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A lfred Fabian  Hess

— A  B io g ra p h ica l Sketch

(October 9, 1875 — December 5, 1933)

The father of brain chemistry, J. L. W. 
Thudichum, wrote that “W o r k ,  w o r k ,  a n d  
a g a in  w o r k  were the three main features” 
of the success of science (Drabkin, ’58). 
These might easily have been the words of 
Doctor Alfred Hess, a study of whose life 
reveals that several similarities existed be
tween these versatile giants. Both derived 
the stimulus for investigation from clinical 
patients who furnished their problems, 
and patients ultimately benefited from 
their solution. They were both men with 
triple careers of physician, scientific in
vestigator and teacher. Such a career, 
according to Thudichum, merely demands 
that one is to “do the work of three men.” 
To neither came major academic appoint
ments and both made their scientific con
tributions despite a busy practice of medi
cine. Drabkin notes that such an indi
vidual must be prepared at times to be 
lonely and misunderstood. Surely Hess 
and Thudichum shared these fates.

Too often in our present day world do 
we hear distinctions made between clini
cal and basic researches. Too often is it 
implied that the physician without a full
time academic appointment in a univer
sity or medical school has no opportunity 
of contributing to the understanding of 
disease, basic physiology, nutrition, or bio
chemistry. Reflection on Hess’s career 
and contributions serves admirably to il
lustrate the falseness of this bigoted view. 
Such reflection serves further to illustrate 
the tremendous contribution to the science 
of nutrition made by physicians—contri
butions oft-times attributed to others by 
the enthusiastic, academically oriented lab
oratory researcher and teacher.

Accordingly, on this the 26th year after 
the death of Alfred Hess and the year after 
which his illustrious collaborator, Wind- 
aus, has died, it seems particularly fitting 
to review his life and works. Unfortunate

ly, neither of the present biographers had 
the privilege of knowing Doctor Hess. Ac
cordingly, they have drawn heavily on the 
published accounts of others for the de
tails of his life. For much of the personal 
information concerning him they have had 
the privilege of communications and dis
cussions from those who knew him, par
ticularly Mrs. Alfred Hess, Mrs. Helen Ben
jamin, Dr. Samuel Karelitz, Dr. Edwards
A. Park and many others. The appraisal 
of his work and of its importance is, how
ever, our own.

Alfred F. Hess was born in New York 
City on October 9, 1875, the son of Selmar 
and Josephine Hess. Until his death on 
December 5, 1933, at the age of 58, New 
York was his home except for periods of 
study in Europe. His father was success
ful in business and afforded him every 
educational advantage that he desired. 
Following attendance at private prepara
tory schools in New York, he spent a year 
at Columbia University, then transferred 
to Harvard where he graduated in 1897. 
The next year he enrolled at the College 
of Physicians and Surgeons in New York 
City and from this institution received his 
M.D. degree in 1901. He served an intern
ship at Mt. Sinai Hospital, New York City, 
where he remained for two and one-half 
years. Graduate studies at Prague, Vienna 
and Berlin occupied the next two years. 
On a brief visit home during this period 
he courted and married Miss Sara Strauss. 
They returned to Europe and spent their 
honeymoon in Prague.

Back in New York, Hess spent a short 
time at the Rockefeller Institute and then 
entered the private practice of pediatrics 
which had always been his chosen field. 
His practice was never allowed to inter
fere with his scientific activities, which 
were carried out in several laboratories 
over the course of 25 years. Fortunately

J .  N u t r it io n , 7 1 : '60 3



4 ALFRED FABIAN HESS

he was financially independent and was 
able to devote an increasing portion of his 
time to research, most of which he fi
nanced. He never held a full-time teaching 
position. A fortunate result of this was 
freedom from administrative tasks. This 
practicing pediatrician became one of the 
foremost medical investigators of his day. 
His contributions to the field of nutrition 
were numerous and often turning points 
in this rapidly developing field.

His marriage was an ideally happy one 
for both him and his wife (Flexner, ’36). 
Mrs. Hess was perhaps the first person to 
recognize that “under a modest and more 
or less inarticulate exterior, he had great 
gifts of mind and heart. She herself had 
her own interests throughout life. Mrs. 
Hess loved people. Doctor Hess loved 
competent persons with whom he could 
discuss his interests—scientific, medical, 
artistic or what not.” He counted among 
his close friends such men as Abraham 
Flexner and Edwards A. Park, whose aid 
Mrs. Hess enlisted in the posthumous pub
lication of his collected works (Flexner, 
’36). Despite his enviable reputation in 
both the United States and Europe as a 
medical scientist, his innate reticence and 
meticulously analytical approach to per
sons and phenomena did not lead to great 
social popularity.

It has often been said that Hess did not 
desire recognition in the form of a uni
versity professorship or the sharing in the 
Nobel Prize. Abraham Flexner, in his 
biography ( ’40), states that this failure of 
academic recognition did not worry Hess, 
but left him all the more time for re
search. “He was quietly amused by the 
fact that he was passed over, but it did not 
sour or disappoint him.” It is evident that 
Alfred Hess would have been less than 
human had he been able to view such 
disregard with complete indifference. It 
is more probable that his equanimity was 
such as to mask his disappointment.

In a letter to a friend he wrote, “Work, 
work, work. Success comes perhaps too 
late but always lasts too long. Men live on 
their reputations.”. In the judgment of 
Flexner ( ’36), “it could be said (of Hess), 
if it could be said of any man, that he lived 
in the spirit of the injunction: work while

it is still day for the night cometh wherein 
no man can work.”

Throughout his scientific interests he 
was extremely sensitive to human suffer
ing. One of his earliest (T 4) professional 
concerns resulted in a paper entitled “The 
neglect to provide for the infant in the 
anti-tuberculosis program.” With his char
acteristic thoroughness in pursuing mat
ters another paper appeared 4 years later 
entitled “A tuberculosis preventorium for 
infants.” It is said that he limited his 
practice to infants under the age of 5. 
However, his personal warmth as a phy
sician and his unstinting giving of all of 
his talents led to the care of children of 
close friends until they had more than 
reached adulthood.

Doctor Samuel Karelitz of New York 
recalls asking Doctor Hess in consultation 
concerning an infant extremely ill with 
what is now recognized as erythroblastosis 
fetalis. Doctor Hess came to the bedside 
from a dinner party and proffered wise ad
vice. He became engrossed in the problem 
and over the next few weeks, in his zeal 
to do all that he possibly could to help, 
repeatedly called or sent Doctor Karelitz 
references or some new fact concerning 
the disease.

As a scientist, Hess proceeded slowly 
and deliberately to analyze problems which 
usually came to his attention through such 
clinical experiences, and then proceeded to 
reduce these to a critical question which 
could be studied either in infants or the 
laboratory. His studies on infants were 
made at the Hebrew Infant Asylum, which 
he transformed from a well-meaning but 
old-fashioned institution into a modern 
establishment with medical and nursing 
staffs. He always felt that results obtained 
in experimental animals must not be con
sidered seriously for clinical application 
until they had been confirmed in the hu
man. His observations in the human were 
oft-times uncanny on their quantitative 
aspects. For example, he compared the 
efficacy of the potato and fruit juices as 
anti-scorbutics, demonstrated that certain 
preparations of dried milk retain a sig
nificant degree of anti-scorbutic activity, 
and that pasteurization reduces the anti
scorbutic potency of fresh milk. Hess’s 
recognition of the effect of oxidation on
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destruction of ascorbic acid led him to 
point out in his Harvey lecture of 1921 
(Hess, ’21) that it should be “possible so 
to alter the process of manufacture or of 
the preservation of foods to increase their 
anti-scorbutic content, and render them 
more nearly equivalent of fresh food.” 
Wide recognition is now given to this 
principle that food processing should be 
designed to preserve nutrient values.

In this same lecture Hess emphasized 
that deficiencies should not be associated 
exclusively in our minds with specific di
seases such as scurvy or rickets. He spoke 
of latent nutritional deficiencies and the 
impairments which result therefrom. On 
the other hand, his nicety of judgment was 
such that he insisted upon objective evi
dence of therapeutic benefit in instances of 
latent deficiency before attributing symp
toms to a lack of nutrients. He was never 
guilty of the exaggerated claims of the 
over-enthusiastic nutritionist for the bene
fits derived from additional vitamins. In
deed, in the Cutter lecture delivered at 
Harvard Medical School, February 14, 
1922 (Hess, ’22) he stated, “I should like 
to refer briefly to an aspect which is well 
known to the children specialists and to 
other clinicians, but. is rarely considered 
by the laboratory investigator of nutri
tion. I refer to the opposite of disorders 
due to deficiency, to disorders resulting 
from an excess, from an over-supply of 
one or more dietary factors. It seems quite 
possible that experiments, which, under 
prevailing point of view, are judged solely 
by the criterion of an adequacy of the vari
ous food elements, may be more correctly 
interpreted as due in part to an over-sup
ply of some factor.” If is unfortunate, in
deed, that this balanced judgment of nu
trition so well displayed by Hess did not 
characterize all of the nutritional writing 
and thinking during the subsequent 30 
years! It is only within the present decade 
that this sense of balance seems to have 
been restored to much of nutritional 
thought.

Abraham Flexner has described Hess’s 
method of work—a method which it 
would be well for more to emulate ( ’36), 
“He began the day by disposing of his 
mail and then turned to some current 
journal. Almost everything he read sug

gested ideas, but before he began on any 
specific problem he would spend hours and 
days and weeks looking up the literature 
of the subject so as to avoid repetition 
and trimming of his conception down un
til it became a relatively simple statement 
of the end which he undertook to reach. 
In a very high degree he possessed the 
capacity to reduce in this way complex 
problems to a manageable ‘Fragestellung.’ 
He had a way of noting on small white 
cards items, ideas, and points of view 
which seemed spontaneously to germinate 
in his mind. In discussions with his sub
ordinates complete frankness prevailed, 
and he was always ready to modify his 
problem when good reasons were given. 
Unexpected results did not frighten him, 
nor did he lightly discard them. On the 
contrary, they led to further investigation 
with a result that his problem often 
changed as he worked, but he never set
tled down to experimental work with
out a long and patient process of reason
ing beforehand. He was one of those rare 
scientists who do not refrain from experi
ment because of lack of elaborate appara
tus or material. On the contrary, simple 
apparatus and a relatively small number 
of experimental animals thoroughly and 
carefully studied usually sufficed to con
vince him whether he was right or wrong 
in his hypothesis. In dealing with stu
dents he was impatient if they began by 
using even so simple a mechanism as a 
stethoscope. He had a way of saying, Tell 
me what you see. Often the most import
ant and accurate facts are obtained by 
observation.’

“His devotion to knowledge as such is 
perhaps best illustrated by his willingness 
to turn over his ideas to others whenever 
he reached the point at which his own 
fundamental training failed him. He did 
not stop an investigation. He did not en
deavor to carry on clumsily. Having 
reached the point at which his own com
petency ceased—and he was an infallible 
judge in this respect—he turned over a 
definite problem to someone else. He had 
a certain prophetic vision which one of his 
associates describes as ‘-uncanny’ as to the 
probable results which would be obtained, 
and he therefore did not hesitate to urge 
and stimulate those who, in his judgment,
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could solve the problem which he had in 
the shape in which he was ready to turn 
over to them.”

One may summarize Hess’s experiment
al method as follows (Flexner, ’36). He 
first defined clearly and precisely in words 
the problem itself. Secondly, he considered 
and often listed known facts on the sub
ject. Thirdly, he listed those facts which 
were wanting but which were ncessary to 
solve the problem at hand. He then trans
lated the problem into experimentation. 
The first probe was a simple, direct, crude 
experiment with a minimum of sophistica
tion of method. Methodology might later 
be refined if necessary, but his aim was 
always to demonstrate a principle and not 
to become overly involved in the refine
ment of details which he left to others. 
He was never satisfied with a conclusion, 
no matter how logical, unless it had been 
subjected to experimental tests. He was 
ever aware of the cost of an experiment 
and weighed the expenditure of time, of 
effort or resources against the probable 
importance of the findings and then de
cided whether the work was worth the cost.

In the appraisal and interpretation of 
results Doctor Hess examined the data on 
the controls first, and only when these 
were satisfactory would he consider the 
experimental results. If unsatisfactory, the 
failure of the controls had to be examined 
if necessary by additional experimenta
tion. Every effort was made to eliminate 
personal bias through the use of “blind 
technique.” One experiment led to another 
in a logical sequence based upon the find
ings at hand. He did not plan more than 
one experiment ahead.

He read two to three hours each day 
in the literature of his subject and in his 
reading studied the facts or data presented 
in the paper and drew his own conclusion. 
He stated that by this method one is just 
as likely to obtain very valuable informa
tion from the poor article as from the good 
one.

One of his assistants of many years, 
Mrs. Helen Benjamin, writes, “One of 
Doctor Hess’s most outstanding charac
teristics was his extraordinary preoccupa
tion with his work. Indeed, it seemed at 
times as if he had no other interests or 
hobbies. (He once said that his wife was

his only hobby.) I recall his coming to 
the laboratory in the morning every once 
in a while full of enthuiasm for some 
newly planned research which he had 
thought out in detail the night before— 
during a concert. The music, he said, 
hardly disturbed him at all.

“Another incident which demonstrates 
the same quality deals with a visit Doctor 
Hess made to the library for some refer
ence material. The volume he asked for 
was a very old one and the librarian had 
great difficulty in finding it. She finally 
returned from the stacks about 2 0  minutes 
later covered with dust and full of apolo
gies. ‘Not at all,’ said Doctor Hess, ‘I 
was so busy thinking that I didn’t notice 
that you took so long. Besides I’ve decided 
on a completely new approach. I think 
I won’t bother with that reference at all.’ 

“Along with this kind of absent-minded
ness, which sometimes gave the appear
ance of a disregard for the feelings of 
others, Doctor Hess had a sparkling but 
occasionally biting sense of humor. The 
combination earned him a few enemies. 
Yet without exception those who knew him 
well and understood his quirks held him 
in great affection and esteem. He was 
nevertheless a prodigious worker, willing 
to drive himself hard and often remarking 
that ‘nothing comes easy.’ Yet the most 
characteristic pose for a portrait would 
have been seated at his desk, apparently 
relaxed, his activity hidden from easy sight 
in his unusually scintillating mind.”

His scientific approach to a clinical 
problem can be illustrated from a paper 
published with Victor C. Myers in the 
Journal of the American Medical Associa
tion for December 6 , 1910, entitled “Caro- 
tinemia: a new clinical picture.” This
description of carotinemia followed his ob
servation of two infants receiving a daily 
ration of carrots during the testing of the 
food value of dehydrated vegetables. In 
the course of the short space of the 4 
pages of this report we can discern the 
evolution of this subject in his mind. He 
provided a complete clinical description, 
suspected on clinical grounds its patho
genesis and confirmed the hypothesis by 
feeding carrots to other children on the 
same ward. The pigment was detected in 
the plasma and its solubility in purified pe
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troleum benzin was noted, and it was dis
tinguished from xanthophyll by solubility 
tests. The range of individual variation 
was predicted on the basis of observations 
in 4 patients and there is indicated a con
tinuing interest in the preparation of an 
extract of carotene from carrots, its par
enteral administration and its excretion 
in the urine. There is evidence of a thor
ough review of the previous clinical and 
experimental literature. Other than some 
more quantitative observations, the subse
quent 49 years have added very little to 
the understanding of carotinemia in in
fants.

In everything which he undertook, Hess 
was equally as thorough in his observa
tions, as imaginative in planning experi
ments, and as keen in his judgment of 
their clinical application as in this im
portant but simple clinical observation 
which must have escaped the attention of 
physicians for many years previously.

Although usually thought of in relation 
to nutrition, the contributions of Alfred 
Hess to medical sicence cover many fields. 
He described the use of a simple duodenal 
catheter in infants only two years follow
ing its introduction for adults and made 
some of the first observations on the pan
creatic enzymes in infancy. The tech
nique that he described is still a valuable 
tool in the study of fibrocystic diseases of 
the pancreas. He had an early interest in 
infectious disease, particularly in tuber
culosis. Much of this experimental work 
was carried out in the laboratory of Doctor 
William H. Parke in the New York City 
Health Department. His bibliography of 
227 published papers includes such a 
diversity of non-nutritional subjects as 
“Fatal Obliterating Endophlebitis of the 
Hepatic Veins,” “An Examination of Ex
cised Tonsils,” “Car Conductors as Dis- 
simenators of Tuberculosis,” “German 
Measles (Rubella): an Experimental
Study,” “Institutions as Foster Mothers for 
Infants.” He was first to recommend splen
ectomy in idiopathic thrombocytopenic 
purpura. In the course of his early studies 
on the coagulation of the blood in scurvy 
he noted and described thromboplastin. 
Both observations were important discov
eries in their own right.

The major nutritional interests of Doc
tor Hess are summarized in two classic 
monographs ( ’20, ’29) which appeared in 
1920 and 1929. The monograph on scurvy 
is comprehensive and was written after 7 
years of intensive study both in man and 
with guinea pigs. It merits comparison as a 
mile post in our knowledge of scurvy with 
the treatise of Lind ( ’53) and remains the 
authoritative source book next in date after 
1753. Although the chemical nature of 
ascorbic acid was unknown and analytical 
chemical methods were not to be estab
lished for another decade, there is little 
that one can now add to the definitive de
scription of the clinical and pathologic pic
ture, prevention and treatment of infan
tile scurvy given in Hess’s monograph. 
One particular chemical contribution was 
Hess’s demonstration of the catalytic ac
tion of minute amounts of copper in the 
destruction of the anti-scorbutic vitamin in 
milk, which was reported with Unger in 
1921.

His most basic contributions to nutri
tion were made during the course of stud
ies on rickets which occupied his entire 
attention during the last 14 years of his 
life. His first paper on the subject was pub
lished in 1917 and demonstrated the ef
fectiveness of cod liver oil in the protection 
against rickets of Negro infants. He be
came interested in the seasonal and geo
graphical variations in the incidence of 
rickets, related these observations to sun
light, and then proceeded to study sys
tematically the influence of sunlight and 
other sources of irradiation (mercury va
por and carbon arc lamps) on both human 
and experimental rickets. This led meth
odically to observations on the ability of 
ultraviolet irradiation to impart anti-rachi
tic properties to foods and to cholesterol 
and its derivatives.

By the spring of 1925 it had been es
tablished that the anti-rachitic dietary fac
tor was distinct from fat soluble vitamin 
A; that rickets could be prevented by either 
cod liver oil or by exposure to ultraviolet 
light; that foodstuffs developed anti-rachi- 
tic potency after exposure to ultraviolet 
rays; that cholesterol or a closely related 
sterol could be rendered anti-rachitic by
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similar means; and that activation of cho
lesterol was attended by a change in its 
optical spectrum.

Hess was aware of all of this information 
and had confirmed most of the observations 
in his own laboratory. In March, 1925, he 
wrote to the German chemist, Adolph 
Windaus, who had devoted his life to 
studying and classifying compounds re
lated to cholesterol. His request that Win
daus join the fight against rickets by giv
ing attention to his sterol problem received 
a courteous reply. However, it was not 
until more than a year later that further 
communications from Hess bore fruit. 
Hess obtained a whole series of cholesterol 
derivatives from Windaus and irradiated 
these with ultraviolet light and tested the 
products in rats. Initial studies established 
the fact that cholesterol itself was not the 
compound so activated. In the February, 
1927, issue of the Proceedings of the So
ciety for Experimental Biology and Medi
cine appeared a paper by Hess and Wind
aus entitled “Development of marked ac
tivity in ergosterol following ultraviolet ir
radiations.” This reported that rickets had 
been cured in rats by as little as 0.003 mg 
per rat per day. This brief, succinct, clas
sical paper contains but 206 words. It 
ends with the sentence, “This is a com
plete report.”

The following year Windaus was Award
ed the Nobel Prize in chemistry for the 
work that culminated in this report. Al
though Hess was not included in this 
honor, Windaus repeatedly gave him credit 
for his part in stimulating this research 
and he shared with Hess the monetary 
portion of the award as evidence of this in
debtedness. (These funds were used to 
finance additional researches.) In a paper 
presented before the Prussian Academy 
of Science on July 1, 1937, Windaus stated 
that “his studies had always followed a sys
tematic rate of development, namely, one 
study suggested the next, but in the ques
tion of the anti-rachitic vitamin it was 
not so—I indicate that the stimulus to par
ticipate in the vitamin studies was given 
by Alfred Hess of New York.” Windaus 
died in June, 1959. The correspondence 
between these two collaborators is current

ly being prepared for publication by Doctor 
Samuel Karelitz.

Although many of Hess’s friends felt 
that he should have received the Nobel 
Prize as well, as has been pointed out by 
Ashley Weech ( ’58) the acclaim received 
by Windaus was of great importance. 
“The experience of Hess in 1925 of being 
unable to persuade an organic chemist to 
collaborate actively in solving a medical 
problem was by no means unique. Re
search in the basic sciences in its effort to 
achieve the status of applied research was 
oriented toward industry rather than bi
ology or medicine. The awarding of the 
prize to Windaus changed all this. In 
1929 Hess himself complained at the num
ber of communications appearing from 
laboratories of pure as well as of applied 
science had become so great as to make it 
almost impossible to keep pace with them.” 
Perhaps the efforts of Hess to marshall the 
abilities of others to solve the clinical prob
lem which occupied his attention may have 
been in large part responsible for the ex
tensive collaboration which now exists be
tween many sciences and medicine.

Many honors did come to Alfred Hess. 
His early endeavors earned him member
ship in the American Pediatric Society and 
later the Association of American Physi
cians. He delivered a Harvey lecture in 
New York, the Cutter lectures at Harvard, 
the Ingleby lectures at Birmingham, Eng
land, and was awarded the honorary de
gree of Doctor of Science by the Univer
sity of Michigan. In 1927 he received the 
John Scott medal from the Franklin So
ciety and, 4 years later, the John Mather 
Smith Award for his work on nutrition.

Hess continued to work under high pres
sure despite warnings by his physician 
that he should reduce his pace and give up 
public speaking because of hypertension 
and minor cardiac attacks. He disregarded 
this advice and insisted on speaking at a 
nurses’ graduation exercise on December 
5, 1933. He suddenly collapsed and died 
in his automobile on the way home.

Time does not dim, but highlights, the 
contributions of Hess. Perusal of his col
lected works 25 years following his death 
is more like reading current literature than 
history. His thinking was so sound and 
his judgment so fine that little that he
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authored had less pertinence and validity 
today than when it was written. Not least 
among his contributions is the example 
which he set for nutritional scientists in 
his clinical curiosity, his method of work 
and pattern of investigation.
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It has been known for many years that 
dietary lactose exerts a stimulating effect 
on the retention of calcium in several spe
cies of animals. The metabolism and phys
iologic functions of lactose, including its 
effects on calcium utilization, have been 
reviewed by Duncan ( ’55) and Atkinson 
et al. ( ’57). Fournier ( ’54) and Wasser- 
man and Comar ( ’59) have shown that cer
tain other sugars are also capable of en
hancing calcium retention in the rat, 
namely, cellobiose, raffinose, melibiose, 
glucosamine, mannitol and sorbitol. Glu
cose, galactose, fructose and sucrose have 
little or no effect on calcium utilization. 
Wasserman and Comar ( ’59) could find 
no correlation between effectiveness in pro
moting calcium or strontium absorption 
and any of the usual physical or chemical 
properties of the carbohydrate. However, 
the property of enhancing absorption of 
the alkaline earth metals appeared to be 
positively correlated with a prolonged resi
dence time of the carbohydrate in the gut.

The relationship of lactose to calcium 
utilization has been studied extensively, 
and several theories attempting to explain 
the enhancing action of lactose have been 
proposed. One well-accepted assumption 
has been that lactose increases calcium 
absorption by lowering the pH of the gas
trointestinal-tract contents through the 
action of lactobacilli, which utilize the 
slowly absorbed lactose in their own me
tabolism and release lactic acid. The ex
tensive work of Fournier et al. ( ’55), how
ever, indicated that intestinal pH is not a 
major factor in calcium utilization, i.e., 
some of the sugars that have the greatest 
effect on calcium metabolism are those 
attacked with difficulty by intestinal bac
teria. These investigators suggested the 
idea that those sugars they termed “struc
tural carbohydrates,” lactose, galactose,

xylose, arabinose, mannose, melibiose and 
raffinose, exert their effects in some man
ner by influencing the bone cell in the 
process of ossification.

Recent investigations by Lengemann et 
al. ( ’59) and Lengemann ( ’59) indicate 
that the primary action of lactose is not 
exerted in the bone cell, but rather in the 
intestine at the site of calcium absorption. 
Lengemann showed that calcium absorp
tion from the ileum could be stimulated 
only if calcium and lactose were together 
in the same segment, and that rats fed for 
a two-week period a diet containing 1 0 % 
of lactose prior to feeding of radiocalcium 
did not absorb a greater proportion of cal
cium than did rats fed a diet containing 
1 0 % of glucose.

The stimulation of calcium absorption 
by certain substances may be caused by 
stimulation of the flow of digestive juices 
which in turn produces the positive effect. 
Suggestive evidence was obtained by 
Lengemann and Dobbins ( ’58); they 
showed that bile has an enhancing effect 
on calcium absorption.

The experiments reported in this paper 
indicate that lactose and certain other 
sugars exert their positive influence on cal
cium absorption because they are slowly 
absorbed and are able to reach the lower 
intestinal tract. Sugars such as glucose, 
sucrose and fructose are shown to have an 
enhancing effect similar to that of lactose 
when they are injected directly into a 
ligated ileal segment along with Ca45- 
labeled calcium chloride.

METHODS
The experimental techniques described 

in detail by Lengemann et al. ( ’59) were 
used with only slight modifications.
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Young male albino rats purchased from 
Holtzman and Company, weighing between 
100 and 125 gm, were fasted 24 hours 
prior to the experiment. The rats were 
anesthetized with ether, their abdominal 
cavities opened, and the duodenum ligated 
approximately 8  cm distal to the pyloric 
sphincter. In other rats, the ileocecal junc
tion and an area 12 to 15 cm proximal to 
the ileocecal junction were ligated to form 
closed sacs of uniform length. One-half 
milliliter of test solution was injected into 
each sac, and the incision was closed by 
suturing peritoneum, muscle and skin with 
silk. Preliminary experiments had estab
lished that it was not necessary to ligate 
the duodenum at the pyloric sphincter, 
since the rate of calcium absorption was 
the same with or without a ligature at this 
site.

The test solution consisted of 5 mg of 
CaCL, 10 nc of Ca45Cl2 and 100 mg of one 
of several sugars or bile per milliliter of 
solution. In the inhibition experiments, 
enough Mg+ + , Sr++ or Na+ as the chloride 
or P04 (Na salt, pH 7 was added to the 
test solution to make the molar concentra
tion of Ca++ and inhibitor exactly equal.

Except in the time study, the rats were 
killed 4 hours after injection. The femurs 
were removed, ashed for 48 hours at 
525 °C and dissolved in 10 ml of 3 N HC1. 
Aliquots of the acid solution were spotted 
inside circles drawn on a large sheet of 
Whatman No. 1 filter paper. After the 
paper was allowed to dry at room temper
ature, the circles were cut out and counted 
for Ca45 activity with a Nuclear-Chicago 
D-47 gas-flow, micromil window counter 
and Model 186 scaler.

In the kinetic studies, the ligated intesti
nal segment including its contents, as well 
as the femurs, was removed. The seg
ments were excised with the ligatures in
tact, placed in 5 ml of dilute NaF solution, 
and cut into small pieces. After standing 
in a refrigerator for 24 hours, aliquots of 
the aqueous solution were used for count
ing radioactivity and for glucose determi
nations by the method of Folin and Wu.

RESULTS
Since rapidly absorbed sugars such as 

glucose, fructose or sucrose ingested with 
a test dose of calcium do not increase util

ization of the latter, even though much of 
the sugar would remain unabsorbed in 
the upper part of the gastrointestinal tract, 
it was doubted that they would influence 
calcium absorption from the duodenum. 
However, these sugars, as well as more 
slowly absorbed sugars and bile, were test
ed for their effect on calcium absorption 
from duodenal segments.

None of the substances tested, except 
possibly lactose and sorbitol, increased the 
rate of calcium absorption from the du
odenal segment. A slight enhancing ef
fect of lactose and sorbitol was not sta
tistically significant.

The same substances used in the duo
denal experiments were tested for their 
effect on calcium absorption from ligated 
ileal segments. Each of the sugars mark
edly enhanced calcium absorption (table 
1). Bile did not affect calcium absorption 
from ligated ileal segments, although it 
has been shown to have an enhancing 
action when injected intraperitoneally 
(Lengemann and Dobbins, ’58).

The absorption of Ca45 from the ileum in 
the presence of glucose was determined as 
a function of time after injection. The 
degree of Ca45 absorption and the femur 
content of Ca45 at various time intervals 
are shown graphically in figure 1. There 
was a positive glucose effect at 30 minutes, 
the shortest time interval recorded, on 
Ca45 deposition in the femur. The femur

TABLE 1
T h e  in flu e n c e  o f  v a r io u s  su g a rs  a n d  b ile  on  

c a lc iu m  a b so rp tio n  f r o m  th e  i le u m 1

Number 
of rats

Test
substance

Percentage
of

administered 
dose in 
femur

Percentage 
increase in 
absorption

6 Control 0.9 ±  0.22 —

5 Bile 1.1 ±  0.3 none
6 Lactose 2.5 ±  0.3 178
3 Sorbitol 2.8 ±  0.1 210
5 Glucose 2.3 ±  0.2 156
3 Sucrose 3.0 ±  0.3 233
3 Fructose 3.0 ±  0.2 233
3 Galactose 3.1 ±  0.2 244
3 Xylose 2.4 ±  0.4 167

1 One-half milliliter of aqueous solutions con
taining 2.5 mg of CaCL, 5 pc  of Ca45Cl2 and 
50 mg of test substance were injected into ligated 
ileal segments. Femurs were removed 4 hours 
after dosing.

2 Values represent mean ±  standard error of 
tire mean.
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TIME (HOURS)
Fig. 1 The femur content of Ca45 and the 

percentage of dose absorbed at various time in
tervals after the injection of a test dose of Ca45, 
with or without glucose, into ileal segments.

Ca45 content was increased over 100% at 
one hour, and was almost tripled at 4 
hours as compared with the controls. 
These differences w’ere highly significant 
(P < 0 .0 1 ) . The Ca45 absorbed from the 
ileal segments after each time interval was 
determined, by measuring the Ca43 remain
ing in the segment, and is expressed in 
figure 1 as percentage of dose absorbed. 
The amount of ileal Ca45 was measured 
in only two or three animals per treatment 
for each time interval. The difference be
tween the control and test animals at one- 
half hour and at one hour was highly sig
nificant ( P < 0 .0 1 ), but variation within 
each group was much greater at longer 
periods of time (P < 0.05 at two hours and 
P < 0.1 at 5 hours). For the controls, 
40% of the dose was absorbed during the 
first hour and approximately 48% had 
been absorbed by the end of the second 
hour. Little, if any, absorption occurred 
with longer periods of time. However, the 
Ca45 activity in the femurs of the control 
group continued to increase for another 
hour. In the presence of glucose, 60% 
of the injected dose was absorbed during 
the first hour. Rapid absorption continued 
during the second hour until almost 80% 
of the dose had been absorbed. Only a 
small quantity of Ca45 was removed from 
ileal segments in this group after time in
tervals greater than two hours, although 
the femurs continued to accumulate Ca45 
until a maximal value was reached at 4 
hours.

In addition to the radioactivity measure
ments, the glucose in the ileal segments of 
test animals and controls was measured 
at several time intervals. These quantities 
are presented in table 2. It is of interest 
that the glucose concentration approaches 
a minimum in the controls at about the 
same time as calcium absorption ceases 
(fig. 1). It is apparent from the data in 
table 2  that considerable glucose is still 
present in the ileum in the test group three 
hours after injection. This may account 
for the longer period of Ca45 absorption in 
this group as compared with the controls 
(fig. 1 ).

The effects of Mg+ + , Sr+ + , N a+ and 
P04 on the enhancing action of lactose 
and glucose with respect to calcium utili
zation were studied, and the results are 
summarized in table 3. Mg++ or Sr++ de
creased Ca45 absorption from the ileum in 
the presence of glucose or lactose, but 
neither of the divalent cations influenced 
absorption in the control group. The mon
ovalent sodium ion had no effect on cal
cium absorption in any of the groups. The 
addition of phosphate to the test solutions 
reduced calcium utilization markedly in 
all three groups. The absorption of Ca45 
was no greater with glucose or lactose, in 
the presence of P04 , than it was in the
controls in the absence of phosphate. The 
rate of calcium utilization over the 4-hour 
experimental period in each of the two test

table 2
G lucose  r e m a in in g  in  ile a l se g m e n ts  a t  v a r io u s  

t im e  in te rv a ls  a f te r  d o s in g 1

Time
interval

Test
substance

Glucose/
segment

Glucose
dose

absorbed
hours m g %

Vz Glucose 32.0 40
Vz Control 3.2
1 Glucose 28.0 50
1 Control 2.9
3 Glucose 10.8 80
3 Control 0.9
5 Glucose 0.8 100
5 Control 0.8

1 Fifty milligrams of glucose were injected into 
ligated ileal segments of experimental animals; 
2.5 mg of CaCl2 were injected into control and 
experimental animals. The glucose remaining in 
the segments after various intervals of time was 
estimated from pooled samples and is expressed 
as milligrams of glucose per segment. Three 
rats per treatment were used.
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TABLE 3
T h e  e ffe c t  o f  v a r io u s  io n s  o n  c a lc iu m  a b so rp tio n  

f r o m  th e  i le u m  in  th e  p re se n c e  or a b sen ce  
o f  su g a r1

Ion
tested

Percentage of Ca45 dose in femur

No sugar With
glucose

With
lactose

Control 0.8 ±  0.12 2.3 ±  0.2 2.3 ±  0.2
Mg+ + 0.7 ±  0.1 1.1 ±  0.2 1.4 ±  0.1
Sr+ + 0.8 ±  0.1 1.2 ±  0.1 1.5 ±  0.3
Na+ 0.9 ±  0.2 2.6 ±  0.6 2.4 ±  0.3
P04----- 0.3 ±  0.1 0.7 ±  0.1 0.8 ±  0.2

1 One-half milliliter of aqueous solutions con
taining 0.045 moles of CaCh, 5 p c  of Ca45Cl2, 50 
mg of sugar and 0.045 moles of the ion being 
tested were injected into ligated ileal segments. 
Femurs were removed 4 hours after dosing. Three 
rats per treatment were used.

2 Values represent mean ±  standard error of 
the mean.

groups was only one-third as great as 
that of rats receiving no phosphate. Also, 
the phosphate ion exhibited a marked in
hibitory action on calcium utilization in 
the control animals.

DISCUSSION
Our studies indicate that the absorption 

of calcium from the duodenum is little in
fluenced by any of a variety of sugars. 
On the other hand, all the sugars tested 
increased greatly the utilization of calcium 
from ileal segments. Cramer and Copp 
( ’59) have demonstrated that about 65% 
of a dose of Sr89 is absorbed from the ileum 
when food is ingested at the time of Sr89 
administration. Much less absorption 
takes place from the duodenum and je
junum, principally because the alkaline 
earth metal moves rapidly through the 
intestines until it reaches the ileum. 
Lengemann et ah, ( ’59) showed that lac
tose was most effective in its positive in
fluence on Sr85 absorption in the ileum, 
although they reported an appreciable re
sponse in the duodenum and jejunum. 
From the present studies, it may be postu
lated that lactose owes its enhancing effect 
to the fact that it is slowly absorbed (i.e., 
lactose is slowly hydrolyzed to glucose and 
galactose which in turn are absorbed) and 
is available for its role in calcium absorp
tion throughout the small intestine.

Glucose, fructose, galactose and sucrose 
are absorbed rapidly from the digestive 
tract by active mechanisms (Hawk et al.,

’54). Feeding these rapidly absorbed sug
ars along with a test dose of calcium does 
not enhance calcium absorption (Wasser- 
man and Comar, ’59). On the other hand, 
the carbohydrates (lactose, cellobiose, sor
bose, ribose, xylose, rafflnose, melibiose, 
glucosamine, mannitol and sorbitol), 
which have been shown to enhance alka
line earth absorption (Wasserman and 
Comar, ’59), are probably all absorbed 
slowly from the intestinal tract. It is well 
known that lactose and the pentoses are 
absorbed slowly and reach the lower por
tion of the digestive tract, where they in
fluence the microflora (Hawk et al., ’54). 
Likewise, it has been shown (Verzar, ’36) 
that sorbose and glucosamine are absorbed 
slowly by passive diffusion. The oligosac
charides, rafflnose and melibiose, are prob
ably removed slowly from the intestine, 
since they require hydrolysis by intestinal 
enzymes before significant absorption 
takes place. The sugar alcohols, mannitol 
and sorbitol, are probably absorbed slowly, 
for there is evidence suggesting that sor
bitol exerts an effect on the growth of bac
teria in the lower portion of the rat’s in
testinal tract (Morgan and Yudkin, ’57). 
Since the experiments presented in this 
paper have demonstrated that a variety of 
carbohydrates, including glucose, fructose 
and galactose, have the ability to enhance 
calcium absorption from the ileum, it ap
pears that ingested lactose and certain 
other sugars exert their positive influence 
simply because they are slowly absorbed 
and reach the lower regions of the intesti
nal tract where they play an active role in 
calcium absorption.

Magnesium and strontium are probably 
absorbed from the intestine by the same 
sugar-utilizing mechanism which is used 
in the absorption of calcium. Both of these 
divalent cations decreased the enhancing 
action of glucose or lactose on calcium ab
sorption, but had no effect in the control 
animals in our inhibition study. The in
hibitory action of Mg++ or Sr++ was not 
caused by increased osmosis or some other 
physical interference, since Na+ did not 
effect the rate of Ca45 utilization in any of 
the animals tested.

SUMMARY
1. The influence of various sugars and 

of bile on calcium absorption from ligated
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duodenal and ileal segments in rats was 
studied, using a technique based on the 
determination of Ca45 in the femur follow
ing injection into intestinal segments.

2. Bile, lactose, sorbitol, glucose, su
crose, fructose, galactose and xylose did not 
significantly influence calcium absorption 
from the duodenum.

3. Each of the sugars above enhanced 
greatly the absorption of calcium from il
eal segments. Bile had no effect.

4. The influence of glucose on calcium 
absorption from the ileum, and its utili
zation was studied as a function of time, 
and a positive glucose effect was apparent 
at 30 minutes. Glucose increased calcium 
utilization 100% at 1 hour and 300% at 
4 hours.

5. Mg++ and Sr++ decreased Ca++ ab
sorption in the presence of glucose or lac
tose; P04 decreased absorption of Ca+ + 
in the presence or absence of sugars; and 
Na+ had no effect in the test groups or 
controls.

6 . It is concluded that lactose and cer
tain other sugars owe their enhancing ac
tion on calcium utilization to the fact that 
they are slowly absorbed from the intesti
nal tract and are available for a role in 
calcium absorption throughout the small 
intestine.
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Anomalous Development of Ossification in the 
Inner Ear of Offspring of Manganese- 
Deficient Rats* 1

LUCILLE S. HURLEY, ELOISE WOOTEN, GLADYS J. EVERSON 
and C. WILLET ASLING
D e p a r tm e n ts  o f  H o m e  E c o n o m ic s  a n d  A n a to m y , U n iv e r s i ty  o f  C a lifo rn ia ,  
D a vis  a n d  B e rk e le y

It has been known since 1939 that a 
maternal dietary deficiency of manganese 
results in defective offspring which ex
hibit ataxia. Norris and Caskey ( ’39), 
working with chicks, were the first to re
port a congenital ataxia resulting from a 
maternal deficiency of this element. Atax
ia has also been observed in the offspring 
of manganese-deficient rats (Shils and 
McCollum, ’43; Hill et al., ’50; Hurley et 
al., ’58), swine (Plumlee et al., ’56), and 
guinea pigs (Everson et al., ’59). Inco
ordination, lack of equilibrium and retrac
tion of the head are striking symptoms in 
these young. Since 1939, various investi
gations have been carried out in search of 
a lesion, either morphological or biochemi
cal, which could account for this abnormal 
condition; but neither histological studies 
of the nervous system (Shils and McCol
lum, ’43; Caskey et al., ’44; Hill et al., ’50; 
Hurley et al., ’58) nor assays of various en
zymes (Van Reen and Pearson, ’55; Hur
ley et al., ’58, ’59; Everson et al., ’59) have 
revealed the nature of the congenital de
fect resulting in ataxia.

A recent report from this laboratory 
showed that development of bodv-righting 
reflexes was markedly delayed in the off
spring of manganese-deficient rats (Hur
ley and Everson, ’59). Since the vestibular 
apparatus is involved in righting reflexes, 
the region of the inner ear has been ex
amined in young of manganese-deficient 
and normal rats. The present communi
cation reports the occurrence of an ab
normal development of the otic capsule in 
newborn young of manganese-deficient 
rats.

METHODS
Weanling female rats of the Sprague- 

Dawley strain were purchased from com

mercial sources, and were maintained on 
a ration composed primarily of fresh, 
whole homogenized market milk, fortified 
with 400 I.U. of vitamin D per quart, and 
containing 13 ug of manganese per 100 ml, 
by spectrographic analysis. The milk was 
supplemented with the following nutrients 
per 1 0 0  ml of milk: copper (as copper sul
fate), 1.3 mg; iron (as ferrous sulfate),
1.3 mg; iodine (as potassium iodide), 1.3 
Mg; pyridoxine, 100 ug; and corn oil, 0.3 ml. 
For the control groups, manganese (as 
manganous sulfate) was added in amounts 
to provide 600 ug for each 1 0 0  ml of milk.

A mixture of crystalline vitamins2 in 
glucose,3 to which was added cod liver oil, 
was given three times each week, in 
amounts to provide the following intake in 
micrograms, per day: Ca pantothenate
500, p-aminobenzoic acid and riboflavin, 
each 100; thiamine -HC1, pyridoxine and 
nicotinic acid, each 300; menadione, 250; 
folic acid, 6 ; biotin, 2.5; vitamin Bi2, 0.3; 
and choline, 10 mg; inositol, 5 mg; a-toco- 
pherol, 1 .1  mg; ascorbic acid, 1 mg; vita
min A and vitamin D, 15 U.S.P. units 
each.

At maturity, the animals were mated 
with normal males receiving a stock diet, 
and the resulting young of the two groups 
were compared. Ossification of the inner 
ear was studied in cleared specimens 
stained with alizarin red S for visualization
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of the skeleton, according to the method 
of Wright et al. ( ’58). Most of the off
spring examined were sacrificed on the 
day of birth (newborn), but a few animals 
were studied at one and two days of age.

RESULTS

Examination of the region of the inner 
ear revealed the following pattern of os
sification, which appeared to be the same 
for both normal and manganese-deficient 
young. Ossification of the otic capsule be
gins in the vestibular region with the for
mation of two osseous arches. The first 
ossification center appears in the dorsal 
portion of the most anterior arch (fig. 1 ). 
When the dorsal curvature of the anterior 
arch becomes well-defined, ossification 
commences in the posterior arch, first at 
a single center (fig. 2 ), and subsequently 
in several centers which then fuse to form 
a diffuse but clearly-defined curvature 
(fig. 3). The next site of ossification is 
the posterior medial curvature of the coch
lea which appears to develop from its 
attachment to the ventro-medial portion 
of the posterior arch (fig. 4). Shortly af
ter, the lateral wall of the cochlea begins 
to ossify anterior to the fenestra rotunda; 
during the course of this ossification, the 
anterior half of the fenestra rotunda be
comes osseous (fig. 5). Subsequent ossi
fication of the cochlear shell proceeds an
teriorly to form the first cochlear spiral 
(A, fig. 6 ) which contains the fenestra 
ovalis. At about the same time, the ventral 
portions of a third dorsally-positioned arch 
begin to form from the medial aspect of 
the ends of the anterior and posterior 
arches (B, fig. 6 ).

Twenty-three newborn offspring in 8  
litters of manganese-supplemented females 
were studied. Of these, one animal was

clearly abnormal, exhibiting various skele
tal anomalies, and was therefore rejected 
for ear studies. (Its litter-mate showed 
normal development.) The remaining 22 
animals showed a range of development 
varying from the stage of beginning ossi
fication of the posterior medial curvature 
of the cochlea (fig. 4), to the stage of be
ginning ossification of the lateral wall of 
the cochlea and ossification around the 
fenestra rotunda (fig. 5). Thus, in all of 
the manganese-supplemented animals, os
sification of the anterior and posterior 
arches was well-established in the new
born.

Offspring of manganese-deficient fe
males showed a marked difference in the 
degree of ossification of the otic capsule, 
as compared with their controls. (These 
results are summarized in table 1.) How
ever, as in the normal animals, a range of 
stages of development was displayed. In 
order to provide a basis for comparison of 
these two ranges, the normal animals 
were grouped into those showing the 
l e a s t  development (fig. 4 and column “A” 
in table 1 ), and those more advanced. 
(Only 6  of the 22 normal young showed 
the minimal development, and stages less 
developed than this in controls could be 
found only in fetuses.)

Of the 39 deficient young examined, 22 
(56% ) showed less development of the 
otic capsule than was seen in any of the 
control young. These 22 young came from 
11 of the 15 litters studied (73% ). Os
sification of the inner ear varied in these 
2 2  young from no development at all to 
establishment of the anterior and posterior 
arches and appearance of an ossification 
center in the cochlea. Only two of the 22 
animals showed an ossification center in 
the cochlea, and in 9 animals, ossification 
of the posterior arch was not accomplished.

TABLE 1
O ssific a tio n  o f  th e  o tic  c a p su le  in  n e w b o rn  y o u n g  o f  m a n g a n e se -d e fic ie n t  a n d  n o rm a l ra ts

Group
Young examined 
Animals Litters

Stage of development
Less than “A” A”1 More than “A”

Animals Animals Animals
no. no. no. % no. % no. %

Mn-supplemented 22 8 0 0 6 27 16 73
Mn-deficient 39 15 22 56 11 28 6 15

1 “A” refers to stage of development equal to that in figure 4.
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Six of the 39 manganese-deficient young 
exhibited development of the osseous laby
rinth comparable to the most advanced of 
the supplemented young. (These 6  ani
mals came from two litters.) Thus only 
15% of the deficient young, as compared 
with 73% of the normal young, showed a 
relatively advanced stage of development. 
The remaining 11 manganese-deficient an
imals (28% ) showed a stage of develop
ment comparable to the least-developed 
of the manganese-supplemented young.

The number of samples available from 
control animals at one and two days of 
age was inadequate to permit a direct 
comparison with deficient young of these 
ages. However, examination of 13 one-day 
old, and 14 two-day old manganese-de
ficient young revealed that only 6  of these 
27 animals exhibited a stage of develop
ment comparable to the most advanced of 
the newborn normal young- In the few 
two-day old normal animals examined, de
velopment had progressed to the formation 
of the first cochlear spiral (fig. 6 ).

Comparison of figures 1 to 3 (deficient 
young) and 4 to 6  (supplemented young) 
reveals an abnormal size and shape ( short
ening and doming) of the skull in the 
manganese-deficient young. Data concern
ing this observation will be presented in a 
later publication.

DISCUSSION
Ossification of the inner ear has not, to 

our knowledge, been previously described 
in the rat. Wada ( ’23) studied some as
pects of development of the inner ear in 
this species, but presented little informa
tion on ossification. Walker and Wirt- 
schafter ( ’57), in their report on osteo
genesis of the rat skeleton, make only a 
fragmentary reference to the inner ear. 
Bast, in his classic studies on development 
of the ear in the human embryo, observed 
that ossification begins in the cochlea 
(Bast, ’30; Bast and Anson, ’49). How
ever, the present study showed that in 
the rat ossification of the otic capsule be
gins in the vestibular region instead. Al
though there was a range in the degree of 
development in both the normal and man
ganese-deficient animals, the results clear
ly demonstrate an anomalous development 
of ossification of the osseous labyrinth fol
lowing maternal manganese deficiency.

This findings is, to our knowledge, the 
first discovery of a structural defect refer
able to the congenital ataxia of manganese- 
deficient young. The results suggest that 
an abnormality of the inner ear may be a 
causative factor in this ataxia. Such a 
hypothesis is compatible with previous 
work. The delayed development of the 
righting reflexes observed in manganese- 
deficient offspring (Hurley and Everson, 
’59) could be due to abnormal labyrinthine 
function. The observation of anomalous 
ossification of the inner ear is also com
patible with previous knowledge regarding 
the importance of manganese for normal 
skeletal development (Norris and Caskey, 
’39; Barnes et al., ’41; Ellis et al., ’47; Wol- 
bach et al., ’53; Frost et al., ’59).

It remains to be determined whether the 
abnormal ossification of the inner ear re
ported here is a simple retardation of de
velopment, and if so, whether it persists 
throughout the life of the animal. It also 
remains to be determined whether or not 
there is an anomalous development of the 
membranous labyrinth as well. These 
questions are currently being investigated.

SUMMARY
Ossification of the inner ear was studied 

in young of manganese-deficient and nor
mal rats in cleared specimens stained with 
alizarin red S for visualization of the skele
ton. The pattern of early ossification of 
the otic capsule is described. Examination 
of 39 manganese-deficient newborn off
spring revealed that more than half 
(56% ) showed less development of the 
osseous labyrinth than was seen in any 
of 22 newborn normal young. Only 15% 
of the deficient young, as compared with 
73% of the manganese-supplemented 
young, showed development beyond the 
minimum observed in normal newborns. 
The results demonstrate an anomalous de
velopment of ossification of the otic 
capsule following maternal manganese de
ficiency. The implications of this obser
vation of a defect referable to the con
genital ataxia of manganese-deficient 
offspring are discussed.

ADDENDUM
The authors wish to point out that in 

the preparation of this manuscript, an er
ror was noted in the first paper of this ser
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ies (Hurley, L. S., G. J. Everson and J. F. 
Geiger 1958 Manganese deficiency in 
rats: Congenital nature of ataxia. J. Nu
trition, 6 6 : 309). The amounts of copper, 
iron and iodine added to the milk were 
incorrectely stated and are now included 
in the correct amounts in the present 
paper.
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INNER EAR OSSIFICATION IN MANGANESE DEFICIENCY 
Lucille S. Hurley and Others

PLATE 1

Figs. 1-6 Cleared, alizarin-stained skulls of young rats showing ossification in the otic 
capsule. X 4.

1 Newborn manganese-deficient rat. Beginning ossification of anterior arch.

2 Newborn manganese-deficient rat. First ossification center of posterior arch.

3 Newborn manganese-deficient rat. Curvature of posterior arch.
4 Newborn manganese-supplemented rat. Beginning ossification of cochlea.

5 Newborn manganese-supplemented rat. Ossification of lateral wall of cochlea and 
ossification around the fenestra rotunda.

6 Two-day-old manganese-supplemented rat. (A) First cochlear spiral and (B) beginning 
formation of third arch.
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of freedom to detect any effects of practical 
importance. The regressions of nitrogen 
utilization7 (Y.), organic matter digesti
bility (Yb), and crude fiber digestibility 
(Yc) on the variables listed, Xi . . . X4, were 
determined by the procedure for multiple 
linear regression as outlined by Snedecor 
( ’56).

Differences in the percentage of urea 
nitrogen and the percentage of the total 
nitrogen in the ration fed over the three 
year period occurred as the result of varia
tions in the nitrogen content of the wheat 
straw and the molasses. These variables, 
percentage of urea nitrogen and total per
centage of nitrogen in the ration, are repre
sented by the terms Xi and X2, respectively. 
The period of time during which the lambs 
had received non-protein nitrogen prior to 
any particular trial is represented as the 
variable X3. The regressions of nitrogen 
utilization (Ya), digestibility of organic 
matter (Yb), and digestibility of crude fiber 
(Yc) on the length of time urea was fed 
(Xs), while holding the other independent 
variables constant, were the measures of 
adaptation response in NPN utilization in 
the three analyses. The year in which a 
trial was conducted (X4a) was included as 
an independent variable in deriving the re
gression equation for nitrogen utilization 
(Ya), but for the regressions of digestibility 
of organic matter (Yb) and crude fiber (Yc) 
the year of a trial (X4a) was excluded and 
the percentage content of crude fiber in the 
rations (X4) was incorporated.

R E S U L T S
A summary of regression analyses and 

statistical evaluations is presented in table 
2 -

N itr o g e n  u t i l i z a t io n .  The equationYa =  
111.93 -  1.093X, -  1.065X* +  0.201X3 -  
0.006X4a represents the regression of the 
percentage of absorbed nitrogen upon the 
following variables:

Xi, percentage ration urea nitrogen;
X2, percentage ration nitrogen;
X3, length of time urea was fed;
X4a, year of trial.
The following observations may be made 

from the summary of the regression anal
ysis presented in table 2 .

7 T he te rm  n itro g en  u tiliza tio n  is equ iv a len t to
th e  pe rcen tag e  of absorbed n itro g en  re ta in ed
(A nderson  e t al., ’5 9 ).

M £■
,0.3
0*5 

rS  in 3 05u bo

rH O
t> <N

in * in i> co coO  co O  ^  05 CD rH
CD t> t> Cp rH C--
O  CD CO ©  O  ©  O

* 1 1 1  + CO D-rH <N(N lO

00 t> 00 (N

in o  o  in

rt -Hsr
O

CO rH CO rH
o  o  <n  o

05 o i c o i n ^ d n o H
O  CD H  O  05 CD 03 II i i || ||
co q  oo o  oo ©  oj II II II II 
o  i n c d o d o o ^ J + J 4 J 'M

i i + 1 +  05" CO CD 
^  rH CO CO
rH co o  co 
6 ^ 6 6

CN Q, o w -42w co «  *42
< aH

3cn

M N

2*5

<N rH

N O i n n ^  
r t  r H r H CO I D O
H C D ^ o ^ q ^  
^  10 o  o  h  o  .»  -r,
05 i i h - 1 2 8

rH  I>

d o

rH 00
<N
in o

05 CO t j  
CO O  ^  
O  O  CD d o g

X
rH
OCNo

5 2 +
■O XI ja xscn cn co cn

W
I

OJ rQ 43 rQ rfl V

<►»

B0)oo
Co
c3C
s

5* M p> g « < pH o V

g 2  o
.2 § 0« 'H C
U B.s

%
H T3 u
O O  g

H05 05 
P P  c* T3 TJ 05 05 £U M 5  03 « Pt
P P-V
O'  O'  mCfl Cfi nj
cti rt C 0) 05 rt
s s ®

£05O05
CO

5 x'CO CDo ®
I 7

o^X X

X
ino
o

X  X

I05

inoo

CO CD
id  rH

TJcc3

OOo
V
ew

o
V
a*

<>< <> <;*

aj
Pcr05
ao

W)05rt



ADAPTATION TO UREA-NITROGEN UTILIZATION 23

(a) Of the total variance in nitrogen 
utilization, 82.7% is attributable to the 4 
variables considered.

(b) The variance of per cent nitrogen 
utilization due to regression is highly sig
nificant, (P <  0.01).

(c) A highly significant ( P < 0 . 0 1 )  
effect upon nitrogen utilization was exerted 
by percentage ration urea nitrogen, (Xi) 
and length of time urea was fed, (X3).

(d) The length of time urea was fed 
(X3) had a very large effect on nitrogen 
utilization relative to the effects of the 
other variables included.

As can be seen in table 2, the partial re
gression of nitrogen utilization (Y.) on 
year (X4a) is by-i.m =  —0.006. The maxi
mum change in Ya resulting from this vari
able would be from —0.006 to —0.018 or a 
change of 0.012. The minor influence of 
this variable upon nitrogen utilization val
ues is emphasized by the small standard
partial regression coefficient b/y4.123 --
—0.001. The “t” statistic leads one to con
clude that nitrogen utilization (Ya) was 
not influenced by the year of the trial 
(X4a). Because of the small magnitude of 
the regression coefficient (by4.m =  —0.006), 
X,a can be deleted from the regression

equation without jeopardizing accuracy. 
The revised equation would be:

AYa = 111.93 -  1.093Xi -  1.065X2 + 0.201X3
By inserting the mean value for X2 and 

the value 10 for X3 into the above equation 
the adaptation response is adjusted to a 
standard 1 0 -day previous feeding period 
and the equation reduces to Ya =  112.2 — 
1.093Xi. This equation expresses the effect 
of percentage ration urea nitrogen (Xi) 
upon the percentage of absorbed nitrogen 
retained (Ya). This effect is presented in 
figure 1 .

During the three years covered in this 
study the percentage of ration urea nitro
gen varied from 54.1 to 68.3. As can be 
seen in figure 1 , the retention of absorbed 
nitrogen is inversely proportional to the 
amount of urea nitrogen present in the 
ration. It is to be recognized that this 
relationship must become curvilinear as 
maximum retention values are obtained 
with rations low in urea nitrogen and when 
minimal values are obtained with rations 
high in urea nitrogen. Unpublished data 
from this laboratory show that only 30 to 
35% of the absorbed nitrogen is retained

Fig. 1 E ffect o f p e rcen tag e  of ra tio n  u re a  n itro g en  upo n  n itro g en  u tiliza tio n .
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when approximately 90% of the ration 
nitrogen is supplied by urea.

The partial regression coefficient for 
time (X3) b,3.124 =  +0.201 reveals that re
tained nitrogen absorbed is increased by 
0 .2 0 1  percentage units with each day of 
urea feeding. This is equivalent to an 
adaptation response of 1 0  percentage units 
or approximately a 2 0 % increase in the 
retention of absorbed nitrogen during a 
feeding period of 50 days (fig. 2). The 
equation Y =  41.5 +  0.201X3, which is de
rived from the multiple regression equation 
by inserting the mean values for percent
age ration urea nitrogen (Xi) and percent
age ration nitrogen (X2) describes the 
average adaptation response in the range 
studied, 10 to 50 days. Although this re
lationship is linear as presented in figure 
2 , it should be recognized that the regres
sion must become curvilinear as maximum 
nitrogen utilization values are obtained.

Application of these equations to the 
original data is presented in figure 3. The 
lower curve represents the percentage re
tention of absorbed nitrogen predicted as 
the result of ration changes, whereas the 
upper curve expresses predicted values 
after considering ration changes and the 
adaptation response. It is worthy of note 
that the adaptation response was largely 
lost during the 50 days of hay feeding, but

was re-established when feeding of the ex
perimental ration was resumed. 

D ig e s t ib i l i ty .  The equations:
AYb = 85.3 -  0.005Xi -  13.02X2 + 0.01X3 -  0.34X4 
AYc = 81.6 -  0.75Xi -  14.35X2 -  0.05X3 + 1.66X4 

represent respectively the regression of 
organic matter digestibility and crude fiber 
digestibility upon the following variables: 

Xi, percentage ration urea nitrogen;
X2, percentage ration nitrogen;
X3, length of time urea was fed;
X4, percentage of crude fiber.
The determination coefficients for these 

regressions are given in table 2. The fol
lowing observations in terms of organic 
matter digestibility may be made from 
these data.

(a ) Of the total variance in the coef
ficients of organic matter digestibility 
30.6% is attributable to the variables con
sidered.

(b) The variance of organic matter di
gestibility due to regression is not sig
nificant (P > 0.05).

(c ) A highly significant ( P < 0 . 0 1 )  
effect upon organic matter digestibility was 
exerted by the percentage ration nitrogen
(X,).

(d) Length of time urea was fed (X3) 
did not affect organic matter digestibility.

DAYS OF CONTINUOUS FEEDING OF SEMIPURiFIED.UREA RATIONS
Fig. 2 Improvement in NPN utilization due to continuous feeding of urea.

\
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Fig. 3 Response in nitrogen utilization resulting from ration variables and adaptation.

The summary of the crude fiber digesti
bility regression analyses presented in table 
2 indicates the following:

(a) The variables considered accounted 
for 60.5% of the variance in crude fiber 
digestibility.

(b) The variance of crude fiber digesti
bility due to regression is highly significant 
(P < 0.01).

(c) Percentage ration urea nitrogen 
(Xt) and percentage ration nitrogen (X2) 
significantly (P < 0.05) influenced crude 
fiber digestibility, and the effect of percent
age of crude fiber (X4) was highly signi
ficant (P < 0.01).

(d) Length of time urea was fed (X3) 
did not influence crude fiber digestibility.

DISCUSSION
The magnitude of the adaptation re

sponse in retention of absorbed nitrogen 
to prolonged non-protein nitrogen feeding 
in this study is in general agreement with 
previous reports from the West Virginia 
Station (Welch et al., ’57; Campbell et al., 
’59; and McLaren et al., ’59, ’60). Differ
ences in the magnitude of the adaptation 
responses reported by these authors result 
from the use of various non-protein nitro

gen compounds as well as the fact that var
ious treatments were superimposed upon 
the time studies.

The increase in percentage retention of 
absorbed nitrogen which follows prolonged 
feeding of urea as measured in this study 
is sufficient to explain the discrepancies 
which appear in many comparisons among 
results from relatively short-term metabol
ism studies with those from longer-term 
trials.

Application of the regression equations 
obtained in this study should be helpful in 
the interpretation of data obtained in diges
tion and metabolism studies in which sim
ilar variations in the composition of rations 
and lengths of feeding periods occur.

The mechanism of the adaptation re
sponse described is not known. However, 
two of several possible explanations might 
be considered. The first is that a specific 
rumen microbial population capable of 
efficiently using non-protein nitrogen may 
have to become established. A second con
sideration which might contribute to the 
adaptation response in NPN utilization is 
an adjustment in the tissues of the host 
animal as suggested by McLaren et al. 
( ’60).
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SUMMARY
Observations from 63 lambs receiving a 

high-urea, semipurified ration employed in 
19 digestion and metabolism trials were 
subjected to multiple regression analysis in 
order to measure independently the effect 
of adaptation to urea feeding and the 
effects of changes in ration composition. 
The retention of absorbed nitrogen was 
significantly improved by approximately 
two percentage units with each consecutive
10-day feeding period up to 50 days, with 
no measurable change in the digestibility 
of organic matter or crude fiber. Increas
ing the percentage of total nitrogen sup
plied as urea from 54 to 68% significantly 
depressed the retention of absorbed nitro
gen to the extent of approximately 12 per
centage units; had no significant effect up
on the digestibility of organic matter; and 
significantly depressed the digestibility of 
crude fiber by approximately 8 percentage 
units. Increasing the total nitrogen con
tent of the ration from 1.5 to 2.0% had 
no significant effect upon the retention of 
absorbed nitrogen, but significantly de
creased the digestibility of organic matter 
and crude fiber. Increasing the crude fiber 
content of the ration from 20 to 26% had 
no significant effect upon the digestibility 
of organic matter, but significantly im
proved the digestibility of crude fiber by 
approximately 10 percentage units.
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Serum Cholesterol Concentrations of Various 
Ethnic Groups in Hawaii12
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In recent years, attention has been 
focused on the theory that increased con
centrations of serum cholesterol are char
acteristic of persons who are suffering from 
or are susceptible to atherosclerosis. Be
cause of the difficulty of detecting the 
presence or severity of atherosclerosis in its 
early stages, much of the evidence avail
able on this point was obtained by epi
demiological methods. This evidence is for 
the most part consistent in indicating that 
populations which exhibit a relatively high 
incidence of coronary disease are also 
characterized by an increased average 
serum cholesterol concentration. Many 
workers believe, however, that the data 
do not justify the conclusion that there is 
a causal relationship between increased 
serum cholesterol concentration and ath
erosclerosis or even that the two are al
ways coincidental (see reviews by Fried
man et al., ’55; Van Itallie, ’57; Stamler, 
’58).

Still more uncertain are the answers to 
the questions of whether diet plays a role 
in the causation of coronary disease and 
of what the nature of that role, if any, 
might be. Some authors (see review by 
Stamler, ’58) believe that the epidemio
logical studies have shown that increases 
in the incidence of coronary disease and/ 
or of mean serum cholesterol concentra
tions are directly correlated with certain 
characteristics of the typical diet (usually 
with high fat or with high saturated-fat in
takes). Others (Friedman et al., ’55; Ep
stein et al., ’56; Pihl, ’52; Stare et ah, ’57; 
Yerushalmy and Hilleboe, ’57) maintain 
that this correlation is not consistent and 
that the evidence is inadequate to show 
whether the observed variations in coro
nary disease, serum cholesterol and diet are 
directly related or are incidental to other 
more basic influences.

Much of the support for the theory that 
diet is instrumental in producing high 
serum cholesterol and atherosclerosis is 
based on comparisons of populations in 
the United States and in Asia (Snapper, 
’41; Benjamin, ’46; Steiner, ’46; Keys et 
ah, ’57; Gore, ’59). When populations in 
two different countries are compared, 
many variables (including climate, diet, 
physical activity, psychological tensions, 
economic level and the hereditary char
acteristics of the population) are neces
sarily uncontrolled and may influence to an 
unknown extent the factors being specifi
cally studied. Consequently, any attempt 
to explain the results in terms of only one 
variable, such as diet, has been suspect (see 
review by Friedman et al., ’55). Because 
over one half of the present population of 
Hawaii are descendants of immigrants 
from Asia, Hawaii offers an unusual oppor
tunity to supplement the studies which 
have compared Asian and United States 
populations. In Hawaii, it is possible to 
compare Americans of Asian or of Euro
pean ancestry, but with most of the above 
differences (with the exception of heredity) 
eliminated. Keys et al. (’58) have already 
taken some advantage of this fact by com
paring heart disease, serum cholesterol and 
diets of Japanese with those of Japanese- 
Americans living in Hawaii and in Los 
Angeles. For all three factors, the values 
from Hawaii were found to be intermediate 
between those of Japan and of Los Angeles.
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In the present study, serum cholesterol 
concentrations were measured in samples 
from Hawaii residents of Caucasian, 
Chinese, Filipino, Hawaiian, Japanese or 
mixed descent.

METHODS
Cholesterol. Classical procedures for 

the quantitative measurement of hlood 
cholesterol are time consuming, involve 
several steps for separation of the cho
lesterol from most of the other blood con
stituents and require careful control of 
such factors as temperature, illumination 
and time of color development (Sobel and 
Mayer, ’45; Sperry and Webb, ’50a). Be
cause of the relative inconvenience of such 
procedures, various simpler analytical 
methods have been devised which elimi
nate one or more of the isolation steps, in
crease the stability of the measured color, 
or are applicable on a micro scale (Brown 
et al., ’53; Carpenter et al., ’57; Galloway 
et al., ’57).

For the present study a micromethod 
was required, since it was intended that 
the blood samples be obtained from finger 
punctures. The micromethod of Galloway 
et al., (’57) has been shown by extensive 
use in several laboratories to be reliable 
and convenient for the assay of free and 
of esterified cholesterol in finger-tip blood 
samples. However, if it is desired to meas
ure only the total rather than both the non- 
esterified and total cholesterol content of 
serum, the steps involved in saponification 
and in isolation of cholesterol digitonide 
can be avoided. In the method published 
by Pearson et al., (’53), a modified Lieber- 
man-Burchard reaction is described in 
which equal molecular amounts of free 
and esterified cholesterol yield reaction 
mixtures of the same color intensity. By 
use of this reaction it is possible to measure 
total cholesterol concentration without pre
liminary saponification of the esterified 
fraction. For a determination, in duplicate, 
of total cholesterol, the published method 
requires 0.3 ml of serum. Since this 
amount of serum cannot be obtained con
veniently and routinely from a finger stab, 
a micromodification of the method was de
veloped.

Two modifications of the Pearson pro
cedure were introduced: (a) Protein pre

cipitation, ommitted in the published 
method, was found to be necessary for the 
micromodification. Protein removal from 
0.05 ml of serum was carried out as in 
the method of Galloway et al. (’57). Trip
licate cholesterol and lipid phosphorus 
aliquots of the extract were measured into 
10-ml pyrex test tubes immediately after 
the extract was decanted from the protein 
precipitate. These aliquots were dried in 
a vacuum oven or allowed to air-dry be
fore the reagents were added.

(b) By use of microcuvets and micro
burets, it was possible to decrease the vol
umes of sample (extract equivalent to 
0.005 to 0.01 ml of serum was used) and 
of all reagents to l/10th those of the 
Pearson procedure. The microcuvets and 
adapter for the Beckman-DU are described 
by Bessey ( ’50).

With these two exceptions, the method 
used for cholesterol assay in the present 
study was the same as the Pearson 
method. Readings for triplicate aliquots 
of a given sample usually agreed within 
less than 5%. Readings which disagreed 
by more than 10% were rejected. The 
reported straight-line relationship between 
optical density and cholesterol concentra
tion (Pearson et al., ’53; Leppanen, ’56) 
was confirmed.

The Pearson method was evaluated by 
Leppanen (’56) and found to be well 
suited for routine analysis. However, be
cause of the modifications introduced here, 
the analytical results obtained in the pres
ent study were continuously monitored by 
the use of a control serum. The mixed 
reference serum was routinely analyzed 
with each group of unknown samples. 
The cholesterol concentration found for 
this serum remained constant during an 
entire year and provided a continuous 
check on the reproducibility of the method. 
The mean concentration found for 85 
analyses of this serum was 198 mg/100 
ml with a standard deviation of 13.

Lipid phosphorus. The lipid phospho
rus method of Beveridge and Johnson 
(’49) was found to be readily adaptable 
to the microscale required, allowing phos
phorus analyses in dried serum extracts 
equivalent to 0.005 ml of serum. The 
analysis was carried out as published ex
cept that the volumes of all reagents used

V
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were reduced to l/25th of those of the 
published method. Digestion and color 
development were carried out in 10-ml 
pyrex test tubes calibrated at 2 ml, which 
was the final volume of the colored solu
tion. Optical density was measured in a 
Beckman Model C colorimeter.

The reference serum used for the cho
lesterol assay was also used to maintain 
a continuous check on the lipid phospho
rus analytical results.

The methods described have been used 
for the analysis of approximately 1000 
serum samples in this laboratory. One of 
the advantages which they offer is their 
relative rapidity. For the analysis of 5 
serum samples, an actual working time of 
about one-and-a-half hours is needed for 
the cholesterol assay and an additional 
hour for the lipid phosphorus determina
tion. These time intervals do not include 
the periods required for color development 
or phosphorus digestion, during which the 
attention of the technician is not required.

Subjects and samples. Almost all of 
the Chinese and Japanese immigration to 
Hawaii took place before 1900, whereas 
the first Filipinos did not arrive until 1906 
and Fihpino immigration continued until 
1946. Therefore, while the greater part 
of the subjects in the present study who 
were of Chinese and Japanese ancestry 
were second or third generation Ameri
cans, many of the “Filipino” subjects were 
born in the Philippine Islands. However, 
all serum samples (with the exception of 
the Thai group) were from subjects who 
had lived in Hawaii for at least 10 years, 
the great majority of them having been 
born there.

Cholesterol and lipid phosphorus con
centrations were measured in 5 groups 
of sera:

(1) 800 venous blood samples which 
were collected by personnel of the Terri
torial Board of Health from Honolulu resi
dents of various (chiefly manual and cler
ical) occupations.

(2) 100 venous blood samples drawn 
from plantation workers on the island of 
Lanai by Dr. Edwin Willet.

(3) 100 samples from University of 
Hawaii students.

(4) Samples from approximately 100 
Honolulu adults.

(5) Approximately 200 samples col
lected in Thailand in December, 1958.

The samples of groups 3, 4, and 5 were 
drawn into heparinized capillary tubes 
from a finger puncture.

Information on body weight, physical 
activity, and caloric intake was unavail
able for groups 1, 2, and 5. It has there
fore been impossible to relate these fac
tors to the results.

RESULTS AND DISCUSSION
Dietary patterns. In general, the foods 

eaten by people of Asian ancestry in Ha
waii are more nearly typical of the con
tinental United States than of Asia. The 
economic standard of living which plays 
such a major role in controlling the diets 
in much of Asia is, in Hawaii, largely in
dependent of ethnic group and is equiva
lent to that of the continental United 
States. Ice cream, milk, cheese, mayon
naise, eggs and meats, all of which hold 
a minor place in the diets of Japan and 
China, are consumed liberally by all 
groups in Hawaii. Foods ordinarily eaten 
in the United States are, however, supple
mented by others, some of which (such 
as papaya) are typical of Hawaii, whereas 
others (such as rice and soy sauce) are 
representative of the diets of the Far East.

In the present study, to supplement the 
above general knowledge concerning local 
diets, detailed dietary information was ob
tained from 109 University students, most 
of whom were living at home. They were 
asked to complete, in class, detailed ques
tionnaires concerning their diets. It is 
realized that due to inadequacies of the 
questionnaire method of obtaining dietary 
data, the figures obtained merely represent 
approximations of the actual diets of the 
students. However, it is believed that 
since the same questionnaire was used 
by all of the students, the comparisons of 
different ancestry groups should be mean
ingful. The results of the analysis of the 
questionnaires are summarized in table 1 
and compared with figures published by 
Keys et al. (’58). It can be seen that the 
amount of fat and the proportion of ani
mal fat in the diets of the University stu
dents of Japanese and Chinese ancestry 
appear to be normal for Americans. This 
is what would be expected from cursory 
observation of local food habits.
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TABLE 1
Percentage of calories derived from fat

City Subjects and ancestry No. Mean
age

Calories from fat
Animal Vegetable Total

% % %
Present study

Honolulu Univ. students: Caucasian 5 21 28 13 41
Honolulu Univ. students: Japanese 86 20 27 13 40
Honolulu Univ. students: Chinese 18 19 29 11 40

Keys et al. ( ’58)
Los Angeles Adult men: Caucasian (? ) 40-49 28 14 42
Los Angeles Adult men: Japanese 45 40^49 29 10 39
Honolulu Adult men: Japanese 35 40^49 22 10 32
Shime, Japan Adult men: Japanese 55 40-49 9 3 12

Serum cholesterol: Honolulu men. The 
results of the serum cholesterol analyses 
for Honolulu men are presented by ethnic 
and age group in table 2. The most obvi
ous ethnic group differences are between 
the values for the Filipinos (who will be 
discussed at greater length later) and the 
other ancestry groups. In table 3, the 
significance of the differences in table 2 
are analyzed. The Filipino value is sig
nificantly lower than the Japanese or Cau
casian values for age 20 to 39; in the 40 
to 49 age group the Filipino value is sig
nificantly lower than the Chinese value; 
in the 50 to 59 age group the Filipino 
mean is significantly lower than the Ha
waiian mean. For age 20 to 39 the Chi
nese mean value is significantly higher 
than the Japanese. Other differences in 
group means for a given age in table 2 
are less significant.

The Japanese and Chinese values are 
similar to that for the Caucasians in each 
age group, although the Chinese tend to 
be higher. It is apparent that the low 
concentrations reported for serum choles
terol in Japan (Keys et al., ’58) are not 
maintained in Hawaii. This indicates that 
for the population studied here, the influ
ence of race on serum cholesterol concen
tration is negligible, whereas some shared 
environmental influence has effectively 
equalized the cholesterol levels.

The cholesterol concentrations reported 
here tend to be about 10% higher than 
those generally reported for normal Amer
ican men by other authors. Of particular 
interest are the data obtained in Hawaii 
by Keys et al. (’58). For the men of Jap
anese ancestry, age 40 to 49, they re

ported 223 m g/100 ml, whereas the cor
responding value from the present study 
is 269. Most of the normal serum cho
lesterol values reported by different lab
oratories for 40 to 49-year-old American 
men fall between the values of 232 mg/ 
100 ml published by Barker (’39) and 
261 mg/100 ml given by Ackerman et al. 
(’59). Interlaboratory variation in the re
sults of cholesterol analyses is often con
siderable even if the different laboratories 
are all asked to analyze the same sample 
(King, ’53). It is therefore quite possible 
that the apparent difference between our 
sample of Honolulu Japanese and that of 
Keys is not a real one. This possibility is 
heightened by the fact that the analytical 
method used in the present study is less 
specific (Holmgard, ’57) than is the pro
cedure (used by Keys’ group) which in
volves digitonin precipitation. Therefore, 
although the data from the present study 
are internally consistent (due to the in
clusion of a sample of a pooled reference 
serum with each group of unknowns an
alyzed), they may not be comparable with 
data from other laboratories.

Serum cholesterol: Honolulu women. 
Relatively few serum samples were ob
tained from Honolulu women. The cho
lesterol concentrations for Japanese and 
Caucasian women of two age groups are 
compared in table 4. Although the num
bers of subjects in three of the 4 groups 
are so small as to be of doubtful signifi
cance, the general pattern is the same as 
that observed for the men; the serum 
cholesterol concentration rises from about 
200 mg/100 ml at age 20 to approxi
mately 250 mg/100 ml at 50, with the
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TABLE 4

S e r u m  c h o le s te ro l in  H o n o lu lu  w o m e n

20-39 years 40-49 years
Ancestry

No. Mean
age Cholesterol No. Mean

age Cholesterol

Japanese 51 21
mg/100 ml
214 ±  321 18 44

mg/100 ml 
248 ±  481

Caucasian 6 23 200 ±  18 21 44 252 ±  43

1 Mean ±  standard deviation.

Caucasian and Japanese values being es
sentially the same.

Serum cholesterol: Filipinos. The Hon
olulu data given above and exclusive of 
the Filipino data indicate that groups 
with different ethnic background living 
in the Hawaiian environment have sim
ilar serum cholesterol concentrations. 
What is to be expected with two groups 
of the same ethnic background living in 
different environments? The studies of 
Scrimshaw et al. (’57) and of Keys et al. 
( ’58) have indicated that subjects of a 
given race have blood cholesterol concen
trations characteristic of their environ
ment rather than of their race. However, 
the environmental differences between 
Los Angeles and Japan or rural Guata- 
mala and North America are many and 
extreme. Thus, there is the possibility 
that “ . . . strong environmental influ
ences can modify and even nullify the 
genetic predisposition” as suggested by 
Adlersberg and Schaefer (’59). The re
port of Gopalan and Ramanathan (’57), 
in which different economic groups living 
in India were compared, differs from most 
studies in that serum cholesterol was com
pared among groups with large dietary 
differences in a constant geographical en
vironment.

As pointed out above, the Filipinos in 
Hawaii are the most recent group of im
migrants from the Orient. Serum cho
lesterol concentrations of two groups of 
Hawaii Filipinos (Honolulu and Lanai) 
are compared in table 5. The environ
mental differences between Honolulu and 
Lanai are essentially those between an 
urban and a rural locale. Lanai is a small 
island 60 miles from Honolulu. The econ
omy of the island is based on the growing 
of pineapples and the serum samples were 
from pineapple plantation workers. Al

though the men live in a small plantation 
town, they raise most of their own food, 
in contrast to the Honolulu Filipinos who 
do not. In addition to the environmental 
difference for the two groups, there also 
may be a difference in the physical activ
ity: although the Honolulu sample was 
chiefly composed of longshoremen and 
gardeners, detailed occupational records 
were not available.

It can be seen that the average serum 
cholesterol concentration for Filipinos of 
less than 40 years is the same for Lanai 
and Honolulu and is lower than for Hon
olulu Caucasians. In the 40 to 49 and 
40 to 59 age groups, however, the Hono
lulu Filipino values increase (equalling 
the level of Honolulu Caucasians), where
as the corresponding increase with age in 
the Lanai concentrations is less than one- 
half as great. As a result there are sig
nificant differences (table 3) between 
Honolulu and Lanai Filipinos of these 
age groups.

A similar contrast is observed between 
rural and urban Thai samples with the 
difference again increasing with age (ta
ble 5). The Chiengmai samples were from 
farmers in northern Thailand where the 
average diet (adult man) is reported to 
furnish 1851 calories (with only 11% of 
these calories coming from fat) and 46 
gm of protein. The diet of the average 
Bangkok adult man has been reported to 
contain 1807 calories (27% from fat) 
and 47 gm of protein (Chandrapanond, 
’57).

Here, too, the evidence indicates that 
environment (including diet and occupa
tion) rather than race controls cholesterol 
concentrations, even when the contrasted 
environments are identical in their geo
graphical characteristics.
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Serum cholesterol: change with age. 
There seems to be no doubt that in the 
United States, serum cholesterol concen
trations are higher in subjects of increas
ing age up to approximately age 50, after 
which they tend to decrease (Barker, ’39; 
Jones et al., ’51; Keys et al., ’52; Swanson 
et al., ’55; Ackerman et al., ’59). It has 
been pointed out that “this does not neces
sarily mean . . . that the cholesterol level 
actually declines in old age. The oldest 
persons . . . are survivors . . . who may 
not have been typical, at younger ages, of 
the general population. It is entirely pos
sible that persons . . . characterized by 
having relatively low cholesterol concen
trations tend to survive longer than their 
fellows . . .” (Keys et al., ’50). Whether 
or not this is actually the case can only 
be determined by long-term studies of in
dividuals. No such studies have been re
ported. In three studies in which meas
urements on a few individuals were re
peated once after various lengths of time 
(3 to 48 years), results are inconsistent 
(Sperry and Webb, ’50b; Keys, ’52; Man 
and Peters, ’53).

The frequent observation of constant 
cholesterol after age 30 in low cholesterol 
populations (Keys et al., ’52; Gopalan and 
Ramanathan, ’57; Scrimshaw et al., ’57; 
Abraham and Miller, ’59) renders ques
tionable the assumption that the age-cho
lesterol trend observed in the United 
States would be observed in a truly nor
mal population.

In the Honolulu data reported here, the 
usual age-cholesterol pattern for the 
United States is seen: cholesterol concen
trations in the 40 to 49 age range are 
appreciably higher than for age 20 to 39 
for all groups. The increase is most 
marked in the Filipino group. However, 
the corresponding increases for the Lanai 
Filipinos and for the Thai were much less 
pronounced. These data therefore lend 
support to the hypothesis that the increase 
of cholesterol with age is a consequence 
of environmental influences rather than 
of age per se.

Serum lipid phosphorus. The lipid 
phosphorus concentrations and the cho- 
lesterol/lipid phosphorus ratios of the 
various groups are shown in table 6. In 
general the phosphorus concentrations re

peat the cholesterol relationships. Corre
lation coefficients of cholesterol and phos
phorus were more than 0.7 for most 
groups. However, the cholesterol increases 
with age somewhat more than does the 
phosphorus, with the result that the cho- 
lesterol/lipid phosphorus ratio shows an 
increase with age in most groups.

In view of the theory that the choles- 
terol/phospholipid ratio is increased in 
cases of atherosclerosis (Gertler et al., ’50), 
it is interesting to note that this ratio is 
appreciably higher in the Thai samples 
than in the Hawaii ones. This high ratio 
is chiefly due to the fact that the lipid 
phosphorus of the Thai samples was much 
lower than in the Hawaii sera. The Lanai 
samples, with cholesterol concentrations 
nearly as low as those of the Thai but with 
higher phosphorus levels, had cholesterol/ 
lipid phosphorus ratios equivalent to the 
Honolulu samples.

SUMMARY
Fats in the diets of the various ethnic 

groups among University of Hawaii stu
dents (Japanese, Chinese, Caucasian) 
provide approximately 40% of the total 
caloric intake by each group.

The serum cholesterol and lipid phos
phorus concentrations for various ances
try groups in adult Honolulu men (Cau
casian, Chinese, Filipino, Japanese, Ha
waiian) were essentially the same in all 
groups with some exceptions: in the 20 
to 39 age group, Honolulu Filipinos had 
lower serum cholesterol and lipid phos
phorus than the other groups, and the 
Chinese had higher serum cholesterol 
than the Japanese. The Chinese and Jap
anese values for all ages were as high as 
or higher than the corresponding values 
for Caucasians.

Filipino plantation workers over 40 
years old living in a rural environment 
on the island of Lanai had significantly 
lower serum cholesterol and lipid phos
phorus concentrations than did Honolulu 
Filipinos. The increase in the Lanai Fili
pino cholesterol concentrations after age 
30 was appreciably less than that ob
served for all of the Honolulu groups.

Serum cholesterol concentrations of 
Thai residents of Bangkok were approxi
mately equivalent to those of the Lanai 
Filipinos. Values for farmers in Chieng-
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mai (northern Thailand) were lower than 
for the Bangkok Thai. The relative con
stancy of cholesterol concentration with 
age was also observed in the Thai sam
ples from both locations.

The data support the viewpoint that the 
frequently observed increase of serum cho
lesterol with age is not obligatory but is 
attributable to environmental hypercho- 
lesterolemic influences.

There was good correlation between 
serum lipid phosphorus and serum cho
lesterol concentrations in all groups. The 
cholesterol/lipid phosphorus ratio was 
higher in the Thai serum samples than 
in the Hawaii sera.

These results are consistent with the 
view that race is of negligible influence 
in determining serum cholesterol concen
trations, whereas undetermined environ
mental factors are of great influence.
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A Study on Pigment Deposition by 
Intravenous Fat Emulsions

SAMUEL W. THOMPSON, II, ROBERT W. THOMASSEN, DONALD H. 
YOST,1 MARY A. FOX a n d  RONALD G. WIEGAND
P a th o lo g y  D iv is io n , U .S. A r m y  M e d ic a l R e se a rc h  a n d  N u tr i t io n  L a b o ra to ry , 
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Meyer and associates (’57) reported on 
the observation of a brown pigment within 
the reticuloendothelial system of human 
beings and dogs receiving multiple intra
venous infusions of a sterile aqueous fat 
emulsion. This emulsion consisted of 15 
gm of cottonseed oil, 4 gm of glucose, 1.2 
gm of soybean phosphatide and 0.3 gm of 
a polyoxyethylene-propylene polymer (Plu- 
ronic F-68) per 100 ml of the mixture. 
Thompson et al. ( ’58) observed that the 
pigment reported by Meyer et al. was en
capsulated by lipoid substances. They des
ignated the pigment-lipoid complex "intra
venous (i.v.) fat pigment” and described 
its histochemical characteristics. Thomp
son and associates ( ’60a) demonstrated 
that the i.v. fat pigment is a specific entity 
and not an artifact incident to the fixation 
and processing of the tissues. Thompson 
et al. ( ’60b) reported that the i.v. fat pig
ment persists within reticuloendothelial 
cells of rabbits up to and including 18 
months postinfusion.

To date, the literature of i.v. fat pig
ment has dealt solely with fat emulsions 
identical in composition to that reported 
by Meyer et al. ( ’57). The present report 
deals with the testing for pigment deposi
tion of emulsions containing fats other 
than cottonseed oil and emulsifiers other 
than soybean phosphatide and Pluronic 
F-68.

MATERIALS AND METHODS
Splenic tissue was obtained at necropsy 

of rabbits and rats receiving multiple 
intravenous infusions of 11 sterile aqueous 
fat emulsions or suitable control mixtures 
containing no fat. The composition of the 
fat emulsions and the control mixtures 
and the data relative to their administra
tion are presented in table 1. All animals

were killed and necropsied one to three 
days after receiving the final infusion. At 
necropsy, blocks of splenic tissue were 
placed in 10% formalin buffered to pH 7.0 
and in absolute ethyl alcohol. Using fresh 
reagents and chemically clean glassware, 
the fixed tissues were processed and infil
trated on the Autotechnicon. Replicate tis
sue sections were cut 6 to 8 a in thickness 
from paraffin-embedded blocks. Formalin 
and alcohol-fixed tissue sections from each 
animal were stained by Harris’ hemat
oxylin and aqueous eosin (Gridley, ’57) 
and by Gomori’s stain for iron (Mallory, 
’42).

Alcohol-fixed tissue sections from ani
mals receiving fat emulsions were sub
jected to several additional stains and 
histochemical procedures. These included 
immersion in Oil red O stain in propylene 
glycol for 24 hours (Gridley, ’57), expo
sure to osmium tetroxide for 24 hours 
(Mallory, ’42), exposure to anhydrous pyr
idine for 24 hours in the Soxhlet apparatus 
followed by immersion in Oil red O stain 
in propylene glycol for 24 hours, ex
posure to equal parts of methanol and 
chloroform for 24 hours in the Soxhlet ap
paratus followed by immersion in Oil red 
O stain for 24 hours, and examination by 
fluorescence microscopy of unstained glyc
erine-mounted tissue sections. For this 
procedure a Philips CS 150 high pressure 
mercury vapor lamp was used with two 
filter systems: (1) a 6 mm UG1 trans
mission filter and a 2.5 mm Euphos 
absorption filter and (2) a 4 mm BG12 
transmission filter and a 2.5 mm OG1 ab
sorption filter. The first system produces

Received for publication August 21, 1959.
1 Pathology Division, U.S. Army Medical Re

search Laboratory, Ft. Knox, Kentucky.
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an exciting light of 360 mu wave length. 
The second system produces an exciting 
light of 400 mu wave length. The un
stained tissue sections in addition to the 
hematoxylin and eosin stained sections al
so were examined by the polarizing micro
scope.

RESULTS
A brown, granular biréfringent and iron

negative pigment was observed within the 
spleens of all animals receiving intra
venous infusions of fat emulsions with the 
exception of that group of rabbits receiv
ing the coconut oil-nonphosphatide emul
sion (figs. 1—3). The pigment was not ob
served within the spleens of animals re
ceiving intravenous infusions of control 
mixtures containing no fat (fig. 4). All 
examined sections exhibited a pigment in
terpreted as hemosiderin, but no section 
contained pigment that was interpreted as 
acid formalin hematin.

In stained and unstained tissue sections, 
the pigment appeared as light-brown to 
dark-brown granules within the cytoplasm 
of the reticuloendothelial cells. In un
stained tissue sections, a faint-yellow cap
sule surrounding the granules was often 
seen. Under ultraviolet light the capsule 
appeared as a halo emitting a yellowish- 
green fluorescence, except in the animals 
receiving olive oil or corn oil emulsions. 
In these two groups of tissues the fluores
cence of the capsule was orange. The Oil 
red O stain showed that the capsule was 
Oil red O positive. Although the quantity 
of capsular material varied between groups 
and between animals within a group, all 
examined pigment granules were encap
sulated by Oil red O-positive material. 
Neither the capsule nor pigment granule 
reduced osmium tetroxide. Treatment with 
anhydrous pyridine consistently removed 
the pigment granules from the tissue sec
tions. Treatment with methanol-chloro
form removed the pigment granules except 
for a small number remaining in the tis
sues of the cottonseed oil-phosphatide 
emulsion group. Oil red O staining of the 
tissue sections after exposure to anhydrous 
pyridine or methanol-chloroform demon
strated that Oil red O-positive material re
mained in quantities that varied little from 
that present in the untreated tissue sec
tions.

DISCUSSION
The pigment associated with multiple 

intravenous infusions of a fat emulsion 
is evidently related to the presence of fat 
in the emulsion since the pigment was not 
observed in animals receiving the emul
sifier system free of fat. The fact that one 
fat emulsion, coconut oil-nonphosphatide, 
produced no pigment under the conditions 
of this experiment indicates that the coco
nut oil is free from the pigment-producing 
agent. However, when coconut oil is com
bined with a phosphatide emulsifying sys
tem, which by itself does not produce pig
ment, small but detectable quantities of 
pigment are found in the injected animals. 
All fat emulsions containing soybean phos
phatide produced pigment, but two of three 
fat emulsions without soybean phosphatide 
also produced pigment. Whatever the 
source of the pigment may be, this study 
shows that the pigment associated with 
one fat emulsion is not significantly dif
ferent, histologically, from the pigment 
associated with any other of 9 fat emul
sions. In a previous study (Thompson et 
al., ’58) the pigment associated with a 
cottonseed oil-phosphatide emulsion was 
described as a pigment-lipoid complex. 
Since the pigment granules observed in 
this study were routinely encapsulated by 
fluorescent Oil red O-positive material that 
did not reduce osmium tetroxide and that 
was not readily removed by lipid solvents, 
the term pigment-lipoid complex may also 
be used to describe these pigments. Like
wise, the title of i.v. fat pigment should 
include the pigment-lipoid complexes de
scribed here in addition to the pigment- 
lipoid complex originally associated with 
the cottonseed oil emulsion.

SUMMARY
Eleven fat emulsions containing various 

synthetic or vegetable oils were adminis
tered intravenously to rabbits or rats. In 
addition the emulsifying systems without 
fat were similarly tested. A pigment-lipoid 
complex, i.v. fat pigment, was found 
within the cytoplasm of the splenic reticulo
endothelial cells of animals receiving coco
nut oil-phosphatide, cottonseed oil-non- 
phosphatide, cottonseed oil-phosphatide, 
molecularly distilled cottonseed oil-phos- 
phatide, olive oil-phosphatide, corn oil-
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Fig. 1 Spleen of a rab b it receiv ing  the  coconut o il-phosphatide  em ulsion . In trav en o u s
fa t  p ig m en t is p re sen t in  th e  re ticu lo en d o th e lia l cells. Alcohol fixation  an d  Gom ori’s s ta in
fo r iro n  w ith  n u c le a r  fa s t red  co u n te rsta in . (X  825.)
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Fig. 2 Spleen of a rab b it receiv ing  th e  coconut o il-nonphosphatide  em ulsion . In trav en o u s
fa t p ig m en t is absen t from  the re ticu lo en d o th e lia l cells. Alcohol fixation  and  G om ori’s
s ta in  fo r iro n  w ith  n u c le a r fa s t red  c o u n te rs ta in . (X  825 .)
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Fig. 3 Spleen of a ra t  receiv ing  th e  co rn  oil-phosphatide em ulsion . The i.v. fa t  p ig m en t
in  th e  re ticu lo en d o th e lia l cells is rep resen ta tiv e  of all i.v. f a t  p igm ent. Alcohol fixation  and
Gom ori’s s ta in  fo r iro n  w ith  n u c lea r fa s t  red  co u n te rsta in . (X  825.)
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Fig. 4 Spleen of a rat receiving an emulsifier system without fat. The reticuloendothelial 
cells are free of pigment. Alcohol fixation and Gomori’s stain for iron with nuclear fast 
red counterstain, (x  825.)
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phosphatide, peanut oil-phosphatide, bu- 
tyro olein-phosphatide, safflower oil-phos
phatide or synthetic oil-nonphosphatide 
emulsions. No i.v. fat pigment was ob
served in animals receiving coconut oil- 
nonphosphatide emulsion or in the animals 
receiving the emulsifying mixture without 
fat.
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Effects of Diet on Fish Oil Toxicity in the Rat
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It is well established that the prolonged 
administration of fish oils will induce or 
accentuate symptoms of vitamin E defi
ciency in a number of animal species 
(Agduhr, ’26a, b, ’28; Madsen et al., ’35; 
Dam, ’43; Singsen et al., ’55a). This effect 
has been ascribed to one or more of the 
following mechanisms: (1) destruction
or inactivation of vitamin E in the diet, 
the gastrointestinal tract or the tissues 
by the autoxidation of the polyunsaturated 
fatty acids of fish oil or (2) an increased 
requirement for (or an impaired utilization 
of) tocopherol induced by (a) toxic sub
stances in, or toxic metabolites of, fish 
oil and/or (b) toxic substances produced 
by the interaction of fish oil with other 
substances in the diet.

Symptoms of vitamin E deficiency in
duced by fish oil administration such as 
muscular dystrophy in herbivora or en- 
cephalomalacia in chicks can readily be 
counteracted by the concurrent feeding of 
a-tocopherol (Dam et al., ’38; Mackenzie 
and McCollum, ’40). They can also be 
counteracted, however, by various non
tocopherol supplements. Thus, Ni ( ’36, 
’37, ’38, ’40) found that a water-soluble 
material derived from Chinese gelatin ef
fectively prevented the occurrence of mus
cular dystrophy and encephalomalacia us
ing diets containing fish liver oils. Jukes 
and Babcock (’38) described a paralytic 
disorder in chicks which could be prevented 
either by a fat-soluble fraction prepared 
from soybean oil (presumably vitamin E) 
or by a water-soluble fraction prepared 
from fat-extracted alfalfa meal.

More recently Dam et al. (’48, ’51) ob
served that a number of apparently un
related compounds including methylene 
blue, ascorbic acid and nordihydroguai- 
aretic acid had significant activity in pre
venting chick encephalomalacia using diets 
containing cod liver oil. Similar findings 
were obtained by Singsen et al. (’55b) with 
N, N' - diphenyl - p  - phenylenediamine

(DPPD) and by Bunnell et al. (’55) with 
other antioxidants including 2, 6-diterti- 
ary butyl-4-methoxyphenol (BHT), dibutyl 
and diamyl hydroquinones; di-sec-butyl- p- 
phenylenediamine; and l,2-dihydro-2,2,4- 
trimethyl-6-ethoxy quinoline ( S antoquin ). 
Methylene blue, ascorbic acid and tetra
ethylthiuram disulfide (antabuse) were 
also active in protecting against the devel
opment of such symptoms of vitamin E 
deficiency as fat coloration and peroxida
tion, incisor depigmentation, hepatic dam
age and sterility in rats fed diets contain
ing cod liver oil (Dam et al., ’49). Methyl
ene blue was also active in preventing dys
trophy in calves fed a diet containing cod- 
liver oil (Blaxter et al., ’53). Since all the 
materials indicated above have antioxi
dant activity, it would appear that their 
activity was due either to their sparing 
effect on the destruction of vitamin E 
in the diet, gastrointestinal tract or tissues 
or to their ability to replace vitamin E, at 
least in part, in the tissues.

There is evidence, however, that the 
toxic effects of fish oil administration are 
not confined to the induction or accentua
tion of a vitamin E-deficiency state. Thus, 
Scott (’51a) observed that the addition of 
fish liver oil to the diet of poults resulted 
in a high incidence of enlarged hock dis
order. Vitamin E deficiency does not ap
pear to be the cause of this condition since 
high levels of a-tocopheryl acetate ( 50 mg/ 
pound of diet) failed to prevent the 
disorder (Scott, ’51b). Intramuscular in
jections of a-tocopheryl phosphate (10 mg 
per poult weekly) were also ineffective in 
this regard (Scott, ’51b). The high inci
dence of enlarged-hock disorder in poults 
fed diets containing fish liver oil could be 
prevented completely however, by the con
current feeding of dried brewers’ yeast 
(Scott, ’51b). In the present communica
tion further data are presented indicating

Received for publication December 10, 1959.
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that toxic effects may occur following fish 
oil administration due to factors other than 
the induction of a vitamin E-deficiency 
state.

PROCEDURE AND RESULTS 
A series of experiments was designed to 

study the effects of various dietary supple
ments on the growth of immature rats fed 
a purified low-fat ration supplemented with 
10% of fish oil. The basal low-fat ration 
used in these experiments consisted of 
sucrose, 71%; casein,1 24%; and salt 
mixture,2 5%. To each kilogram of the 
above diet were added the following syn
thetic vitamins: (in milligrams) thia
mine -HC1, 20; riboflavin, 20; pyridoxine- 
HC1, 20; Ca pantothenate, 60; nicotinic 
acid, 100; ascorbic acid, 200; biotin, 4; 
folic acid, 10; p-aminobenzoic acid, 400;

inositol, 800; 2-methyl-l,4-naphthoquin
one, 5 mg; and vitamin Bi2, 150 ug; chol
ine chloride, 2 gm; vitamin A, 5000 U.S.P. 
units;3 vitamin D2, 500 U.S.P. units;3 and 
a-tocopheryl acetate, 100 mg. The vita
mins were added in place of an equal 
amount of sucrose. Fish oils and the vari
ous test supplements were incorporated 
in the above diet in the amounts listed in 
tables 1-4, replacing equal amounts of 
sucrose.

1 Vitamin-Free Test Casein, General Biochem
icals, Inc., Chagrin Falls, Ohio.

2 Wesson Modification of Osborne-Mendel Salt 
Mixture, General Biochemicals, Inc., Chagrin 
Falls, Ohio.

3 Crystalets 500 A—50 D, crystalline vitamin A 
acetate and crystalline vitamin D2 stabilized with 
gelatin and sugar, 500,000 U.S.P. units vitamin A 
and 50,000 U.S.P. units vitamin D2 per gm, Chas. 
Pfizer and Co., Inc., New York.

TABLE 1
E ffe c ts  o f  f is h  o il a d m in is tr a t io n  o n  th e  w e ig h t  in c re a se  o f  im m a tu r e  m a le  ra ts  fe d  a  

p u r ifie d  lo w -fa t d ie t  a n d  a  s im ila r  ra tio n  su p p le m e n te d  w i th  c o tto n se e d  
o il (6  a n im a ls  p e r  g ro u p )1-2

Dietary group
Average gain in  body weight after following 

days of feeding
7th 14th 21st 28th3
gm gm gm gm

Basal low-fat diet 27 64 93 124 ±  6.1
Basal low-fat diet plus following 

supplements :
10% Crude tuna oil 2 14 29 38 ±  3.4
10% Refined tuna oil 1 9 21 37 ±  2.9
10% Crude sardine oil - 3 3 13 28 ±  2.1
10% Menhaden oil - 1 4 15 21 ±  4.2
10% Cod liver oil 6 34 45 61 ±  3.1

Basal low-fat diet plus 10%
cottonseed oil 33 80 118 153 ±  5.8

Basal low-fat diet plus 10% cottonseed 
oil plus following supplements:

10% Crude tuna oil 29 68 97 138 ±  4.4
10% Refined tuna oil 26 59 86 119 ±  3.9
10% Crude sardine oil 29 56 84 120 ± 4 .6
10% Menhaden oil 30 58 88 129 -<-4.1
10% Cod liver oil 32 66 98 147 ±  2.9

1 The average initial body weight of rats in the various groups ranged between 46.4 and
48.0 gm.

2 The crude and refined tuna oil and the crude sardine oil were kindly provided by the 
late Dr. E. Geiger and Mr. H. J. Dunn of the Van Camp Sea Food Co., Inc., Terminal Island, 
California. The menhaden oil was obtained from the Pacific Vegetable Oil Corp., Los Angeles; 
the cod liver oil from E. R. Squibb and Sons, New York. The cod liver oil had a vitamin 
A content of 1700 U.S.P. units/gm  and a vitamin D3 content of 170 U.S.P. units/gm. 
When fed at a 10% level in the diet it supplied 170,000 U.S.P. units of vitamin A and
17.000 U.S.P. units of vitamin D3/kg of ration. The tuna oils contained approximately 
200 U.S.P. units of vitamin A and 50 U.S.P. units of vitamin D3/gm, and the sardine oil ap
proximately 500 U.S.P. units of vitamin A and 100 U.S.P. units of vitamin D3/gm. No 
data are available on the vitamin A and D content of the menhaden oil.

3 Including standard error of the mean calculated as follows:

\
where “d” is the deviation from the mean and “n ” is the number of observations.
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tuna oil, crude sardine oil and menhaden
oil. Growth also was retarded using diets 
containing 10% of cod liver oil but to a 
lesser extent than with the other fish oils 
tested. In contrast to the above, the 
growth-retarding effect of the various fish 
oils as well as the occurrence of diarrhea 
was largely if not completely counteracted 
by the concurrent administration of cot
tonseed oil at a 10% level in the diet.

Experiment 2
Comparative effects of cottonseed oil, 

methyl linoleate, and other sources of 
dietary fat on the grcnvth retardation of 
immature rats fed a purified low-fat ration 
supplemented with 10% of crude tuna oil. 
In agreement with experiment 1 the in
corporation of crude tuna oil at a 10% 
level in the basal purified low-fat ration 
resulted in a significant retardation in 
growth accompanied by diarrhea which 
was largely counteracted by the concur
rent administration of 10% of cottonseed 
oil. Soybean oil, sesame oil, corn oil and 
wheat germ oil when fed at a 10% level 
in the diet were active also in this regard 
but olive oil, coconut oil, hydrogenated cot
tonseed oil, butter fat and lard at a 10% 
level of feeding had little if any growth- 
promoting effect. The above findings in
dicate that the fats most active in counter
acting fish oil toxicity under conditions of 
the present experiment were vegetable oils 
with a high content of unsaturated fatty 
acids, whereas the more saturated fats 
(such as hydrogenated cottonseed oil, 
vegetable oils of low unsaturated fatty 
acid content or animal fats) had little if 
any activity in this regard.

Methyl linoleate, however, when incor
porated at levels of 1, 5 or 10% in the diet 
was without protective effect. On the con
trary the rats fed these supplements lost 
weight during the course of the experiment 
in contrast to the small weight increase of 
rats fed the basal low-fat ration with 10% 
of crude tuna oil. Studies conducted with 
cottonseed oil, soybean oil and sesame oil 
at levels of 2, 5 and 10% of the diet in
dicate that the effects obtained were pro
portional to the level fed. At the 2% level 
of feeding, findings were comparable to 
that obtained using the low-fat plus 10%

of crude tuna oil ration. A significant in
crease in body weight over that using the 
latter diet occurred in rats fed the 5% 
soybean oil or sesame oil supplements and 
to a lesser extent in rats fed the diet con
taining 5% of cottonseed oil. A still fur
ther increase in body weight resulted when 
these supplements were fed at a 10% 
level. Replacing the sucrose in the puri
fied low-fat diet with dextrin or corn starch 
did not improve the growth of rats fed the 
crude tuna oil supplement. On the con
trary the weight increase of rats fed dex
trin or corn starch as the source of carbo
hydrate in a low-fat diet supplemented 
with 10% of crude tuna oil was sig
nificantly less than that of rats fed a simi
lar ration containing sucrose as the dietary 
carbohydrate.

Experiment 3
Comparative effects of a-tocopherol, a- 

tocopheryl acetate, DPPD, Santoquin and 
sesamol on the growth retardation of im
mature rats fed a purified low-fat ration 
supplemented with 10% of crude tuna oil. 
Findings indicate that a-tocopherol, when 
fed at levels of 0.025, 0.05 or 0.1% in the 
diet, partially counteracted the growth re
tardation (and completely prevented the 
diarrhea) of immature rats fed a purified 
low-fat ration supplemented with 10% of 
crude tuna oil. Its growth-promoting ef
fect was more marked at the 0.05% than 
the 0.025% level; no further increase in 
weight occurred, however, when fed at a 
higher (i.e., 0.1%) level. In contrast to 
the effects obtained with a-tocopherol, a- 
tocopheryl acetate, when fed in compar
able amounts, was without protective ef
fect. Intraperitoneal injections of a-toco- 
pheryl phosphate (10 mg/rat/day, 6 
times/week) were also without growth- 
promoting effect. DPPD and Santoquin, 
when fed at a 0.05% level in the diet and 
sesamol (the methylene ether of oxyhydro- 
quinone, a constituent of sesame oil with 
antioxidant properties) when adminis
tered at a 0.05 or 0.017% level in the 
ration, counteracted completely the growth 
retardation caused by crude tuna oil when 
incorporated at a 10% level in the basal 
purified low-fat diet. Results are sum
marized in table 3.
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TABLE 3
C o m p a ra tiv e  e ffe c ts  o f  a -tocophero l, a - to co p h ery l 

a c e ta te , D P P D , S a n to q u in  a n d  se sa m o l o n  
th e  g ro w th  r e ta rd a tio n  o f  im m a tu r e  ra ts  

f e d  a  p u r if ie d  lo w -fa t ra tio n  su p p le 
m e n te d  w i th  10%  o f  c ru d e  

tu n a  o il (6 a n im a ls  p e r  
g ro u p )1-2

Average gain in
Dietary group body weight after

14 days of feeding

Basal low-fat diet
gru
61

Basal low-fat diet +
10% cottonseed oil 76

Basal low-fat diet +
10% crude tuna oil 14

Basal low-fat diet +
10% crude tuna oil +  
following supplements:

0.025% a-tocopherol 32
0.05% a-tocopherol 49
0.1% a-tocopherol 49
0.025% a-tocopheryl acetate 14
0.05% a-tocopheryl acetate 15
0.1% a-tocopheryl acetate 12
Tocopheryl phosphate 

( 10 m g/ra t/day  6
times weekly I.P. ) 4

0.05% DPPD 65
0.05% Santoquin 70
0.017% Sesamol 72
0.05% Sesamol 74

1 The average initial body weight of rats in the 
various groups ranged between 45.4 and 46.8 gm.

2 Test supplements were obtained from the fol
lowing sources: DL-a-tocopherol and DL-a-tocoph- 
erol phosphoric acid disodium salt from Nutrition
al Biochemicals Corp., Cleveland; DL-a-tocopheryl 
acetate (Dry Vitamin E Acetate Powder 25% ), 
Hoffman-La Roche Inc., Nutley, N. J.; DPPD, B. F. 
Goodrich Chemical Co., Cleveland; and Santoquin, 
Monsanto Chemical Co., St. Louis, Mo. The 
sesamol used in  the present experiment was a 
twice recrystallized product prepared by the 
Trubek Laboratories, Inc., East Rutherford, N. J., 
and supplied by the Western Utilization Research 
and Development Division Agricultural Research 
Service, U.S. Department of Agriculture, Albany, 
Calif.

Experiment 4
Comparative effects of known nutrients 

and other materials of plant and animal 
origin on the growth retardation of im
mature rats fed a purified low-fat ration 
supplemented with 10% of crude tuna oil. 
Findings indicate that a number of na
tural source materials other than unsatur
ated vegetable oils or substances present 
therein were also effective in promoting 
the growth (and preventing diarrhea) of 
immature rats fed a purified low-fat diet 
supplemented with 10% of crude tuna oil. 
Alfalfa meal at a 20% level in the diet

and desiccated liver N.F. and Torula yeast 
at a 10% level of feeding were particularly 
effective in this regard. Both liver residue 
at a 10% level and liver concentrate pow
der at a 2.5% level of supplementation had 
growth-promoting and anti-diarrheal activ
ity. Increasing the casein content of the 
diet by an additional 10% of the ration or 
supplementing the basal ration with defat
ted fish flour or a mixture of crystalline am
ino acids to the extent of 10% of the diet 
also resulted in a significant increase in 
body weight, although less than that ob
tained with the 20% alfalfa meal or 10% 
liver and yeast supplements. DL-Methionine 
when fed at a 0.6% level in the diet was 
similar to the casein, fish meal and amino 
acid supplements in activity. Doubling 
the vitamin or salt-mixture content of the 
basal ration or adding 0.5 or 1% of as
corbic acid, 2% of mixed flavonoids, 10% 
of cellulose or 1 gm of Aureomycin-HCl 
per kilogram of diet had little if any pro
tective effect. A combined supplement of 
10% of casein, 5% of salt mixture, 2 gm of 
choline chloride per kilogram of diet plus 
the various vitamins in an amount equal 
to the level at which they were incorpor
ated in the basal low-fat ration counter
acted completely, however, the growth re
tardation and diarrhea of immature rats 
fed the basal low-fat ration supplemented 
with 10% of crude tuna oil. Results are 
summarized in table 4.

DISCUSSION
Present findings indicate that immature 

rats fed a purified low-fat diet supple
mented with 10% of fish oil (i.e., crude 
or refined tuna oil, crude sardine oil, men
haden oil or cod liver oil) showed a highly 
significant retardation in growth accom
panied by diarrhea which was evident dur
ing the first week of feeding. These effects 
were counteracted largely by the concur
rent administration of cottonseed oil at a 
10% level in the diet. Soybean oil, ses
ame oil, corn oil and wheat germ oil at 
a 10% level of feeding were also active in 
counteracting the growth retardation and 
diarrhea of immature rats fed the basal 
low-fat ration supplemented with 10% 
of crude tuna oil; but olive oil, coconut 
oil, hydrogenated cottonseed oil, butter
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fat and lard, when fed at a 10% level in 
the diet, had little if any protective effect. 
These observations indicate that the fats 
most active in counteracting fish oil toxi
city under conditions of the present ex
periment were vegetable oils with a high

content of unsaturated fatty acids, where
as the more saturated fats (such as hydro
genated cottonseed oil, vegetable oils of 
low unsaturated fatty acid content or ani
mal fats) had little if any activity in this 
regard.

TABLE 4
C o m p a ra tiv e  e ffe c ts  o f  k n o w n  n u tr ie n ts  a n d  o th e r  m a te r ia ls  o f  p la n t  a n d  a n im a l  o r ig in  

o n  th e  g ro w th  r e ta rd a tio n  o f  im m a tu r e  ra ts  fe d  a  p u r if ie d  lo w - fa t  ra tio n  
s u p p le m e n te d  w i th  10%  o f  c ru d e  tu n a  o il (6 a n im a ls  p e r  g ro u p )1

Average gain in body weight after 
following days of feeding

14th 28th
gm gm

Basal low-fat diet 64 132
Basal low-fat diet +  10% cottonseed oil 80 154
Basal low-fat diet +  10% crude tuna oil 
Basal low-fat diet +  10% crude tuna oil +

12 45

following supplements:
Vitamins A, D andE2 12 41
Vitamins B, C and K3 16 40
5% Salt mixture4 24 61
10% Casein5 38 93
Combined supplements6 88 155
0.5% Ascorbic acid 23 54
1% Ascorbic acid 20 53
2% Mixed flavonoids7 15 44
Aureomycin-HCl (1 gm/kg of diet) 22 54
10% Cellulose8 20 65
10% defatted fish flour9 50 116
10% Amino acid mixture10 44 101
0.6% DL-methionine 55 94
20% Alfalfa meal 83 158
10% Alfalfa meal 51 89
Desiccated liver N.F. 87 160
10% Liver residue11 57 129
2.5% Liver concentrate powder N.F. 51 99
10% Torula yeast12 67 131

1 The average initial body weight of rats in the various groups ranged between 48.8 and 
49.6 gm.

2 The following vitamins were added per kilogram of diet: 5000 U.S.P. units of vitamin A, 
500 U.S.P. units of vitamin D2 and 100 mg of a-tocopheryl acetate.

3 The following were added per kilogram of diet: thiamine-HC1, 20 mg; riboflavin, 20 mg; 
pyridoxine-HCl, 20 mg; Ca pantothenate, 60 mg; nicotinic acid, 100 mg; ascorbic acid, 
200 mg; biotin, 4 mg; folic acid, 10 mg; p-aminobenzoic acid, 400 mg; inositol, 800 mg; 
vitamin B12, 150 pg; 2-methyl-l,4 naphthoquinone, 5 mg; and choline chloride, 2 gm.

4 Wesson Modification of Osborne-Mendel. See footnote 2 in  text.
5 Vitamin-free Test Casein. See footnote 1 in  text.
8 These include the supplements indicated in  footnotes 2, 3, 4 and 5.
7 The following flavonoids were each fed at a 0.4% level in  the diet: calcium flavonate 

glycoside, naringen (naringenin-5-rhamnosidoglucoside), hesperidin complex, hesperidin 
methyl chalcone and lemon bioflavonoid complex.

8 Solka Floe BW 200, Brown Co., Boston.
9 VioBin Corp., Monticello, Illinois.
10 Schultze’s amino acid mixture (Schultze, ’57) consisting of the following: L-arginine 

monohydrochloride, 7.65; L-histidine monohydrochloride, 5.21; DL-isoleucine, 19.94; L-leucine, 
18.97; L-lysine hydrochloride (95% ), 11.06; DL-methionine, 5.40; DL-phenylalanine, 8.00; 
m,-threonine, 12.00; DL-tryptophan, 2.78; DL-valine, 21.60; DL-aspartic acid, 9.72; DL-alanine, 
8.66; r-cystine, 5.01; r-glutamic acid, 36.74; L-tyrosine, 9.90; and glycine, 0.76.

11 Extracted liver residue, Wilson Laboratories, Chicago. This consists of the coagulated, 
water-insoluble material remaining after the removal of the extractable water-soluble sub
stances.

12 Dried Torula Yeast U.S.P., Lake States Yeast Corp., Rhinelander, Wisconsin.



DIET AND F IS H  OIL TOXICITY 51

Methyl linoleate, however, when fed at 
levels of 1, 5 or 10% of the diet was with
out protective effect, suggesting thereby 
that the beneficial effects of the more un
saturated vegetable oils were caused by 
some factor or factors other than their 
essential fatty acid content. Since toco
pherol is present in considerable concen
tration in a number of unsaturated veget
able oils and in view of the extensive liter
ature on the destruction or inactivation 
of vitamin E by fish oils, experiments were 
conducted to determine the effects of 
graded amounts of vitamin E (in addition 
to that present in the basal ration) on the 
response of immature rats fed the basal 
low-fat diet supplemented with 10% of 
crude tuna oil. Findings indicate that a- 
tocopherol, when fed at levels of 0.025, 
0.05 or 0.1%, partially counteracted the 
growth retardation (and completely pre
vented diarrhea) on the above diet. Its 
growth-promoting effect was more marked 
at the 0.05% than the 0.025% level; no 
further increase in weight occurred, how
ever, when fed at a higher (i.e., 0.1%) 
level.

In contrast to the effects obtained with 
a-tocopherol, however, a-tocopheryl ace
tate, when fed in comparable amounts, 
was without protective effect. Intraperi
toneal injections of a-tocopheryl phosphate 
(10 mg/rat/day, 6 times/week) were 
also without growth-promoting or anti- 
diarrheal effect. These findings suggest 
that the beneficial effects of a-tocopherol 
(which has marked antioxidant activity 
in contrast with that exhibited by a-tocoph
eryl acetate) were due not to its vitamin 
E activity per se but rather to its antioxi
dant properties, either in the diet itself 
or in the intestinal tract. Further evidence 
that the beneficial effect of a-tocopherol 
was due to its antioxidant activity was the 
observation that DPPD and Santoquin 
(both potent antioxidants) were also ac
tive in counteracting the growth retarda
tion and diarrhea of immature rats fed 
the basal low-fat diet supplemented with 
10% of crude tuna oil.

Available data indicate, however, that 
the beneficial effect of the unsaturated 
vegetable oils in counteracting the toxic 
effects of tuna oil administration were due, 
at least in part, to some factor other than

its tocopherol content. This is indicated 
by (1) findings that cottonseed oil, soy
bean oil, sesame oil, corn oil and wheat 
germ oil, when fed at a 10% level in the 
diet, were more effective than the a-tocoph
erol supplements in counteracting the 
growth retardation caused by crude tuna 
oil under conditions of the present exper
iment, despite the fact that they contained 
less tocopherol; and (2) the demonstra
tion that sesamol, a constituent of sesame 
oil with antioxidant properties, was com
pletely effective when fed as the sole sup
plement, even at l/6 th  the dosage of a- 
tocopherol used, in counteracting all symp
toms of fish oil toxicity on the purified low- 
fat diet. These findings suggest that the 
unsaturated vegetable oils indicated above 
contained, besides tocopherol, one or more 
additional materials with significant anti
oxidant activity equal to or exceeding that 
of tocopherol itself.

In addition to the protective effect of un
saturated vegetable oils and substances 
present therein, a number of natural 
source materials of both plant and animal 
origin, as well as some of the known non
lipid nutrients, were also active in pre
venting growth retardation and diarrhea 
in immature rats fed the purified low- 
fat ration supplemented with 10% of 
crude tuna oil. Alfalfa meal at a 20% 
level in the diet and desiccated liver N.F. 
and Torula yeast at a 10% level of feed
ing were particularly effective in this re
gard. A supplement of 10% of casein, 
10% of fish meal or a mixture of crystal
line amino acids at a 10% level in the 
diet, as well as DL-methionine alone at a 
0.6% level of feeding, also resulted in a 
significant increase in body weight, al
though less than that obtained with the 
20% of alfalfa meal, 10% of liver or 10% 
of Torula yeast supplements. A combined 
supplement of 10% of casein, 5% of salt 
mixture, 2 gm of choline chloride per 
kilogram of diet plus the various vitamins 
in an amount equal to the level at which 
they were incorporated in the basal low-fat 
ration were also active in counteracting 
the growth retardation (and diarrhea) of 
immature rats fed the basal low-fat diet 
supplemented with 10% of crude tuna 
oil. No data are available as to the cause 
of the toxic effects produced by fish oils
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when incorporated in the purified low-fat 
diet nor the mechanism (or mechanisms) 
whereby a-tocopherol, sesamol, DPPD, San- 
toquin, DL-methionine and the other sup
plements indicated above exerted their 
protective effect.

SUMMARY
Immature rats fed a purified low-fat diet 

supplemented with 10% of fish oil (i.e., 
crude or refined tuna oil, crude sardine oil, 
menhaden oil or cod liver oil) showed a 
highly significant retardation in growth 
accompanied by diarrhea. These effects 
were largely counteracted by the concur
rent administration of cottonseed oil at a 
10% level in the diet. Soybean oil, sesame 
oil, corn oil and wheat germ oil at a 10% 
level of feeding were also active in this 
regard but olive oil, coconut oil, hydro
genated cottonseed oil, butter fat and lard 
when fed at a 10% level in the diet had 
little if any protective effect. Methyl lino- 
leate when fed at levels of 1, 5 or 10% 
of the diet was without protective effect. 
a-Tocopheryl acetate when incorporated at 
levels of 0.025, 0.05 or 0.1% in the diet 
was also inactive. Intraperitoneal injec
tions of a-tocopheryl phosphate (10 mg/ 
rat/day, 6 times/week) were likewise in
effective. a-Tocopherol, however, when ad
ministered at levels of 0.025, 0.05 or 0.1% 
in the diet had a significant protective 
effect although less than that obtained 
with DPPD (hbN'-diphenyl-p-phenylenedia- 
mine) and Santoquin (6-ethoxy-2,2,4-tri
methyl-1, 2-dihydroquinoline) when fed at 
a 0.05% level in the diet or sesamol (the 
methylene ether of oxyhydroquinone, a 
constituent of sesame oil with antioxidant 
properties) when fed at 0.05 or 0.017% 
levels in the diet. In addition to the ma
terials indicated above, alfalfa meal at a 
20% level in the diet, desiccated liver N.F. 
and Torula yeast at a 10% level of feeding 
and supplements of casein, fish meal or a 
mixture of crystalline amino acids at a 
10% level in the diet or DL-methionine at 
a 0.6% level of feeding also had signifi
cant activity in preventing growth retarda
tion and diarrhea in immature rats fed a 
purified low-fat diet supplemented with 
10% of crude tuna oil.
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The experimental production of congen
ital malformations by various metabolic 
means has been recently reviewed by Kal- 
ter and Warkany (’59). Previous studies 
(Thomas and Cheng, ’52; Cheng and 
Thomas, ’53) have shown that congenital 
malformations may be produced in the 
vitamin E-deficient rats if a single dose of 
one or more milligrams of dZ-a-tocopheryl 
acetate is given during the second week 
of gestation from the 9th to the 12th day 
inclusive. If the therapeutic dose is given 
before the 8th day of gestation, only nor
mal young are obtained. On the other 
hand, if it is given after the 12th day of 
gestation, complete resorption ensues. 
When the supplementation is given on the 
9th day of gestation, hydrocephalus is the 
most prevalent abnormality, and may be 
accompanied by club feet, exencephalus, 
harelip, receding maxillae and other mal
formations. If it is given on the 11th day 
of gestation, exencephalus and gastroschi- 
sis are the predominant malformations 
with receding maxillae, club feet, hydro
cephalus, edema, ectocardia, kinked tail 
and others occurring in an order of de
creasing incidence (Cheng and Thomas, 
’53).

The development of the gross malforma
tions has been followed. Arrested develop
ment characterizes the 11-day old embryos 
from the experimental group which has re
ceived a single dose of vitamin E on the 
10th day of gestation. By the 13th day of 
gestation, exencephalus when present in 
the abnormal embryos is clearly apparent 
(Cheng et al., ’57). Table 1 illustrates 
the type of abnormalities observed in 112 
abnormal fetuses of various gestational 
age. The administration of progesterone 
or estrone at certain levels, in one or sever
al doses, either reduces or eliminates the

incidence of teratogeny in vitamin E-de
ficient rats given 2 mg of the vitamin on 
the 10th day of gestation (Cheng, ’59). 
Preliminary observations on the histologic
al changes in the tissues of the term fe
tuses (Cheng and Thomas, ’55) and on 
glycogen content of developing embryos 
have also been reported (Cheng and Scran
ton, ’59).

The purpose of the experiments was to 
breed the females in a borderline state of 
vitamin E-deficiency which would alter the 
normal development of the young without 
causing complete intrauterine death of 
the embryos. Up to the present time con
genital abnormalities were produced by 
using vitamin E-deficient rations (semi
synthetic rations 1 and 2, SSR1, SSR2) in 
which yeast was used as the source of most 
of the B vitamins and cod liver oil as the 
source of vitamins A and D. It was deemed 
advisable, therefore, to evaluate the effect 
of substituting pure crystalline sources of 
the vitamins (with the exception of vita
min E) for the natural food materials used 
in the original rations. Accordingly, after 
due consideration of the diets used by Pan 
et al. (’49), Everson et al. (’54) and Nel
son and Evans (’56) such a vitamin E- 
deficient ration (pure synthetic ration 1, 
PSR1) was formulated and used in one 
series of experiments. In addition, another 
group of rats was maintained on a vitamin 
E-deficient ration containing 2% of cod 
liver oil in addition to the crystalline vita
mins. This 4th vitamin E-deficient ration 
was designated as PSR2, pure synthetic 
ration 2.

Received for publication November 30, 1959.
1 Supported by grant RG-4993, U. S. Public 

Health Service.
54 J . N u t r it io n , 7 1 : '60
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TABLE 1
F re q u e n c y  o f  m a l fo r m a tio n s  o b se rv ed  in  e m b ry o s  o f  d i ffe r e n t  g e s ta tio n a l age  f r o m  v i ta m in  E -d e fic ien t  

ra ts  g iv e n  2 m g  o f  d l-a -to co p h eryl a c e ta te  o n  th e  1 0 th  d a y  o f  g e s ta tio n  as a  su p p le 
m e n t  to  ra tio n  S S R  2

Type of abnormalities
Gestational age, day

14
(6)i

15
(19)

16
(11)

17
(24)

18
(ID

19
(12)

20
(131

21
(16)

X oiai 
(112)

Viscera:
Umbilical hernia — ___ ___ 9 9 8 12 16 54
Ectocardia 4 0 0 0 0 0 1 0 5

Skeletal system :
Scoliosis 0 2 7 8 2 4 5 5 33
Club feet 0 1 7 3 2 0 7 7 27
Webbed front feet 0 4 3 0 0 0 0 0 7
Syndactylism 0 0 0 1 1 0 2 1 5
Kinked tail 0 1 1 0 0 1 1 0 4

Central nervous system:
Exencephalus 2 4 I 5 3 1 3 3 22
Hydrocephalus 0 2 3 3 0 0 0 0 8
Anencephalus 1 0 0 0 1 0 1 2 5
Microphthalmia 0 1 0 1 0 0 0 0 2

Circulatory system :
Hemorrhagic spots 0 8 3 8 0 0 3 0 22
Edema 0 0 0 1 1 0 3 3 8

Mouth :
Harelip 0 3 1 2 0 0 2 1 9
Receding maxillae 0 0 2 2 0 0 1 2 7
Receding mandibles 0 0 0 0 1 0 0 1 2
Cleft mandibles 1 1 0 0 0 0 0 0 2
Agnathus 0 0 0 0 0 1 0 0 1
Cleft palate 0 0 0 1 0 0 0 0 1

Total 8 27 28 44 20 15 41 41 224

1 Figures in parentheses indicate number of abnormal embryos observed.

In the present communication the effect 
of these 4 vitamin E-deficient rations on 
the gestational performance, including the 
incidence of teratogeny, is reported and 
compared.

EXPERIMENTAL
The detailed procedure for producing 

congenital malformations in vitamin E- 
deficient rats was reported earlier (Cheng 
and Thomas, ’53). For this study weanling 
female rats of the Holtzman strain, weigh
ing approximately 40 gm, were fed the 
different vitamin E-deficient rations, the 
compositions of which are presented in 
table 2.2 The rats received these rations 
ad libitum throughout the period of growth 
and pregnancy. Distilled water was avail
able at all times. The temperature of the 
animal room was kept constant at 72 to 
76°F. When the rats weighed approxi
mately 175 gm, they were mated with male 
rats previously fed a pellet diet.3 Mating

was ascertained by the presence of sperm 
in the vaginal smears. The day on which 
sperm were found was designated zero 
day of gestation. On the 10th day of ges
tation, 2 or 4 mg of di-a-tocopheryl acetate 
in 1 ml of com oil4 was given by gavage to 
the rats in the experimental groups. Posi
tive control rats received 2 mg of tocoph- 
eryl acetate each day from the first to the 
5th day of gestation inclusive, whereas 
negative control rats received no tocopherol 
supplementation. All rats were laparo- 
tomized on the 21st day of gestation, and 
the conceptuses were examined for gross 
congenital abnormalities. Furthermore, 
blood, muscle and liver were collected

2 We are indebted to Dr. P. W. Wilcox of 
Merck, Sharp and Dohme, West Point, Pa., for 
crystalline vitamins, and Dr. J. P. Kass of Pabst 
Laboratories, Milwaukee, for brewers’ yeast.

3 Purina Pellets, Ralston Purina Co., St. Louis.
4 Mazola, Corn Products Refining Co., New 

York.
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TABLE 2
C o m p o s itio n o f  v i ta m in  E -d e fic ie n t ra tio n s

Ingredients
Pure synthetic 

PSR 1 PSR 2
Semisynthetic 

SSR 1 SSR 2
% % % %

Dextrose1 62 60 — —
Dextrin — — 49 49
Casein (vitamin-free)2 24 24 — 18
Casein (crude) — — 18 —
Lard 10 10 22 22
Salt mixture (U.S.P. XIV) 4 4 4 4
Dried brewers’ yeast — — 5 5
Cod liver oil — 2 2 2

m g /k g  ration
/3-Carotene 3 3
Pyridoxine 5 5
Riboflavin 10 10
p-Aminobenzoic acid 10 10
Thiamine -HC1 15 15
Niacin 20 20
2-methyl-l, 4-naphthoquinone 25 25
Ca pantothenate 50 50
Pteroylglutamic acid 50.5 50.5
Inositol 400 400
Choline 1000 1000

lig/hg ration
Vitamin D23 10 10
Vitamin B12 50 50
d-Biotin 300 300

1 Cereiose.
2 Vitamin-Free Casein, Nutritional Biochemicals Corp., Cleveland.
3 Calciferol.

from both the mother rats and the normal, 
as well as abnormal, fetuses for chemical 
assay of their vitamin E content. These 
results will form a later report.

The percentage of abnormal young was 
calculated in two ways. First, it was cal
culated in terms of the total number of 
implantation sites, the same as the other 
categories in table 3. Then, in order to 
facilitate comparison with comparable 
data from other maternal deficiencies in 
the literature, it was also calculated in 
terms of total number of live young.

For statistical analysis of the signifi
cance, at the one or 5% level, of the inci
dence of normal and abnormal young and 
dead and resorbed fetuses the chi-square 
test was used. The significance of the dif
ference between groups with regard to the 
average number of implantation sites per 
rat was assessed by means of the “Stud
ent” t test.

RESULTS AND DISCUSSION
The gestational performance of the rats 

receiving the 4 vitamin E-deficient ra

tions is presented in table 3. The vitamin 
E-deficient rats (negative controls) on all 
rations showed 100% resorption. The pos
itive control rats fed PSR1 yielded 100% 
normal young, whereas those receiving 
SSR1 and SSR2 showed 9.7 and 1% re
sorption, respectively. The 9.7% resorp
tion was slightly higher than the 6.5% 
normally found in stock colony rats 
(Cheng and Thomas, ’53). The results 
from the positive and negative control rats 
indicated that all these rations were vita
min E-deficient.

Differences between rats fed PSR1 and 
those receiving PSR2. Compared with rats 
fed PSR1, the rats receiving PSR2 showed 
greater weight gain during gestation due 
to a significantly higher percentage of 
normal young (P < 0.05) with concurrent 
significant decrease in the percentage of 
resorption (P < 0.01). Although the inci
dence of teratogeny as calculated in terms 
of the total number of implantation sites, 
appeared reduced, the difference between 
the two groups was not significant statis-
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tically. When the frequency of abnormal
ity was determined as a function of viable 
young, however, a significant (P < 0.01) 
reduction of abnormal young was observed 
in rats fed PSR2. The average number of 
implantation sites was raised slightly but 
not significantly. All these differences 
were due probably to the additional incor
poration of cod liver oil in PSR2. The ad
ditional vitamins A and D in the cod liver 
oil plus fat per se might explain the bene
ficial effects of PSR2 on the gestational 
performance. Certainly our results are 
contrary to those of Singsen et al. (’55) 
who observed that, other things being 
equal, the addition of 2% of cod liver oil 
to the vitamin E-deficient diet of chicks re
duced the body weight gain, and aug
mented the incidence of mortality and en- 
cephalomalacia.

Differences between rats fed PSRI and 
those receiving SSR1. Compared with 
corresponding rats fed PSR1, the rats re
ceiving SSR1 with 2 mg of vitamin E 
supplementation gave a better gestational 
performance, namely, more weight gain 
during gestation, significantly lower per
centage of resorption (P < 0 .01) and 
higher average number of implantation 
sites (P < 0.05). However, there was a sig
nificantly higher incidence of abnormal 
young (P < 0.01), determined either as a 
function of total number of implantation 
sites or as a total number of live young. 
This probably indicates that SSR1 might 
not be as vitamin E-deficient as PSR1. 
When the corresponding groups that had 
received 4 mg of vitamin E were compared, 
the same trend was accentuated by the fact 
that the percentage of normal young was 
also significantly higher in SSR1 group (P 
< 0.01) although difference in abnormality 
as a function of viable young was not sig
nificant.

Difference between rats fed PSRI and 
those receiving SSR2. When observations 
of rats fed PSR1 and those that had re
ceived 2 mg of vitamin E with SSR2 were 
compared, we found that rats fed SSR2 
showed better gestational performance in 
that in addition to greater weight gain dur
ing gestation, there was significant en
hancement of the percentage of normal 
young (P < 0 .01) with a significant de
crease in the incidence of resorption (P <

0.01). No significant difference was ob
served in the incidence of abnormal young 
determined either in terms of total num
ber of implantation sites or live young. 
The difference between the average num
bers of implantation sites was not statis
tically significant.

When the corresponding groups receiv
ing 4 mg of vitamin E were compared, 
the results showed that in the group fed 
SSR2 there was a significantly greater 
percentage of normal young (PC 0.01) 
with concomitant significant decrease in 
the incidence of abnormal young calcu
lated both ways (P < 0.01). No significant 
difference was noted between the results 
from any of the other categories.

When the obseravtions of rats fed PSR1, 
SSR1 and SSR2 are examined together, it 
seems that PSR1 was just as vitamin E- 
deficient as SSR2, if not more so, but both 
were more deficient than SSR1.

Differences between rats fed PSR2 and 
SSR1. Compared with rats receiving SSR1, 
the rats fed PSR2 showed a significantly 
higher percentage of normal young (P < 
0.01) with a concurrent significant de
crease in the percentage of abnormal 
young, determined either way (P < 0.01). 
The differences between the results from 
the other categories were not significant 
statistically.

Differences between rats fed PSR2 and 
SSR2. When the observations of rats re
ceiving PSR2 were compared with those of 
rats fed SSR2, it was seen that the rats 
fed PSR2 showed a significantly higher 
percentage of normal young (P < 0.05) 
and lower percentages of both the ab
normal young, determined both ways, (P 
< 0.01) and resorption (P < 0.01).

When the comparisons between rats fed 
PSR2 and SSR1, and those between rats 
receiving PSR2 and SSR2 were viewed to
gether, we found that the difference be
tween the two sets of data was the sig
nificantly higher incidence of resorption in 
rats fed SSR2 in which the casein used 
was vitamin-free. In other words, other 
things being equal, the removal of these 
trace vitamins from the crude casein ap
pears to have caused the increase in the 
incidence of resorption under the condi
tions of the experiments.
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Differences between rats fed SSR1 and 
those receiving SSR2. Compared with rats 
fed SSR1 that had received 2 mg of 
vitamin E supplementation, those fed 
SSR2 had a significantly higher incidence 
of normal young (P < 0 .01) and resorp
tion (P < 0.01) with a significantly lower 
incidence of abnormal young, calculated 
both ways, (P < 0.01), and average num
ber of implantation sites (P < 0.05). The 
weight gain during gestation was approxi
mately the same for both groups. When 
the groups receiving 4 mg of vitamin E 
were compared, that fed SSR2 showed a 
significantly lower percentage of abnormal 
young, determined either way, (P < 0.01) 
and average number of implantation sites 
(P < 0.01). There was also a significantly 
higher percentage of resorption (P < 
0.01). It appears that the rats fed SSR1 
derived a good deal of benefit from the 
4 mg of vitamin E supplementation, result
ing in a significant rise in the percentage 
of normal young (P < 0 .01) and a co
incident significant reduction in the per
centage of resorption (P < 0.01). Other
wise, the trend of significantly lower inci
dence of abnormal young and average 
number of implantation sites, together 
with a higher incidence of resorption, in 
rats fed SSR2, prevailed in both the group 
with two and that with 4 mg of vitamin E 
supplementation. These differences were 
probably due to the use of vitamin-free 
casein instead of crude casein in SSR2. 
Apparently the trace vitamins in the crude 
casein minimized the incidence of resorp
tion as well as augmented the incidence 
of abnormal young in the rats fed SSR1.

Effect of increase in the level of vita
min E supplementation. If we viewed the 
experiments as a whole, disregarding the 
compositions of the rations, we noted that 
compared with rats that had received 2 mg 
of vitamin E supplementation, those fed 
4 mg of vitamin E showed uniformly a 
significant increase in the percentage of 
normal young (P < 0.01) resulting usually 
in an augmentation of the weight gain dur
ing gestation. The percentage of abnormal 
young were usually slightly reduced, but, 
except in the rats fed SSR2 which showed 
a significant decrease (P < 0.01), the dif
ferences between the 2 and 4 mg groups 
fed PSR1 and SSR1 were not statistically

significant. There was little increase in 
the average number of implantation sites.

From the foregoing it can be seen that 
congenitally malformed young can be pro
duced when the rats are fed any one of 
these 4 vitamin E-deficient rations. How
ever, the percentage of abnormal young 
varies greatly depending upon the compo
sition of the ration. Under the conditions 
of the experiments it appears that ration 
SSR1 gives the highest incidence of con
genitally abnormal young and consequent
ly is the best from the standpoint of ex
perimental teratology.

SUMMARY
Congenital malformations were produced 

in the offspring of rats reared and bred on 
4 vitamin E-deficient rations. Variations 
in the composition of the rations influ
enced the yield of the abnormal as well as 
the normal young, the incidence of resorp
tion and the average number of implanta
tion sites. Increasing the level of vitamin 
E supplementation from 2 to 4 mg on the 
10th day of gestation resulted in a uni
formly significant increase in the percent
age of normal young, but the percentage 
of abnormal young might be slightly or 
significantly reduced, or even slightly in
creased depending upon the ration used.

The trace vitamins in crude casein ap
peared to have caused a decrease in the 
incidence of resorption as well as an in
crease in the incidence of abnormal young 
and the average number of implantation 
sites. The addition of cod liver oil to a pure 
synthetic ration resulted in a significant 
increase in the yield of normal young to
gether with a concomitant significant de
crease in the percentage of resorption.
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The Response of Man to Dietary Cholesterol1 s

J. M. R. BEVERIDGE, W. F. CONNELL, G. A. MAYER a n d  
H. L. HAUST
D e p a r tm e n ts  o f  B io c h e m is tr y  a n d  M e d ic in e , Q u e e n ’s U n iv e r s ity ,  
K in g s to n , O n ta rio

Recent work in our laboratory has dem
onstrated unequivocally that the cholester
ol present in butter accounts, at least in 
part, for its hypercholesterolemic activity 
(Beveridge et al., ’59). The experiment de
scribed herein was performed to obtain 
further information on the relationship be
tween dietary and serum cholesterol in 
man.

EXPERIMENTAL
Ninety-three university students (75 

men and 18 women) consumed a homog
enized formula fat-free diet (table l ) s 
for a period of 8 days at the end of which 
time they were divided into 8 groups of 
comparable serum cholesterol levels as in
dicated by values obtained on day 4, and 
continued for another 8 days on a diet 
modified by the substitution of a butter oil 
fraction,4 low in cholesterol, for 30% of 
calories at the expense of an equicaloric 
amount of carbohydrate.

Supplements of highly purified choles
terol5 were added to the rations given to 
the 8 groups in the following amounts in 
milligrams per 950 calories: zero, 25, 50,

100, 200, 400, 800 and 1600. The sterol 
was dissolved in the fat component by 
warming the latter, and then the choles
terol-enriched butter-fat fraction was ho
mogenized along with the rest of the

Received for publication December 28, 1959.
1 This work was financed by grants from the 

J. P. Bickell Foundation, Toronto, Ontario, and 
the Nutrition Foundation Incorporated, New  
York.

2 Presented in abbreviated form at the meeting 
of the Council on Arteriosclerosis of the American 
Heart Association on November 8, 1959.

3 The authors are indebted to the following
firms for generous supplies of certain of the 
dietary ingredients and the preparation of fat 
fractions: Distillation Products Industries, Ro
chester, New York; Mead Johnson of Canada, 
Limited; and Mil-ko Products Limited, Hamilton, 
Ontario, Canada.

4 The butter-fat fraction was prepared through 
the courtesy of the Distillation Products Indus
tries of Rochester, New York. It was comprised 
of the residue remaining after removal of almost 
all of the cholesterol and some of the more 
volatile triglycerides by distillation in high vacu
um. It represented about 60% of the original 
butter-fat and contained 0.02% of cholesterol.

5 A sample of high purity prepared from sheep- 
wool fat and obtained from the Amerocholesterol 
Company, New York.

TABLE 1
C o m p o s itio n  o f  b a sa l d ie t .1 A m o u n ts  re q u ire d  to  m a k e  a 950-C al. sa m p le

Ingredient Amount Protein Fat CHO
gm gm gm gm

Skim milk powder2 28.1 10 0.1 14.6
Calcium caseinate3 28.4 25 0.57 —
Sucrose 20.0 — — 20.0
Maltose and dextrins4 169.8 — — 166.4

Total 35.0 0.67 201.0
Calories 950.03 140.0 6.03 804.0
Calories, % 14.74 0.63 84.63

1 Two grams of iodized salt were added per 950-Cal. batch. A mixture of vitamins was also 
added to supply the following amounts of these substances (in  milligrams) per 950 Cal.: 
thiamine, 0.6; riboflavin, 0.6; niacin, 5.0; pyridoxine, 5.0; Ca pantothenate, 5.0; ascorbic 
acid, 25; and 1700 I.U. of vitamin A was added per 950-Cal. portion.

2 Mil-ko.
3 Casec.
4 Dextrimaltose.

J. N u t r it io n , 71 : '60 61
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dietary components. The only other items 
permitted were water, clear tea and clear 
coffee. The volunteers were instructed to 
consume a sufficient amount of the diet 
to maintain their body weight as nearly 
constant as possible. With a few excep
tions, the subjects were relatively success
ful on this score. The average change in 
weight was —1.1 pound. Sixty-seven sub
jects (53 men and 14 women) completed 
the feeding period.

Total serum cholesterol was determined 
by the method of Abell et al. (’58) on 
blood obtained from the subjects in the 
fasting state at zero, 4, 8, 12 and 16 days.

RESULTS AND DISCUSSION

The behavior of the serum cholesterol 
expressed in terms of average percentage 
change at day 16 from the values found 
at day 8, is shown in figure 1 and the sta

tistical data on the absolute changes are 
presented in table 2.

As expected, during the first 8 days 
when the fat-free diet was being consumed, 
the serum cholesterol levels dropped rapid
ly, there being as usual no significant dif
ference between the values found at 4 and 
8 days. The averages in mg/100 ml of ser
um for day zero, 4, and 8 were 201.0, 146.8 
and 145.5 respectively. The rapidity with 
which such subjects reach a low plateau 
on the homogenized fat-free diet has been 
established in previous publications (Bev
eridge et ah, ’59). An examination of 
figure 1 reveals a remarkably good corre
lation between the dietary increments of 
cholesterol up to 800 mg/950 Cal. and its 
concentration in the serum. However, at 
the 1600-mg level there is no greater re
sponse than with the 200- or 400-mg sup
plements. These relationships are illus-
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AVERAGE PERCENTAGE CHANGES IN SERUM CHOLESTEROL VALUES FROM THOSE 
OBSERVED AFTER 8 DAYS ON A FAT FREE DIET EFFECTED BY A RATION 
PROVIDING 30% OF CALORIES FROM A BUTTER OIL RESIDUE AND VARYING 
AMOUNTS OF CHOLESTEROL
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Fig. 1 The effect of supplem enting a butter-fat fraction stripped of cholesterol by distilla

tion in  high vacuum  w ith varying am ounts of cholesterol. The num ber of subjects in  each 
group was as follows: (1 ) 9; (2 )  6; (3 ) 9; (4 ) 9; (5 ) 9; (6 )  6; (7 ) 10; (8 )  9 subjects.
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TABLE 2
The effects on serum  cholesterol levels of substituting a butterfat fraction1 equicalorically for carbo

hydrate in  a fat-free diet2 at a level o f 30% calories and supplem enting w ith  cholesterol

Group
no.

Supplem ent
of

cholesterol

E stim ated  
daily  

in tak e  of 
cholesterol

No. of 
sub jects3

M ean 
difference 
betw een 

day 8 
an d  16

S tandard  
erro r of 

difference
t P

mg/950
calories mg

mg
cholesterol/ 

100 ml
i 0 13.3 9 +25.3 5.06 5.0 0.005-0.001
2 25 94.7 6 +27.6 7.33 3.77 < 0 .02-0 .01
3 50 153 9 +29.1 6.51 4.47 0.005-0.001
4 100 293 9 +31.7 6.53 4.85 0.005-0.001
5 200 634 9 +41.9 6.74 6.22 <  0.001
6 400 1295 6 +48.0 5.77 8.32 <  0.001
7 800 2494 10 +71.7 7.96 9.00 <  0.001
8 1600 4493 9 +58.8 5.40 10.89 <  0.001

1 See footnote 4 on page 61 for a description of this fraction.
2 All subjects ate the fat-free basal ra tion  for a period of 8 days.
3 There were no fem ales in  group 6, one in  group 2, two in  groups 1, 3, 5, 7, and 8 and three in  

group 4.

I --------------- r
5 0 0  1 0 0 0 1 5 0 0 2000 2 5 0 0 3 0 0 0 3 5 0 0 4 0 0 0 4 5 0 0

A v e r a g e  I n d i v i d u a l  C h o l e s t e r o l  I n t a k e  Pe r  Pa y  m g  
F o r  G r o u p s  1 to  8

Fig. 2 The relationship between the estim ated daily cholesterol intake and percentage 
change in  serum  cholesterol in  groups of 6 to 10 subjects given a ration  providing 30% of 
calories from  a butter-fat fraction stripped of cholesterol by distillation in  high vacuum  and 
supplem entation w ith varying am ounts of cholesterol.
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trated  more clearly in  figure 2 in  which 
the average daily intakes of cholesterol, 
based upon the estim ates of dietary con
sum ption subm itted by the volunteers, are 
plotted against the increase in  serum  cho
lesterol.

Between intakes of about 13 m g per day 
to 634 mg per day, the serum  cholesterol 
increases sharply but there is no further 
significant increase obtained by daily in 
takes of 1300 to 4500 m g and the dose- 
response curve is relatively flat. The dif
ference between the increase of 25.3 m g / 
100 m l for group 1 and 48.0 m g /100 ml 
for group 6 is highly significant (P  <
0.01) as determ ined by an analysis of 
variance. At the present tim e we are at a 
loss to interpret the peak obtained at the 
daily intake of 2450 mg. This m ay very 
well represent a reproducible response and 
it is proposed to obtain fu rther inform a
tion on the effect of intakes of this order of 
m agnitude and above.

It is concluded th a t the serum choles
terol concentration in  m an is affected by 
dietary levels of this sterol but tha t there 
is a very effective control in  norm al young 
subjects tha t prevents the development of 
hypercholesterolemia even when relatively 
large am ounts of cholesterol are eaten. 
Presumably this m echanism  has broken 
down in hypercholesterolemic subjects and 
is im paired in  diabetics (Beveridge et al., 
’59).

After Anitschkow ( ’33) reported th a t 
the addition of cholesterol to the rations 
of rabbits led to an  increase in  serum  cho
lesterol and the production of vascular 
lesions sim ulating those seen in  hum an 
atherosclerosis, it was logical to assume 
that this sterol m ight be responsible for a 
sim ilar sequence of events in  m an. Al
though m any experim ents have been per
formed over the past 50 years to test this 
point, equivocal results have been obtained. 
Some of the possible reasons for the lack 
of any clear-cut answer from  these investi
gations were discussed in  a previous pub
lication (Beveridge et al., ’59) and will not 
be repeated here. It is believed tha t an 
exam ination of the data  reported in  this 
publication provides the most cogent ex
planation in  this regard. The response of 
serum  levels to dietary cholesterol appears 
to plateau above a concentration of 200 
m g/950  Cal. (fig. 1) corresponding to a

daily intake of about 600 mg of the sterol 
(fig. 2 ). This am ount approxim ates the 
intake of mbst people who are ingesting 
the usual variety of non-vegetarian food
stuffs.

Since most attem pts to investigate the 
effect of dietary cholesterol have involved 
its addition— often in  relatively large 
am ounts, a point tha t m ay also be of some 
im portance — to a non-vegetarian diet 
which already provided a daily intake of 
several hundred m illigram s of cholesterol, 
it is not surprising tha t dram atic increases 
have not been observed. A consideration 
of the curve in  figure 2 supplies ample 
reason for this relative lack of effect. It 
would seem redundant to point out tha t 
if one wishes to study the response of an 
anim al or of m an to a dietary component, 
it is m andatory that the basal ration be 
free from or at least essentially free from  
the substance to be tested.

Although such factors as p lant sterols 
(or something associated w ith them ) and 
degree of unsaturation  of dietary fa t pre
sumably contribute to the well-known dif
ference in  serum cholesterol levels between 
vegetarians and non-vegetarians (Hard- 
inge and Stare, ’54), the presence of cho
lesterol in  the diet of the la tter group 
undoubtedly also accounts for at least part 
of this difference.

SUMMARY

Ninety-three university students were 
placed upon a homogenized fat-free diet 
for a period of 8 days at which time they 
were divided into 8 groups and given a ra 
tion modified by the substitution of a bu t
ter-fat fraction, low in cholesterol, for 30% 
of calories at the expense of carbohydrate. 
Cholesterol supplem ents varying from  nil 
up to 1600 m g/950  Cal. were added. Sixty- 
seven subjects successfully completed the 
experim ent which was term inated after a 
total of 16 days. Between intakes of 13 
and 634 m g of cholesterol per day, the 
serum cholesterol increased sharply but no 
fu rther significant increases were obtained 
at daily intakes of 1300 to 4500 mg.
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Essential Fatty Acid Properties of Tuna 
Herring and Menhaden Oils* 1
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The limited evidence that is presently 
available indicates that the structures of 
the major polyunsaturated fatty acids of 
marine oils are not of the linoleic acid 
type (Klenk, ’57; Farquhar et al., ’59; 
Stoffel and Ahrens, ’58; Whitcutt, ’57; Silk 
and Hahn, ’54; Montag et al., ’57; and 
Whitcutt and Sutton, ’56). Nutritional 
studies (Privett et al., ’59) demonstrated 
that the dermal symptoms of essential fat
ty acid (EFA) deficiency in rats were not 
relieved by the polyunsaturated fatty acids 
of tuna oil given at a rate of 100 mg per 
animal per day. Nevertheless marine oils 
do not appear to be entirely devoid of es
sential fatty acid activity. Menhaden, her
ring and whale oils were estimated to con
tain 4.4, 7.9 and 6.4% of essential fatty 
acids, respectively, by a rat bioassay 
method based on growth under conditions 
of restricted water intake (Thomasson, 
’53a, b).

In the present study, observations were 
made of the effects of tuna, menhaden and 
herring oils on the dermal syndrome of 
EFA deficiency in the rat as a prelude to 
the isolation and characterization of the 
fatty acids responsible for the EFA activity 
of these oils.

EXPERIMENTAL
Two nutritional experiments were per

formed. In the first, 50 male weanling rats 
of the Sprague-Dawley strain were main
tained ad libitum on a fat-free diet (Priv
ett et al., ’59) for 16 weeks. At the end 
of this period the growth rate of the ani
mals had reached a plateau and all ani
mals exhibited distinct dermal symptoms 
of EFA deficiency. The rats were then 
divided into 5 equal groups. Group 1 was 
continued on the basal (fat-free) diet and 
served as a control group. Groups 2, 3, 
4 and 5 received the basal diet in which

10% by weight of menhaden, tuna, her
ring and corn oils, respectively, were sub
stituted for sucrose. The corn oil group 
served as the positive control for the ex
periment. The rats were weighed and 
scored for dermal symptoms of EFA de
ficiency each week for an additional 12 
weeks, and the experiment was then ter
minated.

The second experiment was conducted 
in two parts. In the first part 50 male 
weanling rats were divided into 5 equal 
groups, and fed ad libitum the same fat- 
free diet used previously. Groups 1, 2, 3 
and 4 were administered orally 200 mg 
per day of menhaden, tuna and herring oil 
ethyl esters and ethyl linoleate, respective
ly. Group 5 received no supplement and 
served as the negative control for this ex
periment. The animals were scored for 
dermal symptoms of EFA deficiency and 
weighed each week of the experiment for 
14 weeks. At this point the administration 
of 200-mg quantities of esters was dis
continued.

In the second part of the experiment, 
which followed immediately, the same 
groups of rats were fed the basal diet in 
which had been substituted for sucrose, 
10% by weight of the oil of the same es
ters that had been administered orally; the 
ethyl linoleate group was given corn oil. 
The feeding was continued for an addi
tional 14 weeks during which all of the 
animals were scored for dermal symptoms 
and weighed each week as before. The 
purpose of the second phase of this exper
iment was to confirm that the dermal 
symptoms of EFA deficiency could be 
cured, and the growth affected by feeding 
a larger amount of oil in the diet.

Received for publication December 28, 1959.
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RESULTS AND DISCUSSION 
The results of the first experiment are 

summarized in table 1. It is evident from 
the dermal scores at the end of the 16th 
and 28th weeks that all of the fish oils 
cured the dermal symptoms of EFA de
ficiency and stimulated growth equally as 
well as corn oil. Figure 1 shows the re
sults on the growth rate of the EFA-de- 
ficient animals of feeding 10% of fish oil.

In the first part of the second experi
ment in which 200 mg of the fish-oil esters 
were administered daily, the dermal symp
toms of fatty acid deficiency developed 
equally as fast and as severely in animals 
receiving the fish-oil esters as in the ani
mals fed the fat-free diet (table 2).

In contrast, the growth rates of rats 
fed the fish-oil esters compared favorably

TABLE 1
Average grozvth and gross sym ptom s of anim als in  experim ent 1

Group
no.

Average weight Average score1
Supplement Initial 

16th week
Final 

28th week
Initial 

16th week
Final 

28th week

i Fat-free
gm

232 ±  4.82
gm

252 ±  8.22 5.2 ±  0.32 5.6 ±  0.12
2 10% M enhaden oil 237 ±  7.6 354 ±  15.4 6.0 ±  0.2 1.0 ±  0.4
3 10% T una oil 219 ±  15.2 329 ±  16.8 5.6 ±  0.2 0.7 ±  0.2
4 10% H erring oil 235 ±  11.9 354 ±  15.1 5.2 ±  0.2 1.4 ±  0.2
5 10% Corn oil 223 ±  4.0 340 ±  8.1 5.6 ±  0.3 0.1 ±  0.1

1 Animals scored on basis of derm al symptoms of ta il and legs, 0 to 7.
2 S tandard error of mean.

Fig. 1 Average growth rate  of ra ts in  experim ent 1. Group 1 received the fat-free basal 
diet; groups 2, 3, 4 and 5 received the fat-free basal diet plus 10% of m enhaden, tuna, 
herring and corn oil, respectively.
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with that of the group receiving the ethyl 
linoleate, and were significantly greater 
than for the animals fed the fat-free diet 
as shown in table 2.

When the amounts of these oils were in
creased to 10% in the diet, in the second

phase of this experiment, the dermal symp
toms of EFA deficiency were cured. The 
cure occurred earlier in the animals re
ceiving the corn oil, followed in order of 
decreasing effectiveness by tuna, menhad
en and herring oils (fig. 2).

TABLE 2
Average weights and dermal scores1 of anim als in  experim ent 2

Part 1 P art 2
Group

no. Supplem ent 
200 m g / 
an im al

14th week Supplem ent 28 th  week

Av. w eight Av. score2 10% Av. w eight Av. score2

i M enhaden oil 
ethyl esters

gm

290 ±  10.41 5.0 ±  0.41 m enhaden oil

gm

351 ±  11.81 0.8 ±  0.2'
2 T una oil ethyl 

esters 308 ±  9.8 4.8 ±  0.3 tu n a  oil 357 ±  15.0 0.6 ±  0.1

3 H erring oil 
ethyl esters 290 ±  10.4 4.8 ±  0.3 herring oil 352 ±  13.1 1.6 ±  0.2

4 Ethyl linoleate 314 ±  9.0 0.2 corn oil 361 ±  12.5 0
5 F at-free 245 ±  3.0 5.2 ±  0.2 fat-free 258 ±  5.7 5.5 ±  0.2

1 S tandard error of m ean.
2 Animals scored on basis of derm al symptoms of ta il and legs, 0 to 7.

Fig. 2 Average derm al scores of ra ts in  experim ent 2. Group 1 received only basal fat- 
free diet; groups 2, 3, 4 and 5 received basal diet plus 10% of m enhaden, tuna , herring 
and  com  oils, respectively.
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Since the oral administration of 200 mg 
per rat per day of tuna, herring or men
haden oils did not prevent the develop
ment of the dermal symptoms of EFA 
deficiency, if the prophylactic dose of lin- 
oleic acid is assumed to be about 20 mg 
per day (Holman, ’56), and if “sparking” 
of polyunsaturated acids by small amounts 
of linoleate is assumed to be inoperative, 
these oils may be judged to contain less 
than 10% of EFA of the linoleate family. 
If the “sparking” effect on the cure of der
mal symptoms (Privett et al., ’55) operates 
with all polyunsaturated acids and one 
half of the oils are assumed to consist of 
polyunsaturated acids, the content of lin- 
oleate-type acids in these oils may be es
timated to be less than 2%.

Inclusion of 10% of fish oils in the diet 
of rats having pronounced dermal symp
toms completely relieved the symptoms. 
Thus the approximately one gram of oil 
consumed per rat per day may be esti
mated to contain at least 20 mg of lin- 
oleate-type acids equal to 2% of the oil.

The results presented here indicate that 
tuna, herring and menhaden oils contain 
small amounts of linoleate-type acids. In 
the case of menhaden oil, the estimate of 
about 2% of acids of the linoleate family 
agrees in magnitude with an analysis by 
gas chromatography of this oil by Farqu- 
har et al. ( ’59). Thomasson’s values are 
somewhat higher than ours which were 
estimated from dermal symptoms. His data 
were obtained by a method of assay which 
uses water restriction, with growth as a 
criterion, and which therefore may be sen
sitive to the activity of the acids of the lino- 
lenate family. These fish oils contain large 
amounts of acids of the linolenate family 
which undoubtedly bestow the growth pro
moting activity to the oil; and these acids 
probably account for the ability of the oils 
to lower serum cholesterol levels in humans 
(Ahrens et al., ’59) and in rats.2

SUMMARY
Tuna, menhaden and herring oils cured 

the dermal symptoms of EFA deficiency 
and stimulated growth of EFA-deficient 
rats when fed at a level of 10% in the diet.

It was shown that although severe der
mal symptoms of EFA deficiency developed 
with feeding 200 mg of the above oils in

the form of their ethyl esters, the growth 
rate was not affected. The content of 
acids of the linoleate family is estimated 
to be approximately 2% of these oils, using 
dermal symptoms of EFA deficiency as the 
criterion.

2 Peifer, J. J., and W. O. Lundberg 1959 Effect
of unsaturated  acids and fish oils on plasm a and
tissue lipides from  hypercholesteremic rats. Fed
eration Proc., 18: 300 (abstrac t).
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Placental Transfer of Fluorine to the Fetus 
in Rats and Rabbits* 1
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The literature concerning the placental 
transfer of fluorine is not extensive. In 
many species of domestic or laboratory 
animals, few or no reports on the amount 
of fluorine transferred to the fetus in utero 
could be found.

Smith and Smith ( ’35) observed that fe
male rats which received sufficient fluorine 
to cause mottled teeth produced fetuses 
with normal teeth. As little as 7 to 14 ppm 
of fluorine in the diet of rats, however, 
will cause striations which are visible 
under a hand lens (Mitchell and Edman, 
’51) and with low levels of fluorine, mottled 
enamel is the only detectable lesion (Am. 
A. Adv. Sci., ’54). Murray (’36) found 
that the rat fetuses from dams fed either 
a control ration or 500 ppm of added fluo
rine analyzed 1.1 and 5.1 ppm fluorine, re
spectively. Murray also stated that fluorine 
was transferred to the offspring through 
the dam’s milk.

Evans and Phillips ( ’39) fed female rats 
a basal milk diet supplemented with min
erals and added fluorine at various levels. 
Placental transfer occurred on the lowest 
level ingested (1.6 ppm of fluorine on a 
dry-weight basis). Above 10 ppm of fluo
rine in the diet, a definite increase was ob
served in fluorine passing the placenta. 
Mammary secretion was not affected by as 
much as 20 ppm of fluorine in the diet.

Lawrenz (cited by Mitchell and Edman, 
’51) fed rats diets containing 0.47 and
2.5 ppm of fluorine. The fetuses contained 
at birth 0.8 ppm of fluorine compared with 
a fluorine content of 5 to 7 ppm in young 
produced on a “stock diet of natural feeds.”

Roholm (’37) cited the findings of Jodl- 
bauer ( ’03) who found almost as much 
fluorine in the bone ash of new-born rab
bits and guinea pigs as was present in 
their dams.

Phillips (’32) found the plasma phos
phatase value to be an excellent index of 
the degree of fluorosis in cattle. The rise 
in plasma phosphatase was interpreted as 
an indication of a marked disturbance in 
the metabolism of bone and teeth caused 
by fluorosis. Plasma phosphatase concen
trations were not considered to be a sensi
tive criterion of fluorosis in rats and man 
(Mitchell and Edman, ’51).

MATERIALS AND METHODS

Rats. Twenty-one day old weanling rats 
of the Sprague-Dawley strain formed the 
basic breeding stock. They were fed the 
basal diet after weaning. In experiment 
3 the Wistar strain of rats was used as a 
means of comparison with the Sprague- 
Dawley rats used in experiments 1 and 2.

Diets. The basal diet was that described 
by Jackson et al. (’50) with slight modifica
tions and consisted of: ground wheat, 62; 
casein, 14; skim milk (powdered), 10; 
wheat germ meal, 6; butter (unsalted), 8; 
cod liver oil (vitamin A 1500 I.U. and 
vitamin D 400 I.U. per gm), 2; NaCl, 1; 
and CaCCb, 1. Sodium fluoride U.S.P. 
grade was added to the basal diet to pro
duce the desired levels of fluorine. The 
basal diet contained 3 ppm of fluorine. 
The rats received the experimental diets 
and drinking water ad libitum.

Analyses. Twenty-one days from the 
time that the males were placed with the
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females, the pregnant females were re
moved and anesthetized with ether. Sam
ples of blood for phosphatase analyses 
were drawn by heart puncture and an over
dose of ether was administered to complete 
euthanasia. Samples of liver, kidney and 
duodenal mucosa were taken for phospha
tase determinations. The intact uterus and 
the entire gastrointestinal tract were re
moved from the dam’s carcass. The car
cass was skinned, weighed and placed in a 
can. The fetuses were removed from the 
uterus, washed three times with water, 
dried with a paper towel and placed in a 
can. In some trials one half of the litter 
was removed at birth and the remainder 
of the litter was carried through until 21 
days of age.

The samples were processed using the 
technique of Jackson et al. (’50). The 
carcasses or fetuses were nearly covered 
with 3% of acetic acid; the cans were 
heated in flowing steam for 30 minutes to 
exhaust gases and capped while hot; heat
ing was continued for two to three hours 
at 15 pounds steam pressure. The cans 
were then stored at 5°C until analyzed.

Rabbits. Weanling female rabbits of 
mixed breeding were kept on wood shav
ings in pens divided by wire screens. A 
commercial rabbit chow5 was fed as the 
basal diet. The rabbit chow contained 46 
ppm of fluorine. Sodium fluoride was 
added to the basal diet to produce the de
sired treatment levels. The diets and the 
drinking water were fed ad libitum.

At 4x/2 months of age, the females were 
mated to fertile males. In the groups fed 
the basal diet supplemented with 200 and 
300 ppm of fluorine, because of errors in 
sexing, a male rabbit was included in each 
group. When this error was noticed some 
females were already pregnant; these were 
closely watched and both dams and their 
offspring were sacrificed during or im
mediately after kindling.

Thirty days after mating, the females 
were sacrificed and processed in a similar 
manner to the rats, with the exceptions 
that the long bones of the left hind leg 
were subjected to roentgenologic study and 
the tibia of the left leg and both femurs 
were canned for fluorine analyses, as op
posed to whole-carcass determinations in 
rats. The canned samples of bone were

autoclaved at 15 pounds pressure for 10 to 
12 hours, whereas the entire fetuses were 
handled in a manner similar to those of the 
rat.

Fluorine determinations. The analytic 
method used was the Willard and Winter 
(’33) distillation technique as modified by 
Jackson et al. ( ’50).

Alkaline phosphatase determinations. 
The methods outlined by Motzok and 
Wynne (’50), Motzok (’50) and Motzok 
and Branion (’59) were used. The liver 
homogenates were found to contain ap
preciable amounts of water-soluble in
organic phosphorus. After centrifugation 
the supernatant liquid was discarded and 
the residue suspended again in distilled 
water. Although about half of the phos
phatase activity was lost in the super
natant, the residue contained very little 
inorganic phosphorus and an accurate 
measure of enzyme activity could be ob
tained.

Phosphatase activity was defined in 
terms of milligrams of inorganic phos
phate, expressed as phosphorus, liberated 
from sodium-glycerophosphate by the en
zyme present in 1 gm of kidney, and bone 
and the residue of 1 gm of liver, on a wet- 
weight basis, in 1 ml of plasma, or in 0.01 
gm of intestinal mucosa on a dry-weight 
basis.

Roentgenologic studies. Lateral and 
anterior-posterior views of the left hind leg 
of rabbits were made. The exposure was 
40 K.V., 25 m.a.s. on non-screen film at 
36 inches with 0.5 mm of aluminum filter.

EXPERIMENTAL AND RESULTS

Rats. In experiment 1, 38 weanling 
female rats of the Sprague-Dawley strain 
were randomized and placed into 4 groups 
containing 6, 6, 13 and 13 rats which were 
fed the basal diet supplemented with zero, 
50, 100 and 200 ppm of fluorine, respec
tively.

The females were sacrificed on the 21st 
day of pregnancy with the exception of two 
females fed the basal diet plus 200 ppm of 
fluorine. These two dams were handled 
similarly to, and are thus included with, 
the rats in experiment 2.

5 P urina  Rabbit Chow, Ralston P urina  Co., 
Woodstock, Ontario.
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TABLE 1
F lu o r in e  c o n te n t  o f  th e  fe tu s e s  o f  ra ts  (S p ra g u e -D a w le y  s tr a in )  f e d  v a r y in g  le v e ls  o f  

flu o r in e  b e fo re  a n d  d u r in g  p re g n a n c y  (e x p e r im e n t  1)

Amount of added fluorine1
No. of dams

Durationoftreatment

Accumulation of fluorine
Dams( skinned and eviscerated)

Fetus(wholecarcass)
ppm days ppm2 ppm2

0 53 2084 9 ± 2.6» 0.0
50 53 207 106 ± 23.6 1.0 ± 1.2»

100 H3.8 207 183 ± 48.2 1.8 ± 0.8
200 11 196 438 ± 122.2 4.1 ± 1.3
1 Added as NaF to the basal diet containing 3 ppm  F.
2 Wet basis.
3 Barren fem ale in  th is group; results not included.
4 Mean.
5 Mean ±  standard  deviation.
6 One fem ale ate her young as soon as they were born.

The experimental findings of experiment 
1 are summarized in table 1. The data 
show that the dams fed the basal diet (con
taining 3 ppm of fluorine) stored a mean 
of only 9 ppm of fluorine in their carcasses; 
their fetuses contained no detectable 
amounts of fluorine. The amount of fluo
rine in the dams and fetuses increased 
with the higher levels of fluorine. The 
ratio of fluorine in the carcasses of the 
dams to that in the fetuses was approxi
mately 100:1 at all levels of added fluorine.

Plasma intestinal mucosa, kidney and 
liver residue contained respectively, 0.21,
2.4, 14 and 0.22 units of alkaline phos
phatase activity, on the average. The added 
dietary fluorine did not significantly modify 
these levels.

Experiment 2 was a further check on the 
placental transfer of fluorine and the trans
fer of fluorine by way of the dam’s milk 
was also investigated. Thirty-nine wean
ling female Sprague-Dawley rats were ran
domized into 5 groups and fed the basal 
diet supplemented with zero, 50, 100, 
200 and 300 ppm of fluorine. At whelping, 
one half of the litter from each dam was 
removed for fluorine analysis. The re
mainder of each litter were left with their 
dams until they were 21 days old and then 
sacrificed. Attempts were made to carry 
the dams through subsequent gestation 
periods.

The experimental findings are summa
rized in tables 2 and 3. Whereas the anal
yses obtained on second and third whelp- 
ings were quite limited, nevertheless it

appeared that the amount of fluorine trans
ferred to the offspring did not increase 
with succeeding gestations. The carcasses 
of the dams showed increased storage of 
fluorine with each increase in dietary level 
of fluorine. No dams on the highest level 
of fluorine (300 ppm) survived for a third 
whelping.

Experiment 3 was conducted with 15
21-day-old rats of the Wistar strain. This 
was an attempt to determine whether there 
was a strain difference in the placental 
transfer of fluorine. The findings are sum
marized in table 4. The findings between 
the two strains are in good agreement con
sidering the lengths of time the rats were 
on test.

Rabbits. In experiment 4, 27 weanling 
female rabbits were randomized into 5 
groups and fed the basal diet supplemented 
with zero, 50, 100, 200 and 300 ppm of 
fluorine. Since the basal diet was found 
to contain 46 ppm of fluorine, the total 
amount of fluorine in the rabbit diets was 
raised accordingly.

The observations from experiment 4 are 
summarized in table 5. The bone of the 
dams fed the experimental diets supple
mented with zero, 50, 100, 200 and 300 
ppm of fluorine contained 311, 920, 1176, 
2107 and 2768 ppm of fluorine whereas 
the fetuses contained 3.1, 5.8, 9.3, 15.8 
and 21.5 ppm of fluorine, respectively.

Plasma, intestinal mucosa, kidney, bone 
and liver residue contained respectively, 
0.20, 0.17, 8, 1.1 and 0.40 units of alkaline 
phosphatase activity on the average. The
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TABLE 2
Fluorine content of the offspring o f rats (Sprague-Dawley strain) fed  varying levels 

of fluorine before and during pregnancy and lactation (experim ent 2)

Amount of added fluorine1
No. of dams

Durationoftreatment

Accumulation of fluorine in offspring 
At birth At„|! days
c(™ >  S S

ppm days ppm2 ppm2
First whelping

0 5 1723 0.3 ± 0.14 0.03
50 6 1533 1.4 ± 1.9 2.1 ± l.l4

100 5 1593 1.7 ± 1.6 4.7 ± 2.4
200 105 1723 2.8 ± 2.2 10.1 ± 5.9
300 7 1703 5.6 ± 2.8 9.9 ± 2.3

Second whelping
0 4 2243 1.0 ± 1.04 0.03

50 2 2143 0.03 _6
100 3 2153 2.0 ± 1.7 4.7 ± 2.94
200 1 236 1.83 2.5
300 1 214 3.5 15.4

Third whelping
0 2 3383 0.23

50 1 337 0.0
100 1 333 0.3
200 1 333 6.9
1 Added as NaF to basal diet containing 3 ppm F.
2 Wet weight.
3 Mean.
4 Mean ±  standard deviation.
5 Two dams from experiment 1 included.
6 Dams ate remainder of litters.

TABLE 3
Fluorine content of the carcasses of dams (Sprague-Dawley strain of rats) fed varying 

levels of fluorine (experim ent 2)

Amount of added fluorine1
No. of dams

Durationoftreatment
Accumulation of F in dams (eviscerated and skinned )

ppm days ppm2
0 43,4 2895 9.2 ± 2.9«

50 64 274 77 ± 0.1
100 74 266 208 ± 26
200 84'7'8 232 343 ±112
300 74 226 539 ± 245

1 Added as NaF to the basal diet containing 3 ppm F.
2 Wet weight.
3 Two barren females and one female that ate her young as soon as she whelped are not

included.
4 One dam from each of these groups was removed for bacteriological and pathological 

examination and no F determinations were made.
5 Mean.
6 Mean ±  standard deviation.
7 Two carcasses unfit for test—partially eaten by other rats.
8 Includes two dams from experiment 1.
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TABLE 4
Fluorine content of dams and  their offspring  (W istar strain  of rats) fed  varying  levels of 

fluorine before and  during  pregnancy  (experim ent 3 )

Amount of added fluorine1
No. of dams

Durationoftreatment

Accumulation of F
(skinned Offspring aid (whole eviscerated) carcass)

ppm days ppm2 ppm2
0 5 1613 Il ± 1.74 0.03

50 35 159 66 ± 27 0.6 ± 0.14
300 5 154 357 ± 122 3.5 ± 3.5

1 Added as NaF to the basal diet containing 3 ppm F.
2 Wet weight.
3 Mean.
4 Mean ±  standard  deviation.
5 Figures do not include two barren  females.

TABLE 5
Fluorine content of the  fetuses  and  the  bone of dams from  rabbits fed  varying  levels of 

fluorine before and  during  pregnancy (experim ent 4 )

Amount of added fluorine1
No. of dams

Durationoftreatment
Accumulation of F

Dams(bone)
Fetus ( wholecarcass)

ppm days ppm2 ppm2
0 43 1574 312 ± 1925 3.1 ± 0.25

50 43 128 920 ± 243 5.8 ± 3.4
100 4 133 1176 ± 149 0.3 ± 3.6
200 66 133 2090 ± 510 14.8 ± 7.1
300 56 133 2768 ± 683 21.5 ± 4.1

'Added as NaF to the basal diet containing 46 ppm  F.
2 Wet weight.
3 Barren dam  in group; data not included.
4 Mean.
5 M ean ±  standard  deviation.
6 One male rabbit in  group; data  not included.

added dietary fluorine did not significantly 
modify these levels.

Roentgenologic studies of the left hind 
leg showed no bone abnormalities although 
excess growths of tissue were visible 
grossly on the mandibles and long bones of 
some of the rabbits fed the higher levels 
of fluorine.

DISCUSSION

The data presented show that the pla
centa of the rat was a definite and efficient 
barrier to the passage of fluorine to the 
fetus. Whereas increased fluorine in the 
diet caused increases of fluorine in the 
fetuses and dams, the increases in the 
dams were marked while those in the fetus 
were slight. None of the fetuses from the 
groups fed the basal diet contained meas
urable amounts of fluorine while the car

casses of the dams fed this diet showed a 
mean of 9 ppm of fluorine.

The observations in this study are in 
agreement with those reported by Murray 
(’36) and Lawrenz (cited by Mitchell and 
Edman, ’51) but appear to conflict with 
those of Evans and Phillips ( ’39). Where
as the dams fed the basal diet in the ex
periments of Evans and Phillips and in the 
present study contained approximately the 
same amount of fluorine, this was not true 
for the fetuses. The fetuses from dams 
fed the basal diet alone contained prac
tically no detectable fluorine, whereas the 
fetuses from dams fed the basal diet in the 
experiments of Evans and Phillips con
tained more fluorine than was found here 
in fetuses from dams receiving diets con
taining 300 ppm of fluorine. Both groups 
of rats were on experiment approximately
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the same length of time. The rat dams fed 
Lawrenz’ experimental diets (0.47 to 2.5 
ppm of fluorine) stored fluorine at the 
same rate as the dams fed the basal diet 
(3 ppm of fluorine) in the experiments 
reported herein.

The rats of Lawrenz which were born 
from the dams on low fluorine rations com
pared closely with those born from dams 
fed the basal diet in these experiments. 
Lawrenz, however, also found that young 
produced from dams fed a “stock diet of 
natural foods” contained 5 to 7 ppm of 
fluorine. This compares closely with a 
mean of 5.6 ppm of fluorine for fetuses 
from dams fed the basal diet supplemented 
with 300 ppm of fluorine.

When the higher levels of fluorine were 
fed for extended periods the rats became 
saturated with fluorine; offspring born of 
these dams did not show increasingly 
higher levels of fluorine which demon
strated that the placenta maintained its 
function as an effective barrier even under 
extreme conditions.

Wide variations were observed in the 
fluorine levels obtained in both dams and 
offspring at all levels of fluorine supple
mentation. Differences were not seen be
tween the offspring of the first, second and 
third whelpings in experiment 2. Offspring 
contained more fluorine at 21 days of age 
than at birth. Whereas only milk curd was 
seen in the digestive tracts, which were re
moved from the carcasses before analysis, 
it is possible that the offspring ingested 
some feed which would raise their fluorine 
level.

While rats of the Wistar strain were not 
on test as long as those of the Sprague- 
Dawley strain, the storage level of fluorine 
and the ratio of fluorine in the dam and 
offspring fed the various supplementation 
levels were similar (ratio approximately 
100:1).

In experiment 4 there was an increasing 
amount of fluorine in the bone of the rab
bit dams, and in the fetuses, with increas
ing feed intake. Since the basal diet con
tained more fluorine than had been antici
pated, all levels of supplementation were 
raised accordingly and no really low- 
fluorine diet was fed.

The levels of fluorine obtained indicate 
a greater placental passage of fluorine in

rabbits than in rats. This is difficult to ex
plain on the basis of morphological struc
ture of the placenta, for if the rabbits are 
classed with the higher rodents they would 
be in the hemo-endothelial group which al
so includes the rat. If, on the other hand, 
they are included with the lower rodents 
they would be in the hemo-chorial placenta 
group which has a more primitive placenta 
structure and, on the basis of morphology, 
would be expected to be less permeable 
than the hemo-endothelial type. It has 
been pointed out, however, that many fac
tors are concerned in placental transfer 
and that the morphology of the placenta 
is only one factor (Cohen, ’50).

From this work it appeared that little 
or no change occurred in alkaline phos
phatase activity in rats or rabbits fed the 
experimental diets. This agrees with the 
conclusions of Mitchell and Edman (’51). 
Thus on the basis of these experiments, 
alkaline phosphatase activity could not be 
considered as a suitable criterion for the 
detection or diagnosis of fluorosis in rats 
and rabbits.

All of the roentgenograms were normal, 
even in those animals in which gross ob
servation showed excess tissue growth on 
the long bones or mandibles. These find
ings are in agreement with those of Lar- 
gent et al. ( ’43).

SUMMARY

1. Various levels of fluorine were fed 
to rats (Sprague-Dawley and Wistar 
strains), and to rabbits, for varying periods 
of time in attempts to determine the per
meability of the placenta to fluorine added 
as sodium fluoride to the basal diet. Pas
sage of fluorine to the fetus by way of the 
dam’s milk was also studied in rats. In 
these experiments the placentae of the rats 
and rabbits were an extremely efficient 
barrier to the passage of fluorine. This 
effect may be related to the permeability 
of the placenta, to the molecular size of 
any compounds in which fluorine had be
come fixed, or it is possible that the trans
fer of fluorine may have been conditioned 
by other factors which affect placental 
transfer.

2. Alkaline phosphatase activity of var
ious tissues of rats and rabbits as affected 
by the diets containing various levels of
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fluorine was also studied. In these studies 
alkaline phosphatase activity of plasma, 
kidney, liver residue, intestinal mucosa and 
bone were not suitable criteria of the degree 
of fluorosis in rats and rabbits.

3. Roentgenologic studies of the hind 
legs of the experimental rabbits were made. 
The roentgenograms did not reveal any ab
normalities although excess growths of 
tissue were observed on the long bones of 
some rabbits fed high levels of fluorine.
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Blood Plasma Tocopherol and Phosphorus Levels 
in a  Herd of Beef Cattle* 1
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Nutritional muscular dystrophy (“white 
muscle disease”) is one of the major dis
eases affecting young calves in beef herds 
in Ontario. During investigational work 
on clinical cases of muscular dystrophy it 
became apparent that suitable information 
on the blood plasma tocopherol of Ontario 
beef cattle was not available. Since Scho
field and Bain (’39) and Schofield (’53) 
reported benefit in the alleviation of signs 
of muscular dystrophy in lambs and 
calves, from the inclusion of a phosphorus 
supplement, the plasma inorganic phos
phorus levels were also determined. In 
the present study the beef herd of the 
Ontario Agricultural College was selected 
as a well-fed herd. This herd has never 
experienced any cases of muscular dys
trophy.

METHODS AND MATERIALS 
Twenty-seven cows (13 Shorthorns, 

8 Herefords and 6 Angus), were selected 
from the beef herd of the Ontario Agricul
tural College and divided at random into 
three groups of 9. A 50-ml sample of 
blood was drawn from the jugular veins 
of the cows into a bottle containing 120 mg 
of dried sodium oxalate. Each cow was 
sampled at three-week intervals (one 
group of 9 per week) except during the 
summer months. Because of the difficulty 
of “rounding up” cows from pasture, dur
ing the summer all of the cattle were bled 
at monthly intervals. When calves were 
born, sampling of them was usually begun 
on the day that the dam was normally 
sampled. Thus no precolostrum samples 
were collected from the calves and com
parisons between plasma levels of the 
dams and their calves during this period 
were not possible.

Determinations of total tocopherols of 
the plasma were made according to the 
macromethod of Quaife and Harris ( ’44), 
Quaife and Biehler ( ’45) and Latschar 
et al. (’49). Analyses for acid-soluble 
phosphorus were made as described by 
Hawk et al. (’54).

During the first winter the cows were 
fed mixed hay of variable composition 
which was not of top quality. Corn silage 
of good quality was also fed. A grain mix
ture of rolled oats with a small amount of 
barley was fed at the rate of 1 to 1.5 
pounds per day to the dry cows and 5 to 
6 pounds per day to the milking cows. A 
standard mineral supplement was avail
able ad libitum in the exercise yard until 
the 60th day of the experiment (February 
26) at which time a mixture of equal parts 
of disodium phosphate (NaJIPO,) and 
bone meal was substituted. The dry heif
ers were fed better-quality mixed hay, 
grass silage of fair quality and 4 to 5 
pounds daily of the following mixture: 
60% of rolled oats and 40% of a mix
ture of: oats, 700; corn, 420; barley, 250; 
wheat, 250; linseed oil cake, 100; bran, 
200; iodized salt, 20; and mineral, 40. 
Mineral supplement was fed ad libitum to 
the cows and heifers. During the summer, 
cows were placed on pasture and mineral 
was available ad libitum. Because of a 
period of prolonged drought, the pasture 
was inadequate for the cattle and hay was 
fed during August. The onset of fall rains

Received for publication October 1, 1959.
1 P art of this work was reported at the 39th 

annual conference of the Chemical Institu te of 
Canada, Montreal, May, 1956 (Harvey, J. D., and 
D. C. Maplesden 1956 Bovine m uscular dys
trophy in  Ontario, observations in  clinical cases 
and a control herd. Chem. Canada, 8: 60).

2 Present address: Topnotch Feeds, Seaforth, 
Ontario.
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caused rapid regrowth of pasture and no 
further supplementation was necessary for 
the remainder of the pasture feeding 
period. When the cows were stabled again, 
the feeding practices were similar to those 
of the previous winter except that some 
concentrate feeds were fed during the pe
riod from January" to March in order to 
fit the herd for a livestock show. At ap
proximately the 475th day of the test 
(April 7) the ration was changed grad
ually so that the milking cows received 
15 pounds of grass silage daily and all the 
mixed hay they would eat. There was in
sufficient silage to provide more per day 
and since the hay quality was only fair, 
2 to 3 pounds of oats and bran (equal 
parts) were fed per head per day. Heifers 
and dry cows were changed at this time 
to 25 pounds of grass silage, all the mixed 
hay they would eat and 2 to 3 pounds of 
oats and bran (equal parts) per head per 
day.

RESULTS AND DISCUSSION 
The experimental findings are de

picted in figures 1 to 5. In figure 1 the

mean values of total tocopherols in the 
plasma of the three breeds throughout the 
520 days of the experiment are shown. 
The curve for the mean has been smoothed 
by calculating the mean at each sampling 
time from (a) the individual values at 
each sampling time, and (b) the inter
polated individual values of cows sampled 
at the preceding and following sampling 
dates. There is a steady decline from the 
start of the experiment to the 135th day 
(May 10) when the cows were turned out 
on lush pasture. At that time plasma to
copherol values rose rapidly. Plasma to
copherol levels dropped sharply during a 
period of prolonged summer drought at 
which time the pasture had to be supple
mented with hay. With the onset of fall 
rains and a consequent regrowth of pas
ture, tocopherol levels again rose markedly. 
When the cows were stabled for the winter 
feeding period a steady decline in plasma 
tocopherol levels began. This decline was 
reversed at approximately 375 days (Jan
uary of the second winter) when the en
tire herd was fed concentrate feeds to

F ig . 1 P la s m a  to ta l  to c o p h e ro l c o n c e n tr a t io n  o f  th r e e  b e e f  b re e d s .



IN
OR

GA
NI

C 
PH

OS
PH

OR
US

 
M

G 
PE

R 
IO

O 
M

L 
TO

TA
L 

TO
CO

PH
ER

OL
S 

PG
 

PE
R

1400

z
8 1000

800

600

400

200

PARTURITION

JAN
200

JUNE
300 400

JAN
500

MAY
DAYS

Fig. 2 P lasm a total tocopherol concentration of Shorthorn cows at parturition.

F ig . 3 P la s m a  ac id -so lu b le  p h o s p h o ru s  o f  b e e f  cow s.

79



IN
OR

GA
NI

C 
PH

OS
PH

OR
US

 
MG

 
FE

R 
IO

O 
M

L.

Fig. 4 Plasm a total tocopherol concentration of beef calves.

12

II "

10 “

9 “

8 '

6 “

H0 100 200 300 400 500
JUNE JAN MAY

SO

DAYS
F ig . 5 P la s m a  ac id -so lu b le  p h o sp h o ru s  o f  b e e f  ca lv es .



P L A S M A  T O C O P H E R O L  A N D  P H O S P H O R U S 81

fit them for a livestock show. When the 
concentrates were discontinued, the de
cline began again but the plasma to
copherol levels remained higher than in 
the previous year.

Although analyses for total tocopherol 
content were carried out on some of the 
feedstuffs in the earlier part of this work 
during the stable-feeding period, they are 
not included. Detailed investigation of the 
available procedures made their accuracy 
suspect insofar as some feedstuffs were 
concerned, and further research made it 
evident that analyses of the tocopherol 
content of feeds should include partition 
into the various forms of the vitamin. 
Sampling of pasture and measurement of 
intake also presented problems.

The plasma total tocopherol levels agree 
quite well with the values reported by 
other workers, (table 1). In the present 
study, Angus cows showed higher plasma 
tocopherol levels than the Shorthorn and 
Hereford cows, especially at high levels 
of intake, namely, while at pasture. The 
Herefords showed the lowest levels. Using 
a sequential method of testing (Snedecor, 
’56) there were significant differences of 
plasma total tocopherol levels between all 
breeds during periods of high tocopherol 
intake: Angus > Shorthorn > Hereford 
(P < 0.05). During periods of low-tocoph
erol intake there was little variation be
tween breeds. A decline of plasma tocoph- 
erols associated with parturition was also 
observed, (fig. 2). While figure 2 shows 
only the plots of tocopherol values in 
Shorthorn cows at parturition, declines 
were also noted in Hereford and Angus 
cows. Such a decline was observed by 
Latschar et al. ( ’49) but was not found 
by Van der Kaay et al. (’49).

Figure 3 shows the mean inorganic phos
phorus levels observed in the cows. The 
means have been smoothed as in figure 1. 
The mean plasma inorganic phosphorus 
value of 5.9 ±  0.083 mg per 100 ml when 
fed barn rations and 5.7 ± 0.06 mg per 
100 ml on pasture are slightly higher than 
the mean of 4.5 ± 0.94 mg per 100 ml of 
serum as determined by McSherry and 
Grinyer (’54) on 86 Holstein cows 2 to 13 
years of age. In the trials reported here 
approximately one third of the cows sam
pled were two years old at the beginning of

the experimental period; the average age 
was 4.3 years. These animals were very 
well fed and mineral supplementation was 
at a high level. Thus the number of young 
cows in this group together with the feed
ing practices may have raised the mean 
plasma inorganic phosphorus levels.

Figure 4 shows the mean total tocoph
erol levels in the plasma of calves bom to 
18 cows. The calves at times showed 
plasma tocopherol values below 70 ng per 
100 ml, lower values than are at times 
encountered in field cases of muscular 
dystrophy ( Sharman, ’54 ). Sharman stated 
that because of wide variation in individ
ual samples no reliance was placed on a 
single sample from one animal.

Also in field outbreaks in Ontario, calves 
with low blood tocopherol levels, but show
ing no clinical signs of dystrophy, have 
been observed. For example, in one herd 
with 7 calves, two were affected with dys
trophy; their plasma total tocopherol levels 
were zero and 50 ug per 100 ml, respec
tively. The clinically normal calves had 
plasma total tocopherol levels of 273, 165, 
33, 24 and 24, respectively. This indicates 
that tocopherol may not be the sole nu
trient concerned in the onset of dystrophy.

Figure 5 shows the mean plasma phos
phorus values for the calves. The mean 
was not plotted until sufficient samples 
were available. The mean plasma inor
ganic phosphorus values of 8.9 ± 1.18 mg 
per 100 ml when fed barn rations and
9.7 ± 0.08 mg per 100 ml on pasture are 
somewhat higher than the normal value 
of 7.7 ± 1.1 mg per 100 ml of serum as 
determined by McSherry and Grinyer (’54) 
using 40 Holstein calves, 4 days to 10 
months old. The high phosphorus levels 
and the fluctuations of phosphorus levels 
which occurred in the plasma of these 
calves are explainable, at least in part, by 
the diets fed and by the feeding practices, 
namely, fitting for a livestock show.

SUMMARY
In an attempt to establish normal val

ues, plasma total tocopherol levels and 
plasma acid-soluble phosphorus levels were 
determined in a well-fed herd of 27 beef 
cows over a 520-day period. This herd

3 Standard deviation of m ean.



TA
BL

E 
1

Pl
as

ma
 to

co
ph

er
ol 

lev
els

 r
ep

or
ted

 in
 th

e 
lit

er
atu

re
 a

nd
 fo

un
d 

in
 th

e 
pr

es
en

t s
tu

dy

82 D. C . M A P L E S D E N , J . D . H A R V E Y  A N D  H . D . B R A N IO N

SI8 a0)
O 05

E

00 cn

J  73

Ea
pS
Ph

rt

O O O O
10 CO O  CO
^  O  t> CO

05

73

ajc3w

flal>

O
o
CO

05

aj
Ph

O O10 00

«  *) CO M 
05 CO O  t> O

O
in o

*H r-t O  H o o o
05 CD »H 00 CM rH t>

lA OS cA i i in
O  05 05 05 O O (N
CO rH t> CO rH 05 CO

rH rH
H<
CO

-  I 1 o
O  rH  O  lH  o  in  ^ in  in  r t  in O O  O q

6 6

►»T3oEcnTJS3
O tuO
§1  r-l £ C

cn cn cn cn cn cncncncncn w w cn cnPS PS PS PS PS fl S psGPS fl a PSo o O O O Oop o o o •2 O-M •pH *pH •pH • pH05 rt 13 a d <15 13 1313131313 j) a 13 "rt C3s fH fH fH H fHfHfHfH H w fH fH HPS PS 3 3 3 fl fl fl 3 3 fl ps PSfn fH S a cn jh fnfHfHMfH cn h fH fH fHa a c3rt c33 c3 c3 0J c3 cflpQ ,0 pO pQ ft XI pQpOE EpQ ftE E E E

£CO
fi£
o

0
E

.3

io

.s
tVS < 55

0 ‘o «0 0)H a¿¡3
E E

<N
CO

m

00

£ 
0  O 
05 OfHCQ

'dOi 03 
05 T3 fHPQ

052*

bo
•3
2
&

in H lO 
00 I> 00 CO co t> in

Oh Qh

fl PS o o•pH *pH<u m « «
3 3 w H 3 2 fl 3C£ «3 fH fH
Ca c3 c3 03 ft ftpft E

-6 tT T305 05 0 cn qj
13 13 rt cn •g §■+-»cn H-»cn “ | >■ s cn 0OC cn Ocn o w fl ►* •3 ̂

^cn K  O  -3 « o
X M

ix
e

d
 b

re
e

d
in

g
 

lo
w

 i
n

c
o

w
s 

to
c

o
p

h
e

ro
l5

 
0

 
2

4
9

 
K

a
c

h
m

a
r 

e
t 

a
l.

, 
’5

0

M
ix

e
d

 b
re

e
d

in
g

 
lo

w
 i

n
 

5
 m

g
/k

g
 b

o
d

y
 w

e
ig

h
t/

c
o

w
s 

to
c

o
p

h
e

ro
l5

 
d

a
y

 
6

8
5





84 D . C . M A P L E S D E N , J . D . H A R V E Y  A N D  H . D . B R A N IO N

had never experienced nutritional mus
cular dystrophy.

There was a decline in plasma tocoph
erol levels of the cows during the stable 
feeding period. The mean plasma total 
tocopherol levels were 360 ± 101 and 572 
± 189 ug per 100 ml for stable and pasture 
feeding, respectively. The mean plasma 
inorganic phosphorus values were 5.9 ± 
0.08 and 5.7 ± 0.06 mg per 100 ml for 
stable and pasture feeding, respectively.

At high levels of tocopherol intake there 
were significant differences between the 
plasma total tocopherol values of the three 
breeds studied.

Plasma total tocopherol and plasma in
organic phosphorus levels were determined 
on 18 calves born to these cows. The to
copherol levels of the calves in this herd 
were, at times, below the levels seen by 
the authors in some clinical cases of mus
cular dystrophy.

Nevertheless, the mean plasma total to
copherol levels of calves born to the cows 
fed barn rations or on pasture were 287 
± 147 and 301 ± 31 ug per 100 ml, re
spectively. Mean plasma inorganic phos
phorus levels were 8.9 ± 1.18 and 9.7 ± 
0.08 mg per 100 ml, respectively. These 
were in a high normal range.
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Serum Cholesterol in Acute Starvation: 
A Report of 20 Cases

NORMAN ENDE
Clinical Laboratory, Veterans Adm inistration Hospital and the D epartm ent 
o f Pathology, Vanderbilt University, Nashville, Tennessee

Although extensive studies have been 
made of blood lipids during the feeding of 
low-caloric diets, there is only limited data 
concerning the effects of acute starvation 
on serum cholesterol (Keys and others, 
’50). The early literature on this latter as
pect is conflicting (Lennox et al., ’26; 
Bloor, ’43; Shope, ’26). A recent study by 
Kartin, however, definitely indicated that 
in the acute three-to-six day starvation 
periods of soldier- and medical-student-sub
jects a significant rise in serum cholesterol 
occurred (Kartin et al., ’44).

Shope (’26) has reported a 22-year-old 
female who showed a rise in total serum 
cholesterol from 231 to 314 mg on the 
5th day of fasting. Other than this refer
ence, there is little data available on the 
effect of starvation in the various age 
groups. Unfortunately, the age groupings

of the volunteers in Kartin’s study were not 
given.

No literature was found on the effect of 
acute starvation in patients with athero
sclerosis.

Recently, the author investigated the 
effect of voluntary acute starvation on 
healthy males and females of various ages 
as well as on patients with known athero
sclerosis.

METHOD

A daily intake of 163 Cal. was arbitrar
ily selected to define acute starvation for 
purposes of the study. The prescribed diet 
consisted of 84 Cal. of protein and 69 Cal. 
of carbohydrate daily (table 1). No restric
tions were placed on water intake.

Received for publication December 17, 1959.

TABLE 1
Experim ental diet used during period of acute starvation

Calories Protein CHO
gm gm

Breakfast
Egg whites, poached, 2 30 6.6 0.4
Orange juice, 60 gm 28 0.4 6.8
Coffee, black — — —

Total 58 7.0 7.2

D inner
Egg whites, poached, 2 30 6.6 0.4
Celery, 50 gm 9 0.6 1.8
Peaches, unsw eetened, 50 gm 14 0.3 3.4
Coffee, black — — —

Total 53 7.5 5.6

Supper
Egg whites, poached, 2 30 6.6 0.4
Lettuce, 50 gm 7 0.6 1.4
Pears, unsweetened, 50 gm 15 0.2 4.1
Coffee, black — — —

Total 52 7.4 5.9

Total for day 163 21.9 18.7

J .  N u t r it io n , 71 : ’60 85
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In general, the diet was followed strictly the diet slightly with substitutions because 
and in only a few instances was the intake a few volunteers were unable to eat 
slightly more than 163 Cal. a day. Occas- poached egg whites or some of the other 
sionally, it was found necessary to vary foods listed.

CHOLESTEROL NORMAL MALES ( U N D E R  5 0 )

Subject Race Height Weight Age Physicalappearance
Weightlossduringstarvation

Cholesterolbaseline

M.B. c 5'9"
pounds
1271/2 24 lean

pounds
8

mg
182

W.P. w 6'1" 199 29 moderately obese 7 257
J.B. c 6'3" 1521/2 28 lean 7 267
R.S. w 6' 1941/2 28 moderately obese 8y2 263
R.W. w 5'10V2" I661/2 31 normal 41/2 254
J.J. w 6'1" 208 26 moderately obese — 205E.L. w 6'1" 178 21 lean 6 181N.E. w 6' 160 35 lean 4 225



S E R U M  C H O L E S T E R O L  I N  A C U T E  S T A R V A T IO N 87

CHOLESTEROL
MG.% NORMAL MALES ( 5 0  AND OVER)

Subject Race Height Weight Age Physicalappearance
Weightlossduringstarvation

Cholesterolbaseline

pounds pounds mg
P.A. (1) w 6' 183 50 normal 12 316
P.A. (2) 180 51/2 279
H.S. w 5'10" 194 58 moderately obese 4 250
R.T. w 6' 186 54 normal 5 243

During the week prior to the onset of 
the starvation period, the volunteers were 
instructed to continue their usual food in
take and three random morning fasting 
serum specimens were collected to serve 
as the individual’s base line. Of these vol
unteers, only one (S.S.—female) had 
changed her usual dietary intake in recent 
months. This woman had been following a 
weight-reducing diet for the past several 
weeks with an average daily consumption 
varying from 1000 to 1500 Cal.

Once the starvation period was begun, 
the subjects had a fasting sample of blood 
drawn every morning until the experiment 
was finished. Following the fasting period, 
daily specimens continued to be collected 
for as many as three days. The serum of 
all samples was separated and frozen. All

specimens from a given individual were 
run at one time in duplicate. The method 
described by Pearson et al., (’53) for total 
serum cholesterol determination was used.

The data in figures 1-4 were calculated 
on the basis of milligrams per cent above 
or below the volunteer’s base fine, estab
lished previously.

The period of starvation varied. The 
original plan was to carry the volunteer a 
minimal period of 72 hours, prolonging it 
to 5 days if the subject were not too un
comfortable. For those volunteers, how
ever, who complained of severe headache, 
generalized malaise or agitation, the starv
ation regimen was discontinued immedi
ately. Although 40 to 50 hours after onset 
of the fast, two of the female volunteers 
(B.E. and L.K.) encountered considerable
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difficulty and fasting was discontinued, two 
other females had no difficulty and one 
was continued through 4 days. It was 
necessary to discontinue fasting for one 
normal male (H.S.), over 50 years old, be
cause of severe headache after 63 hours. 
With another male (J.J.), 28 years old, 
fasting was discontinued after two days 
because of generalized malaise. Others 
have noted that frequently females under
go more difficulty than males in acute star
vation experiments (Deuel and Gulick, 
’32), an observation which appears to be 
borne out by the relatively small proportion 
of males who encountered extreme discom
fort in the study reported here.

E x p e r im e n ta l g ro u p s

N o rm a l m a le s . Volunteers in this group 
were predominantly males, members of

the hospital staff personnel whose age 
range fell within two groups, 21 to 35 and 
50 to 58 years old. Unfortunately, no 
males between the ages of 35 and 50 vol
unteered for the study. All males over 50 
years of age gave no history of illness re
lated to atherosclerosis and showed normal 
electrocardiograms. The subjects were 
working at the time of the study and were 
in apparent good health. Except for one 
participant (W.P.), who performed ex
tremely vigorous exercise on the second 
day of the study, all subjects engaged in 
their usual activities during their fasting 
periods.

N o rm a l fe m a le s . The 20 to 32-year-old 
participants in this group were either tech
nicians in the VA Clinical Laboratory or 
relatives of the staff of the faculty of Van
derbilt University. Prior to the study, one

CHOLESTEROL
MG.% N O R M A L  F E M A L E S

TIME IN HOURS
Figure 3

Subject

A.B.
T.E.
S.S.
L.K.
P.E.

Race

W
W
W
W
W

Height Weight Age Physical
appearance

Weight Choles-
loss terol

during base
starvation line

p o u n d s  p o u n d s  m g

5'3i/4" 114 23 normal 6 235
5'4" 140 32 moderately obese — 169
5'6V 2"  171 22 obese 8 175
5'4" 1231/2 21 normal IV2 226
5'5" 117 20 lean 5 207
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CHOLESTEROL
MG. % A T H E R O S C L E R O T I C  M A L E S

Subject Race Height Weight Age Physical
appearance

Weight
loss

during
starvation

Choles
terol
base
line

D.G. w 5' 10"
pounds
1201/2 67 lean

pounds m g
283

C.P. w — 140 67 moderately obese — 223
J.P. w 5'8" 175 49 obese 10 212
N.R. w — — 70 lean — 251

volunteer had been following a weight-re
ducing diet which was accompanied by 
rather strenuous exercise and she contin
ued her usual routine of daily exercise 
throughout the study (S.S.).

A th e ro sc le ro tic  s u b je c ts . All volunteers 
who showed definite clinical manifesta
tions of atherosclerosis were delegated to 
this group for purposes of discussion and 
comparison of results, with full recogni
tion that many if not all the volunteers 
in the other groups may have had varying 
but undisclosed degrees of atherosclerosis. 
All volunteers in this group were hospi
talized ambulatory patients who were not 
in congestive failure at the time of the

study; all carried the diagnosis of general
ized atherosclerosis. The age range of 
this group was from 49 to 70 years. All 
subjects in this group were males; unfor
tunately no females with definite clinical 
manifestations of atherosclerosis volun
teered for the study. One patient had an 
abdominal aneurysm (C.P.), three had my
ocardial infarction (J.P., C.P., N.R.) and 
one patient had severe angina but no his
tory of a definite coronary attack (D.G.). 
All of these patients were receiving digi
talis except the last mentioned severe an
gina case. Liver function studies of all 
showed values within normal limits.



90 NORMAN ENDE

RESULTS
It was found that during the fasting 

period the young males and females al
most universally showed an elevation in 
serum cholesterol. Whereas a rise in 
serum cholesterol occurred in normal 
males above the age of 50, it was less 
marked than that which occurred in the 
younger male volunteers (figs. 1 and 2).

An insufficient number of volunteers 
(three) in the normal older age groups 
made it impossible to form a definite pic
ture. One normal volunteer over the age 
of 50 repeated the study with a resulting 
curve similar to that of his first starva
tion period (P. A., 1, 2).

The serum cholesterol curves in the 
atherosclerotic group were considerably 
different from those seen in normal males 
(fig. 4). In general, the atherosclerotic 
cases showed a drop in serum cholesterol 
with a gradual return to pre-starvation 
level. One subject in this group (N.R.) 
showed no change over a 72-hour period.

DISCUSSION
In an experiment of this nature, there 

are many variables which might have a 
bearing on the results. Some of these are 
the obesity of the participants, the rate 
and degree of weight loss during the study 
and the variance in activity. As far as 
could be determined in the data collected 
so far, there did not appear to be any re
lationship to any of these factors. Of the 
two young males showing the most marked 
rise in serum cholesterol, one was a lean, 
colored male carpenter (M.B.) and the 
other a slightly obese physician (R.S.).

It was unfortunate that the specific 
foods in the diet could not be rigidly ad
hered to, but during the stress of starva
tion, some items became extremely repul
sive to the volunteers and substitutions 
had to be effected.

Considerable further study is necessary 
before completely evaluating the influence 
of all these variables.

SUMMARY
Twenty volunteers were subjected to 

periods of starvation ranging from two to 5 
days. Four general groups were included: 
Young males between the ages of 21 to 
35, young females between the ages of 
20 to 32, males over 50 years of age, and 
patients with atherosclerosis from 49 to 
70 years of age. In the data at present 
available, almost all the young males 
showed a rise in serum cholesterol. The 
older white males had less elevation than 
that of the younger male subjects and the 
atherosclerotic group showed a completely 
different curve from that of the other 
groups. Additional data will be necessary 
before a complete evaluation is possible.
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Morgan and Yudkin ( ’57) found that 
white rats can live and grow while con
suming a thiamine-free diet when fed sor
bitol. Mehnert et al. ( ’58) did not confirm 
these results, but the results of other in
vestigators agree with those of Morgan 
and Yudkin (Jones and Baumann, ’58; 
Cremer and Hotzel, ’59). Sorbitol is a 
natural constituent of many fruits (Taufel

et al., ’58) and also has been detected in 
animal tissues (Chino, ’57). It is being 
used increasingly in candies and other 
sweets (Steiner, ’57) and can be given to

Received for publication December 28, 1959.
1 The research reported in  this document has 

been made possible through the support and 
sponsorship of the U.S. Department of Army, 
through its European Research Office.

TABLE 1
One of three menus used, containing 462.5 yg of thiamine and supplying approximately 

300 yg of thiamine and 2,400 Calories

Food Quantity Vitamin Bi Calories

Rolls, hot, 2

gm
Breakfast, no. 1

H9

70 235
Honey 30 — 101
Margarine 30 — 237
Sugar 10 — 40
Coffee, instant1 — —

Total 70 613

Pears, canned
Breakfast, no. 2 

100 10 76

Rice, steamed
Lunch

200 33 226
Ketchup 14 11 29.4
Flour, wheat 5 3 12
Beef, corned 100 20 240
Onions 5 1.5 1
Margarine 20 — 158
Lemon juice 10 4 4
Apricots, canned 200 40 180

Total 112.5 850.4

Roll, hot, 1
Mid-afternoon, 4 p .m .

35 118
Honey 20 — 67
Margarine 15 — 119
Sugar 5 — 20
Coffee, instant 

Total 35 324

Tuna fish, canned
Supper

100 40 240
Potatoes 150 150 120
Pears, canned 100 10 76
Roll, hot, 1 35 119
Margarine 10 79

Total 235 634
Total, calculated 462.5 2,497.4
Total, analyzed after daily preparation 328

1 Nescafé.

J. Nutrition. 71 : '60 91



92 E. PE PP L E R  AND OTHERS

diabetics as a partial substitute for sugar. 
Thus, sorbitol is used in many human 
diets, and it would be of some significance 
if a thiamine-sparing action should take 
place in humans as has been described 
in rats.

A good indication of an increase in thi
amine absorption either from the food or 
from intestinal synthesis, is an increase 
in thiamine excretion in the urine. Since 
any increase of thiamine supply would be 
better demonstrated when using a low- 
thiamine diet, we planned to give a diet 
containing as little thiamine as practicable 
in a human experiment. Because the vita
min-sparing effect of sorbitol on the growth 
of vitamin-deficient rats is demonstrable 
within one day, we anticipated that an 
effect in humans, if it should occur, also 
should be observed in a relatively short 
time—possibly within 10 days.

METHODS

Two separate experiments were per
formed. In experiment 1 three healthy in
dividuals—members of the staff, two fe
males, one male, 23 to 26 years old—were

placed upon a diet rich in carbohydrates 
but very low in thiamine. Three menus 
were used alternately. The thiamine and 
caloric content of a typical days’ diet are 
shown in table 1. The thiamine values in 
table 1 refer to the raw food. By cooking, 
a loss of approximately 20 to 30% can be 
expected. The thiamine content of the 
prepared diet and the excretion in the ur
ine were determined daily (see table 2). 
On the 6th day each person received 35 
gm of sorbitol,2 and on the 7th to the 12th 
day 70 gm daily were given in smaller por
tions. In the two experiments sorbitol was 
added without caloric compensation. The 
average daily supply of calories was 2200 
to 2500.

In experiment 2, lasting 4 weeks, 7 per
sons served as experimental subjects. Sor
bitol was given from the 14th to the 23rd 
day in graded doses ranging from 20 to 70 
gm daily, as shown in figure 1.

Thiamine was determined in the urine 
by a photographic thiochrome determina
tion after separation by paper chromatog-

2 Sorbitol: Karion (E. Merck A. G., Darmstadt, 
Germany) was used. It was not possible to detect 
thiamine in the sorbitol.
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raphy3 (Kraut and Wildemann, ’56). 
Since we wanted to use the same method 
for the thiamine determination in food
stuffs and in the complete meals, respect
ively, a procedure was developed to extract 
thiamine and separate it as much as pos
sible from proteins, fat and polysacchar
ides (Neubauer, Peppier, Cremer, ’60).

As this new and specific method has 
not been published in English, the prin
ciples are included briefly here.

Application of the method to foodstuffs : 
the materials are ground as small as 
possible in a blender in aqueous acetic acid 
solution of pH 3.5 under N2. The addition 
of 20 to 30 ml of 6% trichloracetic acid 
results in partial precipitation of proteins 
which are removed by centrifugation or 
filtration if necessary. Aliquots of 60 ml 
are heated and treated with amyl alcohol 
as described in footnote 3. If starch-con
taining material, as well as total daily 
rations are analyzed, 4 parts of methanol 
are added slowly to the aqueous extract 
solution with stirring. This treatment 
causes the extensive precipitation of glob
ulins, albumins and starches. After cool
ing, the solution is centrifuged and diluted 
to 50% of methanol content. Aliquots of 
20 ml are concentrated to 1 ml under N2 
in a vacuum-rotation-evaporater at 30°C. 
Aliquots of 0.2 to 0.3 ml are used for 
chromatographical separation. Chromato
graphic paper washed in hydrochloric acid 
(Schleicher and Schiill no. 2043a) is used.

3 Essentials of the Kraut (Kraut and Wilde
mann, ’56) method. Urine is acidified with ace
tic acid to pH 3. Aliquots of 60 ml are heated 
for one minute in  a water bath at 50°C. The 
60-ml samples are shaken twice with equal parts 
of amyl alcohol (for the removal of pigments and 
other interfering substances). After addition of 
equal parts of methanol to the aqueous phase, 
aliquots of 20 ml are concentrated in vacuo under 
N2 at 30°C. The residue is dissolved in  2 m l of 
80% methanol. Solids (precipitated proteins) 
are removed by centrifuging.

Chromatography with isopropanol-water using 
W hatman no. 1 paper. Applied amount: aliquots 
of 0.2 to 0.3 ml are applied and the paper is 
developed in  the dark.

First direction: 4 parts of isopropanol and 1 
part of water pH 3. After separating, spray paper 
with alkaline potassium ferricyanide solution 
(one part 0.1% of potassium ferricyanide solu
tion and one part of 2.2% sodium carbonate 
solution) in  order to oxydize the thiamine to 
thiochrome and to destroy substances that inter
fere with the separation.

Second direction: 4 parts of isopropanol and 
one part of water pH 9. If necessary, concen
trate the spot with three parts of dioxane and 7 
parts of water pH 9.

The fluorescence of the thiochrome spot caused 
by UV-light is photographed simultaneously with 
a blank and a standard prepared by the same 
method of chromatography in  a special apparatus. 
By means of an inverted system of lenses the 
blackening of the film is directly proportional to 
the intensity of the fluorescence and independent 
of size and form of the spot as well as inde
pendent of a heterogeneous distribution of thio
chrome in the spot. The evaluation of the blacken
ing is carried out photographically and photo
metrically according the usual methods in  spec- 
trochemical analysis. The final value is read 
from a standard curve.

From 0.1 to 1.0 ¡ig of thiamine can he deter
mined within ±  10%.

TABLE 2
Effect of sorbitol upon the excretion of thiamine by three human subjects

Day of 
experiment

Sorbitol
administration

Intake of 
vitamin Bi

Vitamin Bi excretion 
Subject 1 Subject 2 Subject 3

gm m g m g m g m g
i — 0.328 0.193 0.136 0.247
2 — 0.307 0.136 0.107 0.119
3 — 0.328 0.148 0.160 0.125
4 — 0.145 0.266 0.264 0.236
5 — 0.276 0.234 0.244 0.223

Av./day (days 1--5) 0.277 0.195 0.182 0.190
6 35 0.258 0.200 0.198 0.169
7 70 0.292 0.324 0.225 0.160
8 70 0.284 0.167 0.175 0.127
9 70 0.323 0.219 0.269 0.154

10 70 0.141 0.376 0.320 0.149
11 70 0.284 0.269 0.274 0.159
12 70 0.235 0.291 0.222 0.151

Av./day (days 7--12) 0.260 0.274 0.248 0.150
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RESULTS

As shown in table 2, two of the three 
subjects excreted more thiamine in the 
urine when sorbitol was given. These two 
subjects complained of intestinal distur
bances, namely, diarrhea, whereas the 
third subject felt well, and did not show 
any increase in thiamine excretion. Also 
in subjects 1 and 2, the differences in thi
amine excretion were too small to be con
sidered significant.

In the second experiment, no significant 
increase of thiamine excretion could be 
demonstrated due to sorbitol, regardless of 
the fact that the feeding period was pro
longed (fig. 1). Again, several cases of 
diarrhea occurred, but without any corre
lation between intestinal disturbances and 
thiamine excretion; thus, the hypothesis 
that sorbitol may have a thiamine-sparing 
action in man, as it does in rats, was not 
supported by our results.

DISCUSSION
After feeding sorbitol, Morgan and Yud- 

kin ( ’57) and Mehnert, and co-workers 
( ’58) observed an increased weight of the 
colon of rats, presumably caused by in
creased growth of bacteria. Possibly the 
slow absorption of sorbitol may be the 
cause of increased bacterial growth, and 
thus activate the synthesis of some vita
mins. Rats utilize these intestinally-syn- 
thesized vitamins only when able to eat 
their feces; rats, being completely pre
vented from coprography by the tail-fixed 
cups described by Barnes et al. ( ’57), do 
not show any vitamin-sparing action of sor
bitol as shown by Cremer and Hotzel ( ’59). 
The difference between rats and humans 
in the vitamin-sparing action of sorbitol

may be explained on the basis of different 
food habits.

SUMMARY
Ten healthy individuals fed a low-thia

mine diet did not show any increase in 
thiamine excretion in the urine after in
gesting up to 70 gm of sorbitol daily for 
as long as 10 days. Thus the thiamine
sparing action of sorbitol, as it has been 
demonstrated in rats, could not be dupli
cated in man.
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Molybdenum toxicity in cattle has been 
associated for a number of years with 
symptoms which respond to copper therapy 
(Ferguson et al., ’43). Growth retardation, 
anemia and diarrhea are common with 
these species fed high molybdenum diets. 
Similar symptoms of molybdenum toxicity 
have been reported for sheep (Ferguson, 
’44), for rabbits (Arrington and Davis, ’53) 
and for rats (Comar et al., ’49). Although 
a great deal has been learned about the 
dietary interrelationship of molybdenum 
and sulfur-containing compounds, rela
tively little literature pertinent to the inter
relationship between copper and molyb
denum has appeared.

During an investigation of the effect of 
excessive molybdate intake upon certain 
enzyme systems of the rat, it was observed 
that the level of sulfide oxidase activity in 
the liver was substantially depressed (Mills 
et al., ’58). This observation led to the 
suggestion that sulfide accumulation could 
contribute to the syndrome of molybdate 
toxicity.

Among the anticipated effects of sulfide 
accumulation in the tissues would be the 
loss of copper through the formation of 
highly insoluble cupric sulfide. The pres
ent endeavors were designed to test in part 
this postulated mechanism for the in
duction of copper deficiency by molyb
denum.

EXPERIMENTAL
Young male rats of the Wistar strain3 

were used in all experiments. The basal 
diet used was constituted to be relatively 
low in both copper and inorganic sulfate. 
The composition of the basal diet in per
centages were as follows: vitamin-free
casein, 20; glucose, 70; salt mixture, 6; 
com oil, 4. The following vitamin supple
ment was included in the diet (quantities

in milligrams per kilogram of mixed diet) : 
thiamine, 5; riboflavin, 8; niacin, 40; pyri
doxin, 5; Ca pantothenate, 45; biotin, 0.4; 
vitamin Bi2, 0.03; folic acid, 2; menadione, 
5; inositol, 100; p-aminobenzoic acid, 100; 
and a-tocopherol, 1500 units; vitamin A 
alcohol, 8; vitamin D concentrate, 750
I.U. The salt mixture had the follow
ing percentage composition: CaCOs, 27; 
K2HPCb, 17; Na.HPCh, 12.4; Ca3(PC>4)2, 
23.1; NaCl, 14.6; MgCOa, 4.7; FeCls, 0.18; 
MnCl2, 0.62; KI, 0.069; and ZnC03, 0.033.

The modifications of the basal diet con
sisted of the addition of one or more of 
the following ingredients: 800 ppm of
molybdenum as sodium molybdate; 15.6 
ppm of copper as cupric acetate; 0.94% 
of L-cystine; and 0.29% of sulfate as sodi
um sulfate.

Precautions were taken to maintain con
ditions favorable for the feeding of diets 
low in copper. The animals were housed 
in individual stainless steel wire mesh 
cages which were washed frequently. The 
food was provided ad libitum in glass jars. 
Distilled water for drinking was dispensed 
from acid-cleaned glass bottles equipped 
with glass or stainless steel outlet tubes.

The hemoglobin measurements were 
made once or twice a week. The determin
ations were carried out upon small samples 
of blood collected by micropipette from 
minor tail incisions. After dilution of the 
samples to 1:251 with 0.1% of sodium
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carbonate solution, the optical density was 
measured at 540 mil, using a Beckman 
Model DU spectrophotometer at a 0.02 mm 
slit width. A conversion factor based on 
an extinction coefficient at 540 mu of 836 
cmVgm was used to convert optical den
sity to grams of hemoglobin per 100 ml of 
blood. Duplicate determinations were 
made per animal in the first two experi
ments and single analyses were made 
thereafter. Variation between duplicate 
determinations was less than 10%.

RESULTS AND DISCUSSION
The postulate under consideration is 

that the formation of copper sulfide within 
the tissues leads to the symptoms of copper 
deficiency often observed during molyb
denum toxicity. This situation would re
sult from the lowered level of sulfide oxi
dase observed in the tissues of rats sub
jected to toxic dietary levels of molybdate 
(Mills et al., ’58). Because of the very low 
solubility product of cupric sulfide (3 X 
10-38), the formation of this salt is a nearly 
inevitable consequence of the mutual pres
ence of cupric and sulfide ions in aqueous 
phase. Once formed, the cupric sulfide is 
difficult to dissociate, except in the pres
ence of very concentrated acids (Carnot, 
’04). The properties of cuprous sulfide are 
similar to those of the cupric salt (Ravitz, 
’36; Seidell and Linke, ’52).

To test this postulate, the diet used ear
lier (Mills et al., ’58) was modified slightly 
to provide only a marginal satisfaction of 
the copper requirement of the rat. Growth 
of rats fed the low-copper basal diet was 
not detectably different from that of those 
fed the basal diet supplemented with cu
pric acetate (15.6 ppm of copper).

The direct administration of sulfide to 
the animals presented several technical 
problems. Instead, it was decided to induce 
an intracellular generation of sulfide by 
administering a dietary excess of cystine.

During the first 20 days of the experi
ment, molybdate drastically depressed the 
growth of the animals (fig. 1). Further
more, copper had no apparent ability to 
alleviate growth depression. When cystine 
was added to the diet on the 22nd day of 
the experiment, the animals also receiving 
molybdate quickly entered a phase of rapid 
growth. This new growth rate was greater

Fig. 1 T h e  e ffe c ts  o f  c y s tin e  a n d  c o p p er  o n  th e  
g ro w th  r e ta rd a tio n  p ro d u c e d  b y  m o ly b d a te . Solid 
symbols indicate that the diet was supplemented 
with cystine beginning on the 22nd day.

if the diet contained added copper. The 
upward surge in growth upon addition of 
cystine was anticipated in view of the ob
servations of Van Reen and Williams ( ’56) 
that several sulfur-containing compounds, 
including cystine, would alleviate the tox
icity of molybdate.

Although the low-copper basal diet was 
adequate for maintaining optimal growth 
rate, it led to a slight decrease in hemo
globin levels, as can be seen in the first 
column of table 1. The second column 
demonstrates that, during the progress of 
molybdate toxicity, hemoglobin levels fall 
slightly during the first two weeks and 
then return to normal; however, when cys
tine is added at the 22nd day, a substan
tial and prolonged drop in hemoglobin 
levels occurs in the animals receiving 
molybdate (third column of table 1). When 
copper supplements the molybdate diet, the 
response of hemoglobin to cystine is very 
much smaller.

The effects of cystine and copper upon 
the symptoms of molybdate toxicity are 
presented in graphic form in figure 2. The 
bar graphs indicate the distribution of 
hemoglobin levels of individual rats at 
various times under the several dietary 
regimens. Each rat is scored only in the 
lowest hemoglobin range achieved during 
that period of the experiment. In addition,
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TABLE 1
E ffe c ts  o f  c y s t in e  u p o n  h e m o g lo b in  le v e ls1J u s in g  ra ts  f e d  d ie ts  w i th  a n d  w i th o u t  m o ly b d e n u m

Days on 
experiment Basal Basal + Mo Basal + Mo Basal + Mo 

+ Cu
(Animals per

group) (9) (12) (10) (10)
0 13.0 ±  0.2 13.4 ±  0.4 12.8 ±  0.4 14.4 ±  0.4
7 10.1 ±  0.3 12.4 ±  0.7 12.6 ±  0.6 13.7 ±  0.4

14 9.6 ±  0.4 10.6 ±  1.1 11.4 ±  0.6 12.8 ±  0.6
19 9.8 ±  0.4 11.8 ±  0.6 12.4 ±  0.6 12.4 ±  0.6
22 cystine cystine cystine

added added added
24 10.0 ±  0.4 12.8 ±  0.4 11.4 ±  0.4 12.2 ±  0.6
31 10.5 ±  0.4 12.0 ±  0.4 8.1 ±  0.6 10.0 ±  0.4
38 11.2 ±  0.4 13.4 ±  0.2 8.3 ±  0.6 10.7 ±  0.3
47 10.4 ±  0.4 12.8 ±  0.3 8.2 ±  0.4 11.4 ±  0.4
1 Hemoglobin in gm/100 ml blood. 2 Standard error =  V2 d2/n  (n - 1 ) .
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Fig. 2 T h e  e ffe c ts  o f  c y s t in e  a n d  o f  c o p p er  o n  s y m p to m s  o f  m o ly b d a te  p o iso n in g . The basal diet described in the text was supplemented with 800 ppm of molybdenum as Na2Mo04 for all experimental groups. Additions, where indicated, were L-cystine at 0.94% and 
copper at 15.6 ppm.
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the number of animals evincing diarrhea 
or succumbing to the treatment is included. 
The diets listed at the right contained 
added copper, whereas those to the left 
did not.

It is obvious that the individual response 
to molybdate using the low copper diet is 
quite variable, and, that with time, an 
increasing percentage of animals acquire 
the severe symptoms of low hemoglobin, 
diarrhea and death. The largest segment 
of the population, however, displays none 
of these symptoms during the 50-day peri
od of the experiment. When the diet was 
supplemented with copper, these symp
toms of molybdate toxicity were nearly ab
olished.

The severity of the response to cystine 
is readily obvious, with the majority of ani
mals experiencing anemia and a higher 
incidence of diarrhea and fatalities. Here, 
too, the presence of copper in the diet 
substantially prevented the onset of critical 
symptoms.

The symptoms of anemia, diarrhea and 
death, whether occurring spontaneously 
with the high molybdate diet or induced 
by cystine administration, clearly may be 
prevented by copper. Copper also appears 
to quickly reverse the symptoms of anemia 
and diarrhea.

An animal which experienced a pre
cipitous fall of hemoglobin to below 6 gm 
% and evinced severe diarrhea was given 
daily intraperitoneal injections of 100 ug 
of copper as CuCL. The moribund animal 
showed immediate response to the copper 
injections by cessation of diarrhea, re
sumption of growth and hemoglobin re
generation.

A comparison of the data of figure 1 and 
table 1 indicated that the low-copper basal 
diet failed to maintain normal hemoglobin 
levels during the period when the animals 
experienced their highest rate of body 
weight increase. Consequently, the pos
sibility remained that the high incidence of 
anemias induced by the addition of cystine 
to the high molybdate-low copper diet was 
directly related to the growth surge pro
duced by cystine.

That this relationship does not obtain 
was demonstrated by comparing the effects 
of sulfate and of cystine as alleviators of 
molybdate toxicity. The experimental de

sign was the same as the one used earlier 
except that only 7 days elapsed before the 
basal-plus-molybdenum diet was supple
mented with either cystine or sulfate. 
From figure 3 it is apparent that, in this 
experiment, sulfate produced a substan
tially greater surge in growth than did cys
tine. Nevertheless, cystine produced a 
much higher incidence of anemia and sub
sequently diarrhea and death. Neither of 
these last two symptoms resulted from the 
administration of sulfate. These observa
tions are summarized graphically in fig
ure 4.

The results of the foregoing experiments 
are compatible with the hypothesis that 
the drop in liver sulfide oxidase resulting 
from molybdate toxicity leaves the animal 
susceptible to poisoning by sulfide gener
ated by its own metabolism. The induction 
of copper deficiency by this mechanism ob
viously is not an inevitable consequence of 
an excessive dietary intake of molybdate. 
The precipitation of copper sulfide will be 
significant to the animal’s overall nutri
tional balance only when the loss of avail
able copper by this means exceeds the 
absorption of copper from the gastrointes
tinal tract. This situation is most likely to 
occur with diets relatively low in copper 
and relatively high in some nutrient, prob
ably sulfur-amino acids, capable of giving 
rise to sulfide metabolically.

It is probable that the amount of sulfide 
generated in these experiments was not 
large, since attempts to detect sulfhemo-

Fig. 3 G ro w th  re sp o n se  to  c y s t in e  a n d  su l fa te  
a f te r  ra ts  w e re  f e d  800  p p m  o f  m o ly b d e n u m  fo r  7 d a ys. The original 30 animals were arbitrarily divided into three groups of 10 animals each on the 8th day. Dietary supplementations were L- cystine, 0.94%, and copper, 15.6 ppm.
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Fig. 4 T h e  e ffe c ts  o f  c y s t in e  a n d  o f  su l fa te  o n  
s y m p to m s  o f  m o ly b d a te  p o iso n in g . All animals 
received the basal diet plus 800 ppm of molyb
date. Additions to this, where indicated, were 1,- 
cystine at the 0.94% level and copper at 15.6 
ppm.

globin in the circulating blood by spectro- 
photometric means (Israels et al., ’57) 
yielded negative results; consequently, the 
sulfide toxicity encountered in these ex
periments is qualitatively and quantitative
ly different from the toxicity manifested 
from the ingestion of inhalation of sulfide 
per se .

The postulated mechanism for the 
molybdate-copper interrelationship would 
indicate the prediction that molybdate tox
icity should lead to the precipitation of 
other metals, namely iron, manganese, 
zinc and cobalt. That deficiencies of these

metals during molybdenum toxicity have 
never been reported is somewhat surpris
ing. This apparent anomaly may result 
from the fact that CuS has by far the low
est solubility product, but more likely is 
explainable in terms of cell physiology or 
as an accident of experimental design.

SUMMARY
Excessive dietary molybdate produced a 

profound depression of growth and a low 
incidence of anemia and diarrhea in rats 
fed a low copper diet. Supplementing the 
diet with copper prevented anemia and 
diarrhea, but did not restore growth. Ad
ministration of excessive dietary cystine 
to rats fed the high molybdate-low copper 
diet led to critical conditions of anemia 
and diarrhea and to some fatalities. These 
toxic effects of cystine were prevented or 
reversed by copper, and the joint admin
istration of cystine and copper, alleviated 
the growth depression due to molybdate. 
The observations are discussed in terms of 
the postulate that the reduced level of 
sulfide oxidase in the tissues of rats re
ceiving excessive molybdate permits an 
abnormal accumulation of sulfide. This 
accumulation leads to the formation of 
copper sulfide and the subsequent appear
ance of symptoms of copper deficiency.
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Isolated coenzyme Qio has been defined 
(Crane et al., ’57; Fahmy et al., ’58), and 
its structure (I) has been elucidated 
(Wolf et al., ’58; Morton et al., ’58). Co
enzymes Q6 to Qo were also characterized 
(Lester et al., ’58; Wolf et al., ’58).

The structure (II) of plastoquinone has 
also been determined (Trenner et al., ’59; 
Kofler et al., ’59); this related quinone had 
been isolated previously (Kofler, ’46; Crane 
and Lester, ’58) from alfalfa and later 
from commercial alfalfa meal (Trenner et 
al., ’59; Crane, ’59a). 

o 
II

c h 3o  / \  c h 3

I
o

C H , A  CH,

CH3 I \  (CH2CH =C—CH2)9HYo
II

The distribution of coenzyme Qio and 
plastoquinone in animal and plant tissue 
has been studied (Lester and Crane, ’59a), 
and the coenzyme Qio content of various 
dietary constituents has been determined in 
this laboratory (Page et al., ’59) to guide 
the possible maintenance of animals upon 
a coenzyme Q-low diet.

The coenzyme Q group of compounds 
has been shown to be specific for restora
tion of cytochrome C reductase activity* 1 
and for restoration of succinoxidase activ
ity2 in inactivated systems. It appears that 
the redox functionality of coenzyme Q par
ticipates in mitochondrial electron trans

port, and that of plastoquinone partici
pates in photosynthetic electron transport 
(Crane, ’59b).

The reported occurrence of coenzyme 
Qio in spinach and other white and green 
plant tissue (Crane, ’59b) and in alfalfa 
meal (Lester and Crane, ’59a), in addition 
to the presence of plastoquinone in alfalfa, 
seemed rather significant, because of ( 1 ) 
the widespread use of alfalfa and alfalfa 
meal in animal nutrition; (2 ) the wide
spread occurrence of coenzyme Qio in mam
malian tissue; and (3 ) the many previous 
studies (Vavick et al., ’53; Scott et al., ’53; 
Hill et al., ’53; March et al., ’55; Ershoff 
et al., ’59; Ershoff and Hernandez, ’59) 
which had suggested the possible presence 
of “unidentified factors” in alfalfa to ac
count for the biological responses observed 
with alfalfa under various test conditions 
in  v iv o .

We wished to confirm, and have done 
so, the unexpected presence of both co
enzyme Qio and plastoquinone in alfalfa, 
and the apparent absence of other mem
bers of the Q group. We also examined 
freshly collected green alfalfa, because of 
the possible loss of the rather labile co
enzyme Qio during the commercial prepa
ration and storage of alfalfa meal which 
is more commonly used in practical animal 
nutrition.

RESULTS
Fresh alfalfa was saponified, and the 

non-saponifiable lipid material was re
moved by extraction and purified by chro

Received for publication January 27, 1960.
1 K. S. Ambe and F. L. Crane 1959 Coenzyme 

Q specific restoration of cytochrome C reductase 
activity. Federation Proc., 18: 181 (abstract).

2 S. Fleischer and R. L. Lester 1959 Restora
tion of succinoxidase activity by coenzyme Q in 
acetone-extracted mitochondria. Federation Proc., 
18: 227.
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matography. The coenzyme Qio was identi
fied by means of paper chromatographic 
comparison with an authentic sample and 
estimated by spectrophotometric ( Crane et 
al., ’59; Lester and Crane, ’59b; Linn et al., 
’59) and colorimetric assay (Koniuszy et 
al., ’60). The coenzyme Qio content of 
fresh alfalfa was estimated to be 3.4 m g/ 
kg wet weight in the sample studied.

A sample of commercial alfalfa meal 
was extracted directly with hydrocarbon 
solvent and the coenzyme Qio content was 
estimated. The value of 28 mg/kg is con
sistent with the value found for fresh al
falfa when adjusted for the probable water 
content and suggests that in the prepara
tion of commercial alfalfa meal, the co
enzyme Qio content can be essentially re
tained.

EXPERIMENTAL
F resh  a lfa lfa . A sample of fresh alfalfa 

stems and leaves (1000 gm) was homog
enized in a Waring Blendor with 200 ml of 
95% ethanol by adding portions of the 
plant to portions of the solvent and blend
ing for one to two minutes. To the result
ing slurry in a 12-1 round-bottom flask was 
added 45 gm of pyrogallol. The mixture 
was heated to boiling and 220 gm of potas
sium hydroxide in 400 ml of water was 
added during 5 minutes, with vigorous 
stirring. After the addition was complete, 
the mixture was stirred for 30 minutes 
under reflux, cooled to room temperature 
and extracted with 3 X 2000 ml portions of 
Skellysolve B. Additional water was added 
as necessary to break persistent emulsions. 
The combined extracts were washed with 
water, dried over anhydrous magnesium 
sulfate and evaporated in  v a c u o  to 1.8 gm 
of orange, semi-solid residue.

A chromatographic column was pre
pared by adding 40 gm of dry Decalso 
slowly to a 2.0-cm-diameter glass tube con
taining Skellysolve B. To the prepared 
column was added the 1.8 gm of extracted 
solids dissolved in a minimum volume of 
Skellysolve B. The column was washed 
with 250 ml of Skellysolve B and eluted 
with 1% ether in Skellysolve B, collecting 
20 ml fractions at a flow rate of 3 m l/ 
minute. Fractions were assayed by spot
ting aliquots (10 to 20 ul) on filter paper 
and spraying with LMB reagent (zinc- 
acetic acid reduced methylene blue) (Page

et al., ’59) and characterized by paper 
chromatography on circles of Whatman 
no. 1 paper impregnated with vaseline and 
using dimethylformamide as mobile phase 
(Linn et al., ’59; Page et al., ’59).

Fractions 1 to 18 were devoid of any 
LMB oxidizing substances. Fractions 19 to 
21 contained the bulk of the Q-254 while 
fractions 22 to 24 contained Q-254 and a 
second faster moving LMB oxidizing sub
stance. Fractions 25 to 65 contained the 
coenzyme Qio as well as a-tocopherol and 
a trace of Q-254. Fractions 65 to 93 as 
well as a 25% ether in Skellysolve B eluate 
were devoid of any LMB oxidizing sub
stances.

Fractions 25 to 65 (0.21 gm) were dis
solved in 5 ml of Skellysolve B, cooled to 
0° and centrifuged. The supernate was 
removed and the process repeated twice. 
The combined supernates were evaporated 
in  v a c u o  to  137 mg of red oil showing 
®icDm= 29 at 290 mu in ethanol but no 
maximum at 275 mu, characteristic of co
enzyme Q (Wolf et al., ’58).

A chromatographic column was prepared 
by adding 10 gm of dry Decalso to a 1.0- 
cm-diameter buret containing i-octane. A 
solution of the 137 mg of red oil in a mini
mum volume of i-octane was added to the 
column and elution with 1 % ether in i-oc
tane was begun immediately, collecting 10 
ml fractions at a flow rate of 2 ml/'minute. 
The elution was followed by measuring the 
absorbance of each fraction at 255, 275 
and 290 mu. The elution of Q-254 was 
recognized in fractions 3 to 7 by the peak 
in 255 mu absorbance while the elution 
of a-tocopherol was observed in fractions 
11 to 16 by the peak in 290 mu absorb
ance. The peak in 275 mu absorbance oc
curred at fractions 24 to 27 which were 
evaporated to 11.8 mg of red oil.

The red oil was found to have an ultra
violet spectrum in ethanol nearly identical 
with that of coenzyme Qi0 (Wolf et al., 
’58). It showed a strong LMB oxidizing 
spot on papergrams which was not sepa
rable from that produced by coenzyme Qio 
and gave a positive Craven’s test under the 
conditions used for coenzyme Qio. The 
AE}®mat 275 mu obtained on reduction of 
an ethanol solution with sodium boro- 
hydride supported a coenzyme Q,0 content
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of 12% or a total of 1.4 mg. The amount 
present in neighboring fractions of the 
chropiatogram was estimated at 1 mg 
from their absorbance at 275 mu. The 
content of fresh alfalfa is approximately
3.4 mg/kg wet weight.3

A lfa lfa  m e a l. A sample (2000 gm) of 
commercial alfalfa meal was continuously 
extracted with Skellysolve B in a Soxhlet 
apparatus for 24 hours. The extract was 
evaporated in  v a c u o  to a residue (77.8 gm) 
which was dissolved in 500 mg of Skelly
solve B and filtered. The filtrate was ap
plied to a chromatographic column pre
pared by adding 1500 gm of Decalso to 
Skellysolve B in a 7.0-cm-diameter column. 
The column was washed with 4 1 of Skelly
solve B followed by 8 1 of 5% ether in 
Skellysolve B and eluted with 8 1 of 50% 
ether in Skellysolve B. Removal of the sol
vent in  v a c u o  from the eluate gave 13.5 
gm of dark red residue.

A portion (1.35 gm) of the eluate resi
due was dissolved in 10 ml of i-octane, 
cooled to 0°, centrifuged and the super- 
nate removed. The procedure was repeated 
and the combined supernates were applied 
to a 2.2-cm-diameter column of 50 gm of 
Decalso in i-octane. The column was 
washed with 25 ml of i-octane and eluted 
with 2% ether in i-octane, collected in 10 
ml fractions at a flow rate of 1.5 ml/min- 
ute. Elution was followed by measuring 
absorbance at 255, 275 and 290 mu as 
before. The Q-254 peak appeared at frac
tion 34, the a-tocopherol peak at fraction 
48, and the coenzyme Qio peak at fraction 
96, after changing the eluting mixture to 
5% ether in Skellysolve B at fraction 68. 
Fractions 83 to 101 were combined and 
evaporated in  v a c u o  to 66.6 mg of red oil. 
This oil was dissolved in 3 ml of Skelly
solve B, cooled in ice, centrifuged and the 
supernate separated. The procedure was 
repeated and the supernates combined and 
evaporated in  v a c u o  to 37.1 mg of red oil 
which showed the same properties as that 
prepared from fresh alfalfa and assayed 
15 %> of coenzyme Qio by spectrophoto- 
metric assay. The coenzyme Qio content 
of alfalfa meal is therefore estimated at 
28 mg/kg dry weight.

SUMMARY
The coexistence of coenzyme Qio with 

plastoquinone in commercial alfalfa meal

has been confirmed, and the content of 
coenzyme Qio was found to be ca . 28 m g/ 
kg. The preparation and storage of com
mercial alfalfa meal can lead to retention 
of essentially all of the coenzyme Qw of 
growing alfalfa since the content of co
enzyme Qio of the freshly collected plant 
was ca . 3.4 mg/kg; this value is reasonably 
consistent with the water content of the 
green plant.
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The Effect of Sources of Nonessential Nitrogen on 
Nitrogen Balance in Young Adults* 1

MARIAN E. SWENDSEID, CHERYL L. HARRIS a n d  STEWART G. TUTTLE
D e p a r tm e n ts  o f  H o m e  E c o n o m ic s , P h ys io lo g ica l C h e m is tr y  a n d  M e d ic in e ,  
U n iv e r s i ty  o f  C a lifo rn ia  a n d  th e  V e te r a n s  A d m in is tr a tio n  C en ter ,
L o s A n g e le s

In studies of essential amino acid re
quirements for nitrogen equilibrium in hu
man subjects, glycine, urea and diammon
ium citrate have been used either singly 
or in various combinations as nitrogen 
sources to supplement purified essential 
amino acid mixtures (Rose, ’49; Leverton 
et al., ’56; Jones et al., ’56). Whenever food 
proteins are evaluated in terms of their 
essential amino acid composition, however, 
the nonessential amino acids they contain 
comprise a portion of the dietary nitrogen. 
When under these conditions amino acid 
requirements are investigated at different 
levels of nitrogen intake, as in a recent 
study with egg protein (Swendseid et al., 
’59), it becomes particularly pertinent to 
question the relative effectiveness of var
ious sources of nonessential nitrogen in 
maintaining nitrogen equilibrium. The 
present investigation was designed to ob
tain information as to the possible effect 
of the amount and source of supplemental 
nitrogen on nitrogen equilibrium in sub
jects fed near-minimal amounts of essen
tial amino acids in the form of egg protein.

In this report the term “nonessential” 
nitrogen will be used interchangeably with 
“supplemental” nitrogen to define nitrogen- 
containing compounds other than the 8 
essential amino acids required by man for 
the maintenance of nitrogen equilibrium.

The nonessential nitrogen sources studied 
include glycine, a mixture of glycine and 
diammonium citrate (DAC) and a mixture 
of nonessential amino acids (NEAA).

EXPERIMENTAL
The comparisons of nonessential nitro

gen sources were made at either 6.5 or 10.0 
gm of total nitrogen intake. These amounts 
were selected because they have been used 
most frequently in studies of essential 
amino acid requirements (Rose, ’49; Lever- 
ton et al., ’56; Jones et al., ’56; Swendseid 
et al., ’56). Four college students, one 
man and three women, participated in the 
study at both total nitrogen intake levels. 
These subjects were in good health as de
termined by medical examination. The 
age, weight and caloric intake of each 
subject while on the experimental diet are 
given in table 1.

For each total nitrogen intake level, the 
subjects were placed first on a controlled 
diet of ordinary food with calories ad
justed to need. After the subjects were 
established in nitrogen equilibrium (a pe
riod of at least 7 days) they were fed the 
isonitrogenous experimental diet contain-

Received for publication September 29, 1959.
1 Supported by a U.S. Department of Agriculture 

contract, sponsored by the Human Nutrition Re
search Division, Agricultural Research Service.

TABLE 1
S e x , a ge , iv e ig h t  a n d  ca lo r ic  in ta k e  o f  e a c h  s u b je c t

Subject Sex Age
Weight Energy value 

of dietInitial Final
no. years kg kg C al./day
i Male 20 70.9 71.4 3200
2 Female 20 53.8 55.5 2600
3 Female 24 60.0 62.3 2400
4 Female 21 51.8 51.8 2500

J .  N u t r it io n , 71 : ’60 105



106 M. E. SWENDSEID, C. L. HARRIS AND S. G. TUTTLE

ing minimal amounts of essential nitrogen 
in the form of egg protein and the non- 
essential nitrogen source to be tested. The 
experimental diet also contained some low- 
protein fruits and vegetables, centrifuged 
butter, sucrose and cornstarch with mineral 
and vitamin supplements (Swendseid et 
al., ’56). Since these ingredients were 
constant throughout the study, they are 
referred to as the basal components. The 
distribution of the nitrogen in this diet 
when 100 gm of egg was fed is shown in 
table 2. An attempt was made to adjust 
the amount of egg for each subject to ap
proach his minimal requirements for the 
essential amino acids. Whenever the 
amount of egg fed was reduced below 100 
gm, the supplemental nitrogen was in
creased to maintain the total nitrogen of 
the diet at a constant level.

Studies were carried out first with the
6.5 gm N diet. On the experimental diet, 
the dietary periods comparing sources of 
nonessential nitrogen were 6 or 7 days.

The glycine was always administered 
first. With this source, the amount of 
whole egg was adjusted to an amount 
judged on the basis of urinary nitrogen 
values to supply near-minimal amounts of 
the essential amino acids. In the succeed
ing dietary periods, glycine was replaced

by an isonitrogenous mixture of the non- 
essential amino acids. This mixture was 
composed according to the NEAA propor
tions in whole egg protein with the excep
tion that tyrosine and cystine were omitted 
(table 2). Only L-amino acids were used. 
Depending upon the amount of egg the 
subject received, this supplemental nitro
gen provided from 60 to 70% of the total 
nitrogen in the diet. The daily amounts of 
egg and the supplemental nitrogen were 
equally distributed among the three meals.

A 4-week interval followed during which 
the subjects ate ad libitum. Then they 
were given a controlled diet of ordinary 
food containing 10 gm of total nitrogen 
for 7 days. On the experimental diet a mix
ture of glycine and DAC as a source of 
supplemental nitrogen was given first. The 
amount of whole egg was the same as for 
the 6.5 gm N intake. The second period 
for all subjects was a substitution of NEAA 
mixture for glycine and DAC in isonitrog
enous quantities. These sources of sup
plemental nitrogen constituted from 75 to 
80% of the total nitrogen in the diet, 
(table 2).

Nitrogen analyses were carried out on 
food samples, daily urine collections, and 
5- or 10-day fecal pools according to pre
viously reported procedures (Swendseid et

TABLE 2
S o u rces  o f  d ie ta ry  n itr o g e n

Dietary component
6.5 gm N intake 10 gm N intake

Amount1 N content Amount1 N content
gm gm gm gm

Basal components 430 0.5 430 0.5
Glycine 21.4 4.0 20.1 3.75
Diammonium citrate — — 30.2 3.75
(Nonessential amino acid mix

ture2 replacement for glycine 
plus diammonium citrate dur-
ing some periods ) (28.2) (4.0) (53.0) (7.5)

Essential amino acids in egg/100 gm 6.453 0.75 6.45 0.75
Nonessential amino acids in

egg/100 gm 8.803 1.25 8.80 1.25
'A m ount varies except for basal diet. Values shown are for periods when 100 gm of 

whole fresh egg was fed.
2 The percentage composition of this mixture was as follows: aspartic acid, 17.1; glutamic 

acid, 21.5; glycine, 6.0; proline, 8.3; serine, 15.8; alanine, 12.6; arginine-HCl, 13.4; and 
histidine• HC1-H.O, 5.5. It was calculated from analytical data on whole egg furnished by 
Dr. M. J. Horn, Human Nutrition Research Division, Agricultural Research Service, U.S. 
Department of Agriculture.

3 Calculated from data compiled hy Orr and W att ( ’57). Cystine and tyrosine are included 
with the essential amino acids.
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al., ’56). Nitrogen was determined accord
ing to the boric acid modification of the 
Kjeldahl procedure (Scales and Harrison, 
’20).

RESULTS AND DISCUSSION 
The average daily values obtained for 

nitrogen balance using the different 
sources of nonessential nitrogen are shown 
in table 3. A consideration of differences 
in nitrogen retention for each subject when 
NEAA replaces glycine at 6.5 gm of total 
nitrogen shows an increase of 0.75 gm of 
nitrogen per day for subject 1, 0.53 gm for 
subject 3, 0.91 gm for subject 4 and an 
average of 0.64 gm for subject 2. These 
definite increases in nitrogen retention, 
which occur when the subject is receiving 
minimal or near minimal amounts of the 
essential amino acids, result in an average 
increase of 0.71 gm of nitrogen retained 
per day per subject. Since these changes 
occurred consistently with all 4 subjects, 
these results appear to be evidence that 
when glycine is the chief source of non- 
essential nitrogen, it is not as well utilized 
as a mixture of nonessential amino acids. 
The changes in nitrogen retention for the 
same subjects under the same dietary con
ditions, with respect to the presence of es
sential amino acid nitrogen but with an in
crease of total nitrogen to 10 gm as the 
result of an increase in nonessential nitro
gen, are also shown in table 3. When 
NEAA replaces a mixture of DAC and gly
cine, the changes in nitrogen retention in
clude +  0.11 gm of nitrogen per day for 
subject 1, —0.17 gm for subject 2, +0.38 
gm for subject 3 and +0.27 gm for subject
4. The average change in nitrogen reten

tion under these conditions is an increase 
of only 0.15 gm of nitrogen per day per 
subject and this appears to be within ex
perimental variation. Apparently, then, a 
combination of glycine and DAC is as well 
utilized as a mixture of nonessential amino 
acids.

It is also possible to make a comparison 
of nitrogen retention in the same subjects 
when two levels of NEAA are fed. When 
the total nitrogen is increased from 6.5 gm 
to 10.0 gm per day by increasing the NEAA 
with other dietary components remaining 
constant, the changes in nitrogen retention 
are +0.07 gm nitrogen per day for subject 
1, -0 .2 2  gm for subject 2, —0.16 gm for 
subject 3 and —0.37 gm for subject 4. Here 
again the differences in nitrogen retention 
appear to be negligible since the average 
change is —0.17 gm of nitrogen per day 
per subject.

Since only negligible differences in nitro
gen retention occur between nitrogen in
take levels when NEAA is the nonessential 
nitrogen source, it appears possible to com
pare glycine and a mixture of glycine and 
DAC although these substances were fed 
at different nitrogen intake levels. The 
results suggest that the addition of am
monium salt to glycine results in greater 
nitrogen retention than when glycine alone 
is fed. It can be seen from table 2 that 
whether glycine is fed alone or in com
bination with DAC the amount of glycine 
administered is approximately the same.2

2 Unpublished results from this laboratory show 
that the amount of urinary glycine is also the 
same whether the same amount of glycine is fed 
alone or in combination with DAC.

TABLE 3
E ffe c t  o f  th e  so u rce  o f  n o n e s s e n t ia l  n i tr o g e n  o n  n itr o g e n  b a la n ce

Subject
Amount of 

whole 
fresh egg

Average daily nitrogen balance values1 (gm/day) 
on indicated source2 of nonessential nitrogen

6.5 gm N intake 10.0 gm N intake

Glycine NEAA2 Glycine 
+ DAC NEAA3

gm
i 100 -1 .08 -0 .33 -0 .37 -0 .26
2 80 -0 .28 +0.32 +0.27 +0.10

65 -0 .47 +0.20
3 65 +0.02 +0.55 +0.01 +0.39
4 65 -0 .43 +0.48 +0.39 +0.11

1 Average nitrogen balance values include only last 4 days of each 6 or 7 day dietary period.
2 Amounts of nonessential nitrogen are given in  table 2.
3 Percentage composition of the nonessential amino acid mixture is given in table 2.
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Apparently then, this ammonium salt is 
well utilized by the human body as a source 
of nonessential nitrogen.

The superiority of ammonium salts as 
compared with glycine has been shown in 
a number of growth experiments with rats 
(Rose et al., ’48; Lardy and Feldott, ’50; 
Rechcigl et al., ’57).

SUMMARY
Four young adult subjects were main

tained on an experimental diet wherein the 
amount of whole egg was adjusted to sup
ply near-minimal amounts of the essential 
amino acids. Supplemental nitrogen pro
vided from 60 to 80% of the total dietary 
nitrogen and was varied as to source. 
When a nonessential amino acid mixture 
replaced glycine at a total nitrogen intake 
of 6.5 gm, there was an average increase 
in nitrogen retention of 0.71 gm per day 
per subject. When the nonessential amino 
acid mixture replaced a mixture of glycine 
and DAC at a total nitrogen intake of 10 
gm there was an average increase in nitro
gen retention of 0.15 gm per day per 
subject. A comparison of nitrogen balance 
when the nonessential amino acid mixture 
was fed at the two levels of nitrogen in
take shows that increasing the amount of 
nonessential amino acids resulted in an 
average decrease in nitrogen retention of 
0.17 gm per day per subject. These results 
were taken as evidence that, under the 
experimental conditions, glycine alone as a 
source of supplemental nitrogen is not as 
well utilized as a mixture of nonessential 
amino acids nor as an ammonium salt and 
glycine mixture when this mixture is fed 
at a higher nitrogen level. The combina
tion of ammonium salt and glycine ap

peared to be as effective as a mixture of 
the nonessential amino acids in maintain
ing nitrogen equilibrium.
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nature never guarantees that fruit and vegetable juices con
tain significant amounts of vitamin C (ascorbic acid). Even those 
juices often assumed best may be woefully lacking in this essential 
nutrient. The table below shows this fact only too clearly.

V A R IA T IO N  IN  V IT A M IN  C 
In commercially canned American juice 

(M g. per 100 Grams of juice)
JUICE MIN. MAX.

A p p l e .................................................................. 0.2

G r a p e ...................................................................0.0

G ra p e fru it ...................................................... 1 0.0

O ra n g e ...................................................................9.7

P in e a p p le ............................................................. 5.4

Tom ato...................................................................2.5

3.6

4.7

49.0

70.0

18.0 

32.0

(Dafa from U. S. Department of Agriculture)

Juice processors have an easy way to overcome the wide vitamin C variations 
in natural juices. They standardize  with the pure, crystalline vitamin. The cost is 
nominal, the processing simple—and the juice is a better food.

Many nutritionists believe that standardization of the vita
min C content of processed juices is in the public interest.

Would you like to have more information about vitamin C and the role it plays 
in keeping you and your family healthy? Just write (no obligation) to the Depart
ment of Education at the address below. If you are concerned with the manufac
ture of pharmaceuticals or the processing of food, the Roche Technical Service 
is ready to help you.

FINE CHEMICALS DIVISION • H O F F M A N  N - L A  R O C H E  I N C .  • NUTLEY 10, NEW JERSEY

Roche Research and Roche Products Preserve and Protect the World's Health
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ISTANBUL • JOHANNESBURG • LONDON • MADRID • MEXICO CITY • MILAN • MONTEVIDEO • MONTREAL 
PARIS • RIO DE JANEIRO • STOCKHOLM • SYDNEY • TOKYO • AGENCIES IN OTHER COUNTRIES
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Meat is a logical 
nutritious “build-up”. Far too many people, 
both adults and children, need to be reminded 
professionally that a nourishing breakfast is 
essential to help maintain good health.

Meat adds Z e s t to breakfast
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