much
better growth resulted. However, the 14 lysine level
did not show any greater effect than the 0.5%.

3. A gain in weight of over twenty grams at the
end of two weeks could be produced by adding 0.5% lysine
to the modified diet containing 30% wheat gluten,

4, With the addition of an amount of sodium bicar-
bonate equivalent to the hydrochloric acid present in
the lysine monohydrochloride, better results were ob-
tained in the line test.

5. As a result of lysine supplementation, rats can
be prepared for a vitamin D assay in two weeks. The
test period can be shortened to one week. However, the
deposition of calcium salt is somewhat diffused instead
of linear, making the evaluation of the response more

difficult,.
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