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Do you stress the value of

roasts, chops and steaks 

as regular sources 

of n e e d e d

protein for 
S u m m e r

Since many people cling to the false idea that 

meat appreciably increases body temperature, 

they serve meals under the banner of “special 

summer diets” lacking adequate nutrition.

Wouldn’t it be a professional service to place 

emphasis on high protein meats such as roasts, 

chops and steaks for frequent serving in hot as 

well as cold weather?

M e a t  i s  a  s u m m e r  t r e a t

A M E R I C A N M E A T I N S T I T U T E

MAIN OFFICE, CHICAGO • MEMBERS THROUGHOUT THE NATION

The nutritional statements made in this advertisement have been reviewed by the 
Council on Foods and Nutrition of the American Medical Association and found 
consistent with current authoritative medical opinion.
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NATURE never g u a r a n tees  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.

VARIATION IN VITAMIN C
in commercially canned American juice 

(Mg. per WO Grams of juice)

JUICE MIN. MAX.

A p p le ......................................................................... 0.2
G ra p e ......................................................................... 0.0
Grapefruit.................................................................10.0
Orange......................................................................... 9.7
Pineapple................................................................... 5.4
Tomato......................................................................... 2.5

3.6
4.7

49.0
70.0 
1 8.0
32.0

(Data from U. S. Department of Agriculture)

Juice processors have an easy way to overcome the wide vitamin C variations 
in natural juices. They s ta n d a rd ize  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

AFFILIATED COMPANIES: BASEL • BOGOTA •  BOMBAY • BRUSSELS • BUENOS AIRES • GRENZACH • HAVANA 

ISTANBUL •  JOHANNESBURG • LONDON • MADRID • MEXICO CITY • MILAN • MONTEVIDEO • MONTREAL 

PARIS • RI O DE J A N E I R O  ♦ S T O C K H O L M  •  SY D N E Y  •  TOKYO •  A G E N C I E S  IN O T H E R  C O U N T R I E S

, INC.ROC HE © 1 9 6 0  H-LR.
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M i c h e l  E u g e n e  C h e v r e u l

—  A Biographical Sketch

(August 31, 1786—April 19, 1889)

Michel Eugene Chevreul was a fascinat­
ing individual in  m any ways, not the least 
of which was that he lived a creative life 
until the age of 103. He was the chemist 
who first dem onstrated that the sugar ex­
creted by diabetics is glucose, and tha t fats 
can be fractionated into a saponifiable frac­
tion containing fatty  acids and an un- 
saponifiable fraction containing waxes and 
cholesterol. Chevreul was the inventor of 
the m odern (stearic) candle, and also the 
author of a popular and lasting theory of 
colors. His life is a good illustration of 
the fact th a t the distinction between 
“pure” and “applied” research is at best 
flimsy and fa r less im portant than  the 
recognition of good research.

Chevreul was born the 31st of August 
in 1786 in  Angers, the capital of the cen­
tral French province of Anjou. His an­
cestry was rem arkable in  tha t his fore­
bears had been continuously interested 
in chemistry and biology for more than  
200 years. As early as the XVIth century, 
one of his ancestors, Michel Chevreul, 
Squire of Bijou, a petty noblem an, had 
chosen the somewhat unusual profession, 
for one of his class, of apothecary. His 
son, Michel II, besides continuing in  his 
fa ther’s tradition as an  apothecary was a 
student of surgery (again, definitely not a 
gentlem an’s profession in  those days) and, 
in  spite of his m arriage to the daughter of 
one of the king’s lawyers, practiced as a 
m aster surgeon in a small town near An­
gers. Michel II’s son, Michel III, became in 
his turn  a surgeon and settled in  Roche­
fort, a m uch more im portant city, and was 
succeeded there by his son Gilles I. Gilles 
in turn  had two sons, both surgeons, Gilles 
II (who appeared to have had a more than  
ordinary interest in chem istry) and Michel 
IV (who also dabbled in  m etallurgy as a 
tinsm ith). Michel’s son, Michel V, the 
fa ther of Michel Eugène, was an im portant

figure in  French XVIIIth century medicine. 
He became a Doctor of Medicine in Reims 
in  1777 and a M aster of Surgery in Angers 
in  1778. His interest was in  obstetrics, a 
somewhat unorthodox bend for a m an of 
his train ing and qualifications at a time 
when obstetrics was almost entirely in  the 
hands of midwives. He studied in Paris un ­
der Baudelocque, who started the first ly­
ing-in hospitals in France. He then started 
a course in obstetrics in  Tours, and in 
1782 published a treatise on midwifery 
which the local governor had printed and 
distributed to all midwives in the province. 
In 1784 Chevreul received the w arran t of 
ordinary surgeon to Louis, Duke of Anjou 
(late r Louis XVIII), for his castle at An­
gers and shortly after was m ade a corres­
ponding m em ber of the Royal Society of 
Medicine. More im portant, he wrote a 
project on the organization of courses for 
midwives (which the provincial governor 
asked him  to put into effect). He was also 
the author of an impassioned pam phlet on 
the need for special institutions for found­
lings. The great social movement which 
expressed itself in the French Revolution 
took the idea of a home for the “N ation’s 
children” to heart as well. The first such 
institution was established in Angers, with 
M. Chevreul as the first director. He be­
came a city and later a regional councillor 
as well, was elected Dean of the Angers 
Medical School in 1820, and died in  1845 
at the age of 91.

Michel Eugène lived in Algiers until the 
age of 17, when, having completed his 
secondary education, he left Angers for 
Paris to study chemistry with Vauquelin. 
Vauquelin was one of the great early or­
ganic analysts. He was the first chemist 
to fractionate biological m aterials into pro­
teins, fats, starches, sugars, and m inerals 
such as lime, magnesium , silica and iron. 
Vauquelin was also the author of the ear-

J. N u t r it io n , 72: ’60 3



4 MICHEL EUGENE CHEVREUL

liest balance study in nutrition. He anal­
yzed hens to determ ine their m ineral com­
position and conducted chemical balances 
on birds of sim ilar size laying eggs, to de­
term ine where the inorganic m atter of the 
eggs came from. He showed that, over a 
sufficient period of time, changes in  the 
m ineral composition of the hens were 
small and dem onstrated that the am ounts 
of various m inerals in  eggs were equal to 
the differences between m inerals ingested 
in foods and those present in  excreta. 
Vauquelin analyzed a large num ber of 
foodstuffs, showing in particular tha t there 
were differences in protein content be­
tween various beans and grains and also 
that plant juices and extracts contained 
m any nitrogenous substances less complex 
than  proteins. Together with Robiquet he 
isolated asparagine in  1806. He discovered 
the presence of m agnesium  in  bones in 
1801. Young Chevreul obviously could 
learn m uch from such a m an. After work­
ing with Vauquelin in  the la tter’s small 
private laboratory for a year, he moved 
with him  to the M useum of N atural His­
tory, when Vauquelin, in 1804, was elected 
Professor of Applied Chemistry in  that 
institution. The M useum of N atural His­
tory had  been throughout the XVIIIth 
century the largest government-supported 
establishm ent in  the W estern World to be 
exclusively devoted to the study of the 
natu ra l sciences, starting with botany. 
Shortly after this move, Chevreul was 
given the title of “preparator.”

In  1806 Chevreul published his first 
work, “Chemical exam ination of bone fos­
sils found in  the departm ent of Eure et 
Loir.” In the next few years he published 
on a variety of topics, such as the effect 
of nitric acid on cork, the chemical analy­
sis of various pigm ents (in  particular, 
Guatem alan indigo), the spontaneous dis­
position of barium  sulfite, the effect of 
nitric and nitrous acid on oxides, uric acid 
and others. He also separated sugar from 
the urine of a diabetic and showed tha t its 
crystalline form, its solubility in  w ater and 
alcohol and its behavior on heating were 
sim ilar in  every way to the corresponding 
properties in  cane sugar. In 1813 he was 
appointed a professor at the Lycee Charle­
m agne, then one of the best in France, and 
also presented his first com m unication on

the subject of fats to the Academy of 
Sciences. In the course of the next 10 
years he was to produce a series of pub­
lications in this field culm inating in  his 
1823 treatise. These have become the 
basis for the m odern knowledge 'o f.L .ts.

Typical of his later interests in  applied 
as well as in  the theoretical science, Chev- 
reul’s first com m unication dealt w ith the 
m anufacture of soap from spermaceti, the 
wax-like substance which is obtained from 
the head of the sperm whale. He showed 
that by boiling this substance with caustic 
alkali, he could produce soap (potassium  
palm itate) but that unlike w hat he ob­
served with other fats, no glycerol was 
present in the water from which the soap 
was obtained. Instead he could separate 
a white crystalline m aterial, insoluble in 
w ater but soluble in  alcohol and ether 
which he called cetin. After recrystalliz­
ing, it melted at 4 9 °C and came to be 
known as “cetyl alcohol.”

Chevreul had actually started investigat­
ing fats in  1811 when Vauquelin gave 
him  the task of exam ining the chemical 
nature of a sample of soap. Chevreul dis­
solved the soap in  w ater and observed that 
on addition of hydrochloric acid, insoluble 
organic acids separated from the solution 
and formed a floating layer. He later 
showed that this layer was m ade up of a 
num ber of distinct fatty  acids. Chevreul 
showed that when common fats were sim ­
ilarly heated, glycerol, a substance first 
discovered (and  nam ed) by Scheele in 
1783, rem ained in solution while fatty  
acids separated. In 1814 Chevreul showed 
that lard contained essentially two m ain  
fats, one solid at room tem perature which 
he called “stearine” and the second liquid, 
and which he called “elaine.” Chevreul 
made soap from lard and potash and from 
the aqueous solution he crystallized potas­
sium stearate which he called “m other of 
pearl.” (Elaidic acid was later shown to 
be the isomer of oleic acid, the isom eriza­
tion resulting from the mode of p repara­
tion). The water-insoluble organic m ater­
ial, of acid reaction to litm us, solid at room 
tem perature, which was set free when 
lard or sim ilar fats were dissolved in  w ater 
and acidified with hydrochloric acid, he 
called “m argarine” (from  the Greek for 
mother-of-pearl). Incidentally, Chevreul
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had previously defined an acid as a sub­
stance sour to the taste, capable of being 
attracted by positively electrified sub­
stances, capable of neutralizing basic sub­
stances, of reddening htmus and the color 
of iolets, and of reddening hematine. Al­
though they possessed all the other proper­
ties of acids, fatty acids did not taste sour. 
Chevreul considered them as acids any­
way, a judgment vindicated by later ad­
vances in physical chenrstry.

Chevreul isolated “hircin” from goat’s 
fat. From this material he prepared “hir- 
cic” or “caproic” acid, an acid disthibuished 
from stearic acid by a difference in melting 
points.

Chevreul introduced the use of alcohol- 
water mixtures to separate mixtures of 
soaps into various fractions. He also ob­
served that when stearic acid was distilled 
destructively, liquid products of acid na­
ture are formed, and an exceedingly ir­
ritating odor is developed. (This was later 
shown by Redtenbacher to be due to the 
formation of acrolein.)

Paper followed paper in which Chevreul 
described the isolation of one fatty acid 
after another, and in 1823 he published 
his “Chemical Investigations of Fats of 
Animal Origin” followed by “General Con­
siderations of Organic Chemistry” which 
related in great detail and with great ac­
curacy the methods followed in his in­
vestigations, in particular the use of sapon­
ification and of successive use of various 
solvents. In a related field Chevreul stud­
ied biliary fats and separated cholesterol 
(first obtained from gallstones by Poultier 
de la Salle) as a major component, the 
solubility and properties of which he de­
scribed.

In 1824, Chevreul was appointed Direc­
tor of the Dye Works of the Royal Manu­
factures of The Gobelins and Beauvais. 
While he acceded to this post because of 
his reputation as a chemist and of his in­
terest in the chemical structure of dyes 
(which had started with his study of the 
nature of indigo), he promptly became 
interested in the optics of colors as well. 
The publication of his books on contrast of 
colors, on optical effects in dyed silks 
and other fabrics, and on dyestuffs span a 
period of 60 years, from 1829 to 1889. 
Chevreul made the important observation

(“law of simultaneous contrasts”) that 
“every color when placed beside another 
color is changed, appearing different from 
what it really is, and moreover equally 
modified the color with which it is in prox­
imity.” Chevreul applied this rule to a 
large number of combinations of colors 
and materials and summarized his find­
ings in his 430-page, closely printed book 
(dedicated to his friend Berzelius) on “The 
principles of harmony and contrast of 
colors and their applications to the arts: 
including painting, interior decoration, 
tapestries, carpets, mosaics, colored glaz­
ing, paper-staining, calico printing, letter­
press-printing, map-coloring, dress, land­
scape and flower gardening, etc.” The Brit­
ish translator of the book into English, 
Charles Martel, wrote in his preface: 
“Our national deficiencies in the effective 
employment of colored materials, and in 
the applications of colors in various arts, 
have long been felt, but it was only during 
the Great Exhibition of 1851 that they 
were fully manifested. Our inferiority in 
this respect to most of our continental 
neighbors, especially the French (with 
whom the comparison was chiefly insti­
tuted), was then candidly admitted, and 
the cause of their superiority investigated. 
Now, this was attributed mainly to the 
teachings of M. Chevreul, who, under the 
authority of the French government, has 
delivered, alternately at Paris and Lyons, 
during the last twenty-five years, annual 
courses of lectures on the Contrast of 
Colors, before the manufacturers, artizans, 
and others interested in those cities. These 
lectures, greatly amplified, is what this 
volume consists of.” Perusal of this book 
impresses the reader with the extraordi­
nary curiosity and universality of interest 
of a man who could follow colors from 
the optics of light and visions to the chem­
istry of preparation and applications of 
dyestuffs to interior decorating including 
the analysis of schemes of colors of rugs, 
curtains, chairs, etc. His “Lessons on 
chemistry applied to dyeing” were also 
translated into German and English and 
for years constituted one of the most im­
portant textbooks in the textile industry. 
He published actively in this field until 
1864. In 1865 also he published a history 
of medical prescription, in 1866 a history
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of chemistry in four volumes, in 1878 a 
history of concepts of Matter and between 
1856 and 1870 a number of books on the 
scientific method as well.

In 1825 Chevreul, together with Gay- 
Lussac, had taken a patent for the manu­
facture of the stearic acid candle, the 
candle still used today, which in short or­
der replaced the old-fashioned candles 
made of tallow, bayberry wax, or other 
fats. He was awarded a 12,000 gold 
francs prize by the Society for the Ad­
vancement of Industry and a Special Medal 
of Honor by the 1855 International Exposi­
tion for this invention. In 1826 Chevreul 
succeeded Proust at the Academy of Sci­
ences. In 1830 he succeeded Vauquelin as 
Professor of Applied Chemistry at the 
Museum. He became Director of the Mu­
seum in 1864 and remained in this posi­
tion until 1879, serving in particular in 
this capacity during the Franco-Prussian 
War of 1870-71 when the Museum was 
systematically bombarded by the German 
troops. In 1875 he was awarded the Grand 
Cross of the Legion of Honor. He had 
received previously the Copley Medal of 
the Royal Society of which he was a for­
eign member.

Chevreul had married in 1818. (His son 
Henri, born in 1819 broke the family tradi­
tion in that he was the first in over two 
centuries not to espouse a scientific or 
medical profession. He became a judge 
and a noted antiquarian who published in 
a number of historical fields.) One of the 
curious aspects of Chevreul’s later years 
was his active interest in (and acute skep­
ticism about) spiritualism. In the 1850’s, 
table-lifting and spiritual seances had be­
come highly fashionable in the United 
States and the vogue had quickly migrated 
to Europe. Chevreul was appointed chair­
man of a committee of the Academy of 
Sciences to inform the public on the 
scientific interpretation of table-tuming 
and other “psychic” phenomena. He in­
vestigated a great many spiritualist “ex­
periments” and showed that most cases 
of table-turning were due to outright fraud 
while the others, as well as movements 
of the “divining rod” and the “exploring 
pendulum” were due to unconscious move­
ment of the hand or body of the perform­
ers. His highly articulate and publicized

utterances on the subject brought him into 
renewed contact with Faraday, wTho had 
called on Chevreul’s laboratory twice in 
the past, in 1812 and 1845, but whose in­
terests had of course differed in the inter­
vening periods from those of Chevreul. 
Like Chevreul, Faraday considered it his 
duty as a scientist to disabuse the public 
mind of those false beliefs. Incidentally, 
as Jastrow rightly remarks, these two great 
men presented during that period a strik­
ing contrast in age of onset of senescence: 
Faraday, while only barely over 60, was 
prematurely aged, his memory failing al­
most completely and public action had 
become difficult for him; Chevreul at the 
same age was still extraordinarily active 
(and destined to live another forty years 
and more). Chevreul retired as Director of 
Museum in 1879 at the age of 93, as 
Director of the Dye Works of the Gobelins 
at age 97, but he continued as profes­
sor. At the age of 101, he announced that 
while heretofore he had organized his 
teaching so as to cover organic chemistry 
over a span of two years, he felt that 
in order to do justice to this enormously 
expanded field he had to completely revise 
his course and take three years to cover 
his subject. As a matter of fact he did 
complete the three academic years.

Few public functions were better at­
tended than his 100th birthday celebration. 
People everywhere are fascinated by cen­
tenarians and here was one who was not 
only respected by scientists everywhere as 
a distinguished chemist, biochemist and 
physicist, but also known by the general 
public of all western countries as the in­
ventor of the modern candle. On August 
the 31st, 1886, messages, delegates, hon­
orary degrees (including one from Har­
vard) and many other distinctions poured 
into Paris from every comer of the world 
to honor the alert and durable investigator 
who still felt that “there was something to 
be learned every day in Science.” Chevreul 
modestly disclaimed any particular merit 
save that of being “the oldest among stud­
ents in France” and only in that sense, 
their Dean.

JEAN MAYER a n d  
SYLVIA D. HANSCN 
D epartm ent o f N  utrition 
Harvard School of Public Health 
Boston
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TABLE 1
Percentage com position of starting diet and of diets supplying the estim ated m aintenance  

requirem ent levels of adult roosters1

Ingredients2 Starting diet Requirement diet
(complete) (constant portion)

L-Arginine-HCl 0.56 0.55
L-Lysine-HCl (99% ) 0.57 0.14
L-Tryosine 0.30 0.13
L-Tryptophan 0.09 0.07
L-Phenylalanine 0.39 0.10
L-Cystine 0.16 0.16
DL-Methionine 0.27 0.27
DL-Threonine 0.57 0.57
L-Leucine 0.64 0.48
DL-Isoleucine3 1.02 0.55
dl-Valine 0.97 0.23
r-Glutam ic acid 1.72 —

Glycine 0.67 —

Dextrin 5.00 5.00
Glucose 17.25 17.25
Corn oil 12.00 12.00
Fiber 4.00 4.00
M inerals4 3.00 3.00
B-vitamin m ix4 0.15 0.15
Choline chloride 0.24 0.24
Vitam in A, D and E m ix4 0.15 0.15
Gelusil5 1.00 1.00
Starch to 100 —

Variable portion
Diet A Diet B

L-Histidine H C1H 20 0.15
DL-Serine 0.83
dl-Alanine 0.63
L-Aspartic acid 1.13
L-Proline 0.54
L-Glutamic acid 1.73 1.62
Glycine 3.28 0.29
Starch to 100 to 100

1 These diets are calculated on the basis of feeding 26 gm /kg body w eight/day  and con­
ta in  280 mg N /26  gm.

2 We gratefully acknowledge generous gifts of vitam ins from  the following concerns : 
Merck Sharp and Dohme, Rahway, N. J.; Pfizer and Company, Inc., Terre H aute, Ind. and 
Distillation Products Industries, Rochester, N. Y.

3 D-Allo, L-isoleucine.
4 Fisher and Johnson ( ’56).
5 W arner-Chilcott, Morris P lains, New Jersey.

which was provided by glycine and glu­
tam ic acid plus a small am ount of cystine, 
tyrosine and n-isomers in  one case, and 
by all the nonessential amino acids in  
the other. The complete composition of 
these diets is shown together with th a t of 
the starting diet in  table 1.

Since histidine had been shown non- 
essential for m aintenance of nitrogen 
balance in  the rooster during an 8-day ex­
perim ental period, when no change in 
hemoglobin occurred either (Leveille and 
Fisher, ’59), a separate group of 5 birds

was given for two weeks the histidine-free 
amino acid m ixture containing the m ain­
tenance requirem ents (diet A, table 1). 
At the end of the standardization period 
using whole-egg protein, and again after 
feeding the histidine-free diet for two 
weeks, hem atocrit determ inations were 
carried out as an indicator of hemoglobin 
concentration. The histidine-containing di­
peptides, anserine and carnosine, were de­
term ined in  breast muscle of 5 birds fed 
the whole-egg diet and in  breast muscle 
from  the 5 birds fed the histidine-free
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diet for two weeks.2 The dipeptides were 
extracted from  breast muscle by homogeni­
zation with 10% trichloracetic acid (TCA), 
followed by removal of the TCA with petro­
leum  ether and adjustm ent of pH to 2.2. 
A 2-ml portion of this solution, represent­
ing approximately 30 mg of original tis­
sue per ml, was placed on a 50-cm column 
of the Spinco Amino Acid Analyzer.3

RESULTS

The nitrogen balance data from  which 
the requirem ents for m ethionine, phenyl­
alanine, cystine, tyrosine and tryptophan

were computed are given in  tables 2 to 5. 
The maintenance requirement was taken 
as before (Leveille and Fisher, ’59) as the 
lowest level of amino acid th a t would 
m ain tain  the nitrogen retention observed 
with the complete starting  diet; and the

2 We w ish to thank  Dr. L. E. Ousterhout, Col­
lege Park, M aryland for suggesting the analysis 
of these compounds.

3 The chrom atographic analysis was carried 
out by Oxford Laboratories, Redwood City, Cali­
fornia, according to the procedures of Spackm an 
et al. ( ’58), and Moore et al. ( ’58a, b ). The 
results are claimed to have a reproducible ac­
curacy of 100 ± 3 % .

TABLE 2

Nitrogen balance studies in  the adult rooster, using graded levels of m ethionine in  the presence and
absence of dietary cystine1

Methionine
L-Cy stine

Average body weight Average nitrogen
Form Amount Initial 6-day change Intake Excretion2 Balance

mg/kg/day mg/kg/day gm gm m g/kg/day m g/kg/day m g/kg/day
L 71 42 24443 +  38 308 259 ± 1 3 +  49
L 136 0 2482 +  13 305 243 ±  12 +  62
L 70 0 2495 +  9 303 273 ± 8 - 3 0
L 35 0 2504 +  10 302 309 ± 7 -  7
L 17 0 2508 - 2 1 304 309 ±  11 -  5

0 0 2487 - 4 0 308 35 9 ±  13 - 5 1
D 70 0 2442 +  22 309 244 ± 4 +  65
DL 71 42 25524 +  8 278 226 ± 5 +  52
DL 37 42 2560 - 7 0 281 251 ± 8 +  30
DL 18 42 2490 - 1 4 285 251 ± 8 +  30
DL 8 42 2476 - 2 6 288 298 ± 7 - 1 0

0 42 2450 - 4 0 292 302 ± 7 - 1 0

1 All food offered was eaten.
2 Mean value w ith its standard  error.
3 Four birds used in  this trial.
4 Three birds used in  this trial.

TABLE 3
Nitrogen balance studies in the adult rooster using graded levels of c-cystine1

Average body weight Average nitrogen
Initial 6-day change Intake Excretion2 Balance

mg/hg/day m g/kg/day gm gm mg/kg/day mg/kg/day m g/kg/day
71 42 25953 +  1 280 242 ± 5 +  38
36 42 2596 +  2 281 234 ± 8 +  47
36 21 2672 +  5 280 234 ± 6 +  46
36 10 2601 -  3 280 266 ± 11 +  14
36 5 2598 - 1 6 281 245 ±  5 +  36
36 0 2582 0 282 272 ± 8 +  10
21 42 2535'* +  8 281 265 ± 9 +  16
21 21 2543 - 2 3 282 309 ± 8 - 2 7
21 10 2520 - 3 7 285 325 ± 1 8 - 4 0
21 5 2483 - 3 7 290 3 1 5 ± 4 - 2 5
21 0 2465 - 3 5 294 31 9 ±  17 - 2 5

1 All food offered was eaten.
2 Mean value w ith its standard error.
3 Four birds used in  this trial.
4 Three birds used in  this trial.
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TABLE 4
Nitrogen balance studies in  the adult rooster, using graded levels of z,-phenylalanine and L-tyrosine

Consumption of L-Phenyl- L-Tyrosine
Average body weight Average nitrogen

food offered alanine Initial 6-day change Intake Excretion! Balance
% m g/kg/day m g/kg/day gm gm m g/kg/day m g/kg/day m g/kg/day

100 101 78 24572 -  4 284 2 5 6+ 10 +  28
100 99 0 2453 - 3 0 287 2 6 0+ 10 +  27
100 49 0 2423 - 3 6 290 284 +  15 +  6
91 26 0 2387 - 7 0 268 279+ 11 - 1 1
45 0 0 2317 - 1 8 4 126 2 3 4+ 12 - 1 0 8

100 101 78 24353 +  15 281 253 +  12 +  28
100 52 78 2450 +  9 280 250 +  4 +  30
100 26 78 2459 -  5 279 252 +  9 +  27
100 0 78 2455 +  13 278 309 +  12 - 3 1
100 101 78 23824 -  5 281 230 +  9 +  51
100 26 78 2387 - 3 0 282 2 79+ 15 +  3
100 26 39 2357 - 2 0 286 253 +  11 +  33
87 26 21 2337 - 2 7 253 2 52+ 18 -  1
64 26 0 2310 - 1 0 0 193 235 +  29 - 4 2

1 Mean value w ith its standard  error.
2 Three birds were used in  this trial.
3 Four birds used in  this trial.
4 Three birds used in  this trial.

TABLE 5
Nitrogen balance studies in  the adult rooster, using graded levels of ~L-iryptophan

Consumption of L-Trypto- Average body weight Average nitrogen
food offered phan Initial 6-day change Intake Excretion^ Balance

% m g/kg/day gm gm m g/kg/day m g/kg/day m g/kg/day
100 23 25282 -  4 281 234 +  8 +  47
90 13 2524 - 2 3 255 221 +  5 +  34
72 0 2501 - 7 9 209 270 +  7 - 6 1

1 Mean value w ith its standard  error.
2 Four birds used in  th is trial.

minimum maintenance level as the lowest 
concentration tha t would m aintain  nitro­
gen equilibrium. These values were esti­
m ated from  the regression lines obtained 
by the m ethod of least squares, as previ­
ously described (Leveille and Fisher, ’60) 
by plotting nitrogen balance against the 
amino acid content of the diet (m g /2 6  
gm of d iet). The standard  error of esti­
m ate for the regression lines was used 
arbitrarily to estim ate a range for the 
m aintenance requirem ent.

The body weight changes generally were 
less than  5% in  either direction. As pre­
viously discussed (Leveille and Fisher, 
’59), small weight changes can be attri­
buted to changes in  w ater balance and to 
feather losses. Somewhat larger weight 
changes occurred w ith the lower levels of 
tryptophan, phenylalanine and tyrosine 
and were associated with food refusal; 
these losses probably reflect the decreased 
caloric intake.

From the values in table 2 the main­
tenance requirement for L-methionine in 
the absence of cystine was computed to be 
90 mg/kg of body weight/day and the 
minimum maintenance level, 39 mg/kg of 
body weight/day. The range for the main­
tenance requirement was calculated to be 
82 to 99 mg/kg/day. The data in table 2 
suggest the full utilization of the D-isomer 
of methionine.

When cystine was present in adequate 
concentration, the maintenance require­
ment and the minimum maintenance level 
for DL-methionine were computed at 71 
and 15 mg/kg body weight/day, respec­
tively. Calculations based on the methio­
nine requirement in the presence and ab­
sence of dietary cystine showed that 
cystine reduces the methionine require­
ment by approximately 20% at the main­
tenance requirement level and by 60% at 
the minimum maintenance level.
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The results given in  table 3 perm it the 
com putation of the m inim um  m aintenance 
level for cystine which was found to be 
37 m g/kg  body w eight/day. The m ain­
tenance requirem ent for cystine was not 
determ ined because the response to rela­
tively large graded increm ents of either 
m ethionine or cystine was sm all and the 
technique therefore not sensitive enough 
for its determ ination. The slightly posi­
tive balance obtained with 36 mg of d l - 
m ethionine in  the absence of cystine 
confirms the computed m inim um  m ainte­
nance level for m ethionine of 39 m g /k g / 
day and further corroborates the data in  
table 2 which suggested th a t the D-isomer 
of m ethionine is as well utilized as the 
L-form.

It is noteworthy th a t no food refusal 
occurred in  any of the studies involving 
m ethionine or cystine, in  contrast with 
such observations for tryptophan and 
phenylalanine.

Table 4 shows the nitrogen balance 
from  which requirem ents for phenylala­
nine and tyrosine were computed. In  the 
absence of tryrosine, the m aintenance re­
quirem ent for L-phenylalanine was 60 
m g /k g /d ay  w ith a range of 54 to 70 m g / 
kg/day. The m inim um  m aintenance level 
was 38 m g /k g /d ay  in  the absence of 
tyrosine. In  the presence of 78 m g /k g / 
day of L-tyrosine the L-phenylalanine 
m aintenance requirem ent was computed 
to be 26 m g /k g /d ay  and the m inim um  
m aintenance level, 13 m g/kg /day . Cal­
culations show th a t tyrosine can spare 
about half the m aintenance requirem ent 
and two thirds of the m inim um  m ainten­
ance level for phenylalanine.

The m aintenance requirem ent for l - 
tyrosine in  the presence of 26 m g /k g /d ay  
of L-phenylalanine (table 4 ) was com­
puted to be 33 m g/kg /day . The m inim um  
m aintenance level for tryrosine was not 
determined.

Food refusal occurred in  these studies 
with phenylalanine. In the presence of an 
excess of tyrosine, however, all the food 
offered was consumed even when the ra ­
tion was completely devoid of phenyl­
alanine (table 4).

From the nitrogen balance data of table 
5 the m aintenance requirem ent for trypto­
phan was computed at 19 m g/kg  body

w eight/day and the m inim um  m ain ten­
ance level at 7 m g/kg /day .

Table 6 gives a sum m ary of the com­
puted requirem ents from this as well as 
from  the previous studies (Leveille and 
Fisher, ’59; ’60). The table also shows the 
amino acid levels supplied in the original 
complete starting  diet which was pat­
terned after whole-egg protein (Leveille 
and Fisher, ’58). The computed m ainten­
ance requirem ent values for arginine, m e­
thionine and threonine were the same as 
those supplied by the starting diet.

Since the individual am ino acid re ­
quirem ents were determ ined on rations 
containing an excess of most amino acids 
which were not under investigation, the 
adequacy of feeding only the requirem ent 
levels had to be determined. Table 7 
shows the comparative nitrogen balance 
for (a )  birds fed the original starting 
m ixture, (b )  birds given the com puted 
m aintenance requirem ents with glycine, 
glutamic acid and the D-isomers of a few 
acids supplying the nonessential nitrogen 
necessary to m eet the total nitrogen re­
quirem ent, and (c )  for birds given the 
m aintenance requirem ents with all non- 
essential amino acids supplying the addi­
tional nitrogen needed. The nitrogen re­
tention of birds in  the requirement-level 
experim ent was lower th an  tha t of birds 
fed the starting m ixture; and the birds re ­
ceiving all of the nonessential amino acids 
were in  better balance than  those getting 
only glutamic acid and glycine. The ad­
equacy of the determ ined m aintenance re­
quirem ents has been further upheld in  
approximately 20 additional roosters tha t 
have rem ained in  positive nitrogen bal- 
lance (of the same m agnitude as given in  
table 7) for feeding periods exceeding 4 
weeks.

Still another group of 5 birds m ain ­
tained positive nitrogen balance for a two- 
week period when receiving the histidine- 
free m aintenance requirem ents w ith gly­
cine and glutamic acid supplying the non- 
essential nitrogen. These birds were killed 
for anserine and carnosine analyses of 
breast muscle and compared w ith 5 birds 
tha t had  been fed the stock diet, followed 
by the whole-egg diet for one week. Table 
8 shows the hem atocrit values for the two 
groups of birds as well as the concentra-
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TABLE 6
Am ino acid m aintenance requirem ent and m in im u m  m aintenance level com puted from  

nitrogen balance studies in  the adult rooster

Amino acid1 Starting
mixture2

Maintenance
requirement3

Minimum
maintenance

level3
m g/kg/day m g/kg/day m g/kg/day

Arginine 121 120 54
H istidine 37 0 0
Lysine 117 29 0
Leucine 165 124 54
Isoleucine 132 72 49
Valine 127 61 55
Threonine 74 74 55
Tryptophan 25 19 7
M ethionine 714 904 394

715 155
Phenylalanine 1026 606 386

267 137
Cystine 42 not determined 378
Tyrosine 77 319 not determ ined

1 All amino acids expressed as the n a tu ra l L-isomer; for the form  actually fed see tables 
1-5 as well as earlier papers in  this series (Leveille and Fisher, ’59; ’60).

2 Based on composition of whole-egg protein (Leveille and Fisher, ’58).
3 For definition see text.
4 In  the absence of dietary cystine.
5 In  the presence of 42 m g /k g /d ay  of cystine.
6 In  the absence of dietary tyrosine.
7 In  the presence of 78 m g /k g /d ay  of tyrosine.
8 In  the presence of 21 m g /k g /d ay  of m ethionine.
8 In  the presence of 26 m g /k g /d ay  of phenylalanine.

TABLE 7
Effect on nitrogen balance o f giving the m aintenance requirem ent of the essential 

am ino acids, in  the adult rooster

Amino acid mixture1
Average body weight Average nitrogen

Initial 6-day change Intake Excretion2 Balance

R equirem ent—Diet A 
( glycine-glutamic )

gm
26843

gm 
+  26

mg/kg/day
301

mg/kg/day 
282 ± 8

m g/kg/day  
+  19

Requirem ent—Diet B
( all nonessential amino acids )

27103 +  10 299 272 ± 8 +  27

Original starting  diet 24654 +  13 280 241 ± 8 +  39

1 The essential am ino acid portion of diets A and B (including a sm all am ount of cystine, 
tyrosine and D-isomer n itrogen) contributed 115 mg N /kg /day . In  ra tion  A, glycine and 
glutam ic acid contributed respectively 84 and 81 mg N /kg /day , while the same total am ount 
of nonessential amino acid nitrogen in  ra tion  B was derived from histidine, serine, aspartic 
acid, alanine and proline in  addition to glycine and glutam ic acid.

2 Mean value w ith its standard  error.
3 Seven birds were fed diet A for the first week and diet B the second week.
4 Average of 62 birds th a t have been fed the starting  diet.

tion for the histidine-containing dipep­
tides. The hem atocrits showed no differ­
ence between groups but both anserine 
and cam osine levels were distinctly lower 
in  the breast muscle of the birds fed the 
histidine-free m aintenance amino acid 
mixture.

DISCUSSION

Although the individual amino acid re­
quirem ents were computed from  nitrogen 
balance data for relatively small num bers 
of birds over a short feeding period, the ad­
equacy of a m ixture of all the determ ined 
requirem ent levels has been confirmed in
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TABLE 8
Values for hematocrit, anserine and carnosine from  roosters fed  whole-egg protein  

or amino acid diet devoid o f histidine

Diet Hematocrit
Breast muscle

Anserine Carnosine
% cells fimoles/gm wet tissue

Whole-egg protein 48 ±0.6* 37.7 15.5

Histidine-free, amino
acid m aintenance diet

End of 1st week 48 +  0.6

End of 2nd week 49 ± 2 .7 22.9 11.1

1 S tandard error of the m ean.

a total of 32 birds fed for varying periods, 
some exceeding 4 weeks.

In this as well as in  a previous study of 
this series (Leveille and Fisher, ’59) histi­
dine was found to be not essential for 
m aintenance of nitrogen equilibrium over 
relatively short-term feeding periods. Nas- 
set and Gatewood (’54) have shown that 
a histidine deficiency in  the adult ra t was 
accompanied by a decrease in  the level of 
hemoglobin, the catabolism of which may 
serve as a source of histidine. In our pre­
vious study, (Leveille and Fisher, ’59) no 
change in  hemoglobin was noted in  birds 
fed the histidine-free diet for 8 days. In 
this study the hem atocrit4 was determ ined 
as a possible indicator of hemoglobin with 
no change between birds receiving h isti­
dine-free or the histidine-containing diets. 
On the other hand, there was a consider­
able decrease in  anserine and carnosine 
of breast muscle of birds fed the histidine- 
free diet. While the lower values do not 
necessarily prove that they are abnormal 
or would decrease still fu rther, they at 
least suggest tha t histidine m ay be neces­
sary for prolonged feeding periods.

A high degree of correlation between the 
computed am ino acid requirem ents and 
the am ino acid composition of feather 
protein (Block and Bolling, ’51) was noted. 
The linear correlation coefficient for the 
m inim um  m aintenance level and the 
amino acid content of feather protein 
(r =  +  0.86) was statistically highly signifi­
cant (P < 0 .0 1 ) .  The degree of correla­
tion for the m inim um  m aintenance level 
was higher than  th a t for the m aintenance 
requirem ent ( r  =  0.86 vs +  0.51 [P <  0.05 
> 0.02]). This implies tha t the am ino acid

needs for feather synthesis represent a 
m ajor portion of the minimum mainten­
ance level, whereas requirem ents for other 
purposes and functions are satisfied to a 
greater extent at the maintenance require­
ment level. If the amino acid requirem ent 
for feather synthesis is constant, it m ight 
be expected tha t the requirem ent of ani­
m als depleted of their protein reserves to 
the endogenous state would show an even 
higher degree of correlation with the amino 
acid content of feathers.

SUMMARY

1. The m aintenance requirem ents for 
tryptophan, phenylalanine, m ethionine, 
cystine and tyrosine were computed from  
nitrogen balance studies in  adult roosters 
not depleted of protein.

2. A diet supplying the determ ined 
m aintenance requirem ents m aintained the 
birds in  positive nitrogen balance.

3. Using a histidine-free diet which 
m aintained positive nitrogen balance no 
changes in  hem atocrit levels were noted, 
but breast m uscle concentration of anser­
ine and carnosine decreased compared 
with control birds fed a histidine-contain­
ing ration.

4. A significant correlation was found 
to exist between the m aintenance require­
m ents and the amino acid content of 
feather protein.

4 Direct hemoglobin determ inations of chicken 
blood are not accurate because in  th is species 
the erythrocytes are nucleated. Although the 
relationship between hem atocrit and hemoglobin 
is no t precisely established, it  was thought th a t 
the form er would provide some indication of a 
sharp abnorm ality in  the latter.
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In a previous report from this laboratory 
(Fisher et al., ’60) it was shown that 
growth of chicks, like that of rats (Harper, 
’59), was depressed upon the addition of 
amino acid mixtures to rations deficient 
in an essential amino acid, if the same 
amino acid was also lacking from the 
added amino acid mixture. It was fur­
ther observed that the depression occurred 
only when the diets provided all nutrients 
in excess of the maintenance requirements. 
A different type of imbalance was created 
when the nitrogen supplement added to 
the basal diet was not balanced for good 
growth, either in itself or in conjunction 
with the dietary protein, except for a 
single limiting amino acid. It was also 
suggested that the high arginine require­
ment of the chick fed casein diets might 
possibly be the result of an amino acid 
imbalance.

The present report extends the previous 
study to (1) observations on the effect of 
supplementing a high-quality protein with 
an amino acid mixture lacking several 
essential amino acids, (2) a study of the 
factorial supplementation of peanut pro­
tein simultaneously deficient in two amino 
acids (lysine and methionine), and (3) 
the elucidation of the high arginine re­
quirement of the chick peculiar to casein- 
containing rations.

GENERAL PROCEDURE
Week-old Vantress cockerels were used 

in all three trials. Duplicate groups of 7 
chicks per lot were assigned to each die­
tary treatment. For the first week the 
chicks were fed a standard starting ration, 
at the end of which time they were selec­
ted by weight for assignment to the treat­
ment groups. Feed and water were pro­

vided ad libitum and the experimental 
diets fed for a 2-week period until the 
animals were three weeks old. The com­
position of the basal ration and that of 
the amino acid mixtures used as supple­
ments are shown in table 1. The protein 
sources for the three experiments con­
sisted of sesame meal, peanut meal and 
casein and isolated soybean protein,2 re­
spectively. Amino acid supplementation 
of these proteins was based on the calcu­
lated average analyses from the values 
given by Block and Weiss (’56). The amino 
acid composition of the isolated soybean 
protein was supplied by the manufacturer. 
Protein content was determined conven­
tionally by nitrogen analysis X 6.25.

EXPERIMENTAL RESULTS
Trial 1. Based upon the indirect evi­

dence that the addition of a mixture of 
nonessential amino acids to a lysine-de­
ficient protein did not aggravate the lysine 
deficiency, it was concluded (Fisher et al., 
’60) that only combinations of protein and 
amino acids, well-balanced for growth ex­
cept in the single limiting amino acid, 
would produce an imbalance resembling 
an exaggerated deficiency of the single 
limiting amino acid. In the first experi­
ment of this series a mixture consisting 
of essential and nonessential amino acids 
lacking in several (4) essential amino 
acids and incapable of supporting growth, 
was added to diets containing graded 
levels of sesame protein properly supple-

Received for publication April 22, 1960.
1 Paper of the Journal Series, New Jersey Agri­

cultu ral Experim ent Station. Supported in  p art 
by a grant-in-aid from  the N ational Science 
Foundation.

2 Assay Protein C-l, Archer-Daniels-Midland 
Company, Cincinnati.

16 J. N u t r it io n , 72 : ’60
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TABLE 1

Composition o f basal ration and am ino acid m ixtures

Basal ration

Amino acid mixture
Amount

Ingredient Amount Amino
acid Incomplete 

amino acid 
mix1 2

Casein- 
isolated 
soybean 

protein A2

% % of mixture % of total

M ineral m ix3 4.94 DL-alanine 0.08
Corn oil 3.00 L-arginine-HCl 12.0
Fiber 3.00 L-aspartic acid 0.37
B-vitamins4 0.15 L-cystine 3.0
V itam in A, D and E m ix4 0.10 L-glutamic acid 25.0 1.48
Choline chloride 0.20 x,-histidine HC1-H«0 0.28
Protein5 Variable L-leucine 0.90
Glucose to 100 DL-isoleucine 12.0 0.68

L-lysine-HCl (99% ) 0.78
DL-methionine 3.0
L-phenylalanine 0.41
DL-phenylalanine 8.0
L-proline 2.08
DL-serine 0.22
DL-threonine 0.64
L-tryptophan 0.15
DL-tryptophan 3.0
L-tyrosine 6.0 0.75
DL-valine 12.0 1.32
glycine 16.0

100.0 10.14

1 This m ixture w as used at the levels indicated in  experim ent 1, table 2.
2 This m ixture, representing the amino acid composition differences between 20% (N  X 

6.25) casein and 15% (N  X 6.25) isolated soybean protein was used in  experim ent 3, table 
4. The m ethionine and glycine content of the casein and isolated soybean protein rations 
was set at 0.7 and 0.5% of total diet. The am ounts representing the differences for iso­
leucine, threonine and valine in  the am ino acid m ixture were doubled since the racem ic 
forms were used and a  corresponding am ount subtracted from the glutam ic acid difference.

3 For composition see Fisher et al. ( ’60).
4 For composition see Fisher and Johnson ( ’56).
5 The variable ingredients w hich were added at the expense of glucose consisted of 

sesame m eal (N  X 6.25 =  46.3% ), peanut m eal (N  X 6.25 =  48.5% ), isolated soybean pro­
tein  (N  X 6.25 =  82.5% ) and crude casein (N  X 6.25 =  82.9% ). The amino acid contents 
as given in  Block and Weiss ( ’56) were used in  calculating the additions necessary for 
the various amino acid levels indicated in  tables 2—4.

merited with lysine (at 7% of the protein 
level). The results, shown together with 
the complete design of the experiment 
(table 2), clearly demonstrate a severe 
growth depression due to the unbalanced 
amino acid mixture at the 11% protein 
level, and essentially no depression on the 
28% protein diet. This type of imbalance 
differs from the amino acid imbalance 
characterized by an exaggerated single 
amino acid deficiency for the following 
reasons. In the case of an exaggerated 
single amino acid deficiency, the growth 
depression was equally great at low- or 
high-protein levels provided the amino acid

supplement was added in the same pro­
portion to the protein concentration 
(Fisher et al., ’60). In this study, in which 
the same protein source was used, as well 
as the same levels of protein were com­
pared, no growth depression occurred at 
the high-protein level, and a much more 
severe depression occurred at the low-pro­
tein concentration when the amino acid 
supplement was completely unbalanced in 
terms of several essential amino acids.

The slightly reduced growth rate of 
groups fed the amino acid-supplemented 
and unsupplemented 28% protein diets 
compared with that of those fed the un-
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TABLE 2

The effect of protein level on the growth-depressing properties o f an imbalanced
m ixture of am ino acids

Dietary variables
3-week 

av. weight
Feed

utilizationSesame
protein1

Amino acid 
mixture2

% of diet % of diet gm gm gain/gm  
feed consumed

i l — 23 7 ±  l l 3 0.36
i l 4 174 ±  11 0.28
23 — 405 ± 5 0.61
23 8.4 367 ± 9 0.62
28 — 387 ± 5 0.58
28 10.2 379 ± 7 0.65

»Adequate lysine (7%  of pro tein) was provided through supplem entation w ith 1,-lysine- 
HC1 (95% ).

2 For composition see table 1. The am ounts added represent a  constant percentage of the 
sesame protein (36% ).

3 Mean ±  standard  error. Each value represents the average of 14 chicks (2  lots of 7). 
Average starting  w eight for all groups was 98 gm.

supplemented 23% protein diet is prob­
ably only a reflection of the reduced cal­
oric density of the former diets, since the 
increase in sesame meal to provide the 
higher protein level added considerable 
fiber and indigestible matter to the 28% 
protein rations.

Trial 2. According to the definitions 
recently set forth by Harper (’58), an 
amino acid imbalance (in contrast with 
unbalance or toxicity) is perhaps best ex­
emplified by the growth depression which 
occurs when a small quantity of a second 
most limiting amino acid is added in the 
absence of a supplement of the primarily 
deficient acid. Peanut meal protein of­
fered a good opportunity to investigate 
more fully certain aspects of this phenom­

enon, since this protein is deficient in both 
lysine and methionine but otherwise ade­
quate for rapid growth of chicks. The 
peanut protein was supplied at a low-pro­
tein level of 12% and also at the 24% 
level. As shown in table 3, the two limit­
ing amino acids, lysine and methionine, 
were added factorially at each protein 
level.

The results indicate different patterns 
of response to the amino acid supplemen­
tations at the two protein levels (table 3). 
At 12% of protein, methionine gave a 
greater growth response than lysine, and 
the double supplementation was no better 
than the methionine supplementation 
alone. On the 24% protein diets the 
amino acid response was reversed: methi-

TABLE 3

Effect on growth and feed utilization of supplem enting peanut protein w ith  its two lim iting  
am ino acids (lysine and m ethionine)

Dietary variables
3-week 

av. weight
Feed

utilizationPeanut
protein Lysine Methionine

% of diet % of protein % of protein gm gm gain/gm  
feed consumed

12 4 0.8 104 ±4» 0.09
12 4 2.3 127 ± 6 0.18
12 7 0.8 116±  5 0.13
12 7 2.3 128 ±  11 0.21
24 4 0.8 194 ± 6 0.37
24 4 2.3 185±  7 0.37
24 7 0.8 229 ±  11 0.45
24 7 2.3 269 ± 1 3 0.52

1 Mean ±  standard  error. Each value represents the average of 14 chicks (2  lots of 7). 
Average starting weight for all groups was 88 gm.
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onine alone gave no response, lysine pro­
duced a large growth response which was 
further accentuated by the double supple­
mentation. The effects of amino acid sup­
plementation on the 24% protein ration 
follow an expected pattern on the basis 
of previous reports (Harper, ’58). How­
ever, the responses obtained with the 12% 
protein level in the present case do not 
permit an overall generalization of the 
phenomenon of imbalance without fur­
ther stipulation. Such a stipulation was 
provided in the previous report from this 
laboratory (Fisher et al., ’60), which sug­
gested that an imbalance could be created 
only when all nutrients were provided at 
levels sufficiently above the maintenance 
requirement to permit growth. At the 
12% protein level most of the protein is 
required for maintenance and conse­
quently the relationships of the limiting 
amino acids toward meeting the mainte­
nance requirement play an important role 
in interpreting the results. Viewed in this 
light, the methionine response and the 
lack of response to lysine at the 12% pro­
tein level are manifestations of the rela­
tively high methionine maintenance re­
quirement of the chicken and the compar­
atively small maintenance requirement for 
lysine (Leveille and Fisher, ’60).3

Trial 3. The suggestion made previ­
ously (Fisher et al., ’60) that the high 
arginine requirement of chicks fed on 
casein-containing rations might be due to

an amino acid imbalance was tested in 
this experiment. Since casein protein, 
when conventionally expressed on a 16% 
nitrogen basis, supplies approximately 
20% more amino acids than, for example, 
soybean protein, an imbalance might be 
created in terms of this excess quantity of 
amino acid which places a stress on the 
most limiting amino acid in casein, 
namely, arginine.

In this study, isolated soybean protein 
was used at the 15% protein level supply­
ing 1.24% of L-arginine (free base). This 
is considered the optimum requirement 
for arginine of chicks fed a diet contain­
ing 20% of protein from sources other 
than casein (Snyder et al,, ’56). To the 
diet containing 15% of isolated soybean 
protein a mixture of amino acids was 
added, representing the difference between 
20% of casein (N X 6.25) and the 15% 
of soybean protein. The complete design 
is shown in table 4, the amino acid mix­
ture in table 1.

3 From the data of Leveille and Fisher ( ’60) 
for the m aintenance requirem ent of the chicken 
it can  be calculated th a t chicks receiving the
12% protein diet containing 0.8% of m ethionine 
and 4% of lysine would require approximately 
9.4 mg of m ethionine per day and actually con­
sum ed only 4.5 mg. By contrast, the lysine re­
quirem ent of these chicks is only about 2.87 mg 
per day w ith an  actual consum ption of 8.2 mg 
per day. I t is therefore no t unexpected th a t 
m ethionine is the first lim iting amino acid at 
this protein level and th a t no response was ob­
tained to added lysine.

TABLE 4
Increase in  the arginine requirem ent, using an isolated soybean protein ration, as a result 

of adding an am ino acid m ixture representing the difference in  am ino acid 
composition between 15% of isolated soybean and 20% of casein protein

Dietary variables
3-week 

av. weight
Feed

utilizationProtein source 
and % of diet Arginine1 Amino acid 

mixture2

% of diet % of diet gm gm gain/gm  
feed consumed

Isolated soybean protein, 15% 3 1.24 — 288 ±  84 0.52
Isolated soybean protein, 15% 1.24 10.14 232 ± 1 5 0.46
Isolated soybean protein, 15% 1.60 10.14 301 ± 9 0.59
Casein protein, 20% 1.24 — 257 ± 1 1 0.47
Casein protein, 20% 1.60 — 275 ± 9 0.52

'A dded  as L -arg in ine -HC1.
2 Represents the difference in  amino acid composition between 15% of isolated soybean 

protein and 20% (N  X 6.25) of casein protein.
3 Assay Protein C-l, Archer-Daniels-M idland Company, Cincinnati.
4 M ean ±  standard  error. Each value represents the average of 14 chicks (2  lots of 7 ). 

Average starting  w eight for all groups was 101 gm.
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The results indicate that the addition of 
the amino acid mixture to the isolated 
soybean protein (thereby simulating 20% 
casein) depressed growth, perhaps by cre­
ating (or exaggerating) an arginine de­
ficiency. This assumption is clearly war­
ranted since an arginine supplementation 
resulting in 1.60% of total arginine (free 
base) not only overcame the growth de­
pression obtained with the 1.24% ration 
but permitted utilization of the amino acid 
mixture, as exemplified by the superior 
growth of the amino acid-supplemented 
1.6% arginine diet compared with the 
15% soybean protein diet to which no 
amino acid mixture had been added.

DISCUSSION

The results of trial 1 (table 2) confirm 
the previous assertion (Fisher et al., ’60) 
that an amino acid imbalance can be 
created which is different from one cor­
rected by the addition of a small amount 
of a limiting amino acid. Trial 1 differs 
from the one in which a single amino acid 
deficiency is exaggerated in at least two 
respects: (1) a similar growth depression 
was also obtained through the addition of 
a mixture of nonessential amino acids 
(Fisher et al., ’60) and (2) the imbalance 
using diets with a single amino acid de­
ficiency was as great at a high-protein 
level as it was with low protein, when the 
amino acid supplement was added in the 
same proportion to the total protein. This 
was not the case in trial 1 where the im­
balance was completely overcome at the 
high-protein level even though the amino 
acid supplement was given in the same pro­
portion to total protein.

The second experiment, in which pea­
nut protein deficient in lysine and meth­
ionine was studied, illustrates the import­
ance of giving adequate consideration to 
the relative requirements of amino acids 
for maintenance or growth when dietary 
changes are made to approach either the 
maintenance requirement only or, simul­
taneously, the aggregate requirement for 
maintenance and optimal growth require­
ments. Thus, at the low-protein level 
(table 3), which supported primarily 
maintenance and little growth, the meth­
ionine requirement assumed greater im­
portance than the lysine requirement, with

the reverse true at the high-protein level 
which permitted rapid growth. These ob­
servations are supported by the propor­
tionally greater maintenance requirements 
for methionine versus lysine and in turn 
a greater requirement for lysine than for 
methionine for rapid growth (Leveille and 
Fisher, ’60; Klain et al., ’60).

Applications may be made of these re­
sults in predicting the relative change in 
amino acid requirement (expressed as a 
percentage of the protein) with changes 
in the protein content of the ration. Since 
the methionine requirement for mainte­
nance, relative to the other amino acids, is 
much higher than in the case of growth, 
the methionine requirement could be pre­
dicted to show a considerable decrease as 
protein level increased. The data of Grim- 
inger4 for the methionine requirement at 
10 and 20% protein levels show a reduc­
tion of 29% at the higher protein level 
than at the lower level. For lysine, the 
maintenance requirement is very low rela­
tive to other amino acids, whereas the re­
quirement for rapid growth is relatively 
high. The lysine requirement would there­
fore not be expected to decrease as much 
as the methionine requirement when pro­
tein is increased to a higher level. This is 
confirmed by recent data from this labora­
tory which showed a 14% reduction in the 
lysine requirement as percentage of the 
protein as the protein level is increased 
from 11 to 23% (Fisher et al., ’60), which 
is less than half the change registered for 
methionine.

Aside from providing a partial explana­
tion for the long-perplexing problem of a 
high arginine requirement of chicks fed 
casein-containing diets (table 4), trial 3 
touches upon other important considera­
tions related to the problem of amino acid 
imbalance. In the first place, attention is 
drawn to the inadequacy of the term “im­
balance” as related strictly to the addition 
of a nitrogen supplement to a ration con­
taining an amino acid-deficient protein. 
It has been shown with casein that an in­
herent imbalance exists for the growing 
chicken in contrast with another protein, 
which became imbalanced when amino

4 Griminger, P. 1955 Effects of certain  factors 
on the amino acid requirem ents of the chick. 
Doctoral thesis, University of Illinois, Urbana.
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acids were added to simulate the com­
position of casein. It seems therefore only 
a question of the base reference line 
whether to consider the isolated soybean 
protein plus amino acid mixture (to simu­
late casein) a case of amino acid imbal­
ance, and the response to casein alone, an 
amino acid deficiency. Therefore, it ap­
pears to be primarily a question of se­
mantics whether to apply the term imbal­
ance, deficiency, or exaggerated deficiency 
to a condition as observed in trial 3.

The considerable difference in amino 
acid content of equal amounts of casein 
versus other proteins makes important the 
need to pay closer attention to the amino 
acid composition of isonitrogenous rations. 
Since it is common practice to compare 
diets on the basis of total nitrogen content 
rather than on total amino acid content, 
observed differences in the requirement 
for a single essential amino acid studied 
with various protein sources might well be 
related to differences in amino acid 
content of isonitrogenous rations. From 
the standpoint of amino acid balance, 
casein appears to be a poor choice as a 
standard for protein evaluations as long as 
so little attention is paid to amino acid 
content and the emphasis remains on nitro­
gen equality between rations.

SUMMARY

Three trials with week-old chicks were 
carried out to elucidate aspects of amino 
acid imbalance.

1. It was found that the addition of an 
amino acid mixture lacking in several es­
sential amino acids to a balanced low- 
protein diet induced an imbalance which 
was gradually overcome at higher protein 
levels even when the amount of the amino 
acid mixture added remained constant at 
a percentage of the protein.

2. The factorial supplementation of pea­
nut protein at 12 and 24% of the diet 
with its two limiting amino acids, meth­
ionine and lysine, resulted in improved 
growth at the 12% protein level only when 
methionine was added. No effect was ob­
served when lysine was added at this pro­
tein level. At the 24% protein level, a 
slight growth depression occurred upon

the addition of methionine alone, while a 
large response was obtained from lysine 
alone and the addition of both amino acids 
improved growth still further. This dif­
ferential response at the two protein levels 
can be explained in terms of the relatively 
greater methionine requirement for main­
tenance at the low protein level versus a 
relatively higher lysine to methionine ratio 
required for rapid growth at the high pro­
tein level.

3. The high arginine requirement of 
chicks fed casein-containing diets may be 
explained in part by the relative excess of 
amino acids in casein protein when the 
latter is calculated to contain 16% of 
nitrogen. Supplementing 15% isolated 
soybean protein with the amino acids mak­
ing up the difference between 20% casein 
protein (N X 6.5) and the 15% soybean 
protein depressed growth using the latter 
diet which contained 1.24% arginine; this 
depression was overcome by adding more 
arginine.

4. The implications of these experiments 
in terms of amino acid imbalance are dis­
cussed.
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During the past decade, considerable in­
terest has been shown in a comparison 
of vitamin E-deficient diets containing 
Torula and dried brewers’ yeast as the 
major source of protein. Schwarz ( ’52) 
showed that feeding such a diet contain­
ing Torula yeast to rats produced necrotic 
liver degeneration which could be pre­
vented by adding either vitamin E, cystine 
or Factor 3. Feeding a diet of similar com­
position to chicks (Scott et al., ’55) caused 
the development of exudative diathesis, 
which was prevented by vitamin E or 
Factor 3, but not by cystine. Schwarz and 
Folts (’57) and Patterson et al. (’57) 
demonstrated that selenium could replace 
Factor 3 for both rats and chicks.

Studies were undertaken in our labora­
tory to determine the effect of vitamin E- 
deficient diets containing Torula or dried 
brewers’ yeast on reproduction in the 
chicken. The present report shows that 
feeding a Torula yeast diet reduced hatch- 
ability and markedly increased mortality 
of offspring during the first week after 
hatching. Addition of vitamin E prevented 
both abnormalities, but substitution of 
brewers’ yeast for Torula yeast prevented 
only the high incidence of early chick 
mortality. Antioxidants or selenium had 
little or no effect on either hatchability or 
chick mortality.

PROCEDURE

In this study 20 Single-Comb White Leg­
horn pullets per group were used, and 
housed in 4' X 8' cages with wire floors. 
Three White Leghorn cockerels were 
placed in each pen. Composition of the 
basal diet fed is presented in table 1. In 
one treatment the 3% of tallow was sub-

TABLE 1
Composition o f basal diet

Ingredients

%
Yeast (Torula or dried brewers’) 37.5
Glucose 47.8
Calcium carbonate 4.5
Dicalcium phosphate 1.5
Sodium chloride, iodized 0.4
G elatin 4.0
DL-Methionine 0.3
M ineral m ixture1 2.0
V itam in m ixture2 2.0

1 KC1, 0.2; MnSO-i, 0.019 and Z nS04, 0.001% ; 
plus glucose.

2 V itam in A, 1000 I.U.; vitam in Da, 100 I.U.; 
v itam in K (m enadione b isu lfa te), 0.12 mg; 
thiamine-HC1, 0.25 mg; ribofiavin, 0.5 mg; n ia ­
cin, 2.5 mg; Ca pantothenate, 1.25 m g; folic acid, 
0.125 m g; v itam in B12, 1.25 fig; pyridoxine-HCl, 
0.35 mg; and choline chloride, 100 m g /100 gm 
diet, plus glucose.

stituted for glucose. All other supplements 
were added to the diet.

In all experiments, eggs were saved for 7 
days before incubation. In experiment 1, 
only eggs laid during the second and 6th 
week of the experiment were incubated. 
In all other experiments, all eggs of sound 
shell laid by the hens were incubated. 
Eggs were candled at 7 days to determine 
fertility, and the percentage of hatchabil­
ity was based on fertile eggs only. Dur­

Received for publication April 11, 1960.
1 Scientific paper no. 1954, W ashington Agri­

cultural Experim ent Stations, Pullm an. Project 
715. This investigation was supported in  part 
by funds provided for biological and medical 
research by the State of W ashington Initiative 
no. 171.

2 A prelim inary report of some of this work 
was presented before the American Institu te  of 
N utrition, 21st A nnual Meeting, 1957, Chicago.

J. N u t r it io n , 72; ’60 23
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ing the first experiment, a high mortality 
in chicks hatching from eggs from certain 
treatments was observed. Therefore, in 
this experiment and all others, chicks 
hatched following the various treatments 
were placed in battery brooders and given 
feed and water ad libitum. The feed was a 
stock diet consisting largely of yellow corn, 
soybean oil meal, fish meal and other in­
gredients commonly used in starting-diets 
for young chicks. Chicks which died in 
the hatching tray, as well as those that 
died later in batteries, were included in 
the determination of percentage of mor­
tality.

RESULTS

In experiment 1, three pens of hens re­
ceived each dietary treatment. Results re­
ported are based on eggs laid during the 
6th week (table 2). Eggs laid by hens 
fed the Torula yeast basal diet hatched 
at a lower rate and produced chicks with 
much lower viability than those laid by 
hens given the same diet plus vitamin E. 
Addition of vitamin E improved hatch- 
ability and reduced the percentage of mor­
tality of chicks to a low level. Addition of 
an antioxidant, N,N'-diphenyl - p-phenyl- 
enediamine (DPPD) may have improved 
hatchability to some extent, but had no 
effect on viability.

In experiment 2, two pens of hens re­
ceived each dietary treatment. The ex­
periment was conducted for 5 weeks and 
all eggs laid were incubated. Feeding the 
Torula yeast basal diet without supple­

mental vitamin E again caused low hatch- 
ability of fertile eggs and viability of 
chicks (table 2). Again, addition of vita­
min E markedly improved hatchability 
and reduced mortality.

It was observed in experiment 1 that 
rate of egg production was low for all 
birds fed the experimental diets, regard­
less of supplements. Because the diet had 
no source of supplemental fat, 3% of tal­
low was added as one of the treatments in 
experiment 2 to determine whether egg 
production rate could be improved, as well 
as to study the effect of this fat on hatch- 
ability and mortality of chicks. Addition 
of fat to the basal diet had no great effect 
on hatchability or chick viability, and did 
not improve rate of egg production.

Complete substitution of dried brewers’ 
yeast for Torula yeast in the basal diet 
did not improve hatchability greatly, but 
markedly reduced mortality of chicks. Re­
sults from feeding a stock diet were com­
parable with those obtained by feeding 
the basal diet supplemented with vitamin
E.

It was evident that the mortality of 
chicks from eggs laid by hens fed the 
Torula yeast basal diet deficient in vita­
min E was extremely high. Many of the 
chicks died in the hatching trays before be­
ing removed from the incubator. Most of 
the others died within the first three or 4 
days after hatching. Examination of some 
of the dead chicks showed the brains to 
be moist and edematous (encephalo-

TABLE 2
Effect of type of yeast, v itam in  E, DPPD1 and tallow on hatchability and viability o f chicks

E xperim en t 1 E xperim ent 2

Diet Fertile
eggs

h a tch ed
Chick

m orta lity
Fertile

eggs
h atched

Chick
m orta lity

% % % %
Torula yeast basal 68.5 52.1C71)2 33.8 42.8(21)
Torula yeast basal

-fv itam in E  (1 2 I .U ./k g ) 89.0 1.7(59) 72.4 1.1(90)
Torula yeast basal

+  DPPD (250 m g /kg ) 81.4 53.3(60) __ _
Torula yeast basal 

+  tallow ( 3 % ) _ __ 41.8 46.7(30)
Brewers’ yeast basal — — 41.5 10.7(56)
Stock — — 74.0 9.5(180)

1 DPPD indicates N,N'-diphenyl-p-phenylene diam ine.
2 N um ber of chicks hatched indicated in  parentheses.
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malacia). Other characteristic gross le­
sions or abnormalities were not evident. 
Even though the chicks received a stock 
diet adequate in vitamin E, most of those 
that died had been too weak to consume 
much feed.

Experiment 3 was conducted to com­
pare, in addition, diets containing Torula 
and dried brewers’ yeast, with and with­
out vitamin E and with and without anti­
oxidant. The birds in two pens were fed 
each of the experimental diets and the 
experimental period extended for 14 
weeks. Treatment and results are shown 
in table 3. No marked reduction in hatch- 
ability of fertile eggs was observed until 
the last 4 weeks of the experiment. This 
was probably caused by the large reserves 
of vitamin E in the birds used. Pullets 
were approximately 8 months old when 
placed on experiment and had been reared 
on range with abundant green plants. 
Hatchability was lower using the Torula 
yeast basal diet than with the brewers’ 
yeast. However, a definite improvement 
in hatchability was obtained by supple­
menting both diets with vitamin E. Addi­
tion of the antioxidant, 2,6-ditertiary- 
butyl-p-cresol (BHT), to either basal diet 
failed to improve hatchability. Mortality 
of chicks increased progressively in those 
hatched from eggs laid by hens fed Torula 
yeast and Torula yeast supplemented with

BHT. There was no increase in mortality 
when the diet was supplemented with 
vitamin E. On the other hand, no progres­
sive increase in early chick mortality was 
observed among any of the treatments in­
volving brewers’ yeast. Therefore, a dis­
tinct difference in the expression of a vita­
min E deficiency was evident in the adult 
chicken between birds fed diets containing 
Torula and brewers’ yeast. In both cases, 
hatchability of fertile eggs was reduced, 
but only in the case of Torula yeast was 
early chick mortality increased.

During the course of these studies, re­
sults of experiments were reported demon­
strating that selenium accounted for the 
marked differences observed with rats and 
chicks fed vitamin E-deficient diets con­
taining Torula or brewers’ yeast (Schwarz 
and Foltz, ’57, and Patterson et ah, ’57). 
A 4th experiment was conducted, there­
fore, to determine the effect on hatchabil­
ity and early chick mortality of adding 
selenium to a basal diet containing Torula 
yeast. One group received each experi­
mental diet for the 13-week experiment. 
Results are presented in table 4.

Addition of selenium had no marked 
effect on hatchability and did not lower 
mortality level in chicks. Addition of vita­
min E again markedly improved hatch- 
ability and reduced mortality in chicks. 
Brewers’ yeast again failed to maintain

TABLE 3
Effect o f type o f yeast, v itam in  E and BHT1 on hatchability and chick viability (experim ent 3)

Fertile  eggs h a tch ed  Chick m orta lity

Diet
F srtility  

11-14
weeks

Weeks2 Weeks
4 -6 7-10 11-14 4-6 7-10 11-14

% % % % % % %
Torula yeast basal 81.7 82.7 83.6 54.8 12.6(223)3 17.0(294) 48.9(135)
Torula yeast basal 

+  vitam in E (44 
I.U ./kg ) 68.0 95.0 94.6 82.5 5.2(212) 5.1(297) 5.1(216)

Torula yeast basal 
+  BHT (250 m g /kg ) 76.8 85.9 84.6 56.5 13.4(172) 21.6(283) 34.9(166)

Brewers’ yeast basal 86.5 81.2 91.9 77.4 11.9(185) 4.5(310) 7.0(271)
Brewers’ yeast basal 

+  vitam in E ( 44 
I.U ./kg ) 79.6 92.4 92.7 84.9 6.1(230) 4.8(315) 5.4(297)

Brewers’ yeast basal 
+  BHT (250 m g /kg ) 85.0 88.9 87.7 70.8 9.5(222) 6.0(317) 10.0(224)

1 BHT indicates 2,6-ditertiary-butyl-p-cresol.
2 Time hens were on experiment.
3 N um ber of chicks hatched indicated in  parentheses.



2 6 L E O  S. J E N S E N  A N D  J A M E S  M c G IN N IS

TABLE 4
Effect of selenium  and vitam in  E on egg production, hatch-ability and chick  

m ortality (experim ent 4 )

Diet Egg
production

Fertile
eggs

hatched
Chick

mortality

% % %
Torula yeast basal 52.0 45.5 25 .0(312)'
Torula yeast basal

+  selenium2 (1 ppm  ) 47.8 50.4 29.1(278)
Torula yeast basal

+  vitam in E (44 I.U ./kg ) 41.6 72.8 9.5(401)
Brewers’ yeast basal 26.3 47.7 10.3(146)

1 N um ber of chicks hatched indicated in  parentheses.
2 Added as (NHOaSeO*.

high hatchability, but chick mortality re­
mained at a level similar to that observed 
with the use of Torula yeast supplemented 
with vitamin E.

Rate of egg production is also presented 
for experiment 4. As in previous experi­
ments, rate of egg production was low for 
all treatments. Addition of vitamin E had 
no beneficial effect. It was difficult to get 
an accurate expression of rate of egg 
production because birds fed these diets 
developed the habit of eating their eggs. 
Unless eggs were collected frequently, 
some would be broken by the hens and 
fall through the wire mesh floor. It ap­
peared that the hens were attempting to 
obtain something to counteract an im­
balance in their diet or overcome a de­
ficiency, because after feed was changed 
to a stock diet, egg-eating ceased. Within 
three weeks after starting to receive a 
stock diet, egg production of all birds in 
the 4 pens in this experiment was over 
60%. In experiment 4, rate of egg pro­
duction for birds fed brewers’ yeast was 
much less than that of those fed Torula 
yeast.

DISCUSSION

Results of experiments reported in this 
paper demonstrate a difference in the ex­
pression of a vitamin E deficiency between 
hens fed a diet containing Torula yeast as 
the major source of protein and those fed 
dried brewers’ yeast. In the absence of 
supplemental vitamin E, hatchability of 
fertile eggs was markedly lowered with 
both diets, but high, early chick mortality 
was observed only in those hatched from 
hens fed the Torula yeast basal diet. In

view of these results, it appears that vita­
min E functions in the normal develop­
ment of the chick embryo to the stage of 
hatching, but that vitamin E and some 
other nutrient (or antagonist) is involved 
in viability of chicks once they are 
hatched.

Recent work (Schwarz and Foltz, ’57, 
and Patterson et al., ’57) shows that an 
obvious difference between brewers’ and 
Torula yeast is the selenium content. As 
shown in experiment 4, however, selenium 
had very little effect on hatchability and 
did not reduce mortality of offspring. It 
appears, therefore, that the difference in 
incidence of early chick mortality cannot 
be attributed to selenium content. It is 
also apparent that selenium cannot re­
place vitamin E as it functions in the 
development of normal embryos. One can 
argue that the level of selenium may not 
have been adequate to meet the needs of 
the laying hen. A level of 1 ppm, however, 
was equivalent to or greater than that 
contributed by brewers’ yeast. Moxon and 
Poley (’38) reported that selenium from 
seleniferous wheat is readily transferred to 
the egg when fed to laying hens.

Studies on acceleration of vitamin E de­
ficiency in chicks by Torula yeast have 
been reported recently by Bieri et al. 
(’58a, b) who found that the ash and 
lipid content of Torula yeast promoted 
exudative diathesis. Adding a combination 
of tall oil and a synthetic ash to a diet not 
containing Torula yeast was as effective 
in producing exudates as including Torula 
yeast in the diet. Prior to this work, Dam 
et al. (’57) had reported that samples of 
Torula yeast contained a higher level of
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linoleic acid than previously reported. It 
is possible, therefore, that the effect of 
the difference between Torula and brewers’ 
yeast observed in the hens is caused by 
the higher level of unsaturated fat present 
in Torula yeast, which, in turn, influences 
composition of egg yolks. Perhaps the in­
organic constituents of Torula yeast had 
an influence, but quantity and composi­
tion of the ash of the two yeasts are not 
too different.

If the difference between the effect of 
the yeasts on early chick mortality was 
accounted for by presence of a higher level 
of unsaturated fat in Torula yeast, it is 
difficult to explain why two different anti­
oxidants had no effect. In most studies 
with chicks, antioxidants are able to re­
place vitamin E in prevention of vitamin 
E-deficiency symptoms brought on by the 
presence of unsaturated fat in the diet. 
In previous studies in this laboratory with 
turkey hens, (Jensen et al., ’56, and Jen­
sen and McGinnis, ’57), it was found that 
antioxidants (BHT and DPPD) were able 
to overcome part of the deleterious effect 
of unsaturated fat on hatchability. These 
birds were fed diets of natural ingredients, 
however, and it is probable that the anti­
oxidants were functioning by preventing 
the oxidation of natural vitamin E in the 
diet. Diets used in the present study con­
tained little or no vitamin E and, there­
fore, antioxidants would have been of no 
value from this standpoint. Apparently, 
DPPD and BHT were not transferred to 
the egg by the hen or, if transferred, were 
unable to function in place of vitamin E. 
Recently, Machlin et al. (’59), have shown 
that l,2-dihydro-6-ethcxy 2,2,4-trimethyl- 
quinoline was more active than other anti­
oxidants in the prevention of encephalo- 
malacia and muscular degeneration in 
chicks. Furthermore, it was more active 
than a-tocopherol in vitro in the preven­
tion of liver peroxide formation. Investi­
gation of this antioxidant, as well as of 
higher levels of DPPD and BHT, and per­
haps other antioxidants, should be under­
taken before it is concluded that vitamin 
E per se is required for normal reproduc­
tion in the chicken.

Aside from a deficiency of vitamin E, it 
was apparent that purified diets containing 
Torula or brewers’ yeast as a major source

of protein were not adequate for optimum 
egg production in chickens. These diets 
apparently were deficient in a factor neces­
sary for optimum egg weight (Jensen et 
al., ’58) since egg weight was greatly in­
creased when hens in experiment 4 re­
ceived a stock diet consisting of natural 
ingredients. Results reported in this paper 
do not affect the use of Torula yeast as a 
food supplement because in the presence 
of adequate vitamin E, Torula yeast was 
comparable with brewers’ yeast in all 
respects.

SUMMARY
Studies on the effect of feeding semi- 

purified diets containing Torula or dried 
brewers’ yeast as a major source of pro­
tein on the expression of vitamin E de­
ficiency in Single-Comb White Leghorn 
hens are reported. Hatchability of fertile 
eggs was markedly lowered by feeding of 
both diets. Mortality of offspring was 
markedly increased by using Torula yeast, 
but not with brewers’ yeast. Two anti­
oxidants had no effect on chick viability. 
Addition of 1 ppm of selenium failed to 
improve either hatchability or chick 
viability.
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Studies of the Effect of Lysine on the Absorption of 
Radiocalcium and Radiostrontium by the Rat* 1
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The influence of amino acids and other 
organic compounds on the absorption of 
calcium 45 and strontium 89 from a 
single oral dose has been investigated by 
Wasserman et al. ( ’56). Certain amino 
acids, in particular L-lysine and L-arginine, 
were shown to markedly increase the ab­
sorption of these mineral elements. L-Ly- 
sine was also shown to promote the ab­
sorption of a single dose of calcium 45 by 
vitamin D-deficient rats (Wasserman et al., 
’57). The addition of lysine to either the 
diet or drinking water of rats has been 
shown by McClure ( ’52) to reduce mark­
edly the incidence of dental caries. Since 
intraperitoneal injection of lysine was less 
effective, it is probable that this amino 
acid exerted its effect in the alimentary 
tract, possibly by increasing the absorp­
tion of calcium.

In view of the favorable effect of L-lysine 
on calcium and strontium absorption, it 
was of interest to obtain information con­
cerning its mechanism of action, and ex­
amine the longer-term effects of lysine by 
supplementing both normal and calcium- 
deficient diets with various additions of 
L-lysine.

EXPERIMENTAL
For most of the single-dose studies Ca45 

and Sr85 absorption was determined by ad­
ministering orally 2 ml of the test dose to 
young male albino rats3 4 (100 to 150 gm) 
that had been fasted for 24 hours. The 
animals were killed 24 hours later and the 
femurs removed for radioassay of accumu­
lated Ca45 and Sr85. The percentage of the 
dose of Ca45 or Sr85, or both, taken up by 
one femur was then determined. Several 
previous reports (Wasserman et ah, ’56; 
Lengemann and Dobbins, ’58; Lengemann 
et ah, ’59) have demonstrated the validity 
of using the accumulated Ca45 and Sr85 in

the femur as an index of gastrointestinal 
absorption under properly defined condi­
tions.

For the studies involving particular sec­
tions of the alimentary tract, the rats were 
anesthetized with ether, and 1 ml of the 
test dose was injected directly into the 
lumen of a ligated section of the tract. 
The animals were killed 5 hours after in­
jection, and then one femur was taken 
for analysis.

Unless otherwise indicated, each millili­
ter of the dosing solution used in the 
gavage or ligation studies contained 5 mg 
of calcium chloride (1.8 mg Ca), 5 uc of 
Ca45, and 0.5 uc of Sr85, plus the substances 
being tested, and was adjusted to approxi­
mately pH 7.0.

The effect of supplementing an adequate 
diet for growing rats with additional lysine 
was studied over a 14-day balance trial 
with rats of about 80 gm, live weight, in­
itially. The percentage composition of the 
basal diet was starch 48.5; vitamin-free 
casein, 15; sucrose, 20; vegetable oil, 10; 
mineral supplement, 4; tryptophan, 0.5; 
and a complete vitamin supplement, 2.“ 
Three levels of L-lysine were added to this 
diet. Immediately prior to the actual trial, 
all rats were placed in individual cages 
and given the basal ration for one week. 
They were then divided into 4 groups, of 6
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rats each. One group received the basal 
diet and the other three groups were fed 
the diets containing 1 ,2 , and 4% of addi­
tional lysine. The drinking water supplied 
40 uc of Ca45 and 20 uc of Sr85 per liter 
for the duration of the trial. All the rats 
were killed at the end of the 14-day trial 
and whole-body contents of stable Ca, Ca45, 
and Sr85 determined on the ashed carcasses 
by standard procedures.

The absorption of Sr85 from a single 
feeding was studied by conditioning rats to 
rapidly consume their daily allowance of 
food. Four groups were then fasted over­
night and the animals of each group given 
a meal (6 gm) of their respective diet con­
taining 10 ac of Ca45 and 1 uc of Sr85. The 
feed in the cups was removed from the 
rats after 4 hours, assayed, and corrections 
made for residual Sr85 where necessary. 
All the animals were killed 24 hours after 
feeding, and one femur was taken for Sr85 
assay.

The effect of supplementing a low-cal­
cium diet with additional lysine was stud­
ied by placing two groups of 6 rats in in­
dividual cages. One group was given a con­
stant daily intake of a calcium-deficient 
diet (0.08% Ca) comprised in per cent of 
sucrose, 68; purified casein, 24; vegetable 
oil, 5; a calcium-free salt mixture, 3; and 
a complete vitamin fortification mixture. 
The rats in the other group were given an 
equal intake of this diet containing, in addi­
tion, 2.09% of L-lysine. For the duration 
of the 10-day trial 40 ac of Ca45 and 20 ac 
of Sr85 per liter were provided in the drink­
ing water. The animals were then killed, 
and the deposition of Sr85 in one femur was 
determined.

The determinations of Sr85 in either liq­
uid samples or femurs were made directly

using a deep-well scintillation counter. 
For the estimation of Ca45, the whole body 
or one femur was ashed at 600°C, the 
ash taken up in HC1, and Ca45 determined 
by the method described by Comar ( ’55). 
Stable Ca was determined gravimetrically 
as the oxalate precipitate.

In some of these studies, the Sr85 reten­
tion in the total rat was determined by the 
use of an improvised whole-body counter. 
A scintillation probe with a 2-inch Nal 
crystal was placed in a horizontal position 
and shielded with lead. The rats to be 
counted were placed in ventilated quart 
glass jars and counted at a distance of 16 
inches; at this distance, movements of the 
rat within the jar would not appreciably 
affect the counting rate. The radioactivity 
in the rat was compared to a known stand­
ard.

RESULTS
The initial studies were designed to 

establish the principal site of action in the 
alimentary tract, and some of the condi­
tions necessary for lysine to exert its effect 
of enhancing the absorption of calcium and 
strontium. The data of table 1 show the 
results of injecting test doses directly into 
different ligated sections of the alimentary 
tract. It is evident that, although most ab­
sorption of Sr85 and Ca45 took place in the 
duodenum and jejunum, the enhancing 
effect of lysine was most pronounced in 
the ileum. The increased absorptions of 
Sr85 and Ca45 in the ileum and colon were 
both significant at the 1% level of con­
fidence. Relatively little effect occurred in 
the duodenum and jejunum.

In other experiments it was found that 
lysine, as was observed for lactose (Lenge- 
mann et al., ’59), had to be in the same 
segment as the dose solution in order to

TABLE 1
T h e  e ffe c t  o f  ly s in e  o n  th e  a b so rp tio n  o f  S r85 a n d  Ca45 f r o m  v a r io u s  

lig a te d  se g m e n ts  o f  th e  d ig e s tiv e  tra c t1

Segment
Sr85 uptake by femur Ca45 uptake by femur

No lysine Lysine No lysine Lysine
% d o se /fe m u r % d o se /fem u r

Stomach 0.2± 0.07 0.2± 0.07 0.2 ±0.03 0.3±0.10
Duodenum 2.4±0.12 3.0±0.16 3.1 ±  0.12 2.9±0.16
Jejunum 2.0±0.18 2.6 ±0.20 2.3 ±0.23 3.1 ±0.20
Ileum 0.6± 0.17 1.4±0.10 1.0±0.16 2.2 ±0.23
Colon 0.6±0.07 0.9 ±0.05 1.3 ±0.09 1.8 ±0.11

1 Each value represents the mean of 6 animals ±  the standard error of the mean.
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increase absorption. Also, the promotive 
effect of lysine on absorption of Sr85 from 
the ileum was discernible as early as 30 
minutes after injection, and the deposition 
per femur was markedly increased after 
one hour.

The effect of pH on the action of lysine 
was studied by injecting test doses that 
ranged in pH from 5.3 to 10.7 directly into 
ligated ileal segments; the pH adjustments 
were made with NaOH. The depositions 
of Sr85 per femur indicated that the action 
of lysine was prevented once the pH of the 
solution was equal to or greater than 9.7 
(the isoelectric point for lysine).

The results of the 14-day balance trial 
involving diets containing 4 levels of lysine 
are shown in table 2. It is apparent that 
supplementing the basal diet with lysine 
did not have any marked effect on the net 
retentions of stable Ca, Ca45, or Sr85. Whole- 
body counts of Sr85 in the rats, taken at 
two-day intervals throughout the trial, in­
dicated that a similar situation existed at 
each stage of the experiment. It is of inter­
est that the Sr85/Ca45 ratio remained very 
close to 0.40 for each of the 4 treatments.

Since lysine had been shown to produce 
a marked increase in absorption of a single 
dose of Ca45 and Sr8s when the dose was 
administered to fasted rats, it seemed pos­
sible that lysine supplementation of a 
single meal given to fasted rats might also 
produce a response. The mean depositions 
of Sr85 per femur resulting from a single 
feeding of each of the diets used in the 14- 
day balance trial are shown in table 2. 
These results are in good agreement with 
those obtained in the balance trial and in­
dicate that significant differences did not

exist. In view of the balance trial, it can 
be assumed that absorption of Ca45 would 
also be only slightly affected by supple­
mental lysine.

The effect of supplementing a low-cal­
cium diet with 2.09% of additional lysine 
on the absorption of Sr85 over a 10-day trial 
also indicated that extra lysine was ineffec­
tive under these conditions. The mean per­
centage dose of Sr85 per femur was 1.16 for 
the basal diet and 1.15 for the lysine-sup­
plemented diet. Whole-body counts of Sr85, 
taken at 4 and 7 days, showed that the 
lysine supplement did not at any period 
increase the retention of Sr85. In view of 
this, it appeared likely that certain dietary 
conditions were interfering with the lysine 
response observed only when used alone.

The lack of effect of supplemental lysine 
in enhancing Ca45 and Sr85 absorption under 
conditions of chronic ingestion could be 
due to several reasons; among these are:
(a) that the ratio of lysine to calcium is 
too low in the total diet to give a response;
(b) that other substances in the diet in­
hibited the effect of lysine; (c) that the ac­
cumulative effect of the amino acids from 
digested protein in the intestinal tract pro­
duced a maximum response that could not 
be further increased by additional lysine. 
To test these possibilities, several experi­
ments were performed. In the first exper­
iment, the effect of different ratios of lysine 
to calcium was examined. The results, as 
shown in table 3, indicated that with a 
molar ratio of lysine to calcium of 13.9 
there was a significant increase in Sr85 and 
Ca45 absorption. When the ratio of lysine 
to calcium was 1.39, there was no signifi­
cant effect, but it is noteworthy that the

TABLE 2

T h e  e ffe c t  o f  s u p p le m e n ta t io n  w i th  ly s in e  o n  th e  w h o le -b o d y  n e t  r e te n t io n s  o f  s ta b le  Ca, 
C a45, a n d  S r85 d u r in g  a 1 4 -d a y  tr ia l a n d  th e  r e te n t io n s  o f  S r85 fr o m  a  s in g le  fe e d in g 1

Treatment
Balance trial Single

feeding
Sr85Stable Ca2 Ca45 Sr85

m g Ca % o f dose % o f dose % d o se /fem u r
Basal (estimated 1.3% lysine) 380 ±23 63.2 ±1.9 26.7 ±  1.2 1.09 ±0.08
Basal + 1 %  lysine 383 ±16 64.9 ±1.8 24.6 ±1.3 1.24 ±0.11
Basal +  2% lysine 432 ±  11 69.6 ±  1.5 28.9 ±  1.5 1.23 ±0.08
Basal +  4% lysine 396 ±13 68.9 ±  1.7 27.9 ±1.6 1.26 ±0.05

1 Each value represents the mean of 6 animals ±  the standard error of the mean.
2 Increases in  body contents of stable Ca during the balance trial were calculated by 

using the mean Ca content per 100 gm body weight of three rats sacrificed at the start of 
the trial to compute the initial body contents of stable calcium.
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TABLE 3
T h e  a b so rp tio n  o f  S r85 a n d  Ca45 as a ffe c te d  b y  th e  lev e ls  o f  ly s in e  a n d  s ta b le

c a lc iu m  in  th e  d o se1

Treatment
Molar
ratio

lysine :Ca
Sr88 Ca48 SrS8/Ca48

10 mg CaCh (3.6 mg Ca) 
+  Sr85 +  Ca45 _

% .d o se /fem u r  

1.43 ±0.07

% d o se /fem u r  

2.28 ±0.09 0.63
10 mg CaCl2 +  Sr85 +  Ca45 

+  0.125 mmole lysine 1.39 1.38±0.12 2.35 ±0.20 0.59
10mgCaCl2 +  Sr85 +  Ca45 

+1.25 mmole lysine 13.9 2.72 ±0.32 4.13 ±0.31 0.66
100 mg CaCl2 +  Sr85 +  Ca45 — 1.20 ±0.05 1.72± 0.04 0.70
100 mg CaCl2 +  Sr85 +  Ca45 

+  1.25 mmole lysine 1.39 1.51 ±0.17 2.38 ±0.20 0.63
1 Each value represents the mean of 6 animals ±  the standard error of the mean.

TABLE 4
T h e  in flu e n c e  o f  c e r ta in  a m in o  a c id s  o n  th e  a c tio n  o f  ly s in e  in  s t im u la tin g  

th e  a b so rp tio n  o f  S r85 1

Sr85 uptake by femur

Treatment
No lysine

Percentage 
change from 

nonsup- 
plemented 

group
Lysine

Percentage 
change from 

nonsup- 
plemented 

group
% dose/ fem ur % % dose/  fem u r %

CaCl2 +  Sr88 1.33 ±0.09 0 2.37 ±0.36 +  78
CaCl2 +  Sr85 +  arginine 3.24 ±0.25 +  144 3.22± 0.17 +  142
CaCl2 +  Sr85 +  glycine 1.47 ±  0.09 +  H 3.00 ±0.34 +  126
CaCl2 +  Sr85 +  glutamic acid 1.25 ±0.06 -  6 1.89± 0.14 +  42
CaCl2 +  Sr88 +  histidine — — 2.15±0.15 +  62

1 Each value represents the mean of 6 animals ±  the standard error of the mean. The
2-ml dose of each animal contained 10 mg of CaCl2 (3.6 mg Ca) and 1.0 mmole of each 
of the amino acids indicated (L-form).

average depositions of both Sr85 and Ca45 
were appreciably greater when the higher 
absolute level of lysine was given. The re­
sults may be compared with earlier obser­
vations (Wasserman et al., ’56) that a 
maximum response to lysine occurred at a 
lysine-to-calcium molar ratio of about 
three. Next, the influence of basic, neutral 
or acidic amino acids on lysine action 
was studied using arginine (basic), 
histidine (weakly basic), glycine (weakly 
acidic), and glutamic acid (acidic). The 
lysine plus test amino acid was given in a 
single oral dose; the data are presented in 
table 4. The presence of histidine or glu­
tamic acid reduced the response normally 
produced by lysine. Due to a considerable 
variation in the results for the group re­
ceiving lysine only, however, the difference

between this group and the group receiv­
ing lysine plus glutamic acid was not 
significant (P >  0.05). In a similar experi­
ment with lactose instead of lysine, the 
presence of lactose alone was associated 
with a deposition of 3.24% of the dose of 
Sr85 per femur, compared with 1.83% for 
the control group (CaCh) and 2.13% for 
the lactose plus glutamic acid group. The 
presence of either arginine or glycine had 
little effect on the response to either lysine 
or lactose.

In view of the inhibitory effect of glu­
tamic acid when present in equal molar 
concentration with lysine, a further single 
dose study was carried out in which the 
molar ratio of glutamic acid to lysine was 
raised from a 1:1 ratio to a 2:1 ratio in 
order to see whether this would cause a fur­
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ther depression of the action of lysine. The 
effects of certain dietary components other 
than amino acids were also studied. It is 
apparent from the results shown in table 
5 that doubling the level of glutamic acid 
did not increase its inhibiting effect al­
though it is worth noting that the inhibi­
tion in this trial was significant at P <  
0.05. Aspartic acid also showed a signifi­
cant effect similar to that of glutamic acid. 
In view of these results, it was not surpris­
ing to find that the presence of casein also 
significantly depressed the response ob­
tained with lysine alone. The marked re­
duction in lysine effect brought about by 
starch was somewhat unexpected, how­
ever, particularly as it did not apparently 
depress the action of lactose to the same 
extent, as indicated in another investiga­
tion.

In order to obtain more information 
concerning a possible chelation between 
glutamic acid and either calcium or lysine, 
a single-dose experiment with fasted rats 
was carried out to establish the molar ratio

of glutamic acid to lysine necessary for 
glutamic acid to exert its maximum in­
hibiting effect. The treatments and de­
positions in one femur of an orally ad­
ministered dose of Sr85 are given in table
6. The results indicate that there was an 
increasing inhibition until glutamic acid 
was equimolar with lysine. At this point 
the reduction was again significant at P < 
0.05. The dose of calcium administered 
was 0.09 mmoles.

DISCUSSION
In view of the fact that lysine will mark­

edly increase the deposition in the femur 
of a single dose of Ca45 and Sr85 when ad­
ministered to fasted rats, it is of interest 
to consider why supplementation of a nor­
mal diet with additional lysine did not 
bring about a similar effect. It has been 
shown that a single oral dose containing 
0.125 mmole of lysine (18.28 mg) will not 
affect the deposition of either Ca45 or Sr85 
per femur when 10 mg of calcium chloride 
(3.6 mg Ca) are used as the level of car-

TABLE 5

T h e  e ffe c t  o f  c e r ta in  d ie ta ry  c o m p o n e n ts  o n  th e  a c tio n  o f  ly s in e  in  s t im u la tin g
th e  a b so rp tio n  o f  S r85 1

Treatment % dose of 
Sr85/femur

Percentage 
change from 

non sup­
plemented 

group
CaCl2 +  Sr85 1.47 ±0.14 0

CaCl2 +  Sr85 +  1 mmole lysine 2.89±0.11 +  97

CaCl2 +  Sr85 + 1  mmole lysine 
+  2 mmoles glutamic acid 2.10±0.09 +  43

CaCl2 +  Sr85 +  1 mmole lysine 
+ 1  mmole aspartic acid 2.08±0.10 +  41

CaCl2 +  Sr85 + 1  mmole lysine +  36.6 mg NaCl2 2.39 ±  0.12 +  63

CaCl2 +  Sr85 + 1  mmole lysine 
+  36.6 mg sodium citrate 2.49 ±  0.12 +  69

CaCl2 +  Sr85 +  1 mmole lysine +  292 mg casein2 1.96 ±  0.13 +  33

CaCl2 +  Sr85 +  1 mmole lysine +  877 mg starch2 2.08 ±0.19 +  41

CaCl2 +  Sr85 +  1 mmole lysine +  731 mg sucrose2 2.65 ±0.15 +  80

CaCl2 +  Sr85+  1 rr.mole lysine 
+  368 mg cottonseed oil2*3 2.86±0.16 +  95

1 Each value represents the mean of 6 animals ±  the standard error of the mean. The 
2-ml dose of each animal contained 10 mg of CaCl2 (0.09 millimole of Ca).

2 The levels of these dietary components were devised to reproduce, as far as difficulties 
in  solubility would permit, similar ratios of these nutrients to stable calcium as existed 
for the 14-day balance trial reported earlier.

3 Wesson Oil.
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TABLE 6

T h e  a b so rp tio n  o f  S r ss a s in f lu e n c e d  b y  th e  ra tio  o f  ly s in e  to  g lu ta m ic  a c id 1

Treatment % dose of 
Sr85/femur

Percentage 
change from 

nonsup- 
plemented 

group
CaCh+Sr85 1.34 ±0.07 0

CaCh +  Sr85 + 1  mmole lysine 3.33±0.14 +  149
CaCl2 +  Sr85 +  l  mmole glutamic acid 1.89±0.15 +  41
CaCl2 +  Sr85 + 1  mmole lysine 

+  0.05 mmole glutamic acid 3.09 ±  0.11 +  131
CaCh +  Sr85 + 1  mmole lysine 

+  0.1 mmole glutamic acid 3.03 ±0.23 +  126
CaCl2+  Sr85 + 1 mmole lysine 

+  0.5 mmole glutamic acid 2.89 ±  0.16 +  116

CaCl2 +  Sr85 + 1  mmole lysine 
+  1.0 mmole glutamic acid 2.44 ±0.16 +  82

1 Each value represents the mean of 5-6 animals ±  the standard error of the mean.

rier calcium. This constitutes a weight 
ratio of lysine to calcium (Ca) of 5 to 1, 
which may be compared with a calculated 
ratio of about 2 to 1 for the unsupple­
mented basal diet in the 14-day trial and 
one of about 8 to 1 in the ration supple­
mented with 4% of lysine. When the 
amounts of lysine and CaCL were each in­
creased by a factor of 10, thereby main­
taining the same ratio of lysine to cal­
cium, a 26% increase in Ca45 retention and 
a 38% increase in Sr85 retention were ob­
served. The amounts of lysine (183 mg) 
and calcium (36 mg) given at this level 
may be compared with average daily in­
takes of about 120 mg of lysine and 70 mg 
of calcium by 100-gm rats. It seems, there­
fore, that because of the amount of lysine 
and ratio of lysine to calcium attainable in 
a normal diet, it would be possible to 
achieve only about a 30% increase in ab­
sorption of calcium and strontium. Even 
this increase could be achieved only if the 
total daily intake of lysine and calcium was 
present in the alimentary tract at the same 
time, and if there was no interference 
from other dietary factors.

In the particular situation where a low- 
calcium diet is being fed, however, the 
ratio of lysine to calcium will be at a maxi­
mal figure, and therefore conditions should 
be optimal for lysine to produce a response. 
The total daily intakes of lysine and cal­
cium on the lysine-supplemented low-cal­

cium diet were about 492 mg of lysine and 
less than 10 mg of calcium. This rela­
tively large quantity of lysine and ex­
tremely wide ratio of lysine to calcium did 
not bring about any increase in Sr85 ab­
sorption, however, indicating that in a com­
plex diet certain other dietary components 
must be interfering in some way with the 
action of lysine.

It therefore seems that, while lysine can 
markedly increase the absorption of cal­
cium and strontium when administered 
alone to fasted rats, it is unable to do so in 
the presence of normal dietary constitu­
ents. It is possible, however, that increased 
calcium absorption by monogastric ani­
mals could be achieved by means of dos­
ing with CaCb plus lysine, if taken several 
hours before and after consumption of 
food.

The action of lysine alone in single-dose 
experiments with fasted rats appears to be 
very similar in many respects to that of 
lactose. The studies of Wasserman et al. 
( ’56) and Lengemann et al. ( ’59) have 
shown that lactose produces an effect 
similar in magnitude to that of lysine, and 
that this effect is mainly through enhanced 
absorption of calcium and strontium from 
the ileum. Lengemann et al. ( ’59) also 
showed that the effect of lactose was ap­
parent within 30 minutes following injec­
tion into the iluem, as observed with lysine 
in the present studies. The presence of
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lactose, however, has been shown to in­
crease markedly the absorption of calcium 
in balance studies with rats (Bergeim, ’26), 
whereas supplementary lysine had practi­
cally no effect in the trials reported in this 
paper. This difference may have been due 
to the necessity of using a much lower per­
centage of lysine in the diet (maximum 
5.3% ) than that of lactose in the studies 
of Bergeim (25 and 50%). It has been 
shown in the present single-dose studies 
that the presence of equimolar amounts of 
either of the acidic amino acids, glutamic 
and aspartic, will prevent most of the 
action of lysine. Since both glutamic and 
aspartic acids are usually present in casein 
to at least as high a degree as lysine, it 
was thought that casein would itself 
largely inhibit the action of lysine. This 
has been shown to be the case. Therefore, 
the presence of glutamic and aspartic 
acids in casein would seem to be the main 
reason that no effect was observed in the 
balance study with a low-calcium diet. 
Glutamic acid has also been shown to be 
effective in largely preventing the action 
of lactose. Since the treatment doses were 
administered at about pH 7.0, the effect 
of pH p e r  se  in these studies was not im­
portant, but it may be of significance that 
lysine must exist in the cationic form and 
glutamic acid in the anionic form under 
the pH conditions of the intestine. Thus, 
glutamic acid could conceivably reduce the 
effectiveness of lysine by a form of chela­
tion, either with the calcium or with the 
lysine. Chelation with the calcium could 
also explain its effect on lactose. It is of 
interest to consider the effect of a strong 
chelating agent, sodium ethylenediamine- 
tetraacetate (NaEDTA) on the effect of 
lactose, as reported by Lengemann et al. 
( ’59). These workers found that NaEDTA 
inhibited the effect of lactose but did not 
decrease the absorption of Sr85 in the 
absence of lactose. They also showed that 
giving an equimolar amount of NaEDTA 
with Ca did not alter the effect produced 
by lactose but that, as the molar quantity 
of NaEDTA was further increased, there 
was increasing suppression of the lactose 
effect. The action of lactose was prevented 
completely by 0.16 mmoles of NaEDTA. 
Similarly in the present studies, glutamic 
acid had practically no inhibiting effect on

the action of lysine when it was present in 
approximately equimolar concentration 
with the calcium. When the molar quan­
tity of glutamic acid was 11 times that of 
calcium, however, it suppressed approxi­
mately half of the action of lysine. The 
lower effectiveness of glutamic acid as com­
pared to NaEDTA was probably due to the 
fact that it is a much weaker chelating 
agent.

Possible mechanisms for the action of 
lysine have been discussed by Wasserman 
et al. ( ’56). Although present knowledge 
does not permit definite statements to be 
made, it is of interest to consider a possible 
mode of action. As the action of lysine is 
prevented when the pH of the dosing solu­
tion is equal to or greater than the iso­
electric point for lysine, it seems that its 
mechanism of action is probably related 
to its presence in the cationic form at pH 
less than 9.7. In this state, however, it is 
most unlikely that any form of direct com- 
plexing with calcium and strontium could 
occur, so a carrier mechanism would seem 
to be unlikely. It is possible that lysine 
acts in single-dose studies by a direct ac­
tion on the gut wall.

SUMMARY
1. The action of lysine in increasing the 

absorption of a single dose of Ca45 and Sr83 
by fasted rats was most pronounced in the 
ileum. It was shown that lysine will ex­
ert an effect only if present in the same 
ligated segment as the dose of Ca43 and 
Sr83, and if the pH of the dosing solution is 
lower than 9.7 (the isoelectric point for 
lysine). Its effect upon absorption from the 
ileum was evident within one hour after 
dosing.

2. The supplementation of a basal diet 
containing sufficient lysine to meet the 
needs of the rat for this essential amino 
acid with three different levels of lysine 
did not significantly increase the net re­
tentions of stable calcium, Ca45, or Sr83 dur­
ing a 14-day balance period. Similarly, an 
addition of 2.09% of lysine to a low-cal­
cium diet did not influence the absorption 
of Sr85. Possible reasons for the inability 
of lysine supplementation to increase cal­
cium and strontium absorption in balance 
trials, as compared with the marked in­
creases obtained in single dose studies 
with fasted rats, have been investigated.
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3. In single, oral dose studies, it was 
found that 1.25 mmole of lysine will al­
most double the deposition of Ca45 and Sr85 
in the femur when only 10 mg of Cach 
are present in the dose. The increase was 
only 26% in the case of Sr85, and 38% in 
the case of Ca45, however, when the level 
of CaCl2 in the dose was raised to 100 mg.

4. The presence of either glutamic or 
aspartic acid markedly reduced the en­
hancement of absorption of Sr85 and Ca45 
produced by lysine. Glutamic acid was 
also shown to have a similar suppressing 
effect on the action of lactose. A possible 
chelation between the glutamic acid and 
calcium has been postulated to account for 
this suppression. The presence of casein 
and starch also largely suppressed the ac­
tion of lysine.

LITERATURE CITED
Bergeim, O. 1926 Intestinal chemistry. V. Car­

bohydrates and calcium and phosphorus absorp­
tion. J. Biol. Chem., 70: 35.

Comar, C. L. 1955 Radioisotopes in  Biology and 
Agriculture, Principles and Practice. McGraw- 
Hill Book Co., Inc., New York.

Harrison, H. E., and H. C. Harrison 1951 Stud­
ies with radiocalcium: The intestinal absorp­
tion of calcium. J. Biol. Chem., 188: 83.

Lengemann, F. W., and J. W. Dobbins 1958 
The role of bile in  calcium absorption. J. Nu­
trition, 66: 45.

Lengemann, F. W., R. H. Wasserman and C. L. 
Comar 1959 Studies on the enhancement of 
radiocalcium and radiostrontium absorption by 
lactose in the rat. Ibid., 68: 443.

McClure, F. J. 1952 Dental caries in rats fed 
a diet containing processed cereal foods and a 
low content of refined sugar. Science, 116: 229 .

Wasserman, R. H., C. L. Comar and M. M. Nold 
1956 The influence of amino acids and other 
organic compounds on the gastrointestinal ab­
sorption of calcium 45 and strontium 89 in  the 
rat. J. Nutrition, 59: 371.

Wasserman, R. H., C. L. Comar, J. C. Schooley 
and F. W. Lengemann 1957 Interrelated 
effects of L-lysine and other dietary factors on 
the gastrointestinal absorption of calcium 45 in 
the ra t and chick. Ibid., 62: 367.



The Prevention of Experimental Myopathies 
by Various Chlorides'

HANS SELYE a n d  EORS BAJUSZ
I n s t i tu t  de  M é d e c in e  e t  d e  C h iru rg ie  E x p é r im e n ta le s ,  
U n iv e r s ité  d e  M o n tré a l, M o n tre a l, C a n a d a

Earlier investigations have shown that, 
in the rat, acute overdosage with NaC10.: 
elicits motor disturbance characterized by 
rather persistent, tonic extensor cramps. 
Predominantly mineralocorticoid steroids 
—such as methylchloroeortisol (Me-Cl- 
COL) and desoxycorticosterone (DOC) — 
greatly facilitate these motor disturbances 
whereas glucocorticoids (e.g., cortisol and 
triamcinolone) prevent their occurrence 
(Bajusz and Selye, ’59a; Selye and Ba- 
jusz, ’59b). Furthermore, chronic treat­
ment with Me-Cl-COL plus NaC104 pro­
duces a severe muscular degeneration 
resembling the juvenile type of muscular 
dystrophy: there is spotty myolysis and 
interstitial edema followed by inflamma­
tion around isolated necrotic fibers (Ba- 
jusz and Selye, ’59b). These lesions in 
the skeletal musculature are usually ac­
companied by cardiac necrosis, and inter­
estingly, both types of pathologic changes 
can be prevented by the administration 
of chlorides, especially KC1 and MgCh 
(Selye, ’59).

We now wish to report on experiments 
indicating that—like Me-Cl-COL—a die­
tary deficiency in potassium or magne­
sium predisposes the musculature to the 
toxic effects of NaClCL and that, here 
again, various chlorides exert a prophy­
lactic effect. The importance of chlorides 
for the maintenance of normal muscular 
function and structure is further sup­
ported by the additional observation that 
an electrolyte-steroid-induced, acute para­
lytic condition of the rabbit can also be 
prevented with KC1 or MgCh.

METHODS

In flu e n c e  o f  e le c tr o ly te s  u p o n  th e  
m y o p a th y  in d u c e d  b y  K- o r  M g- 

d e f tc ie n t d ie ts  in  th e  r a t  
Female Sprague-Dawley rats (170), 

having a mean initial body weight of 45

gm (range: 40 to 54 gm), were subdi­
vided into 17 equal groups and treated 
as indicated in table 1. The rats of group 
1 were fed a commercial fox chow2 and 
served as controls showing the effect of 
NaClOi in a normal diet. The animals of 
groups 2 to 9 were kept on a potassium- 
deficient diet, and those of groups 10 to 17 
on a magnesium-deficient diet for 5 days 
prior to as well as during treatment with 
electrolytes.3 The rats were allowed to 
drink distilled water ad libitum.

The percentage composition of the K- 
deficient diet was sucrose, 70.65; vitamin- 
free test casein,4 18.30; butter fat (salt- 
free), 5.00; vitamin supplement (see be­
low), 1.05; and salt mixture (see below),
5.00. Vitamin supplement (gm /100 pound 
of diet): biotin, 0.0140; Ca pantothenate, 
1.1340; folic acid, 0.1132; menadione,
0. 2268; nicotinic acid, 3.1748; pyridoxine 
•HC1, 3.1748; riboflavin, 0.2720; thiamine 
•HC1, 0.2720; vitamin Bi2, 0.0020; «-tocoph­
erol, 0.9200; vitamin A cone., 200,000
1. U./gm, 0.0800; vitamin D cone., 400,000 
I.U./gm, 0.9200. Salt mixture (gm /100  
pound of diet): ammonium alum (potas­
sium-free), 0.183; calcium carbonate, 
905.840; calcium phosphate monobasic, 
230.000; cobaltous chloride, 1.830; cupric 
sulfate, 1.830; ferric ammonium citrate, 
36.600; magnesium carbonate, 64.500; 
magnesium sulfate anhydrous, 68.900; 
manganese sulfate, 1.830; sodium chloride,

Received for publication April 18, 1960.
1 Aided by grant no. B-2037, National Institute 

of Neurological Diseases and Blindness, grant no. 
A-1641, National Institute of Arthritis and Me­
tabolic Diseases, U.S.P.H.S., and a grant from the 
Gustavus and Louise Pfeiffer Research Founda­
tion.

2 Purina Fox Chow, Ralston Purina Company, 
Canada.

3 These two diets supplied by General Biochem­
icals, Inc., Chagrin Falls, Ohio.

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

J. N u t r it io n , 72 : ’60 3 7
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507.000; sodium fluoride, 0.183; zinc 
oxide, 18.300.

The composition of the Mg-deficient 
diet differed from the K-deficient ration 
only in that the salt mixture (gm/100 
pound of diet) consisted of calcium car­
bonate, 905.840; calcium phosphate 
monobasic, 266.440; cupric sulfate, 0.920; 
ferric ammonium citrate, 84.520; man­
ganese sulfate, 12.080; potassium iodide, 
2.400; potassium phosphate dibasic, 
226.440; sodium chloride, 507.200; zinc 
carbonate, 0.760.

After feeding the above diets for 5 
days, treatment with various electrolytes 
was initiated in all groups except 2 and 

0. The individual dose of NaCIQi was
i.5 mM, that of the chlorides or their 

mixtures, 0.25 mEq. All electrolytes were 
of a “reagent” degree of purity5 and were 
given in 2 ml of water, by stomach tube, 
twice daily.

Muscular cramps were noted soon after 
the administration of NaClCh, but we ap­
praised the rats daily one hour following 
the second gavage (that is, at 5 p .m . ) .  
The “flick test” was used for this purpose, 
because it proved to be highly effective 
in revealing a latent tendency for mus­
cular cramps. This test involves placing 
the rat on a flat surface (such as a table) 
and giving it a flick in the sacral region 
with the index finger. Normal rats either 
show no response to this slight irritation 
or take a few steps forward, while animals 
sensitized with NaClO, make spastic ex­
tensor movements with their hind limbs 
(Selye, ’59; Selye and Bajusz, ’59b; Bajusz 
and Selye, ’59a). The results of this test 
were expressed in an arbitrary scale: zero, 
no spastic response; 1, brief extensor 
cramp in hind limbs; 2, prolonged exten­
sor cramp in hind limbs; 3, spreading of 
cramp to the whole body, with character­
istic hunching of the back, and caudal 
extension of forelimbs. The mean read­
ings, as determined on the second day 
following the initiation of treatment, are 
listed in table 1. It should be noted that 
the muscular response was most intense 
on the first two days of NaCICh admini­
stration and then gradually decreased 
even in the control animals (groups 1, 3 
and 11); apparently, there is increasing 
adaptation to this effect of perchlorate.

The experiment was terminated on the 
5th day (groups 2 to 9) or 7th day (groups 
1, 10 to 17) after the initiation of electro­
lyte administration. In all instances, im­
mediately after autopsy the triceps surae 
muscles were dissected, fixed in Susa 
solution and embedded in paraffin. The 
sections were stained with hematoxylin- 
phloxine or with PAS, for morphologic 
studies. The grade of the histologic le­
sions (fragmentation of muscle fibers, 
their abnormally increased stainability 
and/or necrosis; see figs. 1 and 3) was 
assessed in terms of an arbitrary scale of 
zero to 3: zero, no lesion; 1, just detec­
table lesion; 2, moderate lesion; 3, most 
severe type of lesion. Since the protec­
tion afforded by the chlorides against ne­
crosis did not parallel that exerted against 
the development of all other abnormali­
ties, the means of these readings are 
listed separately in table 1.

E le c tro ly te -s te ro id  in te r a c t io n  in  a n  
a c u te  p a r a ly t ic  c o n d itio n  

o f  th e  r a b b it

Female Belgian albino rabbits,6 weigh­
ing 870 to 1230 gm, were arranged in 
groups having a mean body weight of 
1050 gm. The animals were fed the stan­
dard Rockland rabbit ration and received 
tap water throughout the period of obser­
vation. All treatments, as indicated in 
table 2, were initiated on the first day and 
continued until the termination of the ex­
periment.

Methylchlorocortisol ( 2cc-methyl-9c<-hy­
drocortisone acetate)7 was given as a mi­
crocrystal suspension, 100 ug in 0.1 ml 
of water per 100 gm of body weight, once 
daily, subcutaneously. Dihydrotaehysterol 
(DHT),8 (25 ag per 100 gm of body 
weight), was administered as a micro­
crystal suspension, twice daily, in a mix­
ture with the electrolytes. Monobasic so­
dium phosphate, NaFbPCh9 was given in 
the amount of 1 mM per 100 gm of body

5 Fisher Scientific Company.
6 Purchased from the R. Rohidoux Farm, St. 

Constant, Quebec.
7 The authors gratefully acknowledge generous 

supplies of 2a-methyl-9a-chlorocortisol from The 
Upjohn Company.

8 Caleamin. Generously supplied by Dr. A. 
Wander, Société Anonyme, Bern, Switzerland.

9 See footnote 5.
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weight, potassium chloride, KCP° and 
magnesium chloride, MgCl2-6H2Ou in a 
concentration of 0.5 mM per 100 gm, all 
twice daily. The electrolyte and DHT 
mixture was always given in 2 ml of water 
per 100 gm by stomach tube; the controls 
in group 1 received a corresponding vol­
ume of distilled water by stomach tube.

The experiment was terminated on the 
5th day by killing the surviving animals 
with chloroform. However, by that time, 
several of the rabbits had died, exhibiting 
total paralysis of the extremities and 
cervical muscles. On the day of autopsy, 
the severity of the muscular paralysis was 
expressed in an arbitrary scale of zero to 3. 
Table 2 shows the mean grade of this 
reading as well as the incidence (percent­
age of positive response within the 
groups) for all animals (including those 
that died before the termination of the 
experiment) and the percentile mortality. 
In all instances, at autopsy the triceps 
surae muscles and the hearts were dis­
sected, fixed in Susa solution and the 
paraffin embedded sections stained with 
hematoxylin-phloxine for subsequent his­
tologic studies.

RESULTS AND DISCUSSION

The results of the first experiment, sum­
marized in table 1, indicate that motor 
disturbances on the second day of elec­
trolyte administration were not very se­
vere among the controls treated with 
NaC104 alone (group 1) and that both 
potassium deficiency (group 3) and mag­
nesium deficiency (group 11) greatly sen­
sitized the rats to this effect of perchlorate. 
The aggravation was, in fact, much more 
pronounced than the figures of the table 
indicate, because, in the animals fed de­
ficient diets, the muscular contractions 
were not only more severe but of much 
longer duration. Even 4 hours after the 
NaClO, administration, the “flick test” 
was still clearly positive in these groups, 
whereas it was already completely nega­
tive by the second hour in all the controls 
fed the normal laboratory diet. On the 
other hand, it is also clear that the con­
ditioning effect of the deficient diets was 
abolished by the concurrent administra­
tion of various chlorides (groups 4 to 8 10 11

10 See footnote 5.
11 Merck and Company, Limited.

TABLE 1
In f lu e n c e  o f  e le c tro ly te s  u p o n  th e  m y o p a th y  in d u c e d  in  th e  r a t  b y  K- or M g -d e fic ie n t d ie ts

Group Treatment

Skeletal muscles

Cramps
grade
(0-3)

Necroses

(cSo Incidence

Other histologic lesions 

(0^3) Incidence

% %
i NaCICL 1.3 ±0.26* 0.1±0.10 10 0 0
2 K-deficient diet 0 0 0 0 0
3 +  NaC104 2.8 ±0.25 2.6±0.18 100 2.2 ±0.24 100
4 +  NaC104 +  KCl 0.1±0.10 0 0 C.l±0.10 10
5 +  N aC104 +  MgCL 0.1±0.10 0.2±0.15 10 1.8 ±0.21 100
6 +  NaC10., +  NaCl 1.3 ±0.32 1.8 ±0.27 70 1.2± 0.26 80
7 +  NaC104 +  CaCl2 0.7 ±  0.17 0.8 ±0.23 60 1.0±0.10 80
8 +  NaC104 +  NH4Cl 0.4 ±0.15 0.1±0.10 10 0.2± 0.10 20
9 +  NaC104 +  MgCL +  NaCl +

CaCl2 +  NH4Cl 0.5± 0.18 0.2± 0.15 20 0.7±0.27 50
10 Mg-deficient diet 0 0 0 0 0
11 +  NaC104 2.1 ±0.26 1.9 ±0.25 100 1.6±0.17 90
12 +  NaC104 +  KCl 0.2±0.15 0.1±0.10 10 0.1±0.10 10
13 +  N aC104 -f MgClj 0.4 ±  0.17 0 0 0.1±0.10 10
14 +  NaC104 -j- NaCl 0.3±0.18 0.6±0.17 50 0.2 ±  0.10 20
15 -f- N aCIOé CaCl2 0.4 ±0.20 0.3±0.18 20 0.7 ±  0.23 40
16 +  NaC104 +  NH4Cl 0.3 ±0.22 0 0 0.4±0.18 30
17 +  NaClO, +  KC1 +  NaCl

+  CaCl2 +  NH4CI 0.4 ±0.23 0.1 ±0.10 10 1.0 ±0.25 70

1 Standard error.
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and 12 to 16) or even by a mixture of 
these salts that contained an equivalent 
amount of the anion (groups 9 and 17). 
With the exception of NaCl (group 6), 
all the chlorides significantly reduced the 
occurrence of the muscular cramps to be­
low the level normally seen in the controls 
(group 1). In this respect, MgCh or 
NH4C1 was at least as effective in the 
potassium-deficient animals as KC1 or the 
chloride mixture was in the rats fed the 
magnesium-deficient diet.

During further treatment with electro­
lytes the severity of the muscular cramps 
gradually decreased, even in those groups 
receiving NaClCh alone. It would appear, 
therefore, that the animals developed a 
resistance to this action of the perchlorate. 
However, after autopsy, marked histologic 
abnormalities were observed in the triceps 
surae muscle. In the early stage, these 
consisted of abnormally increased stain- 
ability, fragmentation, and loss of cross- 
striation of the muscle fibers (fig. 1). The 
more pronounced lesions were character­
ized by myolysis and interstitial edema; 
sometimes, inflammatory processes were 
seen around isolated necrotic fibers, often 
with infiltration by polymorphonuclear 
leucocytes and monocytes of the disinte­
grated areas (fig. 3). When treated with 
NaClOi, the animals deficient in K and 
Mg developed the most severe structural 
lesions (groups 3 and 11); here again, 
concurrent administration of chlorides re­
duced the occurrence of histologic changes 
(groups 4 to 9, 11 to 17). It is significant 
that these abnormalities were seen neither 
in the rats receiving the deficient diets 
alone (groups 2 and 10) nor in those 
fed the commercial fox chow and treated 
with perchlorate (group 1). On the other 
hand, in some animals (groups 5, 6, and 
17), the protective effect of the chlorides 
was somewhat more evident against the 
necroses than against the less-pronounced 
prenecrotic changes.

The principal outcome of these experi­
ments is that both potassium and mag­
nesium deficiency enhanced the suscepti­
bility of the rat to the myotoxic actions 
of perchlorate, whereas an excess of chlo­
ride decreased the effect. The protective 
action exerted by the various salts is inde­

pendent of the cations to which the chlo­
ride is attached.

It is interesting that in all these experi­
ments the skeletal-muscle lesions were 
modified by electrolytes in the same man­
ner as the cardiac necroses that also 
develop under these experimental condi­
tions and have been described in detail 
elsewhere (Bajusz and Selye, ’59c). With 
respect to the pathogenesis of both types 
of lesion, it would be difficult to decide 
which among the various factors is ac­
tually the fundamental “primary pathogen” 
and which is the modifying, or “condition­
ing factor” responsible for the aggrava­
tion. Dietary deficiency of potassium or 
magnesium can, in itself, result in similar 
muscle lesions if the rats are fed the diet 
for a much longer period than in the 
present experiment12 (Schrader et al., 
’37; Follis, ’42; ’58; Selye and Bajusz, 
’58). On the other hand, long-term ad­
ministration of NaClO-i also produces mus­
cular necroses, at least in corticoid-condi- 
tioned animals (Selye, ’59). Furthermore, 
both in man and in experimental animals, 
similar necroses can occur under diverse 
conditions (Ellis, ’56). Presumably, this 
type of lesion is not characteristic of any 
one specific pathogen but represents, 
rather, a basic reaction of muscle to in­
jury. Virtually nothing is known of the 
factors that determine whether necrosis 
will affect skeletal and/or cardiac muscles 
in any given set of pathogenic circum­
stances. It is noteworthy, however, that, 
under our present experimental condi­
tions, both the cardiac and the skeletal 
muscle necroses were prevented by the 
administration of various chlorides. It 
should be noted, furthermore, that similar 
protection was observed in previous ex­
periments, using corticoid-conditioned ani­
mals fed a normal diet, when NaCICh was 
administered subcutaneously, while the 
various chlorides were given p e r  o s  ( Selye, 
’59). This shows that the results obtained 
in the present study cannot be due to 
in  v i tr o  chemical reactions in the gavage 
mixture.

12 Greenberg, D. M., C. E. Anderson and E. V. 
Tufts 1936 Pathological changes in  the tissues 
of rats reared on diets low in magnesium. J. 
Biol. Chem., 114: xliii (abstract).
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The results of the second experiment, 
performed on rabbits, are summarized in 
table 2. As seen from the figures, com­
bined treatment with Me-Cl-COL plus DHT 
resulted in only a slight degree of mus­
cular paralysis and only in 30% of the 
control animals (group 1). The muscular 
tonus in this group was definitely low, 
hut actual paralysis was rarely observed; 
when present, it consisted only of the 
so-called “head-drop” symptom due to 
weakness of cervical muscles. However, 
a severe motor disturbance, which pro­
gressed to complete paralysis and 75% 
mortality, resulted if NafLPCb was ad­
ministered simultaneously with the ster­
oids (group 2). The first symptoms of the 
paralytic seizures were already obvious on 
the second or third days of the experi­
ment; in most instances, this condition 
progressed rapidly so that within a few 
hours all skeletal muscles became para­
lyzed and death ensued. In these rabbits, 
various degrees of infarct-like cardiac ne­
croses were seen at autopsy; however, 
histologic studies of the skeletal muscle 
revealed only occasional small necrotic 
foci and no other structural abnormalities. 
On the other hand, the severe paralytic 
condition normally induced by steroids 
plus NaH2P 04 was significantly inhibited 
by KC1 (group 3) or MgCl2 (group 4). 
In these two groups, the prophylactic ef­
fect of the chlorides is evidenced by the 
reduced mortality rate and the observa­
tion that neither cardiac nor voluntary 
muscle necroses occurred.

It was previously established that over­
dosage with mineralocorticoid hormones 
(e.g., DOC, aldosterone, Me-Cl-COL), es­
pecially in combination with NaCl, pro­
duces muscular paralysis in various ani­

mal species13 (Selye, ’43; Selye and Hall, 
’43; Gross and Schmidt, ’58). This type 
of paralysis is accompanied by a decrease 
of the potassium and increase of the 
sodium content of the muscle cells. It 
has generally been considered to be mainly 
if not purely a muscular defect due to 
disturbances in the extra- and intracellular 
electrolyte components (Selye and Hall 
’43; Gross and Schmidt, ’58; for review 
Selye, ’50; Selye et al., ’51-55/56). Fur­
thermore, since the administration of min- 
eralocorticoids can also alter chloride ex­
cretion, the possible pathogenic role of 
variations in chloride metabolism in this 
respect has also been stressed (Selye and 
Hall, ’43). The paralytic seizures pro­
duced with mineralocorticoid overdosage 
in animals resemble those occurring in 
familial periodic paralysis in man. In 
fact, the data of Conn and his colleagues 
( ’57) indicate that this clinical condition 
is associated with intermittent aldosteron­
ism and is beneficially influenced by the 
administration of potassium salts.

It was also shown that a synergism 
exists between corticoids and some ster­
oids of the vitamin D group (e.g., DHT) 
with respect to their ability to produce 
cardiac necroses (Selye, ’58; Selye and 
Bajusz, ’59a). Subsequent preliminary 
investigations showed that this is also 
true of certain myotoxic effects of these 
two essentially different groups of ster­
oids. The present experiments were de­
signed to examine the effect of various 
electrolytes on the myopathy induced by 
combined treatment with a corticoid and 
a vitamin D derivative. In the light of

13 Selye, H., and C. E. Hall 1943 The pathology 
of desoxycorticosterone overdosage in  various 
species. Federation Proc., 2: 44 (abstract).

TABLE 2
E le c tro ly te -s te ro id  in te r a c t io n  i n  a n  a c u te  p a ra ly tic  c o n d it io n  o f  th e  ra b b it

Group Number of 
rabbits Treatment1

Muscular paralysis
MortalityGrade

CO-3) Incidence

% %
i 6 None 0.8 ±0.28 30 0
2 16 NaH2P 0 4 2.8±0.13 100 75
3 14 NaH2P 04 +  KCl 0 0 0
4 15 NaH2P 04 +  MgCl2 0.3 ±0.12 7 7

1 In  addition, the rabbits in all groups were treated with methylchlorocortisol plus di- 
hydrotachysterol, described in  the text.
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our previous observations, it was not un­
expected to find that NaH2P04 greatly ag­
gravates the steroid-induced paralytic con­
dition whereas KC1 prevents it. The sim­
ilar protective effect afforded by MgCL 
is more difficult to understand. Further 
studies will be necessary to establish 
whether Mg plays an active role in pre­
vention or whether the chlorides of other 
cations act similarly. The results of pre­
vious experiments in which NaCl actually 
aggravated the myotoxic effect of DOC 
(Selye, ’43; Selye and Hall, ’43) do not 
exclude the possible prophylactic value of 
chloride; they may merely indicate that 
the amount of the anion was insufficient 
to counteract the sensitizing action of 
sodium.

SUMMARY

Rats fed a potassium- or magnesium- 
deficient diet for a short period became 
very sensitive to the myotoxic effect of 
NaClOi. In such animals, the perchlorate 
elicits particularly severe motor disturb­
ances and marked degenerative changes 
in the skeletal muscles. The occurrence 
of all these pathologic manifestations was 
inhibited by the concurrent administration 
of various chlorides (e.g., KC1, MgCl2, 
NaCl, NH4C1, CaCl2) alone or in combina­
tion. In this respect, KC1 and MgCk were 
equally effective in both K- and Mg-defi- 
cient animals.

Another type of neuromuscular disorder 
was elicited in rabbits with methylchloro- 
cortisol plus dihydrotachysterol. When 
NaH2P04 was given in addition to these 
steroids, the motor disturbance was greatly 
aggravated and a generalized muscular 
weakness developed that rapidly progressed 
to total paralysis and death. These acute 
paralytic seizures could also be prevented 
by the oral administration of KC1 or MgCl2.
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Aberrant Iron Metabolism and the “Cotton-Fur" 
Abnormality in Mink 1,2

F. M. STOUT, J. E. OLDFIELD a n d  JOHN ADAIR
D e p a r tm e n t  o f  D a iry  a n d  A n im a l  H u s b a n d ry , O regon  S ta te  C ollege, 
C o rva llis , O regon

The “cotton-fur” (CF) abnormality in 
mink fed Pacific hake and whiting has 
been described (Stout and associates, ’60). 
In addition to previously listed symptoms 
of reduced growth and achromotrichia, 
presence of anemia in CF animals has 
been noted (Adair and Davis, ’57; Helge- 
bostad and Martinsons, ’58). The observa­
tion that the development of CF could be 
prevented by cooking the fish studied 
(Stout et al., ’60) suggested that an in­
duced rather than a natural dietary de­
ficiency was the basis of this anomaly. 
Other work showed considerable protec­
tion against a similar type of achromo­
trichia in fox pups by feeding before gray­
ing was well advanced, a supplementary 
mixture of synthetic B-vitamins; these in­
cluded thiamine, riboflavin, nicotinic acid, 
p-aminobenzoic acid, inositol, pyridoxine, 
biotin, pantothenic acid, folic acid, choline 
and vitamin Bi2, or substances rich in 
these factors, such as raw cod roe, ani­
mal liver and dried brewers’ yeast (Helge- 
bostad and Ender, ’51). No protection 
was evident when the diet of young foxes 
was supplemented with rice starch, glu­
cose, Fe, Cu, Co, Zn and Mn, vitamins A, 
D, E, K, thiamine, pantothenic acid and 
vitamin C (Ender and Helgebostad, ’47).

At various times achromotrichia has 
been linked nutritionally with deficiencies 
of pantothenic acid, p-aminobenzoic acid, 
folic acid, biotin, choline, cystine and ly­
sine, and copper and zinc (Frost, ’48). 
Concomitant with achromotrichia, anemia 
has been reported to result from deficien­
cies of pantothenic acid (McCall et al., 
’46), copper (Sjollema, ’38), lysine and 
folic acid, (Klain et al., ’57).

Previous observations at this station3 in­
dicated that folic acid, vitamin B!2, thia­
mine (injected singly or in combination),

folinic acid or a crude liver extract had 
no perceptible effect on restoration of blood 
hemoglobin and hematocrit levels in CF 
mink. However, intramuscular injection of 
organic iron restored essentially normal 
hemoglobin and hematocrit levels to CF 
mink. This latter observation has also 
been reported in Norway (Helgebostad and 
Martinsons, ’58).

Results of blood studies on CF mink in 
relation to normal mink are reported here. 
Also in an attempt to identify the nutri­
tional factor(s) involved, effects cf supple­
menting a CF-genic ration with (1 ) B- 
complex vitamins, (2 ) lysine plus tyro­
sine, (3 ) copper, and (4 ) iron, on pig­
mentation, growth, mortality rate and 
blood formation were measured. Further, 
results concerning the effect of oral iron 
supplementation on anemia of CF mink are 
presented.

EXPERIMENTAL AND RESULTS
Standard dark mink (100) selected in 

part from litters of females which were 
previously “cottons” and known to be sus­
ceptible to the CF condition were fed a 
CF-genic ration having the following per­
centage composition: horsemeat, 7; mixed 
rockfish, 10; turbot, 15; Pacific hake, 50: 
and a supplement, 18.4 Similar mink 
(61), although randomly selected, were 
used for comparison, and fed a ration,

Received for publication April 18, 1960.
1 Technical Paper 1311, Oregon Agricultural 

Experiment Station.
2 This study was supported by a grant from 

the Mink Farmers’ Research Foundation, Milwau­
kee.

3 Unpublished data, Stout, F. M. et al., 1957, 
1958.

1 Percentage composition: wheat germ, 25;
alfalfa meal, 13; skim-milk powder, 8; meatmeal, 
18; soybean oil meal, 18; rolled oat groats, 18.

46 J. N u t k it io n , 72: ’60
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known to support optimum growth and 
furring, of this percentage composition: 
horsemeat, 8; tripe, 10; beef liver, 3; mixed 
rockfish, 25; turbot, 25; mixed sole, 20; 
and a supplement, 9.5 The animals were 
housed and fed as indicated previously 
(Stout et al., ’60).

Mink fed the CF-genic ration were di­
vided into groups of 10 to 20 animals; each 
group received one of the following sup­
plements: (1 ) B-complex vitamins, (2 ) ly­
sine and tyrosine, (3 ) copper or (4 ) iron. 
A fifth group, serving as a negative control, 
was not given a supplement. B-complex 
vitamins were injected intraperitoneally 
at weekly intervals for 14 weeks into male 
mink of group 1 in the following milligram 
amounts: thiamine, 2.7; riboflavin, 4.9; 
pyridoxine, 2.7; niacin, 4.9; pantothenic 
acid, 19.7; choline, 49; inositol, 70; p- 
aminobenzoic acid, 2.8; folic acid, 0.5; 
vitamin Bi2, 0.5; and biotin, 0.5. Females 
received one half of this dosage. Lysine 
and tyrosine were supplied daily to mink 
in group 2 in the feed as 1.8 gm of L-lysine 
and 0.7 gm of L-tyrosine. Copper glycinate 
was injected subcutaneously into mink in

group 3 in doses of 27 mg either monthly 
or bimonthly. Iron as ferric hydroxide6 
was injected intramuscularly at two levels: 
50 mg biweekly for a total of 350 mg to 
half of group 4, or 50 mg monthly for a 
total of 200 mg to the remainder.

Blood data were obtained by the follow­
ing methods. Three milliliters of blood 
were withdrawn from anesthetized mink by 
cardiac puncture and immediately trans­
ferred to oxalated tubes. Hemoglobin val­
ues were determined using a Spencer He- 
moglobinometer, model 1003.7 Erythrocyte 
counting was accomplished by methods 
outlined by Wintrobe ( ’46) using isotonic 
saline as a diluent. Hematocrit values 
were obtained following Wintrobe’s method 
( ’46); however, centrifugation was made 
at 2400 rpm for one hour.

5 Percentage composition: wheat germ, 25; al­
falfa meal, 12.4; skim-milk powder, 8.2; meat- 
meal, 16.5; soybean oil meal, 16.5; rolled oat 
groats, 16.5; brewers’ yeast, 4.2; Fortafeed 249-C 
(American Cyanamid Co.), 0.4; terramycin (TM- 
10, Chas. Pfizer Co.), 0.25; DL-methionine, 0.05.

6 Armidexan, Armour Veterinary Laboratories, 
Chicago.

7 American Optical Company.

Fig. 1 Skinned carcasses of normal (left) and CF mink illustrating the anemic condi­
tion of the latter.
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In a sequential trial, 27 CF mink were 
selected from those groups of the previous 
experiment in which no protection against 
CF was evident. Animals were weighed, 
divided by sex and stratified according to 
blood hemoglobin levels. Allocation of 
mink thus arranged was at random with­
in consecutive blocks of three animals. 
All mink continued to be fed the CF-genic 
ration and received in addition either (1) 
no added dietary iron, (2 ) 17.6 mg of 
ferrous iron8 per kg of ration, as fed, or (3 )  
88.1 mg of ferrous iron9 per kg of ration 
as fed. At the end of a 30-day feeding 
period animals were reweighed and hemo­
globin levels measured.

Evidence of anemia present in the CF 
syndrome is provided by the appearance 
of skinned carcasses of CF mink in rela­
tion to normal mink (fig. 1). Blood data 
are listed in table 1. Values shown as 
normal were taken from a sample of 32 
standard dark mink (16 males and 16 fe­
males) chosen at random from the group 
fed the adequate control ration. Blood val­
ues for “cottons” represent groups of 22

to 27 experimentally-produced CF mink 
fed the CF-genic ration. The data indi­
cate that in general CF mink have mark­
edly reduced hemoglobin and hematocrit 
values and slightly reduced total numbers 
of erythroctyes. Index values (Best and 
Taylor, ’45) show that the amount of 
hemoglobin within and the volume of in­
dividual cells are low for CF mink in rela­
tion to normal mink. These conditions 
are characteristic of a microcytic, hypo­
chromic anemia. Stained smears showed 
an abundance of poikilocytosis and aniso- 
cytosis in blood from CF mink, especially 
from those severely affected.

Results of supplementing mink fed the 
CF-genic ration are presented in table 2. 
Performance of mink fed an adequate 
control ration as well as those fed the CF- 
genic ration with no supplementation is 
given for comparison. No preventive effect 
due to supplementation with 11 B-complex 
vitamins was noted. “Cotton” incidence

8 Supplied as Ferronord, Nordmark Pharmaceu­
tical Lab., Inc., Irvington, N. J.

9 See footnote 8.

TABLE 1
B lo o d  v a lu e s  o f  n o rm a l a n d  CF m i n k 1

Mink Hemoglobin Erythrocytes Hematocrit
Indexes

Color Volume Saturation
g m /1 0 0  m l m illio n /m m 3 %

Normal 18.7 ±  0.62(32) 9.00±0.68(32) 45.0 ±  3.1 (32) 1 i 1
“Cotton” 10.8± 3.0 (27) 8.50± 2.59(22 ) 28.1 ±  8.8(27 ) 0.61 0.66 0.93
% of normal 57.8 94.4 62.4

1 Figures in parentheses show numbers of mink used in assembling data.
2 The ±  values represent standard deviation.

TABLE 2
E ffe c ts  o f  su p p le m e n tin g  a  C F -gen ic  r a tio n  w i th  v a r io u s  n u tr ie n ts

Treatment
Num­

ber
of

ani­
mals

Mor­
tality

CF
inci­

dence
Terminal weight1

Hemoglobin
M F

% % gm gm g m /1 0 0  m l
Adequate control ration 61 0 0 1818 ±  2402 1063 ±128 18.7±0.6:i
Non-supplemented control 10 0 80 1292 ± 284 850 ±114 11.9 ±3.4
B-complex vitamins 20 25 83 1079 ±565 829 ±259 11.6::- 3.6
Lysine +  tyrosine 12 25 83 1194 ±252 656 ±418 10.1 =  4.1
Copper 10 50 90 1008 ±505 729 ±  364 11.0±3.7
Iron4 20 0 0 1621 ±273 975 ±126 16.8 ±  0.8

1 Measured as weight off test for surviving animals and as death weight for dead animals.
2 The ±  values represent standard deviation.
3 Hemoglobin values for controls determined on 32 randomly chosen animals.
4 Supplied as Armidexan, Armour Veterinary Laboratories.
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was 83% , growth was markedly subnormal 
and hemoglobin values were 38% below 
normal. Supplementation with lysine and 
tyrosine, important intermediaries in me­
lanin formation, similarly produced no 
remission of symptoms. Likewise, injec­
tion of copper, which is essential in both 
hemoglobin and melanin formation, of­
fered no protection against the CF condi­
tion as 9 of 10 treated mink were classi­
fied as “cottons” at the end of the experi­
ment. Iron supplementation gave striking 
results since none of 2C animals receiving 
injected organic iron developed the CF 
condition (fig. 2). Size was significantly 
greater than in mink not receiving the sup­
plement, as illustrated in figure 3. Blood 
hemoglobin levels were 41% higher than 
observed in non-supplemented controls, 
but about 10% below hemoglobin values of 
mink fed the adequate control ration. 
Variation in size and hemoglobin levels 
was markedly reduced within the iron- 
supplemented group and was similar to 
that of the adequately-fed control group.

In a subsequent trial when CF mink fed 
a CF-genic ration received oral supple­
ments of two levels of iron, hemoglobin re­
generation paralleled that of mink receiv­
ing no added iron (table 3). Furthermore, 
all three groups of mink lost weight dur­
ing the experimental period.

DISCUSSION

Discovery that CF mink were anemic 
provided a useful criterion for investigat­
ing the nutritional basis of this anomalous 
condition; hence, blood formation, which 
is relatively rapid as compared with the 
slower, cyclical process of fur growth, 
could be used to measure response to sup­
plementation with purified nutrients. Us­
ing this measure, it was found that al­
though several individual B-vitamins had 
no effect, parenteral iron was capable of 
restoring blood of CF mink to almost nor­
mal values.10

Supplementing the CF-genic ration with 
11 B-vitamins during the growth and fur­
ring period proved ineffective in prevent­
ing or reducing incidence of CF or its al­
lied symptoms. This observation appar­
ently is in contrast with Norwegian work 
which has repeatedly stressed the impor-

10 See footnote 3.

Fig. 2 Pelts (parted to show underfur) of repre­
sentative m ink fed the adequate control ration (top), 
CF-genic ration plus parenteral iron supplement (cen­
ter) and CF-genic, non-supplemented ration (bottom). 
Parenteral iron administered to young m ink prior to 
and during the furring cycle prevented the CF con­
dition evident in the unsupplemented animal.
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Fig. 3 Effect of parenteral iron on growth. Representative males from the adequately- 
fed control group (left), the group fed the CF-genic ration -f parenteral iron supple­
ment (center) and non-supplemented CF-genic diet groups (right) are shown. Note that 
the iron-supplemented animal is considerably larger than the non-supplemented animal 
and approaches the size of the adequately-fed control mink.

TABLE 3
E ffe c ts  o f  o ra lly -s u p p le m e n te d  iro n  o n  w e ig h t  g a in  a n d  h e m o g lo b in  re g e n e ra tio n

o f  a n e m ic , CF m in k

Ferrous iron1/ 
kg ration 

(as-fed basis)
No. of 

animals
Hemoglobin levels Weight change

Initial Regeneration2 M ?
m g gm /100  m l gm gm

None 9 10.7±5.23 0.3 ±  3.6 —18 ± 107 - 7 5  ±40
17.6 9 10.9±5.0 0.3 ±1.9 -8 9  ±213 - 4 7  ±66
88.1 9 11.7 ±4.7 0.4 ±1.5 -2 5  ±51 - 9 5  ±68
1 Supplied as Ferronord, Nordmark Pharmaceutical Lab., Inc.
2 Measured as the average increase in hemoglobin level during the 30-day iron-supple­

mentation period.
3 The ±  values represent standard deviation.
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tance of adding supplementary B-vitamins 
to prevent greying of foxes and mink in 
connection with intensive fish feeding 
(Helgebostad and Ender, ’58). However, 
it is believed that experimental conditions 
were sufficiently different so that strict 
comparison cannot be made. Fish pro­
vided the sole source of protein in Nor­
wegian rations, whereas rations here con­
tained protein from horsemeat, meatmeal, 
skim-milk powder and soybean oil meal in 
addition to fish protein.

The ineffectiveness of parenteral cop­
per and oral lysine and tyrosine showed 
that these important components of me- 
lanogenesis were not limiting. On the 
other hand, organic iron when supplied 
parenterally to mink fed the CF-genic ra­
tion induced normal pigmentation of fur, 
increased weight gains immensely and re­
sulted in essentially normal hemoglobin 
values. This would indicate that symp­
toms of CF, induced by feeding raw hake, 
are essentially those of an iron deficiency. 
Certainly anemia is the classical symptom 
of iron deficiency, and anemia of CF mink 
is of the microcytic, hypochromic type in­
variably associated with such deficiency. 
Depressed growth could also be easily re­
lated to a deficiency of iron, either in­
directly as an effect of the severe anemia 
or directly since iron is contained in several 
important enzyme systems. The relation 
between iron deficiency and depigmenta­
tion, however, is not so readily obvious.

The total iron content of the adequate 
control ration is 114 mg per kg (as-fed 
basis) and that of the CF-genic ration is 
108 mg per kg (as-fed basis), determined 
by the method of Kennedy ( ’27). The CF- 
genic ration contains nearly 95% as much 
iron as the adequate ration, yet does not 
supply enough iron to mink for normal 
growth or blood formation, and further, 
this lack of iron interferes in some un­
known way with pigment formation. 
When the hake portion of the CF-genic 
ration is cooked, however, symptoms of 
CF disappear (Stout et al., ’60), demon­
strating that the inherent iron content of 
this ration is quantitatively ample to pre­
vent CF symptoms. From these considera­
tions it appears that raw hake and prob­
ably raw whiting contain a factor (pos­
sibly a chelating agent) which acts to

render unavailable to the animal not only 
iron contained in the fish but also that of 
other ration components. Additional proof 
that dietary iron is unavailable is shown 
by failure of anemic, CF mink fed the 
CF-genic ration to respond to daily oral 
supplementation with iron glycinate 
(table 3).

As iron has not been linked directly 
with achromotrichia in the past, the im­
mediate cause of observed depigmentation 
is speculative. Since achromotrichia has 
been observed in mink as a symptom of 
several unrelated nutrient deficiencies 
(Helgebostad et ah, ’59; Leoschke and 
Elvehjem, ’59). it seems more plausible to 
suggest that failure of fur to pigment 
normally is a symptom of a non-specific 
dietary deficiency rather than to assume 
that iron is directly concerned with pig­
mentation processes. Shortage of an ele­
ment as vital as iron to normal body 
physiology undoubtedly would affect over­
all metabolic reactions and it is conceiv­
able that those processes which are of least 
consequence to the organism’s survival, 
such as hair pigmentation would likely be 
first impaired.

SUMMARY

1. Comparison of blood values for “cot­
ton fur” (CF) and normal mink revealed 
that CF mink exhibit a microcytic, hypo­
chromic anemia.

2. Supplementing groups of mink fed a 
CF-genic ration with 11 parenterally-ad- 
ministered B-vitamins, parenteral copper, 
or oral lysine plus tyrosine, did not prevent 
mink from developing the CF syndrome.

3. Mink fed a CF-genic ration and sup­
plied with parenteral iron did not develop 
the CF syndrome.

4. Iron glycinate added to a CF-genic ra­
tion was incapable of restoring normal 
hemoglobin values to anemic, CF mink.

5. The effect of iron on pigmentation 
is thought to be indirect, reflecting low 
priority of fur pigment formation in the 
face of nutritional stress.
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Cardiac Lesions and Related Findings in 
Young Vitamin B6-Deficient Rats* 1

JOSEPH SERONDE, JR.
L a b o ra to ry  o f  C o m p a ra tiv e  P a th o lo g y , S to w , M a ssa c h u se tts

This investigation was undertaken after 
we had been shown2 two previously unre­
ported lesions in young rats that had died 
while receiving a pyridoxine-deficient diet. 
There were pale opaque streaks on the 
hearts of these animals, and their chests 
were filled with fluid. Cardiac hypertrophy 
in pyridoxine-deficient rats, first reported 
by Agnew ( ’55) has been confirmed by 
others (Olsen and Martindale, ’54) along 
with enlargement of the kidneys; and a 
variety of other anatomical findings unre­
lated to the heart have been described 
(Follis, ’58). Since the Zuckers3 had found 
a predominance of the lesions in question 
in their 14C strain, these rats were used 
in the present study in greatest numbers, 
two other strains being included for com­
parison as “genetic controls.” Similar le­
sions had never been encountered under 
other circumstances by these investigators.

MATERIALS AND METHODS
Three strains of rats used in these ex­

periments were the same as those reported 
previously (Seronde et al., ’56; Zucker, 
’53). They have now been maintained for 
some years in this laboratory. Originally, 
they were selectively bred for large (14C), 
medium (13C) and small (9B) body size 
and for resistance to respiratory disease. 
Since their establishment here, emphasis 
in selection has been placed upon fertility 
and low incidence of ear and lung infec­
tions.

Animals were caged individually and 
were housed in isolation units in which 
cages, litter (pine shavings), litter-pans, 
water bottles and focd cups were period­
ically autoclaved. Cages were of the hang­
ing type, with top and three sides of gal­
vanized sheet iron and with V2 -inch 
galvanized wire-mesh bottoms and fronts. 
Except as noted, they were fed and watered

ad libitum. Ambient temperature was 
kept at approximately 22°C, but relative 
humidity was often low in winter.

The purified diets, pyridoxine-deficient 
“2515” and control “2520” were of identical 
composition to those used in previously re­
ported experiments (Sercnde et al., ’56).

Experiments were initiated with the ani­
mals as litters became available over a two- 
year period. A primary experimental series 
from each strain with littermate con­
trols was augmented by large numbers of 
suitable animals from related projects. All 
animals reported upon here were weaned 
at 21 days and placed immediately on their 
definitive diets, experimental and control. 
Some control animals were fed ad libitum 
while for others the caloric intake was re­
stricted to approximate that of the experi­
mental animals. They were observed fre­
quently throughout life, and weighed at 
least once a week. One group was weighed 
daily. Nearly all were allowed to die 
naturally, there being only a few which 
were killed when found moribund. A ser­
ies killed at predetermined times contri­
buted to our understanding of certain le­
sions, but are not enumerated with the 
present groups. All animals were autop- 
sied. The minimum observations were ex­
ternal appearance, and weight and appear­
ance of the heart and kidneys. Significant 
positive findings in other organs were noted 
only grossly. In many instances, however, 
autopsies were more thorough. Hearts 
were studied in detail, first being opened 
in a manner customary with human mate-

Received for publication May 2, 1960.
1 This investigation was supported in part by 

a research grant H-3510 from the National Heart 
Institute, Public Health Service.

2 T. F. and L. M. Zucker, personal communica­
tion.

3 See footnote 2.
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rial,4 then rinsed with saline, and examined 
with a 10-power dissecting microscope. 
Since reported techniques vary, it should 
be noted that heart weight here includes 
that of atria as well as of the ventricular 
mass. Great veins were removed com­
pletely, and approximately one millimeter 
of aorta and pulmonary artery were left 
attached to the specimen. This was done 
to preserve anatomical continuity for sub­
sequent histological study. The entire 
heart was then divided into 6 blocks in 
preparation for microscopy, and at least 
one section was cut from each of these. 
From this sampling, an estimate of the 
incidence of microscopic lesions was made 
in a number of cases. This practice has 
complicated the presentation in tables 4 
and 5 where percentage incidence of myo­
carditis could be computed with accuracy 
only from “complete cardiac histology” fig­
ures, rather than from the larger series of 
gross observations. Table 1 shows the 
distribution of animals by strain and diet, 
as well as the number of rats, by groups, 
on which the complete cardiac histology 
was carried out.

Worcester’s fixative (Gray, ’54) was 
most frequently used. Formalin (10%)  
neutralized with marble chips was used ex­
tensively in the earlier series. Rabl’s solu­
tion (Gray, ’54) gave exceptionally good 
results on hearts from freshly killed ani­
mals. Hematoxylin and eosin stains were 
used routinely. Mallory-Heidenhain’s con­
nective tissue stain (Jones, ’50) was used 
as indicated. Foot’s modification of Hor- 
tega’s silver carbonate method was used 
for staining reticulum fibers (Jones, ’50).

TABLE 1
D is tr ib u tio n  o f  a n im a ls  by  ty p e  o f  d ie t  

a n d  b y  s tra in

Diet No. of 
animals Strain

Animals
studied

for
complete
cardiac

histology
25151 120 14C 28
25202 47 14C 46
25151 29 13C 28
25202 28 13C 24
25151 25 9B 25
25202 14 9B 14
1 Experimental diet.
2 Control diet: combined figure for ad libitum 

and restricted intake.

Sudan III and oil blue N were used in 
searching for stainable fat. Histological 
findings will be given only in general terms 
in this report.

OBSERVATIONS
The growth of animals fed the experi­

mental diet was slow and eventually 
ceased. Many lost weight before death (fig.
5). They developed a characteristic 
hunched posture and accumulation of 
chest fluid was often indicated by a prom­
inent rounding of the rib cage. Acrodynia 
was pronounced, particularly in the 9B 
strain. Neurological disturbances (“fits”) 
were noted (Chick et al., ’40) clinically in 
many animals, but were not investigated 
morphologically. There was wasting of 
musculature. Livers at autopsy were pale, 
as from exsanguination. Lymphoid tissue 
was much reduced (Stoerk and Eisen, ’46) 
but could be located easily owing to 
marked atrophy of depot fat. The thymus 
showed severe involution. The character 
and overall incidence of findings with 
which we have been principally concerned 
is given in table 2.

The incidence and degree of cardiac hy­
pertrophy is shown in figure 1. The con­
trol curve represents the best line which 
could be drawn through plots of the heart 
weights of animals fed the complete diet

TABLE 2
P rin c ip a l a n a to m ic a l f in d in g s  in  174 a n im a ls  

re c e iv in g  v i ta m in  B e-d e fic ien t d ie t

no. %
Cardiac hypertrophy 166 95
Renal hypertrophy 170 98
Myocarditis 87 50
Cardiac dilatation 76 44
Atrial thrombi 76 44
Hydrothorax 65 37
Pulmonary edema 34 20
Pneumonia 77 44

4 Essentially this consists first of opening both 
atria by connecting their natural orifices and ex­
tending these incisions to the extremities of the 
auricular appendages. A cut is then made through 
the right atrial wall, down through the tricuspid 
orifice toward the apex of the right ventricle. 
Here it is turned sharply upward and continued 
out through the pulmonary orifice. A similar cut 
is made on the left side, down through the mitral 
orifice and out through the aortic valve ring. This 
method exposes the interiors of the chambers for 
close inspection, while preserving many of the 
anatomical relationships.
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B O D Y  W E IG H T  (G M )

Fig. 1 The heart weight of vitamin Bs-deflcient rats is plotted against the body weight, 
both on logarithmic scales. The line labeled “Control” represents an average of observations 
on 42 well-fed animals. Values for two of these lie above line A which is chosen as the 
upper limit of normal. It represents a 35% deviation from the control mean. Lines B and 
C are described in the text.

ad libitum. It lies above but within 5% of 
an empirical norm determined by Zucker5 
and has the identical slope. Line A rep­
resents the upper limit of variation for 
the controls and, arbitrarily, no values be­
low it are considered to represent hyper­
trophy. For purposes of analysis and cor­
relation the area above line A is divided 
into three zones by lines B and C, 
designated “slight,” “moderate” and “mark­
ed” hypertrophy (table 5).

The heart of a strain 14C rat in this 
experimental series typically appeared en­
larged in  s itu , the ventricular mass being 
widened notably. Part of this increased 
width could be attributed to dilatation of 
the right ventricle. Where such increase 
in size of the right ventricular cavity oc­
curred without sacrifice in wall thickness, 
hypertrophy of this chamber could be in­

5 T. F. and L. M. Zucker, personal communica­
tion.
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ferred as well. The left ventricular wall, 
however, contributed most of the excess 
weight, being considerably increased in 
thickness. Dilatation, when it occurred 
here, was quite striking with deep cupping 
of the cavity and rounding of the apex. 
Hypertrophy of myocardial fibers was un­
mistakable in histologic sections and when 
the hearts of vitamin Bo-deficient rats were 
weighed, then dried to constant weight, 
no difference in relative water content was 
found between them and those of control 
animals. The right atrium was generally 
well filled with post mortem clot but on 
the whole was not distended beyond its nor­
mal diastolic contours. In a number of 
instances the left atrium contained a 
rounded firm white thrombus, usually visi­
ble from the outside through the trans­
lucent wall of the chamber. These thrombi 
tended to fill and distend the entire auricu­
lar appendage, on occasion even extending 
part way across the mitral orifice and there­
by appearing to threaten the free passage 
of blood. Microscopically these lesions 
sometimes showed early and partial organi­
zation. Only rarely were thrombi located 
in other chambers.0

Yellow-white opaque streaking of the 
myocardium was a striking finding, in­
cluded in table 2 under the designation of 
myocarditis. Grossly this ranged in extent 
and severity from sharply defined lesions 
on the ventricles a dozen square milli­
meters in area and extending deeply into 
the myocardium, to vague yellowish opa­
city which varied from one area to another 
giving a mildly mottled effect. These le­
sions were by no means confined to the 
ventricles, but were difficult to recognize 
grossly on the atria owing to thinness and 
pallor of the walls. The gross findings of 
severe involvement correlated well with a 
microscopic lesion which might be char­
acterized most simply here as a deficit in 
the myocardium from which scarring is 
characteristically absent. Where loss of 
myocardium was presumed to have been 
recent the surviving framework of sup­
porting reticulum cells and fibers retained 
their original pattern (fig- 2). In what 
were perhaps older cases, affected areas 
appeared densely populated with mono­
nuclear cells (fig. 3). Polymorphonuclear 
leucocytes, laden macrophages and necro­

tic myocardium were unusual in this series. 
Instead, the myocardial fibers generally 
appeared to have undergone a relatively 
swift lysis.

Degenerative changes were common, but 
could not be clearly related to the myo­
carditis. They varied widely in severity 
and distribution. Figure 4 illustrates a case 
with severe widespread vacuolation of myo­
cardial fibers.

Hydrothorax generally included media­
stinal edema and pericardial effusion 
(table 2). Occasionally there was exces­
sive moisture in the peritoneal cavity and 
in the layers of the ventral body wall. The 
volume of recoverable chest fluid averaged
4.2 cm3 and sometimes reached 9 cm3, 
enough to cause collapse of almost all lung 
parenchyma in animals as small as ours 
(fig. 5), and furnished a very tangible 
cause of death. Characterization of the 
fluid as an uncomplicated transudate 
is brought into question by its almost 
invariable clotting on standing and by 
its being anything from a clear “straw 
color” to a dark opaque bloody red. 
The animals having died spontaneously, 
cultures proved inconclusive. Microscopic 
study of all adjoining tissues in cases 
of hydrothroax revealed no evidence of 
relevant inflammation. Aside from at­
electasis, the lungs showed little acute 
congestion or edema, and chronic con­
gestive changes in lungs or elsewhere 
were not found. This latter might be due 
to the relatively brief average survival 
time.

In contrast with the above, clearly 
recognizable infections were far more com­
mon and severe in the experimental series 
than in the control series, and at times 
pneumonia could be considered a cause 
of death. Generally, such pneumonia re­
sembled one caused by B ru c e lla  b ro n ch i-  
s e p tic a  with which we have become famil­
iar in our colony. A few cases of peritonitis 
could be attributed to massive invasion of 
the bowel by its native flora.

Observations of renal hypertrophy are 
presented in figure 6. As in the case of the 
heart this increase in weight was demon­
strated to be not due to increased water

6 Wilens and Sprout ( ’38) in a survey of 487 
rats found intracardiac thrombi in 31 cases. Most 
of these were in the left atrium.
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Fig. 5 Growth records of experimental and control groups have been averaged and 
plotted: body weight on logarithmic scale, age on reciprocal scale. (Zucker, ’53).

content. Lines A, B and C have the same 
significance as in figure 1. Aside from this 
the only obvious lesion affecting these or­
gans was an occasional very small and 
presumably inconsequential infarct that 
could be attributed to emboli from left 
atrial thrombi. The possibility of more 
subtle anatomical changes in the kidneys

can be pursued only when better-preserved 
material from freshly killed animals be­
comes available.

C o rre la tio n s . Table 3 and figure 5 show 
observations on growth and survival of 
both sexes and the three strains. The 
curves of figure 5 are plotted on log recip­
rocal coordinates (log body weight; recip-
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Fig. 6 The kidney w eight of vitam in B6-deficient ra ts  is plotted against the body weight, 
both on logarithm ic scales. The line labeled “Control” represents an average of observations 
on 43 well-fed anim als. Values for two of these lie on or above line A w hich is chosen as 
the upper lim it of norm al. It represents a  25%  deviation from  the control m ean. Lines B 
and C are described in  the text.

rocal tim e) upon which optimal growth 
produces a  straight l ire  with a greater 
slope for m ales th an  for fem ales (Zucker,,, 
’53). W hen deprived of pyridoxine, the 
large strain, 14C, lives the longest and 
gains the m ost weight; the 13C strain fol­
lows; the 9B strain  gains least weight and 
dies earliest. T hat this is not entirely a 
m atter of relative body size is shown by 
the substantially greater longevity of fe­
m ales which are in  all cases sm aller than  
m ales of their strain. Moreover, females 
fed the deficient diet lose more weight than

males, which (particularly  14C) tend to 
hold their weight constant when they can 
no longer gain, then die suddenly. The ter­
m inal upward tu rn  in  the 14C-male growth 
curve, and the irregularity of the 14C-fe- 
m ale growth curve m ay perhaps be related 
to hydrothorax and attendant edema seen 
in  m any of these anim als (table 4, part C).

These findings provoked an inquiry into 
the significance of longevity and sex in 
relation to the incidence of other lesions 
we have already described. Table 4, part 
A, shows tha t invariably this incidence in-



62 J O S E P H  S E R O N D E , JR .

TABLE 3
Comparative survival by sex and strain of rats 

fed vitam in  Be-deficient diet

Rats fed Total
Survival (days)

diet 2515 28-56 57-114

All spontaneous
no. % %

casualties 172 50 50

Males 75 68 32
Females 97 36 64

Strain 14C 1001 41 59
Strain 13C 261 65 35
Strain 9B 241 88 12

1 Adjusted to contain an equal num ber of each 
sex.

creases with longevity. Since this is the 
case, it would be expected tha t females 
should in  general have a higher incidence 
of lesions th an  males. Table 4, part B, 
shows the extent to which this is true. 
Females show a 15% greater incidence of 
severe myocarditis. Males, however, have 
a substantial preponderance of m ild myo­
carditis, and a m oderate one of cardiac 
dilatation and hydrothorax. It m ight be 
inferred from  these figures tha t lesions 
which happen to be more common in the 
shorter-lived males take less time to de­
velop and are perhaps m ore lethal. This 
is in  fact consistent with the natures of 
these lesions, for myocarditis which is 
present to some extent even in  the con­
trols, m ight be expected to m aterialize

early in  a m ild form  and progress with 
time. And cardiac dilatation can  appear 
suddenly, either in  a heart that is failing, 
or in  one subjected to sudden stress. We 
have indirect evidence th a t chest fluid m ay 
accum ulate in  the course of a day since 
the volume of chest fluid found at autopsy 
may correspond exactly to a weight gain 
observed in  the last 24 hours of life.

Table 5 shows a direct correspondence 
between the degree of cardiac hypertro­
phy and other lesions including renal hy­
pertrophy.

The graphs in  figure 7 are based upon 
observations of 81 experim ental anim als 
in which the heart was surveyed for micro­
scopic lesions. The following conclusions 
m ay be drawn from  them  and are dia­
gramm ed in figure 8: (1 )  hydrothorax is 
always accompanied by myocarditis; (2 )  
atrial throm bi almost always accompany 
hydro thorax; (3 )  most anim als with atrial 
throm bi have myocarditis; and (4 )  myo­
carditis almost always accompanies pul­
m onary edema. These observations are 
consistent with the possibility th a t myo­
carditis, or its presumed immediate cause, 
could give rise to hydrothorax and to pul­
m onary edema, while there is little to in ­
dicate m uch direct relationship between 
atrial throm bi or hydrothorax and pulmo­
nary edema. T hat myocarditis or its pre­
cursor m ight give rise to hydrothorax in  
part through the m ediation of atrial

TABLE 4
Percentage incidence of lesions in  animals fed  experim ental diet

P a rt A P a r t C
-------------------  P a rt B ------------------------

Days of survival --------------------------  Strain
28-56 57-114

Males Females
14C 13C 9B

% % % % % % %
(No. of ra ts ) (86) (86) (75) (99 ) (120) (29) (25)
Cardiac dilatation 33 55 49 39 53 28 16
Atrial throm bi 36 51 43 44 50 48 8
Hydro thorax 31 43 43 33 46 35 0
Pulm onary edema 16 23 20 19 28 3 0
Pneum onia 36 51 47 42 52 31 24
Myocarditis

(no. of r a ts )1 (53) (28) (37) (44) (28) (29) (25 )
Severe 32 50 30 45 61 48 0
Mild 15 29 32 9 18 24 16
1 This figure applies to myocarditis only. In  contrast w ith other items in  this table, the 

incidence of m yocarditis could be arrived a t only in  anim als where “complete cardiac 
histology” had  been carried out. See table 1.
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TABLE 5
Relation of cardiac hypertrophy to other lesions 

in  animals fed  a vitam in  Bs-deficient diet

Associated
lesions

C ardiac hypertrophy

M arked M oderate S light

% % %
(No. of ra ts ) (40) (87) (39 )
Cardiac dilatation 63 45 18
Atrial throm bi 58 41 33
Hydrothorax 55 33 28
Pulm onary edema 33 18 10
Pneumonia 65 47 18
Renal hypertrophy:

Marked 28 10 5
Moderate 58 66 51
Slight 15 22 44

Myocarditis
(no. of ra t s )1 (12) (37) (29)
( Severe and m ild ) 83 68 35

1 This figure applies to myocarditis only. In  
contrast w ith other item s in  this table, the inci­
dence of myocarditis could be arrived at only in  
anim als w here “complete cardiac histology” had 
been carried out. See table 1.

throm bi, or at least tha t atrial throm bi 
m ight facilitate the accum ulation of chest 
fluid, is borne out by the observed anatom ­
ical position of the throm bi astride the

re tu rn  flow of blood from  lungs to heart. 
In  contrast, there seems little relationship 
between pneum onia and hydrothorax or 
pulm onary edema.

Controls. The incidence of lesions in  
the controls is given in  table 6. Myo­
carditis was an  unexpected microscopic 
finding in  this series, for no corresponding 
lesions had  been recognized grossly. Of 
the two cases tabulated as “severe,” one 
was perfectly typical of those seen in  the 
pyridoxine-deficient group. This anim al 
had appeared outwardly vigorous and 
healthy at the time it was killed 7 weeks 
after weaning, but it had had  diarrhea 
some 6 weeks before, suggestive perhaps 
of systemic infection, and its subsequent 
growth curve contained irregularities. The 
other was a spontaneous casualty 8 weeks 
after weaning, one of 4 occurring in  the 
control group. The cause of death was 
unusual and in  m arked contrast with all 
other cases: a fulm inating interstitial
hem orrhagic myocarditis w ith hemoperi- 
cardium . Mild myocarditis occurred in  one 
other spontaneous casualty, but the cause 
of death was more probably related to a
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ship. N um erals correspond to those in  the text.

peritoneal abcess found after a long clinical 
course of diarrhea. The remaining 12 ani­
mals in which myocarditis was found, had 
been visibly healthy up to the time of 
sacrifice, and lesions were small.

DISCUSSION
Myocarditis was found among the con­

trol animals and was clearly aggravated in 
pyridoxine deficiency. Most of the lesions 
in the well-fed animals appeared as trivial 
and incidental microscopic findings which 
probably would have been ignored had they 
not been recognized to differ only in size 
from the large “serious” lesions of the ex­
perimental series. In a survey for cardio­
vascular disease by Wilens and Sproul 
(’38) similar small foci of mononuclear 
cells were common in a large number of

adult rats fed a stock diet. The frequency 
of latent virus infections, including those 
of the myocardium has been recognized 
increasingly since that time (Saphir, ’49); 
and while it must be emphasized that we 
have not yet undertaken virus studies on 
our material, the morphological character 
of the lesions we observed is consistent 
with the diagnosis of virus myocarditis. 
The well-documented loss of capacity of 
animals deficient in pyridoxine to produce 
antibiodies, vital in antiviral defense, fur­
ther supports this hypothesis. Schmidt 
(’48) has described massive and sometimes 
blood-tinged pericardial and pleural effu­
sions in proven cases of fatal virus myo­
carditis.

We have described a cardiac syndrome, 
resulting from pyridoxine deficiency, which 
became evident when a particularly sus­
ceptible strain of rats was studied. To the 
commonly observed hypertrophy which 
seems basic in this deficiency have been 
added cardiac dilatation, mural thrombosis 
and hydrothorax. In comparing the re­
sultant entity with some descriptions of 
others, we see first a close correspondence 
between our findings and those of Street 
et al. ( ’41) in pyridoxine-deficient dogs 
which had cardiac hypertrophy and dilata­
tion with hydrothorax and congestive fail­
ure. Correspondence is more conjectural 
in the two entities which follow. The beri­
beri syndrome (Follis, ’58) is recognized

TABLE 6
Numerical incidence o f lesions in  89 control anim als1

Diet treatment
Total

lesionsRestricted2 
(38 rats)

Ad libitum-fed 
(51 rats)

no. no. no.
Cardiac hypertrophy 0 0 0
Renal hypertrophy 
Myocarditis

0 0 0

Severe 0 23
14

Mild 44 83
A trial throm bi 0 0 0
Hydro thorax 0 1® 1
Pulm onary edema 0 0 0
Pneum onia 0 0 0

1 Males, 49; fem ales, 40.
2 Caloric intake restricted to approximate th a t of deficient anim als.
3 Strain 14C, male.
4 Strain 14C, 3 m ales, one fem ale.
5 Strain 14C, 4 m ales; stra in  I3C, 3 males, one female.
6 Strain 14C, one m ale; very bloody. One of two w ith severe myocarditis. See text.
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to be one of multiple deficiencies which 
varies with the genetic background of the 
patient. Sometimes it shows incomplete 
or poor response to thiamine therapy alone. 
It is characterized not only by cardiac hy­
pertrophy and dilatation, but often by vol­
uminous hydrothorax, and in some series 
at least by mural thrombi (Dock, ’40). An­
other multiple-deficiency state, reported by 
Higgenson et al. (’52), is characterized 
by cardiac hypertrophy and dilatation, with 
mural thrombi in a large percentage of 
cases. Pleural and pericardial fluid occur 
much less conspicuously, ascites being 
more prominent. In relation to these ex­
amples, Levy’s chemical evidence of pyri- 
doxine deficiency in a group of human 
patients with cardiac failure due to various 
causes is of particular interest (Levy et al., 
’59). All of these findings combine to sug­
gest that pyridoxine may eventually be 
found to play a role in certain problems 
of human heart disease.

SUMMARY

Rats receiving a pyridoxine-deficient diet 
at weaning survived about two months, 
then died, showing cardiac and renal hy­
pertrophy, myocardial lesions, cardiac di­
latation, atrial thrombi and hydrothorax 
in a significant number of cases. The in­
terrelationships of these lesions and their 
possible meaning is discussed.
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The Biological Unavailability to the Chick of Zinc 
in a Sesame Meal Ration* 1

J. G. LEASE, B. D. BARNETT, E. J. LEASE a n d  D. E. TURK 
D epartm ent o f Food Technology and H um an N utrition and  
D epartm ent o f Poultry, South Carolina E xperim ent Station, 
Clemson, South Carolina

In feeding trials to evaluate the nutri­
tive quality of sesame meal protein, chicks 
on a semipurified ration developed symp­
toms resembling those reported in zinc 
deficiency even though they were raised 
in galvanized cages and received added 
zinc in the salt mixture. The chicks 
showed a reluctance to move about, 
marked leg deformities, shortened shanks, 
poor growth and in some experiments 
frizzled feathers. These symptoms resem­
bled those described for a zinc deficiency 
in poultry by several investigators2 
(Kratzer et al., ’59; Morrison and Sarett, 
’58; O’Dell et al., ’58; Roberson and 
Schaible, ’58; Supplee et al., ’58; Pensack 
et al., ’58; Young et al., ’58; Day and Hill, 
’59; Moeller and Scott, ’58) Control 
chicks under similar conditions fed a 
semipurified ration containing soybean oil 
meal as the source of protein showed no 
signs of this deficiency.

The addition of zinc to the rations and 
determination of the zinc content of the 
sesame meal were undertaken to ascertain 
whether the symptoms observed were due 
to a lack of zinc. A chelating agent was 
used and the sesame meals were auto­
claved (Kratzer et al., ’59) to determine 
whether the zinc was bound and was not 
available to the chick.

EXPERIMENTAL
Day-old New Hampshire X Connecticut 

Randombred chicks were reared in elec­
trically-heated galvanized batteries with 
galvanized wire floors and given feed and 
tap water ad libitum. There was an equal 
number of males and females in each 
group. The chicks were weighed weekly 
over the 4-week experimental period and 
the leg-deformity scores determined at the

last two weekly weighings. These scores 
were determined by rating the chicks on 
a scale from zero to 4: zero being normal, 
1—one leg slightly deformed; 2—both legs 
slightly deformed; 3—one leg slightly de­
formed, the other severely deformed; and
4—both legs severely deformed. Short­
ened shanks are characteristic of zinc 
deficiency and were thus considered a 
deformity.

In experiment 1, 16 chicks were used, 
in duplicate groups for each ration. In 
experiment 2, there were 10 chicks in trip­
licate groups for each ration in a random 
block design. An analysis of variance was 
run on the weight of the chicks after 4 
weeks on the diets. In addition to the 
sesame meal rations a 50% protein soy­
bean oil meal ration was used for com­
parison of growth and leg scores. A ration 
containing isolated soybean protein3 was 
also fed in experiment 2. The basal ration 
for the chicks fed the sesame meal is 
given in table 1. For the soybean oil meal 
ration, the sesame meal of the basal ration 
was replaced isonitrogenously by 50% pro­
tein soybean oil meal, and the 9 gm of 
L-lysine hydrochloride by 3 gm of d l - 
methionine plus 6 gm of sucrose. Sim­
ilarly for the isolated soybean protein ra­
tion, the sesame meal of the basal ration 
was replaced by the isolated soybean pro­
tein, and the 9 gm of L-lysine hydrochloride 
by 6 gm of DL-methionine and 3 gm of 
glycine. It will be noted that there are

Received for publication April 4, 1960.
1 South Carolina Experim ent Station Technical 

Contribution no. 334.
2 Zeigler, T. R., R. M. Leach, Jr. and L. C. 

Norris 1958 Zinc requirem ent of the chick. 
Federation Proc., 17: 498 (abstrac t).

3 Assay Protein C-l, Archer Daniels M idland 
Company, C incinnati.

6 6 J. N u tk ition , 72: ’60



U N A V A IL A B IL IT Y  O F  Z IN C  O F  S E S A M E  M E A L  R A T IO N S 6 7

TABLE 1
Composition of basal ration

Sesame m eal,1 gm
per kg 

311 to 346
B arnett salts,2 gm 60
Vitam in m ixture3, gm 5
Corn oil,4 gm 55
L-Lysine-HCl, gm 9
Choline chloride, gm 2
Inositol, gm 1
Sucrose, gm to 1000
D-a-tocopheryl acetate, mg 10
Vitam in D3,1.C.U. 200
Vitam in A, U.S.P. units 10,000
Procaine penicillin, mg 10

1 The protein content of the sesame meals 
varied from  58 to 64% ; the am ount used provided 
200 gm of protein.

2 The salt m ixture was composed of the follow­
ing  in  gram s: CaC03, 3803; K2H P 04, 2580;
C aH P04-H20 , 1190; NaCl, 1340; M gS04-7H20 , 
816; Fe citrate-6H 20 , 220; M nS04-H20 , 40; KI, 
6.4; CuS04-5H20 , 2.4; ZnCl2, 2.

3 B arnett et al. ( ’56).
4 The lipid content of the sesame m eals varied 

from  one to 9% ; thus the am ount of corn oil 
added was adjusted so th a t the fa t content of the 
ration  w as 5.5% .

5 gm of zinc chloride per 10,000 gm of 
salt mixture which gave 5.5 ppm of added 
zinc to the basal rations. A water solution 
of zinc chloride was mixed with the ration 
when supplementary zinc was added.

The sesame meals were made from de­
corticated K-10 sesame seed4 which was 
pressed without additional heat, so that 
the temperature in general did not exceed 
80°C to 90°C. The meals were made 
from the 1957 and 1958 crop of sesame 
seed (1957 and 1958 meal), and were 
very light colored in comparison with com­
mercial hydraulic pressed sesame meal. 
The 1957 sesame meal contained 24% 
of lipids (ether-extract) as received, the 
1958 sesame meal, 19% of lipids. These 
meals were extracted in the laboratory 
with cold hexane so that the lipid content 
was reduced to 1 to 2% for the 1958 
sesame meal used in experiment 1 and 
for the 1957 meal used in experiment 2; 
the 1957 sesame meal for experiment 1 
contained 9% of lipids. The zinc content 
of the 1958 sesame meal (19% lipids) 
was 108 ppm; that of the 1957 sesame 
meal (9% lipids) 117 ppm, as determined 
by the Vallee-Gibson procedure (Vallee 
and Gibson, ’48). The rations for experi­
ment 2 had the following zinc content:

sesame meal, 52 ppm; soybean oil meal, 
29 ppm; and isolated soybean protein, 
12 ppm. The zinc content of the sesame 
meal and soybean oil meal rations in ex­
periment 1 were similar to those in experi­
ment 2. The L-lysine content of the 1957 
sesame meal was 23 y per gm; that of 
the 1958 sesame meal 19 y per gm on 
the fat-free basis. The L-lysine of the 
sesame meal in the ration plus that of 
the added L-lysine hydrochloride totaled 
1.4% of L-lysine in the sesame meal ra­
tions.

The autoclaved sesame meal for experi­
ment 1 was prepared by mixing the se­
same meal with an equal weight of water 
and autoclaving in glass dishes in a layer 
1 %" deep for 30 minutes at 15 pounds 
pressure. This was a rather dry prepara­
tion so that in experiment 2, the meal 
was similarly autoclaved with twice its 
weight of water; this gave a spongy prep­
aration with no visible excess water. Both 
were dried and reground before incorpo­
rating in the ration.

Sesame meal was mixed with twice its 
weight of water containing enough eth- 
ylenediaminetetracetic acid, disodium salt 
(EDTA) to chelate 50 ppm of zinc with 
50% additional to assure an excess (430 
ppm of EDTA in the ration). This was 
allowed to stand in a plastic container at 
room temperature for 24 hours, dried at 
49 °C and reground. A control product 
was treated similarly with water but no 
chelating agent. Both products were ob­
served to heat considerably during this 
time. In the dry-chelate ration, the same 
amount of EDTA was mixed with the 
sucrose of the ration.

No special effort was taken with the 
environment of the chicks to avoid zinc; 
besides raising the chicks in galvanized 
batteries, the rations were mixed in a gal­
vanized container. Since the original ra­
tions with which the zinc deficiency was 
noted contained zinc chloride in the salt 
mixture, the same salt mixture was used 
in subsequent rations. Only in autoclav­
ing the meal or the wet treatment with 
the chelating agent was care taken to use 
plastic or glass containers to prevent addi­

4 The authors w ish to thank  Mr. Roy Ander­
son, Sesa-Kraft, Inc., Paris, Texas, for the se­
same meals used in  the experiments.
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tional zinc getting into the ration from the 
surface of containers.

RESULTS AND DISCUSSION

The chicks fed the sesame meal rations 
grew poorly and exhibited marked leg de­
formities (table 2). Addition of 30 ppm 
of zinc to the ration led to an increase in 
weight and reduction of the leg deformi­
ties; addition of 60 or 120 ppm of zinc 
gave a further increase in weight. While 
the leg score is a subjective test, the low­
ered score for the chicks given 120 ppm 
of zinc and the slight increase in weight 
suggest that 120 ppm was a more ade­
quate supplement than 60 ppm.

Feeding the 1957 sesame meal auto­
claved for 30 minutes did not result in 
a significant increase in weight or reduc­
tion of leg deformities in the chicks. The 
addition of 30 ppm of zinc to this auto­
claved meal ration, however, resulted in 
a significant gain in weight and reduction 
of leg deformities when compared with 
non-treated sesame meal. This ration gave 
a gain in weight and reduction in leg

deformities comparable with those ob­
tained with rations having 60 ppm of 
added zinc. This suggests that neither 
the 30 ppm of added zinc, nor autoclaving 
alone, supplied enough zinc but that the 
combination provided sufficient zinc for 
good growth and prevention of leg deform­
ities. Doubling the water added to the 
sesame meal before autoclaving did not 
increase the availability of the zinc to the 
chick. Allowing sesame meal to stand 
with double its weight of water for 24 
hours did not increase the availability of 
its zinc. With the 1958 meal, autoclaving 
led to a significant increase in weight but 
no reduction in leg deformities.

The use of EDTA, either as a solution 
with the meal itself or added dry to the 
ration, led to an increase in growth and 
reduction of leg deformities comparable 
with the addition of 60 or 120 ppm of 
zinc to the ration. Since the sesame meal 
of the ration contained 45 ppm of zinc 
and enough EDTA was added tc free at 
least 50 ppm of zinc, evidently the EDTA 
was capable of releasing the zinc from

TABLE 2
Effect of treatm ent of sesame m eal and the addition o f zinc on the growth and leg deform ity c f chicks

fed  sesame m eal rations

P ro te in  source M eal
trea tm en t

Average w eight an d  leg  deform ity 
Added score a t 4 weeks

zinc --------------------------------------------------
E xperim ent 1 E xperim en t 2

ppm gm score gm score
1957 Sesame m eal none1 0 301 2.5 327 2.3

none 30 349 0.6
none 60 374 0.9 40S 0.7
none 120 421 0.3
autoclaved 0 341 1.92 34C 2.53
autoclaved 30 368 1.02
+  EDTA in ration4 0 404 0.3
+  EDTA, wet 0 430 0.4
+  w ater 0 323 2.4

1958 Sesame m eal none 0 225 2.4
none 60 387 0.7
autoclaved 0 329 2.32

Isolated soybean5 protein none 0 366 1.2
none 60 386 0.4

Soybean oil m eal none 0 394 0.2 403 0.3
60 428 0.4

L.S.D. (0 .05) 41 39

1 In  two previous experim ents chicks fed the sesame m eal rations had  leg deformities w ith a 
score of 2.3 and 2.4.

2 Sesame m eal autoclaved w ith an equal w eight of water.
3 Sesame m eal autoclaved w ith double its weight of water.
4 The sesame m eal received no treatm ent but dry EDTA was added to the ration.
5 Assay Protein C-l, Archer-Daniels-Midland Company, C incinnati.
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its sesame meal-bond or was capable of 
destroying the zinc-binding power of the 
sesame meal so that extraneous zinc was 
available to the chick.

The addition of zinc to the isolated 
soybean protein ration did not lead to as 
striking improvement in growth as the 
addition of zinc to the sesame meal ra­
tions. Although leg deformities were pres­
ent and were reduced by the addition of 
zinc to the ration, the condition was not 
as striking as that found with sesame 
meals. This is probably due to the greater 
zinc-binding capacity of the sesame meal.

Chicks fed the 50% protein soybean 
oil meal ration showed a slight increase 
in growth on addition of 60 ppm of zinc 
to the ration, but under the conditions of 
the experiment this was not significant; 
the incidence of leg deformities using 
either of these rations was negligible. 
Since the soybean oil meal ration con­
tained 29 ppm of zinc in addition to that 
available from the chicks’ environment, 
this was to be expected.

While the 29 ppm of zinc contained in 
the soybean oil meal ration resulted in 
good growth and lack of leg deformities, 
the addition of 30 ppm of zinc to the 
sesame meal rations already containing 
about 52 ppm of zinc did not result in 
good growth. Apparently not only is the 
zinc present in the sesame meal rendered 
unavailable, but also the sesame meal can 
combine with added zinc.

The sesame meals used in these ex­
periments differ from most commercial 
meals in that the seed was decorticated 
before pressing, and the temperature of 
pressing was relatively low. The variety 
used, K-10, and its provenance could also 
possibly be factors which would differ­
entiate these meals from other commer­
cial ones. Experiments are under way 
with sesame meals made from non-de- 
corticated K-10 seed grown in Texas, and 
with a different, new variety grown in 
South Carolina. These have been “cold- 
pressed,” and pressed at elevated tem­
peratures to determine which, if any, of 
the above factors are contributing to the 
zinc binding capacity of the meals used 
in the above experiments.

SUMMARY
Chicks fed purified rations containing 

sesame meal, made from decorticated 
K-10 seed as the sole source of protein, 
showed gross signs of zinc deficiency al­
though the rations contained about 52 
ppm of zinc. The chicks were raised in 
galvanized batteries and given tap water. 
Growth was significantly improved and 
leg deformities were greatly reduced when 
60 or 120 ppm of zinc were added to the 
ration. Autoclaving the sesame meal led 
to significantly improved growth in some 
cases but did not prevent leg deformities 
in any case. Addition of a solution of eth- 
ylenediaminetetracetic acid, disodium salt 
(EDTA) to the sesame meal, or of dry 
EDTA to the ration greatly reduced leg 
deformities and resulted in as good growth 
as 120 ppm of zinc.

The addition of zinc to the sesame meal 
rations resulted in a much greater increase 
in growth and decrease in leg deformities 
than the addition of zinc to isolated soy­
bean protein rations.
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S e le n iu m  a n d  E x u d a t iv e  D ia t h e s i s  
in  C h ic k s  a n d  P o u lt s * 1'2

M. M. RAHMAN, C. W. DEYOE, R. E. DAVIES a n d  J. R. COUCH
D epartments of Poultry Science and Biochemistry and N utrition, Texas 
A. and M. College System , College Station, Texas

Schwarz et al. (’57) and Patterson et al. 
(’57) have shown that Factor 3 concen­
trates would prevent the gross symptoms 
of exudative diathesis in chicks fed a 
vitamin E-free Torula yeast basal diet of 
Scott et al. (’55) and selenium was found 
to be the active constituent of Factor 3. 
Dried brewers’ yeast which also prevented 
exudative diathesis (Scott et al., ’55), was 
found to be free of vitamin E but an effec­
tive source of Factor 3 (Schwarz, ’55). 
Dietary selenium at 0.1 ppm of the diet 
replaced vitamin E or dried brewers’ yeast 
in reversing the lowered protein content 
and albumin to globulin ratio (A/G) in 
the serum, reduced red cell count, hemo­
globin values and the elevated cell volume 
in blood associated with exudative dia­
thesis in chicks (Reid et al., ’58).

In the present studies, supplements of 
varying levels of selenium as sodium 
selenate, dried brewers’ yeast and ashed 
brewers’ yeast were compared with vita­
min E in their ability to prevent the sym- 
toms of exudative diathesis in chicks and 
poults fed a Torula yeast diet. Analyses 
of blood were made to provide additional 
information on the relationship of such 
supplements to the condition of exudative 
diathesis.

EXPERIMENTAL
The Torula yeast basal diet used by 

Creech et al. (’57) was assigned to 10 
groups of White Plymouth Rock chicks, 
one-day old.3 Magnesium, potassium, cop­
per and zinc were omitted from the min­
eral mixture since these elements were 
present in the Torula yeast in rather high 
concentrations (N.R.C., ’56). Supple­
ments added to the basal diet were vita­
min E, selenium, dried brewers’ yeast, 
ashed brewers’ yeast, corn distillers’ dried 
solubles and condensed fish solubles ( table

1). Selenium was supplied as an aqueous 
solution of sodium selenate4 (Na2Se04). 
The ration was calculated to contain 22% 
of protein and was considered to be ade­
quate in all micronutrients except vita­
min E. Dried brewers’ yeast was sub­
stituted on an isonitrogenous basis for 
Torula yeast. Dried brewers’ yeast in the 
presence of 10% concentrated HC1 or 
1% CaO, was charred at a low tempera­
ture and was subsequently charred at 
400 °C to 500 °C for 24 hours in an elec­
tric muffle furnace.

All diets were mixed fresh each week 
and rancidity indices determined at the 
mixing time and after one week’s storage 
to test the antioxidant nature of selen­
ium. The index used was the milliequi- 
valents of peroxide present in 100 kg of 
feed. A sample of feed, calculated to con­
tain one gram of fat was extracted with 
peroxide-free ethyl ether. After evapora­
tion of the ether, peroxide number was 
determined in the extracted fat by titra­
tion with 0.002 N sodium thiosulphate.
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pany, stabilized v itam in A by Stabilized V ita­
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ical Corporation, butylated hydroxytoluene by 
Koppers Company, and Torula yeast by Lake 
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3 Dried Torula yeast contains the dried cells 
of Candida utilis and is produced by the Lake 
States Yeast Corporation, R hinelander, W isconsin.

4 E. H. Sargent and Company, Detroit.
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TABLE 1
Effect o f selenium  on growth, incidence of exudative diathesis and associated blood changes in  

chicks fed a vitam in  E-free Torula yeast diet

Supplement to 
basal diet

Av.
weight

28
days

Inci­
dence

of
exu­

dative 
diathesis 
28 days

First
appear­

ance
of

symp­
toms

Red
blood
cells

Hemoglobin
Packed

cell
volume

Mean
cell

volume

Hemo­
globin

per
cell

gm % days ppm gm/weight % 20-7 mm3 10~8 mg
None 264 95 17 2,10 6.3 29.8 141 3.00

d-a-Tocopheryl
acetate (20 m g/pound) 290 __1 — 2.50 8.6 33.9 135 3.44

10% Dried brewers’ yeast 295 — — 2.51 8.4 33.7 134 3.34

10% Dried brewers’ 
yeast (acid ashed) 254 90 17 — 6.0 27.6 — —

10% Dried brewers’ 
yeast (alkali ashed) 275 45 21 — 7.0 30.4 — —

0.1 ppm  Selenium 
(sodium  selenate) 299 0 — — 8.6 33.0 — —

0.05 ppm  Selenium 
(sodium  selenate) 315 0 — 2.48 8.5 32.5 131 3.42

0.025 ppm  Selenium 
( sodium selenate ) 285 50 20 — 6.9 29.7 — —

10% Corn distillers’ 
dried solubles 245 0 — — ------- ____ ____ —

10% Condensed fish 
solubles 300 0 — — — — — —

1 The — indicates no appearance cr was not determined.

In the second study, the supplements, 
selenium, vitamin E, and dried brewers’ 
yeast were added in all possible combina­
tions.

The vitamin E-deficient diet for turkey 
poults was that used by Creech et al. (’57) 
with zinc, magnesium, potassium and cop­
per omitted from the mineral mixture. 
Beltsville Small White poults, obtained 
from dams fed a complete practical diet, 
were divided into 4 groups of 15 each, and

fed supplements of vitamin E and sodium 
selenate as indicated in table 2. Glucose 
monohydrate was replaced by corn starch 
in the diet of one group.

Birds in all studies were housed in elec­
trically heated batteries with raised wire 
floors, and feed and water were supplied 
ad libitum. Body weights were determined 
weekly throughout the study and daily 
observations were made for the appear­
ance of symptoms of exudative diathesis.

TABLE 2
Effect of selenium  on the ’production of exudative diathesis in  turkey poults fed  

a v itam in  E-free Torula yeast diet

Supplem ent to 
basa l d iet W eight a t  28 days

Incidence of 
exudative 
d ia thesis 
a t 35 days

gm %
None 220.0 70.0
d-a-Tocopheryl acetate, 20 mg per pound 225.0 —

Selenium (sodium  selenate , 0.5 ppm 230.0 —

None1 233.0 —
1 Starch used as source of carbohydrate in  place of glucose monohydrate.
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Five birds were removed for biochemical 
studies when sufficient birds in the basal 
group showed symptoms of exudative 
diathesis. Only birds having gross symp­
toms of exudative diathesis in the af­
fected groups were selected for biochem­
ical investigation.

Blood, taken by cardiac puncture, was 
allowed to coagulate at room temperature 
for one hour. The serum was then sepa­
rated by centrifugation at 5000 rpm for 
5 minutes and analyzed by paper electro­
phoresis.5 The A/G ratio in the serum 
was calculated by the procedure recom­
mended by the manufacturer of the ap­
paratus. Total protein determinations 
were made by using the biuret reaction 
following the method of Kingsley (’42).

Blood for hematological measurements 
was taken by puncture of the wing 
vein. Measurements included erythrocyte 
counts, packed cell volume and hemo­
globin determinations. Mean erythrocyte 
volume was determined according to the 
method of Wintrobe (’42).

RESULTS AND DISCUSSION
The determination of the rancidity in 

feed offered to the chicks indicated that 
very little oxidation had taken place in 
the lard used in this study prior to mix­
ing the diet. After one week, the rancid­
ity of the fat in the feed had increased to 
some extent. Vitamin E retarded rancid­
ity effectively in the diet but selenium 
and dried brewers’ yeast were totally in­
effective as antioxidants (table 3).

The first symptom of exudative dia­
thesis in the birds fed the basal diet ap­
peared on the 17th day and increased to 
an incidence of 95% by the 28th day. The 
symptoms were characterized by an exu­
date and hemorrhage in the subcutaneous 
tissues of the abdomen, lower portion of

the breast and on the inner sides of the 
thigh. The addition of selenium, as so­
dium selenate, at 0.1 or C.05 ppm of the 
diet prevented the development of the 
gross symptoms of exudative diathesis in 
chicks up to 4 weeks old (table 1). Symp­
toms of exudative diathesis were likewise 
prevented by the addition of 20 mg of d- 
a-tocopheryl acetate per pound of diet or 
by dried brewers’ yeast at 10% of the diet. 
Previous reports, however, showed that 
exudative diathesis in chicks was pre­
vented by 0.1 ppm of selenium supplied 
in the diet as sodium selenite or seleno- 
cystathione (Schwarz et al., ’57) or by 
0.3 ppm of selenate selenium (Patterson 
et al., ’57).

Vitamin E, dried brewers’ yeast or 
selenium (0.1 and 0.05 ppm) promoted 
growth of the chicks, the maximum stimu­
lation (about 20% ) being exerted by 0.05 
ppm of selenium. Evaluation of the activ­
ity of dried brewers’ yeast reveals that it 
might be comparable with that resulting 
from 0.1 ppm of selenium.

Corn distillers’ dried solubles and con­
densed fish solubles prevented exudative 
diathesis when used at 10% of the diet, 
indicating that these are effective sources 
of vitamin E-active factors, probably sele­
nium. Birds fed 10% of corn distillers’ 
dried solubles had diarrhea which might 
be due to the high mineral content of the 
supplement. Fish solubles promoted 
growth comparable with dried brewers’ 
yeast (table 1).

Dried brewers’ yeast ashed after acidi­
fication with concentrated HC1, did not 
prevent exudative diathesis nor did it stim­
ulate growth (table 1) and the deficiency 
symptoms of the birds fed this supple-

5 Spinco-R-Paper Electrophoresis and Model RB 
Analytrol, Spinco Division, Beckman Instrum ents, 
Inc., Belmount, California.

TABLE 3

Effect of selenium on the rancidity index of feed stored for a week

Supplem ent to R ancid ity  ind ex 1 of stored feed
b asa l diet 0-day 7th day

None 0.20 42.0
d-a-Tocopheryl acetate, 20 m g/pound 0.21 30.1
Dried brewers’ yeast, 10% 0.25 42.0
Selenium (sodium  selenate), 1 ppm 0.22 44.0

1 Milliequivalents of peroxide in  100 kg of feed, stored at 80°F.
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ment were as severe as those of the birds 
fed the basal diet. The active factor pre­
venting exudative diathesis was lost en­
tirely under the conditions cf ashing. 
When ashing of the yeast was carried out 
in the presence of 1% calcium oxide, a 
lower incidence of exudative diathesis 
was observed and the appearance of the 
symptoms was delayed by 4 days. Prob­
ably the active factor in brewers’ yeast 
is volatile and capable of forming a less 
volatile salt with calcium as the cation. 
Selenium at 0.025 ppm was approximately 
50% effective in preventing exudative 
diathesis in a 4-week period and the ap­
pearance of the symptoms was delayed 
by three days. The response due to 0.025 
ppm of selenium was approximately the 
same as that with alkali-treatec brewers’ 
yeast ash with respect to protection 
against exudative diathesis and promotion 
of growth.

Red blood cell counts, packed cell vol­
ume and hemoglobin levels were reduced 
in the chicks having exudative diathesis. 
The cell volume, however, was increased 
slightly by the deficiency. The anemia 
observed in the deficient chicks thus was 
a macrocytic hypochromic anemia, which 
is in accord with the observation of 
Creech et al. (’58). The reduction of the 
hemoglobin per cell in the affected birds 
attracts attention. It is not known whether 
this change is due to the deficiency of 
vitamin E or to emaciation. Selenium at 
0.05 ppm, or dried brewers’ yeast at 10% 
of the diet, could replace vitamin E in 
maintaining the normal level of the vol­
ume and count of red cells and t ie hemo­

globin content. Acid-ashed dried brewers’ 
yeast was ineffective in maintaining these 
factors whereas alkali-ashed dried brew­
ers’ yeast and 0.025 ppm of selenium 
were partially effective in this regard 
(table 1).

The sodium, potassium, and calcium 
content of the serum was not affected by 
any of the supplements (table 4). Sodium 
and potassium are known to be involved 
in the osmotic mechanism of the blood. 
Dried brewers’ yeast, vitamin E and 0.1 
ppm of selenium exerted similar effects 
on the total serum protein and A/G ratio, 
but the addition of 0.05 ppm of selenium 
elevated the serum protein level to a 
greater extent than the other supplements 
did (table 4). The data for alkaline ash 
of dried brewers’ yeast and 0.025 ppm of 
selenium were taken from birds which 
had exudative diathesis. These supple­
ments exerted a partial protection of the 
normal A/G ratio of serum. In fact this 
partial protection means that by the time 
the birds of the basal group showed gross 
symptoms of a deficiency the birds fed 
the alkaline ash of dried brewers’ yeast, 
or 0.025 ppm selenium, were only mildly 
affected by the symptoms since the supple­
ments had delayed the onset of exudative 
diathesis.

In the second study, symptoms of exu­
dative diathesis were observed in 85% of 
the chicks fed the vitamin E-free Torula 
yeast diet by the end of the 4th week 
(table 5). The chicks were fed the ex­
perimental diet for 5 weeks and by the 
end of the experimental period all of the 
birds fed the basal diet had died. Addi-

TABLE 4
Effect of selenium  on sodium, potassium , calcium, total protein and A /G  ratio of the serum of chicks

fed  a v itam in  E-free Torula yeast diet

Supplement to 
basal diet

Serum composition 
Sodium Potassium Calcium

Total
protein

A/G
ratio

meq/l meq/l m g /100 ml gm/100 ml
None 159.0 5.5 8.0 2.01 0.13
ci-a-Tocopheryl acetate, 20 m g/pound 154.0 5.3 9.1 3.80 0.84
Dried brewers’ yeast, 10% 150.0 5.5 8.5 3.79 0.72
Dried brewers’ yeast (acid  ashed), 10% 159.0 5.7 — 2.50 0.20
Dried brewers’ yeast (a lkali ashed), 10% 157.0 5.0 — 2.60 0.29
Selenium1, 0.1 ppm 150.0 5.2 9.0 3.80 0.81
Selenium1, 0.05 ppm 156.0 5.8 8.4 4.04 0.79
Selenium1, 0.025 ppm — — — 2.80 0.40

1 As sodium selenate.
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TABLE 5
Effect o f selenium  on growth and occurrence of exudative diathesis in  chicks 

fed  a vitam in  E-free Torula yeast diet

Supplement to Weight Blood
hemoglobinbasal diet 21 days 35 days 25 days

gm gm gm/100 ml 
blood

None 235» — 7.00
Vitam in E2 2861 568 8.13
Dried brewers’ yeast2 285 555 8.33
Selenium4 294 563 8.07
Vitam in E2 and selenium 4 291 560 8.00
Selenium4 and dried brewers’ yeast3 287 550 8.70
Dried brewers’ yeast3 and vitam in E2 290 549 8.66
Vitam in E,2 dried brewers’ yeast3 and selenium 4 289 560 8.33

1 Symptoms of exudative diathesis appeared on 17th day and occurrence was 85% by 
end of 4th week; all chicks died by 5th week.

2 As 20 mg d-a-tocopheryl acetate/pound  of diet.
3 Dried brewers’ yeast, 10% of diet.
4 As sodium selenate, 0.05 ppm.

tion of either 20 mg/pound of d-a-tocoph- 
eryl acetate or 10% of dried brewers’ 
yeast to the diet produced equivalent 
growth responses of about 21% at the end 
of the third week. The supplementation 
of 0.05 ppm of selenium resulted in a 
growth response of 25% over that of the 
birds fed the basal diet. The growth re­
sponses obtained by the different combina­
tions of the supplements were no greater 
than those due to any single supplement. 
The average three-week weights of chicks 
fed these three supplements, singly or in 
combination, were within the limit of ex­
perimental variation. The weights in the 
5th week also supported the same conclu­
sion, but since all the birds fed the basal 
diet had died, no comparison could be 
made between the supplemented and un­
supplemented groups. The hemoglobin 
content of the blood of the deficient birds 
was lower by about 16% than that of the 
birds receiving any of the supplements; 
however, no significant differences existed 
among the hemoglobin values of the birds 
receiving the different treatments (ta­
ble 5).

Exudative diathesis appeared in turkey 
poults on the 25th day of feeding the 
Torula yeast basal diet (table 2), the 
symptoms being a mild abdominal edema 
and exudation as described by Creech et 
al. (’57). All the birds fed the basal diet 
died by the end of the 5th week. The 
symptoms were completely prevented by

d-a-tocopheryl acetate (20 mg/pound) or 
by 0.5 ppm of selenium as sodium sele­
nate. Most of the birds, fed the basal diet 
had edema and exudates which might 
have increased the weight of the birds. 
The affected birds had only mild edema 
and died before the edema became severe. 
The use of corn starch in place of glucose 
in the Torula yeast diet for the turkey 
poults prevented the appearance of symp­
toms of exudative diathesis.

The possibility exists that vitamin E, 
or more probably selenium, occurs as a 
contaminant in corn starch in sufficient 
quantities to prevent the condition. It is 
also possible that this observation is re­
lated to the report by Manfre et al. (’58) 
that the microbial population in the crop 
of the turkey is greatly increased by sub­
stitution of glucose5 for starch.

SUMMARY

Symptoms of exudative diathesis were 
produced in chicks fed a vitamin E-free 
Torula yeast diet. The condition was pre­
vented by the addition of vitamin E or of 
dried brewers’ yeast to the basal diet 
Com distillers’ dried solubles and con­
densed fish solubles were also active in 
this respect.

Selenium fed at 0.1 ppm or 0.05 ppm 
as sodium selenate in the diet successfully 
replaced vitamin E or dried brewers’ yeast

Cerelose.
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in the prevention of the gross symptoms 
of exudative diathesis in chicks and in 
preventing the increase in cell volume, 
the reduction in blood hemoglobin con­
tent, in red cell count, total serum pro­
teins and in the A/G ratio. The incidence 
of exudative diathesis in turkey poults was 
prevented by the addition of 0.35 ppm of 
selenium (selenate). Unlike Tútamin E, 
the dried brewers’ yeast and selenium did 
not prevent the rancidity of feed fat.

In the absence of vitamin E, selenium 
(selenate) promoted growth when fed at 
0.1 or 0.05 ppm in the diet, the latter 
level being slightly more effective. In the 
presence of vitamin E, no growtn response 
was observed by the supplementation of 
selenium or dried brewers’ yeast in the 
diet. The growth response due to dried 
brewers’ yeast was comparable with that 
resulting from 0.1 ppm selenium.

Selenium, vitamin E, or dried brewers’ 
yeast did not affect the sodium, potassium 
or calcium level of the serum of the chicks. 
The alkaline (calcium oxide) ash of dried 
brewers’ yeast had partial effectiveness 
against the condition of exudative dia­
thesis, equivalent to that due to about 
0.025 ppm selenium (selenate) in the 
diet. No protection was observed when 
dried brewers’ yeast, ashed in the presence 
of 10 % concentrated HC1, was added as 
a supplement to the diet. Selenium, vita­
min E, or the use of starch as a carbo­
hydrate source completely prevented the

development of exudative diathesis in 
turkey poults fed a Torula yeast diet.
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The study of Gottieb and Lalich (’54) 
showed that about one third of the swine 
reaching the age of three years had scle­
rotic aortas. Since then several studies on 
the effect of various dietary regimes on the 
atherosclerotic process in swine have been 
reported.

Bragdon et al. (’57) observed that addi­
tion of butter to the diet of swine caused 
a significant elevation in serum cholesterol, 
but corn oil was without effect. Peifer 
and Lundberg2 found that both corn oil 
and beef tallow fed at two levels of energy 
intake raised serum cholesterol. With 
maintenance intake of total calories the 
beef tallow gave slightly higher values 
than corn oil. Roswell et al. (’58) re­
ported that blood cholesterol did not in­
crease when swine were fed isocaloric 
diets rich in butter or margarine. Re­
cently, Barnes et al. (’59a, ’59b) reported 
studies on the effect of dietary fat and 
protein on serum cholesterol in young and 
adult swine. They found that fat in the 
form of beef tallow caused an increase in 
serum cholesterol in young and adult 
swine. Low protein also caused a hyper­
cholesteremia, but only when evidence of 
protein deficiency was manifested. They 
suggested that information obtained from 
swine on the atherosclerotic process as 
affected by the diet may be of help in 
unraveling the mystery of atheroschlerosis 
and heart disease in man. Consequently 
we initiated a study in which swine were 
maintained on different dietary regimes 
and the blood analyzed for cholesterol, 
transaminases and copper. The results of 
these analyses are reported herein.

EXPERIMENTAL

Purebred Duroc pigs, 9 to 10 weeks old, 
were used. In the testosterone study, 30 
barrows were assigned randomly to the

following 5 treatments: controls and testos­
terone additions of 20 mg per day; zero 
mg to 125 pounds of body weight and 20 
mg per day thereafter; 20 mg per day to 
125 pounds of body weight and zero mg 
thereafter; and zero, 5, 10, 15, 20, 30, 40 
and 50 mg per day at 10-day intervals. 
In addition, 6 boars were included for 
comparison with the barrow controls. The 
methyltestosterone, U.S.P. grade, was 
mixed with the complete feed mixture. In 
the fat-stilbestrol experiment, 36 barrows 
were assigned randomly to 6 treatments. 
The design of this experiment is described 
in table 1. The diethylstilbestroP was 
mixed with the complete feed mixture so 
that each pig received a minimum of 2 
mg per day. The pigs were housed in 
individual concrete-floor pens and received 
feed and water ad libitum. The composi­
tion of the various diets is shown in table
2. The pigs in the testosterone study re­
ceived a diet containing 16% of protein 
until they reached the weight of 100 to 
110 pounds and then changed to a 14% 
protein diet. In the fat-stilbestrol experi­
ment, the initial diet contained 14% of 
protein, which was lowered to 10% when 
the pigs attained 100 to 110 pounds. The 
pigs were killed upon reaching approxi­
mately 200 pounds. Blood was obtained 
about one hour after the pigs were removed 
from the feed.

Serum total cholesterol was determined 
by the method of Zak (’57); serum cop­
per by the procedure of Peterson and Bol- * 1 2 3

Received for publication March 28, 1960.
1 Published w ith the approval of the Director 

as Journal Series Paper no. 76.
2 Peifer, J. J., and W. O. Lundberg 1958 In­

fluence of total calories, fa t calories and fa t 
unsatu ration  on blood lipides. Federation Proc., 
17: 288 (abs trac t).

3 Stilbosol, supplied by Eli Lilly and Co., In ­
dianapolis.
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TABLE 1
Effect of dietary hormones and fa t on serum cholesterol, transam inases and copper

Treatment Cholesterol1 SGOT2 SGPT2 Copper3
Testosterone 

Controls (6 )1 2 3 4 187=  11 4 8 .4 =  6.6 36.4 =  5.8 2.16 =  0.28
20 m g/day  (6 ) 143 ±26® 60.8 =  10.5 36.8 =  6.0 2.08 =  0.33
20 m g/day  from 

125 pounds (6 ) 152 ± 1 2 7 63.9 =  14.0 37.6 =  5.3 2.15 =  0.17
20 m g/day  to 

125 pounds (6 ) 170± 31 60.8 =  12.5 41.1 =  6.1 1.86 =  0.41
Graded levels (6 ) 136 ±30® 66.0=18.8 34.9 =  5.3 2.10 =  0.25
Boars (6 ) 138 ±13® 52.6 =  11.0 32.2 =  3.6 1.76 =  0.23

F at—stilbestrol 
Controls (6 ) 180±  13 54.7=15.1 42.8 =  3.4 2.11 =  0.11
Stilbestrol (6 ) 177 ± 2 4 54.5 =  10.6 40.5 =  7.3 2.40 =  0.18®
5% Tallow (5 ) 209 ±  31 48.0 =  16.9 42.6 =  4.9 2.15 =  0.25
5% Tallow +  

stilbestrol (6 ) 214± 21 54 .4=  6.7 39.0 =  3.2 2.32 =  0.28®
10% Tallow (6 ) 288 ± 3 9 7'8 52 .1=  9.3 37.1 =  4.3 2.02 =  0.40
10% Tallow +  

stilbestrol (6 ) 201 =  27 48 .1 =  6.5 38.8 =  5.1 2.32 =  0.19®

1 M illigrams per 100 m l of serum.
2 Sigma-Frankel un its  per m illiliter of serum  [glutamic oxalacetic transam inase (SGOT) 

and glutamic pyruvic transam inase (SGPT)].
3 Micrograms per m illiliter of serum.
4 Figures in  parentheses show num ber of anim als assayed.
5 S tandard error of the m ean.
6 Significant difference from  CDntrols at P <  0.01.
7 Significant difference from  controls at P  <  0.05.
8 Significant difference from  stilbestrol group at P <  0.05.

TABLE 2
Composition o f diets

Level of protein 
in diet

Testosterone1
experiment

Fat-stilbesterol2 experiment

Control 5%
Tallow

10%
T allow

% % % % %
Corn 16 79.3 — — —

14 83.8 83.8 77.8 71.8
10 — 92.8 86.8 80.8

Soybean m eal 16 16.5 — __ _
14 12.0 12.0 13.0 14.0
10 — 3.0 4.0 5.0

Alfalfa m eal3 2.0 2.0 2.0 2.0
M ineral m ix4 2.0 2.0 2.0 2.0
V itam ins5 6 0.1 0.1 0.1 0.1
Aureomycin® 0.1 0.1 0.1 0.1
Stabilized beef tallow — — 5.0 10.0

1 Added as m ethyltestosterone.
2 Added as diethylstilbestrol to supply each pig a m inim um  of 2 mg per day.
3 Dehydrated alfalfa m eal (17%  pro tein).
4 M ineral m ixture supplied 273.3 gm CaC03; 273.9 gm steamed bone m eal; 273.9 gm NaCl; 

19.55 gm Fe20 3; 195 mg CoC03; 3.9 gm M nS04-H20 ; 50 mg KI; 3.12 gm CuS04-5H20 ; and 
58.69 gm cane molasses per 100 pounds of feed. In  addition, zinc carbonate w as added to 
supply 50 ppm  of zinc.

5 V itam in prem ix supplied 2 mg riboflavin, 4 mg Ca pantothenate, 9 mg n iacin  and 10 
m g choline chloride per pound of feed.

6 Aurofac 1A, American Cyanam id Co., New York; supplied 1.8 mg of Aureomycin per
pound of feed.
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lier (’55); and the serum enzymes, 
glutamic oxalacetic transaminase and glu­
tamic pyruvic transaminase, were meas­
ured by the method of Reitman and 
Frankel ( ’57).4 The data were treated 
statistically and the multiple range test 
as proposed by Duncan (’55) was used to 
test significance of the means.

RESULTS
The data illustrating the effect of testos­

terone, stilbestrol and fat on serum total 
cholesterol are shown in table 1. Feeding 
testosterone at a level of 20 mg per day or 
graded levels of 10 mg per day at 10-day 
intervals to growing swine significantly 
lowered the cholesterol level (P<0.01). 
It was also decreased in animals receiving 
testosterone from the weight of 125 pounds 
to the end of the trial (P <0.01). Evi­
dence that testosterone caused a reduction 
in serum cholesterol is demonstrated by 
the observation that when it was not fed 
after the pigs reached 125 pounds, the 
cholesterol level was the same as that of 
the control barrows. Additional evidence 
is indicated by the results that boar pigs 
had a lower serum cholesterol than bar- 
rows (P < 0.01) and essentially the same 
as those animals fed testosterone. In con­
trast with the lowering effect of testoster­
one, stilbestrol did not cause a change in 
serum cholesterol. The stabilized beef tal­
low caused a slight elevation of serum cho­
lesterol when it was fed at the level of 5% 
and a significant increase at the 10% 
level (PC0.01).

The results showing the effect of hor­
mones and fat on serum glutamic oxalace­
tic and glutamic pyruvic transaminases 
and copper are shown in table 1. The data 
clearly show no effect on the enzymes. No 
definite trend was found for serum copper 
as influenced by testosterone. On the other 
hand, stilbestrol, added to the daily ration, 
caused a significant increase (P<0.01).

DISCUSSION

Many factors have been shown to in­
fluence serum cholesterol concentration. 
Among them are the level and type of 
dietary fat, the amount of cholesterol and 
cholic acid in the diet, the intake of plant 
sterols, dietary amounts of a number of 
the vitamins, the protein intake and endo­
crine factors.

Of these, the effect of hormones is of 
particular interest in the present study. 
However, although considerable work has 
been done on this subject, the picture is 
quite variable. Normally, serum choles­
terol is higher in the female animal than in 
the male. This has been reported by Fillios 
et al. (’58) to be related to estrogenic 
activity. These investigators found that 
endogenous cholesterol biosynthesis was 
higher in female rats than in males. It 
was further noted that estradiol treatment 
stimulated endogenous cholesterol biosyn­
thesis in castrated rats.

Various trials have been reported on the 
effect of endocrine administration on 
serum cholesterol in experimental ani­
mals. Testosterone treatment of male and 
female rabbits lowered the serum cho­
lesterol level, whereas estradiol increased 
it (Fillios and Mann, ’56). For the male 
rat, estradiol raised the serum cholesterol 
(Fillios, ’57; Priest et al,, ’57) but stil­
bestrol, progesterone and other substances 
related to active estrogens had little effect 
(Priest et al., ’57). Testosterone has been 
found to prevent hypercholesteremia in 
cholesterol-fed cockerels (Pick et al., ’59).

Castration also plays a role. Castration 
of both female and male cockerels (Pick 
et al., ’59) and rats (Fillios, ’57) resulted 
in hypercholesteremia. Estradiol was 
found (Fillios, ’57) to increase cholester- 
emia in castrates of both male and female 
rats, while testosterone was found to lower 
the response of the female castrates. It 
is of interest to note that estradiol and 
testosterone treatment of castrated male 
and female rabbits (Fillios and Mann, ’56) 
and testosterone administered to castrated 
male and female chickens (Pick et al., 
’59) did not affect serum cholesterol.

In the present study, we found that 
testosterone fed to castrated pigs lowered 
serum cholesterol, in contrast with its 
effect on the rabbit and chicken, but simi­
lar to that on the castrated female rat. 
It should also be pointed out that as in 
the case of the castrated rat and chicken, 
castration of male pigs resulted in higher 
serum cholesterol levels. Stilbestrol, the 
synthetic estrogenic compound, did not 
change serum cholesterol in barrows. This

4 Reagents were purchased from  Sigma Chem­
ical Company, St. Louis.
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finding is similar to that observed for the 
male rat (Priest et al., 57).

Johnson et al. (’59) reported that par­
enteral administration of testosterone or 
estradiol to humans increased significantly 
the content of serum copper. The work 
presented herein for swine shows that, al­
though stilbestrol increased serum copper, 
administration of testosterone had no 
effect. The lack of agreement for testos­
terone could be due to the difference in 
method of administration.

SUMMARY

Young, growing barrow pigs were fed 
either varying levels of testosterone or a 
single level of stilbestrol supplemented 
with 5 or 10% of beef tallow and the 
serum was analyzed for cholesterol, glu­
tamic oxalacetic and glutamic pyruvic 
transaminases and copper.

Whereas it was found that testosterone 
caused a marked reduction in serum cho­
lesterol, stilbestrol had no apparent effect. 
Castration resulted in hypercholesteremia. 
Beef tallow fed at 5 and 10% of the diet 
produced higher levels of serum choles­
terol.

Stilbestrol caused an increase in serum 
copper, but testosterone had ro effect. 
None of the factors studied influenced the 
serum transaminases tested.
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The Effect of Pyridoxine on Cholesterol Metabolism* 1

S. N. SHAH, PATRICIA V. JOHNSTON a n d  F. A. KUMMEROW2 
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Rhesus monkeys which had received a 
pyridoxine-deficient diet have been re­
ported to develop degenerative changes in 
the arterial system (Rinehart and Green­
berg, ’49 ). These observations in monkeys 
were confirmed and extended to the dog.3 
Fibrous aortic plaques were noted in py­
ridoxine-deficient dogs and in dogs de­
pleted of pyridoxine by the administration 
of desoxypyridoxine.

Significantly higher serum cholesterol 
levels were noted in rhesus monkeys and 
chicks fed cholesterol and a pyridoxine- 
deficient diet than in those fed cholesterol 
and pyridoxine (Greenberg and Rinehart, 
’511 Dam et al., ’58). Previous studies 
have therefore indicated that pyridoxine 
may be involved in the metabolism of 
cholesterol. Whether pyridoxine is in­
volved in the anabolism or in the catabol­
ism of cholesterol was determined in the 
present study with the aid of acetate-2-C14, 
mevalonic acid-2-C14 and cholesterol-4-C14.

METHODS

Rats, three weeks old, were caged in­
dividually in two groups; one group was 
fed a pyridoxine-deficient diet and the 
other received this diet with added pyri­
doxine (table 1). In two months the rats 
fed the pyridoxine-deficient diet showed 
gross signs of pyridoxine deficiency as in­
dicated by retarded growth, acrodynia and 
capillary fragility.

The in vivo metabolism of sodium ace- 
tate-2-C14. Five rats from each group were 
injected intraperitoneally with 5 pc of so­
dium acetate-2-C14 per 100 gm of body 
weight (specific activity 5.17 me per 
mmole). Three hours after the injection 
blood was drawn by heart puncture for 
serum cholesterol determinations. The 
rats were then decapitated and the livers 
removed for analysis. The radioactivity in 
the fatty acids, proteins and cholesterol in 
the fivers was determined.

TABLE 1
Composition of diet

gm/100 
gm ration

Glucose1 75
Corn oil 3
Vitamin-free casein 18
Wesson salts2 4
Water-soluble v itam ins3 
Fat-soluble vitam ins4

0.3

1 Cerelose.
2 Wesson ( ’32).
3 The m ixture contained in  m illigram s/100 nig 

of m ix: choline chloride, 93.5; th iam ine, 1.24; 
riboflavin, 1.24; pyridoxine-HC1, 1.24; Ca pan ­
tothenate, 2.68; and folic acid, 0.30. Pyridoxine- 
HC1 was excluded in  the m ixture prepared for 
the pyridoxine-deficient diet.

4 Fat-soluble vitam ins were dissolved in  corn 
oil and two drops adm inistered by medicine 
dropper each week. The m ixture contained 5.00 
gm vitam in A, 0.0065 gm vitam in D, 2.536 gm 
vitam in E per 100 gm of com  oil.

Serum and liver cholesterol determina­
tions. Whole blood was collected in a 
stoppered centrifuge tube, allowed to clot 
at room temperature, and centrifuged for 
20 minutes at 2500 rpm. The serum was 
decanted and the total serum cholesterol 
determined (Schoenheimer and Sperry,; 
’34).

The determination of fiver cholesterol 
differed from that of serum cholesterol 
only in the method of extraction of cho­
lesterol and the solvents used for the puri­
fication of the cholesteryl digitonide precip­
itates. A sample of the wet fiver was 
partially homogenized and 1 gm of the 
homogenate was weighed into a tared 50-

Received for publication April 29, 1960.
1 This study was supported by research grant 

no. H-1819 from  the N ational Institu tes of H ealth,
U. S. Public Health Service, D epartm ent of 
H ealth, Education, and W elfare.

2 Portion of a thesis presented by S. N. Shah as 
partia l fulfillm ent of the requirem ent for the de­
gree of Doctor of Philosophy.

3 M ushett, C. W., and G. Emerson 1956 Arterio­
sclerosis in  pyridoxine deficient monkeys and 
dogs. Federation Proc., 15: 526 (abs trac t).
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ml Erlenmeyer flask. Ten milJliters of 
10% potassium hydroxide solution in 95% 
ethyl alcohol were added to the flask. 
Samples were allowed to stand ever night 
at 50°C, transferred to a 50-ml volumetric 
flask and diluted to the mark with an al­
cohol acetone mixture 15:25. A 5-ml 
aliquot was then transferred into a 12-ml 
centrifuge tube, neutralized with glacial 
acetic and cholesterol precipitated as cho- 
lesteryl digitonide with digitonin solution 
as in the serum cholesterol determination. 
The precipitate was purified according to 
the procedure used in the serum cholesterol 
analysis, with the exception thao acetone 
water 2:1, acetone, acetone ether 1:2, and 
ether were the solvents used for washing 
the precipitates.

Radioactivity determinations. 1. Cho­
lesterol. Cholesterol was precipitated as 
cholesteryl digitonide as described for the 
determination of liver cholesterol. Purified 
cholesteryl digitonide was dissolved in hot 
methanol. The solution was pla;ed on a 
tared aluminum planchet with the aid 
of a Spinco spinner and the radio­
activity determined with the aid of a Pack­
ard gas flow counter and a Baird atomic 
scaler. The amount of precipitate plated 
ranged from 0.5 to 2.0 mg. Self-absorp­
tion corrections were taken into account. 
The results were calculated as counts 
per minute per milligram of cholesterol by 
multiplying the counts per minute per 
milligram of cholesteryl digitonide by 4.18. 
The counter efficiency was 51.4%.

2. Fatty acids. A weighed sample of 
partially homogenized liver was placed in a 
50-ml Erlenmeyer flask. Ten milliliters of 
10% potassium hydroxide in 95% ethyl al­
cohol were added and the sample was al­
lowed to stand over night at 50 °C. The 
contents of the flask were concentrated to 
3 to 4 ml and then diluted with 10 ml of 
distilled water. This aqueous solution was 
extracted with petroleum ether three to 4 
times to remove the unsaponifia'ole lipid 
fraction. The aqueous portion was then 
acidified and re-extracted three times with 
petroleum ether. The combined extracts 
were dried over anhydrous sodium sul­
phate and the solvent was evaporated. 
One to two milligrams of fatty ac:ds were 
plated on an aluminum planchet and the 
radioactivity was determined as in the case

of cholesterol. The results were expressed 
as counts per minute per milligram of fatty 
acids.

3. Protein. A portion of the liver was 
homogenized with 10% trichloroacetic acid 
to precipitate the protein. The protein frac­
tion was further purified by washing the 
precipitate with 5% trichloroacetic acid, 
acetone, acetone ether 1:1 and ether in 
order to wash the precipitates free from 
lipids. Five to 10 mg of this protein frac­
tion were weighed into a scintillator bottle 
and dissolved in 2 ml of hyamine hydrox­
ide by heating it at 50°C for 4 to 5 hours. 
Ten milliliters of scintillator solution 
which contained 0.6% diphenyloxazole in 
toluene were added. The samples were 
mixed well and the radioactivity deter­
mined with the aid of Packard Tri-carb 
scintillation counter at tap 3 (880—890 
volts). The efficiency of the counter was 
48.9%. The results were expressed as 
counts per minute per milligram of protein.

The in vivo incorporation of mevalonic 
acid-2-Cu into liver cholesterol. Five rats 
from each group were injected ir.traperi- 
toneally with mevalonic acid-2-C14 (1.5 X 
106 cpm/250 gm of body weight, specific 
activity 4 uc/mg). Two hours after the 
injection, the rats were decapitated and 
the livers removed. The radioactivity in 
liver cholesterol was then determined.

The effect of the reversal of pyridoxine 
deficiency on the in vivo incorporation of 
sodium acetate-2-Cu into liver cholesterol. 
Six pyridoxine-deficient rats were divided 
into two groups. One group was injected 
intraperitoneally with 55 ug of pyridoxine 
hydrochloride per day for two days. The 
other group received saline injections. 
Each of the pyridoxine-deficient groups of 
rats and 4 rats which had been receiving 
a synthetic diet plus added pyridoxine were 
then injected intraperitoneally with 5 uc 
of sodium acetate-2-C14 per 100 gm of body 
weight. Three hours after the injections, 
the rats were decapitated and the livers 
removed. The radioactivity in liver cho­
lesterol was then determined.

The effect of pyridoxine deficiency on 
the excretion of cholesterol-4-Cu via the 
bile in bile cannulated rats. Three pyri­
doxine-deficient and 4 normal stock rats 
were used in this experiment. These rats 
were anesthetized with ether, their bile
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ducts cannulated with polyethylene tub­
ing and circulation of bile maintained for 
24 hours by external connection of the 
bile cannula with polyethylene tubing (size 
PE 50) inserted into the distal portion of 
the bile duct. The rats were then injected 
with an emulsion (Bergstrom and Norman, 
’53) containing cholesterol-4-C14 (1.427 X 
106 cpm/rat). The enterohepatic circula­
tion was stopped by disconnecting the poly­
ethylene tube and the bile was collected 
continuously during three consecutive 24- 
hour periods. A 20-1 aliquot of rat bile 
was spread as a thin film on an aluminum 
planchet, dried under the infrared lamp on 
the Spinco spinner, and the radioactivity 
determined with the aid of Packard gas 
flow counter and Baird atomic scaler. The 
values were corrected for mass absorption. 
The cumulative percentage recovery of 
cholesterol-4-C14 excreted in bile was cal­
culated.

RESULTS AND DISCUSSION

The incorporation of sodium acetate-2- 
C14 into liver cholesterol by pyridoxine-de- 
ficient animals was markedly increased 
when compared with pyridoxine-supple- 
mented animals, or from 377 to 2224 cpm/ 
mg, respectively (table 2). When the pyri- 
doxine deficiency was reversed by the in­
jection of pyridoxine hydrochloride, there 
was a corresponding reversal of the en­
hanced incorporation of acetate into 
cholesterol (table 3). The cholesterol ex­
tracted from the livers of the pyridoxine- 
deficient animals which had been supple­
mented with two 55-ug injections of pyri­
doxine hydrochloride had an average speci­
fic activity of 571 as compared with 1639 
and 377 for the pyridoxine-deficient and 
pyridoxine-supplemented animals, respec­
tively. However, the incorporation of me­
valonic acid-2-C14 into fiver cholesterol and 
the rate of excretion of cholesterol-4-C14 via 
bile in bile cannulated rats was not affected 
by pyridoxine deficiency. The cholesterol 
extracted from the fivers of pyridoxine- 
deficient animals which had been injected 
with mevalonic acid-2-C14 had an average 
specific activity of 1226 as compared with 
1264 for pyridoxine-supplemented rats 
(table 4). The cumulative excretion of 
cholesterol-4-C14 in bile duct-cannulated 
rats over a 72-hour period averaged 40.4%
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TABLE 3
Effect of injecting 55 pg o f pyridoxine hydrochloride on the incorporation 

of acetate-2-Cu  into liver cholesterol

Group Rat no.
Specific activity liver cholesterol 

Single Average
cpmfmg cpm/mg

Pyridoxine-deficient 1 1254 1639 ±543*
2 2261
3 1404

Injected w ith  55 pg pyridoxine -HC1 1 606 571 ± 4 1
2 581
3 526

Pyridoxine-supplem ented 1 271 378 ± 8 3
2 472
3 397
4 372

1 S tandard deviation of the m ean.

for those on a deficient diet and 40.6% for 
those on a pyridoxine-supplemented diet 
(table 5).

The rat has been reported to resist 
changes in serum cholesterol level when 
subjected to dietary stresses (Katz and 
Stamler, ’53). The present results indi­
cate that this is also true in pyridoxine- 
deficient rats as no change was noted in 
the serum and liver cholesterol levels. It 
could reasonably be expected that the in­
creased synthesis of cholesterol which ac­
companied the pyridoxine deficiency would 
be reflected in an increase in the serum 
or liver cholesterol level. Since no such 
change was observed, it is possible that 
there was an increased rate of degradation 
of cholesterol via the bile acids and other 
steroids or the cholesterol was deposited 
elsewhere in the carcass. However, no 
change in the degradation of cholesterol 
via the bile in pyridoxine-deficient as com­
pared with normal animals was noted.

TABLE 4
Effect o f pyridoxine deficiency on the 

incorporation of mevalonic acid- 
2-C14 into liver cholesterol

Group
(5 rats each)

Specific activity 
liver

cholesterol
cpm/mg

Pyridoxine-deficient Av. 1226 ±146» 
(1103—1400)

Pyridoxine-supplemented Av. 1264 ± 1 9 6  
(1003-1500)

1 S tandard deviation of the m ean.

This observation may rule out the possibil­
ity of increased catabolism of cholesterol 
in pyridoxine deficiency.

Since no increase in the incorporation of 
mevalonic acid-2-C14 into cholesterol was 
observed, the change in the rate of 
incorporation of sodium acetate-2-C14 into 
cholesterol was apparently due to an alter­
ation in the utilization of acetate. How­
ever, there was no increase in the utiliza­
tion of acetate for fatty acid synthesis and, 
in agreement with previous studies (Beaton 
et al., ’53), no increase in the utilization 
of acetate for protein synthesis. It would 
thus appear that the change in acetate 
metabolism might be explained on the 
basis of the difference in energy require­
ment between the normal and pyridoxine- 
deficient rat. In the pyridoxine-deficient 
rat, growth rate was significantly retarded. 
Therefore, the energy requirements and 
the amount of two carbon fragments 
needed for the building of tissue were re­
duced; thus extra acetate became available 
and may have been incorporated into cho­
lesterol. This view is supported by the fact 
that when the pyridoxine deficiency was 
reversed, there was a significant increase 
in growth accompanied by a decrease in 
cholesterogenesis from acetate.

The production of aortic fibrous plaques 
in monkeys and dogs as a result of pyri­
doxine deficiency led Schroeder ( ’55) to 
speculate on the role of pyridoxins in the 
etiology of human atherosclerosis. He sug­
gested that the American diet is marginal 
in pyridoxine. Furthermore, it contains a
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TABLE 5
Effect of pyridoxine deficiency on the excretion of cholesterol-4-C14 via  

bile in  bile duct-cannulated rats

Rat
no.

Weight 
of rat Time Activity-

excreted
Cumulative

excretion

gm hours cpm %
Pyridoxine-deficient ra ts

i 132 24 38,148 31.8
48 45,045
72 57,532

2 148 24 51,224
48 79,800 47.5
72 79,220

3 135 24 78,186
48 78,036 42.1
72 30,195

Pyridoxine-supplem ented rats
1 218 24 27.573

48 74,175 46.3
72 113,390

2 225 24 50,907
48 60,390 37.3
72 54,048

3 207 24 16,359
48 50,490 26.5
72 50,464

4 217 24 49,950
48 101,024 52.4
72 80,975

high proportion of refined carbohydrates 
and saturated fats, both readily available 
sources of two carbon fragments. The 
present data seem to suggest that if such 
a diet is low in pyridoxine it may lead to 
a greater synthesis of cholesterol than one 
adequate in pyridoxine.

SUMMARY
The effect of pyridoxine deficiency on 

the in vivo synthesis of cholesterol from 
acetate and mevalonic acid, and on the 
excretion of cholesterol-4-C14 via bile in 
bile cannulated rats was studied. The re­
sults indicated that pyridoxine deficiency 
enhanced the incorporation of labeled ace­
tate into fiver. It was shown that this en­
hanced incorporation of labeled acetate 
into cholesterol in deficient rats could be 
reversed by injecting pyridoxine hydrochlo­
ride. The synthesis of cholesterol from 
mevalonic acid, and excretion of choles- 
terol-4-C14 were not altered by pyridoxine 
deficiency.
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The Effect of Certain Factors on Nitrogen Retention 
and Lysine Requirements of Adult Human Subjects
I. TOTAL CALORIC INTAKE'

HELEN E. CLARK, S. P. YANG, LOIS L. REITZ a n d  EDWIN T. MERTZ
Purdue U niversity Agricultural Experim ent Station, School of 
Home Economics, D epartm ent of Foods and N utrition, and  
D epartm ent o f Biochemistry,
Lafayette, Indiana

Minimum lysine requirements of men 
and women have been investigated in this 
laboratory, using maintenance of nitrogen 
equilibrium as the principal criterion 
(Clark et al., ’57, ’60). Interpretation of 
data concerning amino acid requirements 
is difficult because the ingestion of ade­
quate quantities of individual essential 
amino acids is only one of several factors 
that influence nitrogen retention. The ex­
istence of any other condition that alters 
nitrogen utilization might conceivably 
lead to an erroneous estimate of the re­
quirement for a particular amino acid.

A systematic investigation has been 
undertaken of the effect on nitrogen re­
tention of modifying specific experimental 
conditions when the lysine intake is con­
trolled. Such studies should contribute 
to a better understanding of human lysine 
requirements and nitrogen metabolism. 
Lysine is particularly useful for this pur­
pose because it acts primarily in synthesis 
of tissues.

Investigators have long recognized that 
an adequate intake of food energy con­
serves body nitrogen. Despite generous 
amounts of high-quality protein, men 
(Young et al., ’57) and women (Young, 
’52) exhibited negative nitrogen balances 
when calories were decreased as neces­
sary to induce weight loss. Energy re­
quirements of women were increased 
when the diet contained purified amino 
acids (Leverton, ’54). Men attained ni­
trogen equilibrium with a lower caloric 
intake when whole casein furnished die­
tary nitrogen than when equivalent 
amounts of essential amino acids were 
provided in free form (Rose, Coon and 
Lambert, ’54).

Both free and peptide-bound amino 
acids are present in the experimental diet 
used in this laboratory. Information was 
needed concerning caloric requirements 
of men and women under these conditions 
and the extent to which the energy value 
of the diet could be modified without al­
tering nitrogen balance.

Whereas insufficient calories reduce ni­
trogen retention, provision of excessive 
calories over a period of several weeks 
causes undesirable increments in weight 
and reduces the acceptability of the ex­
perimental diet.

PROCEDURE

The experimental method has been pre­
sented in detail elsewhere (Clark et al., 
’57). The subjects, who are described in 
table 1, were graduate students or ad­
vanced undergraduate students between 
21 and 28 years old. Their minimum ly­
sine requirements were established in 
separate tests (Clark et al., ’57, ’60).

The diet2 provided between 8.97 and
9.02 gm of nitrogen daily, of which white 
wheat flour and cornmeal contributed 
41%, cornstarch and fruits 4%, purified 
essential amino acids 8%, and a mixture 
of glycine, glutamic acid and diammo- * 1 2

Received for publication May 4, 1960.
1 Contribution no. 1 of the N orth C entral Re­

gional Cooperative Project NC-49, Factors af­
fecting requirem ents of adult hum an  subjects 
for protein and amino acids. Journal paper 1563, 
Purdue Agricultural Experim ent Station, Lafay­
ette, Indiana. A prelim inary report w as presented 
before the American Institu te  of N utrition  in  
1958.

2 The authors w ish to acknowledge the Litrison 
vitam in capsules kindly supplied by Hoffman 
La Roche, Inc.

J. N u t r i t i o n ,  72: ’60 87
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TABLE 1
Description of subjects

Subject Sex Weight1 Basal Cal. 
per 24 hour Activity Lysine

requirement2

kg mg /day
BB F 64 1640 mod. active 350
GM F 68 1130 mod. active 670
PC F 58 1250 active 700
BC M 65 1700 very active 500
JM M 67 1670 mod. active 400
LM M 85 1750 mod. active 850
EO M 63 1820 mod. active 500

1 At beginning of experiment.
2 Estim ated in  other experim ents (C lark  et al., ’57, ’60).

nium citrate 47%. The total quantities 
of essential amino acids were similar to 
those in 20 gm of egg protein (Clark et 
al., ’57), except that lysine was reduced 
below this amount in some tests. Cereals 
supplied from 30 to 75% of the daily 
allotments of essential amino acids except 
lysine which varied from 25 to 90% for 
different individuals. In the initial 12-day 
adjustment interval, all subjects received 
1400 or 1500 mg of lysine tc facilitate 
attainment of nitrogen equilibrium (Clark 
et al., ’60). Thereafter some subjects con­
tinued to receive this quantity of lysine 
throughout the experiment, and others 
were given 500 or 700 mg.

Sources of energy in the oasal diet 
which was eaten by all subjects were, in 
grams: wheat flour, 159; commeal, 21; 
cornstarch, 50; sucrose, 34; butter oil, 20; 
hydrogenated vegetable fat, 36; and fruits 
or juices, 300. Flour and commeal were 
incorporated in biscuits and eornbread, 
cornstarch in wafers and pudding. Foods 
in the basal diet provided 17C0 Cal. as 
calculated (Watt and Merrill, ’50). Car­
bohydrate, fat and protein contributed 63, 
32 and 5%, respectively, of the calories 
in the basal diet. It was estimated that 
purified amino acids and diammonium 
citrate provided 150 Cal. The total energy 
values of individual diets were increased 
to the quantities indicated in figures 1 
and 2 and table 2 by including variable 
amounts of butter oil, cornstarch, sucrose, 
candy and/or carbonated beverage. The 
percentage of total calories obtained from 
fat was held between 31 and 35% for 
each subject. The basal diet, amino acid 
mixtures and supplementary foods to­

gether supplied between 1770 and 4350 
Cal.

Basal caloric expenditures of the sub­
jects were considered in planning the 
initial allotment of calories, as well as 
information concerning energy needs of 
these or other individuals under similar 
conditions. The subjects kept daily records 
of their activities during the experiment. 
The highest caloric intake was always 
tested first, then stepwise decreases of 
approximately 5, 10 or 15% were made. 
Total decrements varied from 20 to 40% 
of the initial energy value.

RESULTS AND DISCUSSION
Subjects GM and LM were tested over 

a wider range of caloric intakes than 
other subjects. Mean daily nitrogen bal­
ances of GM when calories were reduced 
stepwise to 60% of the initial intake are 
shown in figure 1. Subject GM consumed 
1500 mg of lysine, equivalent to 225% of 
her minimum requirement, throughout the 
experiment. She gained weight with an

Calories
Fig. 1 Mean daily nitrogen balances of GM 

w hen consum ing 1500 mg of lysine.
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4350 3950 3550 3150 2750
Calories

Fig. 2 Mean daily nitrogen balances of LM w hen consum ing 1500 mg of lysine.

intake of 2650 Cal. or more, maintained 
it with 2300, and lost weight with intakes 
of 2150 Cal. or less. Nitrogen retention 
was not altered noticeably by a stepwise 
reduction from 2950 to 2300 Cal. Mean 
daily nitrogen balances during 6-day me­
tabolism periods were, respectively, +0.25, 
+0.52, +0.40 and +0.46 gm when the 
diet supplied 2950, 2800, 2650 and 2300 
Cal. However, GM retained only 0.10 gm 
of nitrogen with an intake of 2150 Cal., 
and just maintained equilibrium with 
1750 Cal. Whereas she stored almost 0.40 
gm of nitrogen daily when calories were 
adequate, GM retained little or none when 
the energy value of the diet was insuffi­
cient to maintain weight, although she 
had gained weight earlier in the experi­
ment. Mean daily fecal nitrogen varied 
from 0.91 to 0.70 gm, being lowest at the 
2150- or 1750-Cal. level.

The possibility that nitrogen retention 
might decline as the experiment pro­
gressed, even though calories were ade­
quate, cannot be ignored. However, un­
published data indicate clearly that 
nitrogen retention of almost all subjects 
tested in another series increased steadily 
with time when dietary treatment re­
mained constant, and in no case did it 
decrease.

Subject LM maintained weight when 
receiving 3950 Cal., gained with higher 
intakes and lost when caloric value was 
reduced below this point. Mean daily ni­
trogen balances (fig. 2) in successive pe­

riods with intakes of 4350, 4150, 3950 
and 3550 Cal. were +0.29, +0.48, +0.32 
and +0.32 gm, respectively. There was 
no apparent difference in nitrogen reten­
tion as calories were decreased through a 
range of 20%, but further caloric restric­
tion caused a downward trend. Nitrogen 
balances of —0.05 and —0.23 gm were 
associated with intakes of 3150 and 2750 
Cal. Fecal nitrogen decreased as calories 
were lowered. This man evidently was 
unable to maintain nitrogen equilibrium 
when the energy value of the diet was 
insufficient, despite ingestion of almost 
twice as much lysine as he needed when 
calories were adequate. The provision of 
excessive calories did not improve nitrogen 
retention of either LM or GM, but in both 
cases a caloric intake below a critical level 
decreased it.

Mean body weights and nitrogen bal­
ances of three men and two women dur­
ing consecutive 6-day periods are pre­
sented in table 2 in the same sequence as 
caloric intakes were tested. Subject BB 
retained 0.87 and 0.62 gm of nitrogen in 
two adjacent periods at a level of 2900 
Cal.; 0.91 gm with 2600 Cal.; and 0.59 gm 
with 2350 Cal. A caloric allowance of 
2100 resulted in mean daily nitrogen bal­
ances of only +0.28 and +0.08 gm in two 
periods, during which daily balances were 
frequently negative. In the final period, 
she retained little nitrogen although the 
diet supplied 4 times the amount of lysine 
that permitted equilibrium when calories
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TABLE 2
M ean daily nitrogen balances of m en  and w om en w hen  caloric intakes were varied

Subject Lysine Total
Cal.1

Body
weight

N in
diet

N in 
urine

N in
feces

N
balance

mg kg gm gm gm gm
BB 1400 2900 64.5 9.02 7.48 0.67 +  0.87

1400 2900 64.3 9.02 7.61 0.79 +  0.62
1400 2600 64.1 9.02 7.41 0.70 +  0.91
1400 2350 64.1 9.02 7.69 0.74 +  0.59
1400 2100 63.8 9.01 8.02 0.71 +  0.28
1400 2100 63.3 9.01 8.31 0.62 +  0.08

PC 700 2950 57.7 9.00 7.98 0.67 +  0.35
700 2950 57.7 9.00 8.14 0.58 +  0.28
700 2700 57.8 9.00 8.40 0.56 +  0.04
700 2400 57.9 9.00 8.04 0.66 +  0.09
700 2700 57.7 9.00 8.23 0.68 +  0.30
700 2400 57.8 9.00 8.10 0.54 +  0.36

BC 1500 3400 65.2 9.00 7.92 0.81 +  0.27
500 3400 65.4 9.00 8.35 0.75 - 0 .1 0
500 3400 65.6 9.00 8.32 0.83 -0 .1 5
500 2950 65.4 9.00 8.45 0.72 - 0 .1 7
500 2950 65.1 9.02 8.57 0.83 -0 .3 8
500 3400 65.5 9.02 8.13 0.72 +  0.17

1500 3400 65.9 9.02 6.97 0.84 +  1.21
1500 3400 65.9 9.02 7.50 0.76 +  0.76
1500 3400 66.4 9.02 7.06 0.70 +  1.26
1500 2950 66.5 9.02 8.13 0.68 +  0.21
1500 3200 66.4 9.02 7.42 0.76 +  0.84
1500 3200 66.5 9.02 7.93 0.53 +  0.56

JM 600 3500 66.7 9.02 7.85 0.68 +  0.49
600 3500 67.3 9.01 7.83 0.91 +  0.27
600 2950 67.1 9.01 8.33 0.76 -0 .0 8
600 2950 67.2 9.01 8.25 0.64 +  0.12
600 2650 67.0 9.01 8.52 0.65 -0 .1 6

EO 1500 3500 64.3 9.00 7.18 1.03 +  0.79
1500 3400 64.1 9.00 7.10 0.94 +  0.96
1500 3300 63.7 9.00 7.31 0.89 +  0.80

500 3500 63.4 9.00 7.89 0.79 +  0.32
500 3200 63.6 9.00 7.93 0.85 +  0.22
500 3000 63.0 9.00 8.18 0.86 -0 .0 4
500 3000 63.1 9.00 8.13 0.91 -0 .0 4

1 From the basal diet, amino acid m ixtures and supplem entary foods.

were adequate. The mean nitrogen bal­
ance (+0.75 gm) for the 12 days in which 
2900 Cal. were available was 0.57 gm 
greater than the mean balance (+0.18 
gm) for the 12 days at 2100 Cal A linear 
relation existed between caloric intake and 
nitrogen balance below 2600 Cal.

The lysine intake of PC corresponded 
with her minimum requirement. Three 
different caloric intakes were tested in 
two periods each (table 2). Respective 
mean nitrogen balances for the two pe­
riods in which her intake was 2950 Cal. 
were +0.35 and +0.28 gm; 2700 Cal., 
+0.04 and +0.30 gm; and 2400 Cal., 
+0.09 and +0.36 gm. Although PC com­

plained of unusual fatigue during the 
first period in which she was given 2400 
Cal., no unfavorable effect on nitrogen 
retention or body weight was observed in 
6 days, after which calories were in­
creased to 2700. More clear-cut results 
might have been obtained if 2400 Cal. 
had been tested in two consecutive periods.

The treatments imposed on BC were 
planned on the basis of a previous experi­
ment in which he maintained nitrogen 
equilibrium and body weight for 5 suc­
cessive periods when consuming 500 mg 
of lysine with either 3050 or 3300 Cal. 
available. The present series extended for 
80 consecutive days. In the first experi­
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mental period BC was in positive balance, 
+0.27 gm, with 1500 mg of lysine and 
3400 Cal. Thereafter, lysine was reduced 
to 500 mg for 5 periods. Nitrogen bal­
ances were negative, —0.10 and —0.15 gm, 
with 3400 Cal., and —0.17 and —0.38 gm 
with 2950 Cal. No marked change in 
weight was observed during this interval. 
Nitrogen balance increased to +0.17 gm, 
an improvement of 0.55 gm per day, when 
3400 Cal. were restored. However, the 
loss of appetite, severe fatigue and diffi­
culty in studying which were character­
istic of the interval of low caloric intake 
did not disappear in 6 days.

Therefore, lysine was increased to 1500 
mg and held constant until the experi­
ment terminated. Nitrogen balances were 
+ 1.21, +0.76 and +1.26 gm in three 
successive periods during which 3400 Cal. 
were available. A slight gain in weight 
occurred. Since the cumulative negative 
nitrogen balance of 0.80 gm from 4 earlier 
periods was compensated fully during the 
first two periods in which 3400 Cal. were 
provided, the continued high level of ni­
trogen storage after that time is difficult 
to explain. BC responded immediately and 
unfavorably when only 2950 Cal. were 
given in the next period, even though ly­
sine was held at three times his minimum 
requirement. Since the mean balance for 
the period dropped to +0.21 gm and some 
daily nitrogen balances were negative, it 
seemed unwise to prolong this treatment. 
An intermediate intake of 3200 Cal. per­
mitted retention of +0.84 and +0.56 gm 
of nitrogen in the last two periods of the 
series. Probably 3200 Cal. represented the 
critical intake for this lean active subject 
who was apparently very sensitive to cal­
oric adjustments.

Nitrogen balances of JM were positive, 
+0.49 and +0.27 gm, when 3500 Cal. 
were given, but bordered on equilibrium, 
—0.08 and +0.12 gm, when he had only 
2950 Cal. (table 2). The downward 
trend was aggravated when 2650 Cal. were 
given for the final period, the balance 
being —0.16 gm. When the data were 
plotted, a linear relation between caloric 
intake and nitrogen retention was ap­
parent. The ability of this subject, who 
ingested 150% of his minimum lysine 
requirement, to retain nitrogen was de­

creased markedly when the energy value 
of the diet was reduced. Little effect on 
body weight was noted.

EO had nitrogen balances of +0.79, 
+0.96 and +0.80 gm, respectively, when 
the diet provided 1500 mg of lysine and 
3550, 3400 and 3200 Cal. Reduction of 
caloric intake by 10% apparently did not 
alter nitrogen retention. In a separate 
test, the minimum lysine requirement of 
EO was established at 500 mg, which then 
was tested in 4 successive periods in which 
3500, 3200, 3000 and 3000 Cal. were pro­
vided. The corresponding nitrogen bal­
ances were +0.32, +0.22, —0.04 and 
—0.04 gm. When lysine intake was mini­
mal, reduction of calories by 13% appar­
ently had an adverse effect on nitrogen 
retention.

It is evident that for each individual 
tested, a critical caloric intake existed at 
which satisfactory retention of nitrogen 
occurred, but below which nitrogen reten­
tion decreased in direct relation to the 
reduction in calories. A decrement in cal­
ories of sufficient magnitude could change 
a strongly positive nitrogen balance to a 
state of equilibrium or even to negativity, 
even though the lysine intake represented 
three or 4 times the minimum require­
ment and other essential amino acids 
were present in adequate amounts. On 
the other hand, calories could be increased 
as much as 20% above the critical intake 
without improving nitrogen storage. Vari­
ation among subjects in respect to caloric 
needs and the extent to which calories 
could be reduced without altering nitrogen 
retention was observed. Caloric restric­
tion may be reflected more promptly by 
changes in daily nitrogen balance than in 
body weight.

It is apparent that useful data concern­
ing lysine requirements can be obtained 
only if the energy value of the diet is 
sufficient, when attainment of nitrogen 
balance is used as a criterion. Further­
more, in meeting nutritional needs of 
population groups, consideration must be 
given to the adequacy of diets in respect 
to calories as well as lysine.

SUMMARY

The effect on nitrogen retention of vary­
ing the caloric intake when the diet pro­
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vided quantities of lysine that equalled or 
exceeded minimum requirements was 
measured. Amino acids were present in 
purified form and as peptide-bound amino 
acids in cereals. Nitrogen balances of 
men and women were not altered by in­
creasing the energy value of the diet above 
a critical level which differed for indi­
viduals. Reduction of calories below this 
point, however, caused a decrease in ni­
trogen retention, so that a subject who 
previously retained significant amounts 
of nitrogen might just maintain equili­
brium or even be in negative balance.
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Biochemical methods. After 4 weeks 
the rats were exsanguinated. Serum and 
liver cholesterol were determined by the 
method of Abell and associates [’52). For 
determination of liver cholestero. the livers 
were saponified at 60°C for 120 minutes. 
Liver fat was determined gravzmetrically 
after extraction with ether fiom dried 
ground liver in a Soxhlet apparatus, and 
liver nitrogen by the Kjeldahl method.

Statistical methods. Two-way analysis 
of variance with interaction was applied. 
The effect of incorporation into “he diet of 
cholesterol and of cholic acid, however, 
was not studied per se. “F” tests were per­
formed separately for first-order affect and 
interaction. We felt that this procedure 
was particularly justified for the present 
material, because the number cf degrees 
of freedom of error was rather large. 
Since the variance of liver cholesterol was 
largely influenced by dietary cholesterol 
and cholic acid, the analysis of variance 
of this parameter was preformed on a log­
arithmic basis. Actually the logarithmic 
transformation stabilized the intraclass 
variance. The analyses were performed 
independently for each parameter. The 
effect of sorbitol was evaluated with Stud­
ent’s “t” test.

RESULTS
Effects of carbohydrates. In the first 

experiment 12 dietary combinations were 
studied. The carbohydrate source of 4 
diets was dextrose and that of ths remain­
ing 8 diets, sucrose and starch. Each car­
bohydrate was offered in 4 dietary varia­
tions: without cholesterol and cholic acid, 
with cholesterol or cholic acid ind with 
both. Each dietary group induced 10 to 
12 rats. After feeding these diets for 4 
weeks, serum cholesterol and concentra­
tions of water, fat, cholesterol and nitro­
gen in the livers were examined. The re­
sults and their statistical analysis are 
presented in table 1.

In general, starch promoted the greatest 
weight increase, followed by sucrose, 
whereas the weight of rats fed the dextrose 
diets lagged behind.

As expected, a considerable rise of serum 
cholesterol was observed, when :he diets 
were supplemented with both cholesterol 
and cholic acid, whereas the addition of

only one of these substances had no effect. 
Supplementation with either cholesterol or 
cholic acid led to an increase in liver fat 
and cholesterol and a corresponding fall 
in moisture. Addition to the diet of both 
steroids resulted in a much larger rise in 
liver cholesterol. The livers of rats main­
tained on these diets were considerably 
enlarged, nitrogen per gram of liver being 
markedly reduced. The increased weight 
of the liver cannot, however, be attributed 
to the deposition of fat only, as demon­
strated by the significant increase of liver 
nitrogen per unit of body weight. It ap­
pears, therefore, that the weight increase 
of the liver of rats subsisting on diets con­
taining cholesterol and/or cholic acid is 
partly the result of an increase of liver 
cytoplasm.

Variance analysis of the results showed 
that the different carbohydrates had sig­
nificant effects on liver fat and cholesterol 
but not on serum cholesterol and on liver 
nitrogen (table 1). Generally, feeding 
starch resulted in a high level of liver fat 
and cholesterol, and sucrose in a low con­
centration of cholesterol. There was also 
a significant effect of the interaction of 
the different dietary variables (cholesterol, 
cholic acid) with the different carbohy­
drates, for serum cholesterol, liver fat and 
liver nitrogen, but little for liver choles­
terol. Thus, it may be impossible to define 
an effect of a carbohydrate on the level 
of these substances without consideration 
of dietary components such as cholesterol 
or cholic acid. Furthermore, interaction 
of carbohydrates with dietary cholesterol 
and cholic acid was less important for 
liver cholesterol than the action of the 
carbohydrates by themselves.

Effect of Aureomycin. For studying 
the effect of Aureomycin 6 groups of rats 
were used. The basal diet of each group 
contained cholesterol but no cholic acid. 
The diets of the three experimental groups 
provided dextrose, sucrose or starch as 
source of carbohydrates, and these were 
supplemented with Aureomycin. The diets 
of the control groups contained the same 
carbohydrates but remained unsupplement­
ed. The values for serum cholesterol and 
concentrations of water, fat and cholesterol 
in the liver obtained after 4 weeks are 
shown in table 2.
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TABLE 2
E ffe c t  o f  d ie ta ry  A u r e o m y c in  o n  c h o le s te ro l le v e ls  o f  s e r u m  a n d  l iv e r  a n d  o n  l iv e r  fa t .  (A ll  d ie ts

su p p le m e n te d  w i th  1 .5 %  o f  c h o le s te ro l)

hydrate Aureomycin Weight Serum Liver
increase cholesterol Weight Water Fat Cholesterol

m g /k g /d ie t gm  m g/100  m l gm % % m g /100 gm
Dextrose 9 4 ± 5 .2 2 65 ± 8 .2 9.1 ± 0 .60  64.8 ± 0 .97 12.0±  1.14 2218 ± 1 4 9
Sucrose — 104 ±  1.7 91 ± 6.8 9.4 ± 0 .43  67.7 ± 0 .73 8.7 ±  0.62 1385 ± 1 2 4
Starch — 110±  7.6 8 9 ± 4 .4 10.0 ± 0 .84  65.3 ± 0 .44 12.7 ± 0 .82 2789 ± 2 2 0
Dextrose 50 102 ± 3 .7  68  ± 2 .8 8.4 ± 0 .2 6  65.8 ± 0 .35 10.1 ± 0 .63 1349 ± 180
Sucrose 50 98 ± 5 .1  89 ± 4 .9 9.3 ± 0 .38  66.5 ±0.31 10.1±0.71 2037 ± 1 2 3
Starch 50 116± 4 .3  88  ± 6 .7 10.3 ± 0 .29  62.6 ± 0 .40 15.8 ± 0 .64 4190± 213

1 Six rats in  each control group; 12  rats in each experimental group.
2 Figures indicate ;mean ±  standard error.

Analysis of variance

Parameter
analyzed Source cf variance Sum of 

squares
Degrees of p 

freedom P

Serum cholesterol Aureomycin
Aureomycin-carbohydrate L 73 3 0.97 >  0.5

interactioi. J
Error 11854 47

Liver fat Aureomycin
Aureomycin-carbohydrate

9.4 1 1.9 ~  0.1

interactior 103.8 2 1 1 . 0 <  0 .001
Error 2 2 1 . 1 47

Liver cholesterol Aureomycin
Aureomycin-carbohydrate

3086700 1 8.3 <  0 .001

interactior 7619350 2 10.3 <  0.001
Error 17395000 47

TABLE 3
E ffe c t  o f  d ie ta ry  so rb ito l o n  c h o '^ s te ro l le v e ls  o f  s e r u m  a n d  l iv e r  a n d  o n  live r  

s u p p le m e n te d  w i th  1 .5%  o f  c h o le s te ro l)
fa t  (D ie ts

Rats
Sorbitol/ 
100  gm 

diet
Weight
increase

Serum
cholesterol

Liver
Weight Water Fat Cholesterol

No. gm gm m g /100 m l gm % % m g /100 m l
6 — 110±  7.61 39 ± 4 .4 10.0 ± 0 .84 65.3 ± 0 .44 1 2 .7 ± 0 .82 2739 ± 220

1 2 1 0 103 ± 7 .2 96 ± 9 .9 8.3 ± 0 .93 64.3 ± 0 .60 12.8 ± 0 .70 3546 ± 234

Statistical analysis

t 0.7 0.7 1.4 1.3 0 .1 2.4
P 0.5 0.5 0 .2 0 .2 0.9 0.05-0.02
1 Figures indicate mean ±  standar i  error.

Supplementation with Aureomycin did 
not promote growth. The antibictic, when 
added to a sucrose or starch diet, in­
creased liver cholesterol; it had no effect 
with dextrose. Variance analysis proved 
that the action of Aureomycin on liver 
cholesterol was not due to chance. A 
significant effect of interaction was found 
between Aureomycin and carbohydrates 
for liver fat and liver cholestercl but not 
for serum cholesterol. It appears, there­

fore, that the response of liver fat and 
cholesterol to Aureomycin depends on the 
dietary carbohydrate.

Effect of sorbitol. The effect of sorbitol 
was investigated with 18 rats. Their basal 
diet contained starch and cholesterol. Sor­
bitol significantly increased the cholesterol 
concentration of the liver, whereas no 
effect was observed on weight increase, 
serum cholesterol, liver weight, moisture 
or fat content (table 3).
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DISCUSSION

It follows from our data that, generally, 
none of the carbohydrates studied nor 
dietary Aureomycin significantly affect the 
level of serum cholesterol in rats. This is 
not in agreement with the observations 
of Portman and associates (’56) who ob­
served lower serum cholesterol in rats fed 
starch diets than in those fed sucrose or 
glucose. Our results do not exclude the 
possibility that under certain dietary con­
ditions carbohydrates may have an effect 
on serum cholesterol. Similarly, glucose 
had a hypocholesteremic effect in chicks 
only, when the diet contained 3% of 
cholesterol, but not when cholesterol was 
not added to the diet (Grant and Fahren- 
bach, ’59). Another factor to consider, 
on which the effect of carbohydrates may 
depend, is the duration of treatment. In 
rats fed a diet including cholesterol and 
cholic acid a greater hypercholesteremia 
was found with sucrose as compared with 
starch at the end of three weeks; this 
difference disappeared, however, after 17 
weeks (Fillios et al., ’58).

In rabbits, addition of Aureomycin to 
diets including cholesterol significantly 
augmented the hypercholesteremia (Nel­
son et al., ’53). In chicks, the hypocho­
lesteremic effect of glucose in diets con­
taining cholesterol was largely abolished 
by inclusion of Aureomycin (Rritchevsky 
et al., ’58). In rats, administration of 
Sulfasuxidine increased serum cholesterol 
with a starch diet, but was without effect 
with sucrose (Portman et al., ’56). The 
effect of the drug in rats fed starch diets 
appeared, however, only when cholic acid 
was included. These examples illustrate 
the complexity of the action of antibiotics 
on serum cholesterol.

In our experiments levels of liver cho­
lesterol, in contrast with serum choles­
terol, were significantly affected by both 
carbohydrates and Aureomycin. Sucrose- 
containing diets generally lowered liver 
cholesterol, whereas starch increased it. 
These effects may be modified by the 
steroid content of the diet. Incorporation 
of sorbitol or Aureomycin into a starch 
diet further increased the concentration 
of liver cholesterol. Aureomycin also in­
creased liver cholesterol with sucrose and 
starch but not with dextrose.

Adams et al.1 reported that replacement 
of sucrose by cornstarch resulted in a 
lowering of liver fat and cholesterol in 
rats. This could be confirmed by us for 
cholesterol but only when the diet con­
tained cholic acid. Generally, however, 
feeding starch diets resulted in higher 
liver fat values than diets including su­
crose or dextrose.

Liver weight was much smaller in rats 
fed dextrose diets than in those receiving 
sucrose or starch, as noted by Adams and 
associates (’59).

It appears that liver cholesterol, in con­
trast with blood cholesterol, easily re­
sponds to variations in dietary carbohy­
drates and to the addition of Aureomycin. 
This may result from the action of carbo­
hydrates on the turnover of cholic acid. 
Portman and Murphy (’58) found that 
feeding commercial chow2 to rats caused 
a relatively high turnover rate of fecal 
bile as compared with purified diets con­
taining starch or sucrose. The action of 
the carbohydrates may also be modified 
by differences in the energy intake. Rats 
supplied with a starch diet ad libitum 
consume greater quantities of food than 
animals offered a sucrose diet (Harper 
and Elvehjem, ’57). In view of the in­
fluence of both Aureomycin and carbohy­
drates on the intestinal flora, it seems 
likely, though it has not been proved, 
that their action is mediated by varia­
tions in the intestinal flora. Since bacteria 
are responsible for many changes in the 
bile acids and cholesterol in the intestine, 
it seems at present impossible to postulate 
a mechanism by w'hich carbohydrates or 
antibiotics act on cholesterol metabolism.

SUMMARY
The effects of certain dietary carbohy­

drates and of Aureomycin on serum and 
liver cholesterol and on liver fat were 
studied in young rats. The diets differed 
as to their content of cholesterol and 
cholic acid.

Incorporation into the diet of choles­
terol and/or cholic acid induced an en­

1 Adams, M., M. Fisher and G. J. Koval 1959 
The influence of dietary carbohydrate on kidney 
and liver damage and serum cholesterol in the 
rat. Federation Proc., 18: 178 (abstract).

2 Purina.
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largement of the liver which is the result 
of deposition of fat as well as of an 
increase of liver cytoplasm.

Generally, starch in the diet led to 
higher levels of liver fat and cholesterol 
than sucrose or dextrose; sucrose lowered 
liver cholesterol. The effect of carbohy­
drates on serum cholesterol, liver fat and 
nitrogen depended on the presence of ster­
oids in the diet.

Supplementation with Aureomycin or 
replacement of 10% of starch by sorbitol 
resulted in an increase of liver cholesterol 
in most dietary combinations.

It seems at present not possible to pos­
tulate a mechanism by which carbohy­
drates or Aureomycin act on cholesterol 
metabolism.
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Effect of Feeding D-Sorbitol on the Intestinal Absorption 
of Vitamin B6 and Vitamin B12 in Rats* 1

KUNIO OKUDA, JENG M. HSU a n d  BACON F . CHOW 
The Johns Hopkins University, School of Hygiene and Public Health, 
D epartm ent of Biochemistry, and Veterans Adm inistration Hospital, 
Baltimore, Maryland

D-Sorbitol can enhance the absorption 
of orally administered vitamin Bi2 in man 
(Chow et al., ’57) and in animals (Green­
berg et al., ’57). It can also increase the 
absorption of iron by rats (Herndon et al., 
’58). Morgan and Yudkin ( ’57) reported 
that adding D-sorbitol to an adequate diet, 
deficient in the vitamins of the B group 
only, will bring about the normal growth 
rate of weanling rats. The latter finding 
may be explained either on the basis of in­
crease in intestinal synthesis, enhance­
ment of absorption or more efficient utili­
zation of these vitamins. It is, therefore, 
of interest to determine whether prolonged 
feeding of dietary D-sorbitol could affect 
the absorption and excretion of vitamin 
B12 and B6. The results of such studies 
are reported in this paper.

EXPERIMENTAL
Experiviental animals. Young adult 

rats of the McCollum strain from our 
stock colony were used. One half of them 
was fed ad libitum a basal diet (table 1)

low in vitamin B6 and B 2, with or without 
supplementation of these vitamins, and 
were housed in individual cages with a 
large-mesh wire screen bottom. The other 
half was given the same diet except that 
D-sorbitol was added to the basal diet in 
amounts to replace a part of sucrose. The 
animals were offered these diets for 12 
weeks. On the 7th days of the 4th and 
12th weeks, they were placed in individual 
metabolism cages. Urine specimens were 
collected for 24 hours and assayed for 
vitamin B0 activity.

Determination of vitamin BIZ. Vitamin 
B12 concentrations were determined in 
plasma and liver tissue with Skeggs’ media 
(Skeggs et al., ’50) with Lactobacillus 
leichmannii 4797 as the test organism. 
The technique has been described else­
where (Yamamoto et al., ’57).

Determination of vitamin Bs. Vitamin 
Be activity in urine and liver was meas-

Received for publication March 25, 1960.
1 Supported in part by a grant-in-aid from the

United States Public Health Service (E 2382).

TABLE 1
Composition of the basal diets

Ingredients
Diet

1 2 3
n % %

Vitamin-free casein 2 1 2 0 —
Soybean — — 62
Sucrose 70 71 30
Corn oil1 5 5 4
Salt mixture no. 42 4 4 4
Vitamins3 — Be, —B12 - b 6 — B 12
Thyroid powder — — 0 .1

1 Mazola, Corn Products Refining Company, New York.
2 Hegsted et al. ( ’41).
3 Each kilogram of diet contained the following in milligrams: thiamine, 2.0; riboflavin, 

3.0; pyridoxine, 10; Ca pantothenate, 20; niacin, 50; inositol, 100; biotin, 0 1; PABA, 250; 
folic acid, 0.2; choline chloride, 1,000; vitamin B i2, 0.05; a-tocopherol, 23; menadione, 2.1; 
and, vitamin A, 1,200 and vitamin D, 170 units.

J. N u t k i t i o n , 72: ’60 99
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ured using Neurospora sitophi'.ia 299 as 
the test organism (Stokes et al., ’43).

Measurement of vitamin Bn absorption. 
Adult female rats from our stock colony 
(average weight, 200 gm) were fasted 
overnight and then given by mouth one 
of the following treatments of radioactive 
vitamin Bw2 labeled with cobalt60: (a) a 
single dose of 50 mug or (b) two doses 
of 1,000 mag with a 24-hour interval. 
The feed was returned to the rats 4 
hours after the administration of the test 
dose. The animals were killed 4 days 
after the treatment (a), or two days after 
the treatment (b), and the radioactivities 
in the liver and kidneys were measured. 
Feces from rats receiving treatment (a) 
were collected for 4 days, and all speci­
mens were processed for radioactivity 
measurement according to the procedures 
described elsewhere (Okuda et al., ’59).

Growth study. Weanling rats of the 
McCollum strain were raised in individual 
cages and fed ad libitum a basal diet de­
ficient either in vitamin B6 or B:2, with or

without supplementation of D-sorbitol. 
They were weighed weekly.

RESULTS
Effects of D-sorbitol on the growth of 

rats fed a vitamin B6-deficient diet. In 
order to determine whether supplementa­
tion of D-sorbitol improves growth rate, 
two groups of 8 weanling rats were fed 
basal diet 2 with or without supplementa­
tion of 10% of D-sorbitol. A comparison 
of the growth curves of such groups 
(fig. 1) clearly demonstrates that the addi­
tion of D-sorbitol improved the growth rate 
of weanling rats fed a vitamin Bs-deficient 
diet. The difference in the body weight 
between the two groups became statis­
tically significant after three weeks of feed­
ing, and its magnitude increased progres­
sively. Although the animals were not 
pair-fed, the feed consumption of both 
groups was measured daily and found to 
be practically the same. These data con-

2 The specific activity was 1 fic per ¡ig; kindly 
supplied by Merck and Co., Inc.

WEEKS
Fig. 1 Effect of D-sorbitol on the growth of weanling rats fed a vitamin Bo-deficient diet.
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Fig. 2 Effect of D-sorbitol on the growth of weanling rats fed a soybean diet deficient 
in  vitamin B12.

firm essentially the findings of Morgan 
and Yudkin ( ’57).

Effect of D-sorbitol on the growth of 
rats fed a soybean diet supplemented with 
desiccated thyroid. To study the effect 
of dietary D-sorbitol on the growth of rats 
fed a vitamin Bu-deficient diet, three 
groups (8 each) of weanling rats were 
fed basal diet 3 which consisted of a soy­
bean protein containing 0.1% of desic­
cated thyroid and which was deficient in 
vitamin Bi2 with (group B) or without 
(group A) D-sorbitol. Desiccated thyroid 
was added to the diet to make the animals 
even more responsive to vitamin B^ ther­
apy (Emerson, ’49). The third group (C) 
received the same diet (diet 3) supple­
mented with 5 ug of vitamin Bia per kg 
of diet. The growth curves of such animals 
in a typical experiment (fig. 2) demon­
strate that sorbitol did not improve the 
growth of the weanling rats receiving this 
diet. In fact, there was a possibility of 
retarded growth, particularly during the 
first week of the experimental diet (group 
B diet) although the difference in mean 
body weights at the end of 8 weeks of

feeding between groups A and B was not 
statistically significant. The group which 
received vitamin Bi2 in the diet had the 
highest mean body weight throughout the 
entire experimental period.

After 8 weeks of feeding, the animals 
in groups A and B were tested for their 
ability to absorb radioactive vitamin B12 
by feeding a single dose of 50 mug. The 
results of the study (table 2, study 1) 
show a reduction of absorption in the 
sorbitol-treated animals as evidenced by 
a significant decrease in kidney radioac­
tivity.

Urinary excretion and liver concentra­
tions of vitamin Be- In order to deter­
mine whether D-sorbitol enhances the in­
testinal absorption of vitamin B„, and if 
it does, whether such an effect is limited 
to vitamin B6 which has been added to 
the diet, the following experiment was 
carried out. Twenty-four young adult fe­
male rats were divided into 4 groups: 
group A, received the basal diet 1 without 
vitamin B6 and BJ2; group B, the same 
diet supplemented with vitamin B6 and 
Bi»; group C, the basal diet in which
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TABLE 2

A b so rp tio n  o f  ra d io a c tiv e  v i ta m in  B 12 a f te r  p ro lo n g e d  fe e d in g  o f  D -sorbitol

Study 
(Weeks of 
feeding )

Group1 Dosage
Fecal test Organ uptake

Recovery Absorption Liver Kidneys

1 A
m u g m u g m u g m u g

(8) Bi2-deficient 50 m M g  X  1 2 6 . 5 ± 2 . 7 1 2 23.5 4.92 ± 0 . 5 4 3.23 ± 0 . 2 9

B
Bi2-deficient 

+  sorbitol 5 0  m p g  X  1 32.3 ± 0 . 4 9 17.7 3.76 ± 0 . 2 5 2.16 ±  0.15

2
(12)

A
Bi2-deficient 5 0  nyig X  1 24.1 ± 0 . 9 0 25.9 4.63 ± 0 . 1 5 3.25 ± 0 . 1 4

C
B 12-deficient 

4- sorbitol 50 m p g  x  1 32.6 ± 1 . 3 9 17.4 2.60 ± 0 . 3 2 1 . 7 2 ± 0 . 1 9

B
Bi2-supplemented 1 000 :n/íg X  2 37.9 ± 7 . 4 7 0 . 4 ±  15.1

D
B  12-supplemented 

+  sorbitol 1000 n p i g X  2 15.3 ± 2 . 1 27.4 ± 3 . 5

1 Six rats in e ach group.
2 Standard error of the m e a n .

sucrose was partially replaced by D-sor- 
bitol, and group D, the basal diet which 
was supplemented with vitamin B6 and 
Bis and containing D-sorbitol. The content 
of sorbitol in the diets for groups C and 
D was 10% during the first 6 weeks of 
feeding and was subsequently increased to 
20% during the second 6-week period in 
order to make the effect of sorbitol more 
marked. The 24-hour excretion of vitamin 
Be in the urine collected during the last 
day of the 4th week was measired and 
found to be 1.04 ± 0.04 pg in group A 
and 6.52 ±  0.32 pg in group C (table 3), 
demonstrating a marked increase in ex­
cretion (P < 0.001).

Effect of prolonged feeding of D-sorbitol 
on absorption of vitamin B12. To study 
the effect of prolonged feeding of sorbitol 
on vitamin Bis absorption, another set of 
animals in the various groups similar to 
those described above (table 3) was 
given a vitamin Bi2 absorption test at the 
end of a 12-week feeding period. The ani­
mals were fasted overnight to eliminate 
the effect of any sorbitol remaining in the 
gastrointestinal tract, and weie given 
radioactive vitamin Bi2 by mouth on the 
following morning. When the dose of 
50 mpg was fed to groups A and C, and 
the absorption was estimated from the

radioactivity in fecal matter and organs, 
a significantly poorer absorption was dem­
onstrated in group C in comparison with 
group A (see table 2, study 2). An even 
greater difference was obtained between 
groups B and D which received two doses 
of 1,000 mpg; the uptake of radioactivity 
was 37.9 — 7.4 mpg, and 15.3 ±  2.1 mpg 
in the liver and 70.4 ± 15.1 mpg and
27.4 ± 3.5 mpg in the kidneys, respec­
tively. The decrease in absorption of vita­
min Bn after 12 weeks of dietary sorbitol 
also is reflected in a lowering of vitamin 
Bn concentration in the plasma and liver 
(table 3, last two columns).

D I S C U S S I O N

The data presented here demonstrate 
clearly that supplementation of a vitamin 
Bs-deficient diet with D-sorbitol brings 
about an increase in the urinary excretion 
and in the liver concentration of vitamin 
B6 in young adult rats. These results may 
be interpreted as evidence that the absorp­
tion of vitamin B6 was increased by the

3 H e r n d o n ,  J. F., S. M .  Greenberg, E. J. V a n -  
Loon, J. K. M a t h u e s  a n d  E. T. Parmelle 1959 
Activities of D-sorbitol o n  the g r o w t h  of rats 
deficient in pyridoxine, vitamin B i2, biotin or 
pantothenic acid. Federation Proc., 18: 5 2 9
(abstract).
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sorbitol supplementation. This finding is 
in harmony with the observation that the 
growth rate of weanling rats fed a vitamin 
Bs-deficient diet was improved by the sup­
plementation of 10% of D-sorbitol. This 
confirms the report by Herndon et al.3

The effects of D-sorbitol on vitamin B!2 
absorption under similar conditions were 
different from those on vitamin B6. Unlike 
the latter vitamin, prolonged feeding of 
D-sorbitol results in apparent reduction of 
vitamin BiZ absorption with concomitant 
decreases in the plasma and liver con­
centrations of vitamin Bis in a manner 
similar to prolonged dietary deprivation 
of B6, ( H s u  et al., ’57; Ranke et al., ’60). 
In distinct contrast with the growth-pro­
moting effect of sorbitol in BG deficiency, 
sorbitol did not improve and might even 
have retarded the growth of the weanling 
rats fed a vitamin Bis-deficient soybean 
diet supplemented with desiccated thyroid. 
It should be pointed out that such thyroid- 
treated animals may be different from the 
ones deprived of vitamin B,2 in the diet. 
The influence of sorbitol on the utilization 
of intestinal vitamin Ba is apparently dif­
ferent from that on the utilization of vita­
min B12. N o single mechanism would 
account for two diversified effects of sor­
bitol on these vitamins. The effect of 
sorbitol on vitamin B6 may be explained 
on the basis of increased synthesis of 
vitamin B0 by intestinal microorganisms, 
but an effect of sorbitol to increase the 
concentrations of available vitamin B6 in 
the lumen without increasing synthesis 
cannot be ruled out.

On the surface, our observation of the 
reduced absorption after prolonged feed­
ing of sorbitol seems to contradict the re­
ported observations on increased absorp­
tion when vitamin Bis was co-administered 
with D-sorbitol by mouth to normal rats 
and human volunteers. Chow et al. ( ’58) 
observed a greater increase of vitamin 
B12 levels in plasma in the human sub­
jects receiving 50 ug of vitamin Bis and 
18 gm of liquid sorbitol as compared with 
that in control subjects receiving vitamin 
Bis alone after a long period of admini­
stration. However, these diametrically op­
posite results may be explained on the 
basis of the difference in the physical 
states of the two mixtures of vitamin Bis
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and sorbitol. Our unpublished lata indi­
cate that sorbitol enhanced absorption of 
vitamin Bi2 only when a large dose (1,000 
mag) of vitamin Bi2 was used and that 
without the cecum, this effect cannot be 
shown in rats. The markedly enlarged 
ceca of the sorbitol-dosed animals as ob­
served suggest such a possible role of 
cecum in absorption of vitamin B!2. It 
should be pointed out that, in the present 
study, the absorption of vitamin Bi2 was 
measured under a condition in which 
sorbitol was not present in the lumen 
when the test dose of vitamin BI2 was 
administered. Such a condition would 
permit one to estimate the effect of pro­
longed feeding of sorbitol on the absorp­
tion capacity of the intestinal wall, rather 
than a direct effect of sorbitol on absorp­
tion of B12 or interaction between the two 
components. The involvement of intrinsic 
factor in the observed reduction of absorp­
tion of vitamin Bi2 seems unlikely, because 
the absorption of a large dose of vitamin 
B12 has been shown repeatedly not to 
depend on intrinsic factor (Doscherhol- 
men and Hagen, ’57; Okuda, ’60). The 
absorption study using such a dose also 
demonstrated the reduction of absorption 
by sorbitol (table 2, group B vs D).

SUMMARY
The effects of D-sorbitol in the diet on 

the utilization of vitamin Be and 3 t2 were 
studied in rats. The following conclusions 
were drawn:

1. The addition of D-sorbitol to a diet 
deficient in vitamin Be increased the uri­
nary excretion and liver concentrations of 
vitamin B6 in adult rats, and markedly 
improved the growth rate in weanling 
rats.

2. After feeding D-sorbitol at the level 
of 10 to 20% in the diet for 8 to 12 weeks, 
the intestinal absorption of orally-fed 
radioactive vitamin Bi2 was reduced.

3. The addition of D-sorbitol to a diet 
deficient in vitamin Bi2 did not improve 
the growth of weanling rats.

These observations demonstrate a mul­
tiple effect of D-sorbitol on vitamins in the 
intestine. The possible mechanism for the

increased utilization of vitamin B6 by the 
dietary D-sorbitol has been discussed.
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