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Publications of The Wistar Institute

These publications enjoy the largest circulation of any similar journals published.

THE JOURNAL OF MORPHOLOGY

Devoted to the publication of original research on animal morphology, including cytology,
protozoology, and the embryology of vertebrates and invertebrates. Articles do not usually
exceed 50 pages in length.

Issued bimonthly, 2 vols. annually: $20.00 Domestic, $21.00 Foreign, per year.

THE JOURNAL OF COMPARATIVE NEUROLOGY

Publishes the results of original investigations on the comparative anatomy and physiology
of the nervous system.
Issued bimonthly, 2 vols. annually: $20.00 Domestic, $21.00 Foreign, per j-ear.

THE AMERICAN JOURNAL OF ANATOMY

Publishes the results of comprehensive investigations in vertebrate anatomy — descriptive,
analytical, experimental.
Issued bimonthly, 2 vols. annually: $20.00 Domestic, $21.00 Foreign, per year.

THE ANATOMICAL RECORD
Organ of the American Association of Anatomists and the American Society of Zoologists
For the prompt publication of concise original articles on vertebrate anatomy, preliminary
reports; technical notes; critical notes of interest to anatomists and short reviews of note-
worthy publications.
Issued monthly, 3 vols. annually: $30.00 Domestic, $32.00 Foreign, per year.

THE JOURNAL OF EXPERIMENTAL ZOOLOGY

Publishes papers embodying the results of original researches of an experimental or
analytical nature in the field of zoology.
Issued 9 times a year, 3 vols. annually: $30.00 Domestic, $32.00 Foreign, per year.

AMERICAN JOURNAL OF PHYSICAL ANTHROPOLOGY
Organ of the American Association of Physical Anthropologists

Publishes original articles on comparative human morphology and physiology as well as
on the history of this branch of science and the techniques used therein. In addition, it gives
comprehensive reviews of books and papers, a bibliography of current publications, abstracts
and proceedings of the American Association of Physical Anthropologists, and informal
communications.

Issued quarterly, 1 vol. annually: $10.00 Domestic, $11.00 Foreign, per year.

JOURNAL OF CELLULAR AND COMPARATIVE PHYSIOLOGY

Publishes papers which embody the results of original research of a quantitative or
analytical nature in general and comparative physiology, including both their physical and
chemical aspects.

Issued bimonthly, 2 vols. annually: $20.00 Domestic, $21.00 Foreign, per year.

THE JOURNAL OF NUTRITION
Official Organ of the American Institute of Nutrition
Publishes original research bearing on the nutrition of any organism. Supplements to
the regular monthly issues are published irregularly as required by the editorial board.
Issued monthly, 3 vols. annually: $22.50 Domestic, $24.00 Foreign, per year.

THE AMERICAN ANATOMICAL MEMOIRS

Publishes original monographs based on experimental or descriptive investigations in the
field of anatomy which are too extensive to appear in the current periodicals. Each number con-
tains only one monograph. List of monographs already published, with prices, sent on application.

Send Subscriptions and Business Correspondence to

THE WISTAR INSTITUTE OF.ANATOMY AND BIOLOGY
THIRTY-SIXTH 'SITJINET'AI’ SPdftfRJS,"PHILADELPHIA 4, PA.

The Journal of ¢& tritioi*®, Official* Organ of the Amferftan Institute of Nutrition, is owned and
published monthly b¥ The "Wistar Institute _oj ."i/\a_tp%i'f.and .Riaiosy. ,3Eth Street at Spruce, Phila-
delphia 4, Pa. SuDSthTtaQii pille is.$2d.$0 a.yean "in U.S.At, $24.00-?, year mailed to out-of-country
address. Second class-jfestige.paid <at -Philadelphia, 4>a. ‘Trade* mjirli ® registered, U.S. Patent
Office; Copyright ©* 195C b> WEstaV Institute pf jAilaJonjy talnl Biology. Printed in U.S.A. at the
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moderate low-fat
and well-balanced
food values

in cereal and
milk serving

Among breakfast main dishes, the cereal and milk at such small cost can better its moderate low-fat,
serving merits consideration when a reduction of well-balanced nutritional contribution as shown in
dietary fat is indicated because it ranks low infat the table below. Served with non'at milk, the fat
and provides well-balanced food values. Few foods content is very low.*

Cereal, 1 oz.

Whole Milk, 4 oz. Cereal** Whole Milk Sugar
Sugar, 1teaspoon 1oz 4 0z. 1 teaspoon
J® CALORIES. ... e 203 104 83 16
. iii  PROTEIN e 3.1 gtn 4.2 gm.
nutritive s 1 FAT 53 gm 0.6 gm. 4.7 gm.*
. til CARBOHYDRATE 22 gm, 6.0 gm 4.2 gm.
Compos|t|0n M caLcium.. 0.025 gm. 0.144 gm
[\ 14 mg 0.1 mg.
of average . 195 1. U. 195 1. U.
i m THIAMINE. 0.12 mg 0.04 mg
cereal serving .1 R BOFLAVIN. . 025 mg. 0.04 mg 021 mg
V4 NIACIN o 13 mg 01 mg
M AscoRBIC ACID 15 mg. - 15 mg
M CHOLESTEROL.... 0 16.4 mg.*

+Nonfat (skim) milk, 4 oz., reduces the Fat value to 0.1 gm. and the Cholesterol value to 0.35 mg.
+e#Based on composite average of breakfast cereals on dry weight basis.

Cereal Institute, Inc.: Breakfast Source Book. Chicago: Cereal Institute, Inc., 1959.
Hayes, O. B., and Rose, G. K.: Supplementary Food Composition Table. J. Am. Dietet. A. 33:26, 1957.

Watt, B. K., and Merrill, A. L.: Composition of Foods-Raw, Processed, Prepared. U.S.D.A. Agriculture Handbook
No. 8, 1950.

CEREAL INSTITUTE, INC.
135 South La Salle Street, Chicago 3

A research and educational endeavor devoted to the betterment of national nutrition
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10.
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12.

13.

14.

15.

16.
17.

18.

20.
21.

The American Anatomical Memoirs

PUBLISHED BY THE WISTAR INSTITUTE

. Early Stages of Vasculogenesis in the Cat (Felis domestica) with Especial

Reference to the Mesenchymal Origin of Endothelium, by H. von W. Schulte,
Department of Anatomy, Columbia University, New York City. 90 pages of text and
33 text figures, of which 14 are in colors. $0.75.

. The Development of the Lymphatic System in Fishes, with Especial Reference to

its Development in the Trout, by C. F. W. McClure, Department of Comparative
Anatomy, Princeton University. 140 pages, 41 figures, 11 of which are in colors. $1.25.

. An Experimental Analysis of the Origin of Blood and Vascular Endothelium, by

Charles R. Stockard, Department of Anatomy, Cornell University Medical School, New
York City. 174 pages. $1.25.

. On the Behavior of Bufo and Rana toward Colloidal Dyes of the Acid Azo Group

(trypan blue and dye no. 161), by Charles F. W. McClure, Laboratory of Comparative
Anatomy, Princeton University. 64 pages. $0.75.

. The Morphology and Evolutional Significance of the Pineal Body, by Frederick

Tilney, M.D., PIli.D., Professor of Neurology, Columbia University, New York, and
Luther F. Warren, A.B., M.D., Professor of Medicine, Long Island College Hospital,
New York. Part 1. A contribution to the study of the epiphysis cerebri with an
interpretation of the morphological, physiological, and clinical evidence. 258 pages,
97 text figures. $1.50.

Anatomical and Physiological Studies on the Growth of the Inner Ear of the
Albino Rat, by Tokujiro Wada, The Wistar Institute of Anatomy and Biology. 174
pages, 124 tables, 42 charts, 12 figures, 2 plates. $2.00.

The Pigmentary, Growth, and Endocrine Disturbances Induced in the Anuran
Tadpole by the Early Ablation of the Pars Buccalis of the Hypophysis, by
P. E. Smith, Assistant Professor of Anatomy, University of California. 112 pages of
text, 40 pages of illustrations, including 2 colored figures and 7 heliotype plates. $1.50.

An Experimental Analysis of Oedema in the Frog, with Special Reference to the
Oedema in Red-leg Disease, by Charles F. W. McClure, A.M., Sc.D., Professor of
Comparative Anatomy, Princeton University. 40 pages, 3 figures. $0.50.

On the Problem of Lymph Flow between Capillaries of the Blood-vascular System
and Blindly-ending Capillaries of the Lymphatics, by Charles F. W. McClure,
Professor of Comparative Anatomy, Princeton University. 50 pages, 24 charts. $1.00.

Life Processes and Size of the Body and Organs of the Gray Norway Rat During
Ten Generations in Captivity, by Helen Dean King and Henry H. Donaldson, The
Wi istar Institute of Anatomy and Biology, 106 pages, 22 charts. $2.50.

The Mammalian Vena Cava Posterior. An ontogenetic interpretation of the atypical
forms of vena cava posterior (inferior) found in the adult domestic cat (Felis
domestica) and in man, by Charles F. W. McClure, A.M., Sc.D., Professor of Comparative
Anatomy, Princeton University, and the late George S. Huntington, Professor of Anatomy,
Columbia University. 150 pages, 46 plates (63 figures, of which 21 are in colors). $3.75.

The Embryology of the Opossum, by Edward McCrady, Jr. 234 pages, 66 text figures,
3 plates. $3.50.

Life Processes in Gray Norway Rats During Fourteen Years in Captivity, by Helen
Dean King. 78 pages, 13 text figures, 2 plates. $2.00.

A Resurvey of the Development of Lymphatics and Associated Blood Vessels in
Anuran Amphibia by the Method of Injection, by Henry McE. Knower. 126 pages,
5 text figures, 19 plates. $2.00.

Palmar and Plantar Deematoglyphics in Primates, by Charles Midlo and Harold
Cummins. 198 pp. 602 figures. $3.00.

(New—eNow in Press) Weight Changes with Age in the Organs of Rats. Two parts.
Part I — Albino Rats (60 tables). Part Il —Gray Norway Rats (56 tables). Thirty
collaborators engaged in this important contribution to the study of aging. By Edmond
J. Farris and Eleanor H. Yeakel. Price to be announced.

Note: Nos. 1, 2, 5, 6, and 19 are out of print

Order from

THE WISTAR INSTITUTE PRESS
3631 SPRUCE STREET, PHILADELPHIA 4, PA.
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in the season of

acute infections, extra

CITRUS

provides the increased

VITAMIN C

and fluid needed during

FEVER

to prevent deficiency and

help maintain resistance*

*Tisdall and Jolliffe note the systemic
relation in animals between
vitamin C and resistance to infection,
with increased needs evident in upper
respiratory streptococcal infections.

—In: Clinical Nutrition ed. by
Norman Jolliffe et al. New York,
Paul B. Hoeber, Inc., 1950,
pp. 590-91,637-38.

F - =
ORANGES = GRAPEFRUIT = TANGERINES

FLORIDA CITRUS COMMISSION = LAKELAND. FLORIDA



Notice of Discontinuance of the

ADVANCE ABSTRACT CARD SERVICE

The December 1958 issue of the Advance Abstract
Card Service completes a 41-year period of unique ab-
stracting service to the biological sciences. we regret to
announce discontinuance of the Advance Abstract Card
Service with the December 1953 issue and the Index
ivith the 1957 issue. Price of the 1957 Index (limited
edition) $2.50.

Special Stock Clearance Price List

Drastically reduced prices are in effect to clear stock
of back issues as follows:

The Wistar Institute Bibliographic Card Service June
1917 to June 1938 originally sold at $5.00 per annual
issue — $105.00 for complete set. Now $1.00 per annual
issue. Complete set approximately 10,000 abstracts,
$18.00.

The above abstracts published in paper bound volumes
1-8, originally $5.00 per volume, now $1.00 per volume,
$6.00 for all eight volumes.

Note: Volume editions discontinued with volume 8.

The Advance Abstract Card Service — July 1938 to
December 1957, originally $3.00 per annual set to 1956,
$5.00 to 1957 — now only $1.00 per annual set or $15.00
for complete 19 annual issues (approximately 9000 ab-
stracts).

The Advance Abstract Card Service Index — issues for
1938-1940; 1942-1947, fifty cents per copy (1941 out of
print). Originally fifty cents per copy, mAV twenty-five
cents each.

Issues for 1949 to 1953 originally $1.00 per copy, now
only fifty cents each.

Issue for 1954 originally $1.50, now only seventy-five
cents.

Issues for 1955-1956 originally $2.50, now only $1.00.

All 18 issues (1938-1956 except 1941) now only $6.75.

1957 INDEX (LIMITED EDITION) $2.50

NO AGENCY DISCOUNTS ON ABOVE PRICES
Send orders with remittance to

THE WISTAR INSTITUTE PRESS
3631 SPRUCE STREET PHILADELPHIA 4, PA
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TOASTED
WHEAT GERM

Defatted — Stable —35% Protein —equal

to meat in biological value. A delicious protein
supplement for any food.

Available in raw untoasted form.

Wheat Germ Concentrate 90% protein.

Fish Flour (deodorized) 90% protein.

Meat Flour 90% protein.
VIOBIN CORPORATION Monticello, Illinois

THE BRITISH JOURNAL OF NUTRITION

Published for the Nutrition Society

SHORTENED VERSIONS OF TITLES OF ARTICLES IN VOL. 13, NO. 4

Amino-acid content o: raw and heat-sterilized

Effect of oestrogiens by mouth on some aspects
cow’s milk. By Sheila Payne-Botha and

of the phy5|o ogy of the newborn lgalf By

. Gillian . Hawkins, Roy,
E.J Blgwo?d. i i K. W. G. Shlllam J. C. Greaterox and
Blood coagulation ir. normal and scorbutic P. L. Ingram.

guinea-pigs. By F. Barkhan and A. N. Effect of giving stilboestrol and Chlortetra-
Howard. cycline to colostrum-fed calves. By Jitt M.
. . . . . Lang, J. H. B. Roy, K. W. G.” Shillam

In vitro conversion of /3-carotene into vitamin and P. L. Ingram.
A in tissues from the rat, guinea-pig and Metabolic interrelationships of dletary I’IbO-

flavin and vitamin B12 in the rat. By W

sheep. By N. A. Worker.
Lavate and A. Sreenivasan

Availability of bound nicotinic acid to the rat.
1. By E. Kodicek and P. W. Wilson.

The efficient use of time in the calorimetric
measurement of heat output. By B.
Cairnie and J. D. Pullar.

Experimental production of vitamin B12 defici-
ency in rats and mice on a maize —ground-
nut-meal diet. By Pbema Fatterpaker,
W. Y. Lavate, A. G. Mulgaonkar, J. M.
Noronha, D. Y. Rege, H. P. Tipnis and
A. Sreenivasan.

Mode of action of dietary carbohydrate on
protein metabolism. By H. N. Mtjnro J. G.
Black, and W. S. T. Thomso

Composition of tissue lost through reductlon of
diet in obese patients. By H. Ljttnggren,
D. Ikkos and R. Lett.

Electrophoretic pattern of plasma_proteins in
kwashiorkor " and undernutrltlor amor}’g
Celonese children. By N Baptist .
de Silva and M. A

A ballistic bomb calorimeter.
and P. R. Payne.

Diet in pregnancy. 3.

Sideek.
By D. S. Mitler

By A. M. Thomson.

The combined subscription rate for the British Journal of Nutrition (4 issues)
and the Proceedings of the Nutrition Society (2 issues) is $23.50

Published by the

Cambridge University Press

32 F.ut 57th Street, New York 22, N. Y.



Read in the November issue of . . .

The Journal

Relation between dietary fat, fat content
of milk and concentration of certain
enzymes in human milk. By M. G
Karmarkar and C. V. Ramakrishnan.

Lysine and threonine supplementation of
rice. By H. R Rosenberg, R. Culik and
R. E. Eckert.

Amino acid requirements for maintenance
in the adult rooster. II. The require-
ments for glutamic acid, histidine, lysine
and arginine. By G. A Leveille and H.
Fisher.

The thiamine requirement of the mink for
growth and fur development. By W. L
Leoschke and C. A Elvehjem.

Riboflavin in the nutrition of the Chin-
chilla. By W. L Leoschke and C. A
Elvehjem.

Dietary fat and protein and serum cho-
lesterol. 1. Adult swine. By Richard H.
Barnes, Eva Kwong, Grace Fiala, M
Rechcigl, Ruth N. Lutz and J. K Loosli.

Dietary fat and protein and serum cho-
lesterol. Il. Young swine. By Richard
H. Barnes, Eva Kwong, Wilson Pond,
Robert Lowry and J. K Loosli.

Effect of thiamine deficiency and thiamine
injection on total liver lipids, phos-
pholipids, plasmalogen and cholesterol
in the rat. By J. N. Williams, Jr. and
C. E. Anderson.

Studies on unidentified chick growth fac-
tors apparently organic in nature. By
R. Dam, A B. Morrison and L. C. Norris.

of Nutrition

Inhibition of the amino acid-sugar reac-
tion. By L. R. Overby, R. L. Fredrickson
and D. V. Frost.

Serum protein changes in vitamin E-de-
ficient chicks. By J. G. Bieri and C. J.
Pollard.

Repletion and depletion of polyunsaturated
atty acids in Cebus monkeys. By O. W.
Portman, T. Hayashida and D. Bruno.

Fatty acid distribution in egg yolk as in-
fluenced by type and level of dietary fat.
By P. Wheeler, D. W. Peterson and G. D.
Michaels.

Studies with the use of Co@labeled vita-
min Biz on the interrelationship of cho-
line and vitamin Biz in rats with nutri-
tional edema. By H. E. Sauberlich.

The availability of chicks of zinc in various
compounds and ores. By Hardy M
Edwards, Jr.

Production of low fat milk. 1. Effect of

uality and quantity of concentrate on
the volatile fatty acids of the rumen and
on the composition of the milk. By J. C.
Shaw, R. R. Robinson, M. E. Senger,
S. Lakshmanan and T. R. Lewis.

Methionine, iodocasein and oxygen con-
sumption of chicks. By Lowell W.
Charkey.

The influence of selected vegetable fats on
plasma lipid concentrations and aortic
atheromatosis in cholesterol-fed and
diethylstilbestrol-implanted cockerels.

D. M. Tennent, M. E. Zanetti, H. Siegel,
G. W. Kuron and W. H. Ott.

Issued monthly — Three volumes of four numbers each — Twelve numbers

$22.50 annually in United States — $24.00 in all other countries
ALL SUBSCRIPTIONS PAYABLE IN ADVANCE

The Wistar I nstitute of Anatomy and Bioloqy

Thirty-sixth Street at Spruce
Philadelphia 4, Pennsylvania

Enter my subscription to The Journal of Nutrition to begin with the

current volume.

| enclose $22.50 ($24.00 if mailing address is other than

United States). Single copies, $2.25 each.

NAME

STREET

ary

COUNTRY

ZONE

STATE
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W I LEY

i BOOKS ©

Examines the processing of foods

from place of origin to point of consumption . .

NUTRITIONAL EVALUATION
OF FOOD PROCESSING

Edited by ROBERT S. HARRIS, Massachusetts Institute of Technology; and the late
HARRY von LOESECKE, formerly of the U. S. Department of Agriculture. This book
evaluates the known effects of pro-cessing upon the nutrient content and nutritional value
of foods. Wherever possible suggestions are made regarding changes in processing
procedures which would minimize losses in nutritional value. Thirty-three authors, each
an expert in his field, have contributed to this volume, making it one of the most
comprehensive and authoritative studies of food processing ever published.

Contains information on . . .

* influence of genetics and of agricultural practices on the composition of foods
« relation of harvesting and handling practices of unprocessed foods to their
composition

effects of commercial processing on the composition of fruits and vegetables
effects of commercial processing of milk and milk products on their composition
effects of commercial processing of cereals on their composition

relation of packaging materials to maintenance of nutritive value

losses in nutrients during large-scale preparation of direct feeding

losses in nutrients during home preparation of foods

methods of increasing the nutritive value of foods

and much more . . .

1959. Approx. 590 pages. Prob. $12.00.

Also check . . .

PRINCIPLES OF DAIRY CHEMISTRY

By ROBERT JENNESS, University of Minnesota; and STUART PATTON, Pennsyl-
vania State University. The first book written in the English language designed to meet
the present needs of teachers and students specializing in the principles of dairy chemistry.
Main emphasis is directed toward understanding the nature of milk—the chemistry of
milk constituents—the interaction of constituents with one another under various condi-
tions—and the relationship of all these facts to the production and storage of dairy

products. 1959m 446 pages. $8.75.

Send for examination copies.

JOHN WILEY & SONS, Inc.
440 Fourth Avenue New York 16, N. Y.
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SPOTLIGHT COST

A series devoted to giving you brief facts about those
vital, health-giving factors — the vitamins.

BETA CAROTENE, one of the Newer Phrases You see on Food
Package Labels. More and more processors are
using beta carotene —the safe, true carotene
yellow color — to make their good foods bright,
appealing, and more nutritious.

... Of all the carotenoids now known, beta carotene is the most useful
for human beings because of its value as a provitamin A. Not all
carotenoids are provitamins.

Beta carotene is a safe color. It is one of nature’s own coloring agents.
It has been consumed in foods for thousands upon thousands of
years. It is an acceptable coloring for foods in the U. S. A, Great
Britain, Switzerland and other countries around the world.

Beta carotene is now used as a safe, natural yellow coloring agent in
such foods as margarine, shortening, lard, butter, cheese, salad and
cooking oils, confections, yellow baked products, beverages, ice cream.

The text above has been taken from the newest Roche
publication: “The Story of Nature’s Yellow — Beta
Carotene.” If you have not yet read this interesting and
informative brochure, or if you wish to distribute copies to
your associates, please send your request to the Vitamin
Division. You will not be charged or obligated.

If you are engaged in the manufacture of foods or pharmaceuticals,
our technical service is at your disposal . . . in confidence, of course.

VITAMIN DIVISION HOFFMANN-LA ROCHE INC. «  NUTLEY 10, N. J.

Roche Research and Roche Products Preserve
and Protect the World's Health

ROCHE ROUND THE WORLD
AFFILIATED COMPANIES: BASEL » BOGOTA * BOMBAY « BRUSSELS + BUENOS AIRES * GRENZACH (bADEN)
HAVANA - ISTANBUL - JOHANNESBURG + LONDON < MADRID - MEXICO CITY + MILAN  MONTEVIDEO - PARIS

RIO DE JANEIRO =+ STOCKHOLM =+ SYDNEY =« TOKYO =« VIENNA =« AGENCIES IN OTHER COUNTRIES



A GUIDE FOR CONTRIBUTORS

...

The Journal of

NUTRITION'

A COPYRIGHTED SCIENCE PERIODICAL PUBLISHED MONTHLY BY THE WISTAR INSTITUTE

The Journal of Nutrition welcomes con-
cise reports of original research bearing
on the nutrition of any organism. Prelim-
inary notices, or papers already published
or in press elsewhere are not acceptable.
Consideration will be given to the publica-
tion of supplements at the author’s ex-
pense.

MANUSCRIPTS should be typewritten,
double-spaced throughout, on bond paper
(82 x 11 inchesz). An original and a car-
bon copy should be sent flat, by registered
mail, to Richard H. Barnes, Editor, The
Journal of Nutrition, Graduate School of
Nutrition, Cornell University, Savage Hall,
Ithaca, New York. The following informa-
tion should be listed on page 1:

1. Complete title of paper.

2. Name or names of authors.

3. Institution or laboratory, with city and state.

4. Shortened form of title (not more than 48

letters and spaces).

5. Address and name of author to whom proof

is to be sent.

The text should begin on page 2. The
manuscript should be prepared with a uni-
form style, and submitted in complete and
finished form exactly as the author wishes
it to appear in type. Citations of the liter-
ature In the text should be made by author
and year of publication. For any year from
1900 and after, use abbreviation, for ex-
amOPIe (’34). Never divide a word at the
end of a line, for, it might be set incor-
rectly with a hyphen. Number all pages
consecutively in the following order: title
Fage, text, tables, figures and legends,
iterature cited and footnotes.

Each of the following sections, usually
set in smaller type, should be started on
a new page and typed double-spaced: (1)

tables, with appropriate heading ga sepa-
rate sheet for each table), (2) explanation
of figures, numbered and listed consecu-
tively, (3) literature cited, arranged alpha-
betically by authors—see current issue for
exact form, and (4) footnotes.

Footnotes. In the text, footnotes should
be numbered consecutively, including any
indicated on page 1 In a table, footnotes
should be made part of the table, typed
directly beneath it, and numbered 1, 2, 3,
etc. These are independent of other foot-
note numbers used in the manuscript.

Acknowledgments. Financial support
may be listed as a footnote to the title.
Credit for materials may be listed as a foot-
note in the text. Technical assistance and
advice may be cited in a section headed
Acknowledgments, which will follow the
summary.

Literature Cited. Accuracy and ade-
quacy of the references are the responsi-
bility of the author. Literature cited should
be checked carefully with the original pub-
lication. References to abstracts, personal
communications or unedited reports are
generally treated as text footnotes. Refer-
ence to a paper in press may be included
in Literature Cited. If such a paper would
be useful in the evaluation of the manu-
script under consideration, it is advisable
to make a copy of it available to the Editor.
When a manuscript is one of a series of
papers, the preceding paper should be in-
cluded in Literature Cited.

Numbers. If possible, avoid using a
number as the first word in a sentence.
Numbers so used should always be spelled
out, but no abbreviations should follow
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such numbers. Numbers indicating time,
weight and measurements are to be ex-
pressed in Arabic figures when followed by
an abbreviation (e.g., 2 mm; 1sec.; 3 gm,;
10 mm3). Except as indicated, the num-
bers one, two and three will be written out
in the text (e.g., two days; one dog). All
higher numbers will be given in Arabic
figures. Use Arabic numerals throughout.

Abbreviations. The word figure, writ-
ten in the text, is not abbreviated except
when appearing in parentheses, as (fig. 2)
(figs. 4-6).

The metric system should be used in
preference to others for measurements,
weights, etc. Temperatures should always
be expressed in Centigrade scale. Metric
abbreviations listed below are shown in
the approved lower-case style, without

periods:
Weight Length
kg kilogram km  kilometer
gm gram m  meter
mg milligram cm  centimeter
/;g microgram mm  millimeter
m/i’g millimicrogram % micron,
ms micromicrogram m/i. millimicron
m  micromicron
Volume
m3 cubic meter
cm3 cubic centimeter Area
mm3 cubic millimeter m2 square meter
1 liter . cm2 squarecentimeter
ml milliliter mm2 squaremillimeter
Symbols. When preceded by a figure,

the following symbols are used:

A Angstrom units ° degree o
% percent ppm parts per million

Tables and figures. Authors are urged
to economize on space used for tables and
figures. These should fit one column width
(2% inches) or when necessary, two col-
umn widths (5V2 inches). A charge will
be made for that space used for tables and
figures which exceeds one-half of the space
used for the manuscript exclusive of tables
and figures. A table or figure should be
constructed so as to be intelligible without
reference to the text. Lengthy tabulation
of essentially similar data can often be
avoided by giving the number of experi-
mental results and their mean values, with
standard deviations or ranges within which
the values fall. Statements that significant
differences exist between the mean values
of two %roups of data should be accom-
panied by indications of probability de-
rived from the test of significance applied.

Original drawings, with two reproduc-
tions, to be sent to reviewers, or in the
case of photographs, two glossy prints,
should accompany the manuscript. They

OF NUTRITION

should be marked on the back in ink with
the author’s name and complete address.
Such drawings and ﬂhotographs must not
exceed 8\2 x 11 inches in size and must
be at least 54 inches wide in order to fit
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Dietary Modification of Serum Cholesterol
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In mature roosters, dietary protein is
more closely related to serum cholesterol
levels than is dietary fat (Kokatnur et al.,
’58). Likewise in the growing chick low
protein diets result in elevated plasma
cholesterol (Nishida, Takenaka and Kum-
merow, '58; Johnson, Leveille and Fisher,
’58).

Dietary fat may either increase or de-
crease blood cholesterol depending upon
the level of fat fed, the degree of saturation
of the fat, its fatty acid composirion and
the cholesterol content of the diet. Many
reports of this have been reviewed by
Felch et al. (58).

Increasing the level of protein fed in-
creases fat digestibility. This has been
shown to be the case with the rat 'Barnes,
Primrose and Burr, ’44), with dogs and
rats (Magee, Kim and vy, ’53), and with
the chick (Biely and March, '57). Biely
and March (’57) showed also that utiliza-
tion of a more saturated fat (tallow) is
affected more by dietary protein level than
utilization of a less saturated one (corn
oil). Since the effect of fat on blood cho-
lesterol level differs among various fats
and since protein level is a factor in the
efficiency of utilization of fat, the following
experiment was designed to compare the
effect on serum cholesterol of different fats
when fed in basal diets containing 20 and
26% of protein.

March and Biely (’57) observed that
high levels of dietary fat reduced thyroid
size in chicks. The reduction in thyroid
size probably indicates a reduction in thy-
roid activity (Schultze and Turner, ’45).
Ershoff (’49) reviewed the work of several
investigators who found that high-fat diets
lowered metabolic rate, and reported addi-
tional experiments in support of a bene-
ficial effect of fat for hyperthyroid animals.

J. Nutrition, 69: ’59

It is also recognized that there is some
connection between thyroid activity and
the level of circulating cholesterol (Oliver
and Boyd, 58). In the following experi-
ment the thyroid weights of the chicks
were determined in order to ascertain if
there were a three-way interrelationship
among diet, th?/roid activity, and serum
cholesterol level.

EXPERIMENTAL

Two basal diets formulated to contain
20 and 26% of protein respectively were
employed. The composition of the diets
is shown in table 1 In the diets supple-
mented with 8% of various fats the fat
was substituted for the cornstarch in the
basal diets. The fats used with their iodine
values (Hanus) were Crisco3 (74), lard
(62), chicken fat (78), unsalted butter
(32), corn oail (127), and light-pressed
herring oil (137). Crisco and the lard
were labelled as being stabilized with anti-
oxidants.

Each diet was fed to 22 Single-Comb
White Leghorn male chicks kept under the
customary conditions of management with
ad libitum feeding. The chicks were
weighed individually at weekly intervals
until they were 5 weeks old. Serum cho-
lesterol was determined by the method of
Zlatkis, Zak and Boyle, ('53) when the
chicks were 3 to 5 weeks cld. A total of
35 determinations was made on chicks
selected at random from each lot.

After the final weighing when the chicks
were 5 weeks old, 10 chicks were taken at

Received for publication April 9, 1959.
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TABLE 1
Composition of basal diets

Ingredient 20% protein diet
Ib. per 100 Ib.

Ground wheat 28.0
Ground yellow corn 31.75
Soybean oil meal (44% protein) 18.0
Cornstarch 8.0
Herring meal (70% protein) 5.0
Dehydrated cereal grass 2.0
Limestone 1.0
Bonemeal 1.75
lodized salt 0.5
Choline chloride (25% ) 0.4
Nicarbazine (25% ) 0.05

gmn
Manganese sulphate 6.0
Folacin 0.0375
Riboflavin 0.2
Calcium pantothenate 0.6
Niacin 1.8
Menadione 0.027
Vitamin A 2000 .U ./lb.
Vitamin D3 120 1.C.U./lb.

TABLE 2

26% protein diet

Ib. per 100 Ib.
20.0
23.0
28.0
8.0
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Body weights, thyroid weights and serum cholesterol values of chicks fed different fats

Supplementary fat

20% protein diet
None

Herring oil

Com oil

Chicken fat
Crisco

Lard

Butter

26% protein diet
None

Herring oil

Corn oil

Chicken fat
Crisco

Lard

Butter

1Ten determinations.

20% protein fat
26% protein diet

20% protein diet,
1% cholesterol

Serum
Av. wt. Thyroid Serum ch* 2«
at 5 wks. wt.1 cholesterol2 feeding 1%
cholesteroll

gm "y mg % mg %

388 8.65 167 211

393 9.32 166 315

393 8.88 176 297

414 7.87 183 319

401 8.73 181 296

408 7.78 187 275

414 8.11 179 247

424 10.35 157 207

453 10.18 152 257

467 9.97 157 271

449 8.98 166 273

497 8.90 162 241

469 9.63 168 307

471 9.02 169 336

2Thirty-five determinations.

TABLE 3
Grouping of different fats according to their effect on serum cholesterol levell

herring oil  control  cornoil  butter  Crisco chicken fat lard
herring oil ~ control  corn oil  Crisco  chicken fat lard butter
control butter lard Crisco corn oil herring oil chicken fat
control  Crisco  herring oil ~ cornoil  chicken fat lard  butter

26% protein diet,
1% cholesterol

1Average serum cholesterol levels with any two fats not underscored by the same line are signifi-

cantly different (P < 0.05).
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random from each lot and transferred to
another set of brooder compartments. The
transferred chicks were continued on the
respective diets which they had been re-
ceiving with the difference that 1% of
cholesterol was added to the diets. The
birds remaining in the original brooder
compartments were continued on the diets
unsupplemented with cholesterol. After
48 hours, blood was taken for cholesterol
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determinations from chicks in all 28 lots.

After the blood for the final cholesterol
determinations was taken, 10 of the birds
fed the original diets throughout the ex-
periment were killed. Individual body
weights were recorded and the thyroid
glands from each bird were removed and
weighed. Thyroid size relative to body
weight was determined separately for
each bird.

Fig. 1 Scatter diagram of the relationship between thyroid size and serum cholesterol

level, r = —0.89.

e 20% protein diet; A —26% protein diet.



RESULTS

The 26% protein diet promoted a faster
rate of growth than did the 20% protein
diet (table 2). The difference between
growth rate with the diets of different pro-
tein content was evident when the diets
contained fat in place of cornstarch.

Serum cholesterol levels in the chicks
fed the 20% protein diets were consistently
higher than in the chicks fed the 26%
protein diets. The values obtained are
shown in table 3. The differences among
them were analyzed statistically and
grouped in table 3 according to the multiple
range test of Duncan (55). The effect of
protein level on serum cholesterol level
was apparent both in the chicks fed the
basal diets and those fed the diets con-
taining 8% of added fat. With the 20%
protein diet, the inclusion of any of the
fats tested, with the exception of herring
oil, increased the level of serum cholesterol.
When the basal diet contained 26% pro-
tein, Crisco, chicken fat, lard or butter in-
creased serum cholesterol significantly.

One per cent of cholesterol fed to the
chicks in the various groups for a 48-hour
period elevated serum cholesterol in all
Instances. With the low-fat diets serum
cholesterol level was similar whether the
diet fed contained 20 or 26% of protein.
When the diets contained supplementary
fat there were marked differences in
serum cholesterol level between the chicks
receiving the respective levels of protein.
As was the case with the diets without
added cholesterol, chicks fed the lower pro-
tein diet showed a higher level of serum
cholesterol than those fed the higher pro-
tein diet when the supplementary fat was
Crisco, corn ail, herring oil or chicken fat.
When the fat added to the diets was lard
or butter, the chicks fed the higher pro-
tein level showed the higher levels of serum
cholesterol.

The thyroid glands of the chicks fed the
26% protein diets were heavier than those
of the chicks fed the 20% protein diets
(table 2). Within each protein level there
were further differences in thyroid size
depending upon the particular fat used to
raise the fat level of the diet. In most in-
stances thyroid weight relative to body
weight was decreased when the fat con-
tent of the diet was raised. However, her-
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ring oil did not affect thyroid size when fed
in either the 20 or the 26% protein diet.
The values for thyroid size and for serum
cholesterol level showed a highly signifi-
cant negative correlation (fig. 1).

DISCUSSION

In every instance increasing the pro-
tein level of the diet from 20 to 26% re-
duced the serum cholesterol level in the
chicks fed various fats without additional
cholesterol. This is in accord with the
findings of other investigators mentioned
earlier.

Herring oil did net elevate serum cho-
lesterol in either the 20 or the 26% pro-
tein diet and, of the other fats tested, corn
oil produced the least increase in serum
cholesterol. The more saturated fats, Cris-
co, butter, chicken fat and lard all in-
creased the cholesterol level when fed to
the chicks not receiving a supplement of
cholesterol in the diet.

When the chicks were fed 1% of cho-
lesterol for 48 hours the influence of the
type of fat contained in the diet differed
from that observed in the chicks not re-
ceiving the cholesterol supplement. Stam-
ler and Katz (’51), and Peterson et al.
(’53), showed that fat increases choles-
terol absorption in chicks. This has been
srown to be the case with other species
also.

Absorption of fats is more efficient in
hi?h- than in low-protein diets and the
difference in absorption is more marked
when the fat is relatively saturated (Biely
and March, 57). In the present experi-
ment, therefore, although absorption of
corn oil and herring oil might be expected
to be similar with both the 20 and 26%
protein diets, the absorption of the other
fats was probably greater at the higher
protein level. It is accordingly probable
that butter and lard, added to the 20%

rotein diet containing supplementary cho-
esterol, increased serum cholesterol to a
lesser extent than did the other fats be-
cause butter and lard were not so well
absorbed. Lin, Karvinen and Ivy (55)
showed that the percentage of dietary cho-
lesterol absorbed generally varied with the
absorption of the fat fed with the choles-
terol. Because of Boorer absorption from
the intestine the absorption of cholesterol
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would consequently be relatively poor in
the diets containing these fats. When, on
the other hand, lard or butter was added to
the 26% protein diet with added choles-
terol, serum cholesterol was elevated to a
greater extent than with the other fats.
If absorption was similar in the chicks
fed the 26% protein diets, the various fats
would then affect serum cholesterol in the
same way as they did in the chicks fed
the diets without supplementary choles-
terol. That is, the predominating effect be-
came that of the characteristic cf the fats
responsible for reducing the level of cir-
culating cholesterol or that responsible for
suppressing the removal of cholesterol
from circulation, or both.

It thus appears from the above that
two factors may be involved in the effect
of dietary fat on serum cholesterol. When
the diets contain a normal amount of cho-
lesterol so that endogenous cholesterol is
responsible for the major part of circulat-
ing cholesterol, the effect of fat is predom-
inantly with respect to disposal of the cho-
lesterol. When on the other hand, cho-
lesterol is added to the diet, the amount
of cholesterol absorbed from the intestine
then plays the major role in determining
the level of serum cholesterol. Accordingly
the more readily utilized fats, although ac-
celerating the withdrawal cf cholesterol
from the circulation may, when the diet
contains high levels of cholesterol, in-
crease absorption of cholesterol from the
intestine to a greater extent than less
readily utilized fats. This latter effect
then predominates over the former so that
an unsaturated fat may produce a higher
level of serum cholesterol than a more
saturated one.

When the protein level of the diet is
high, the absorption of the more saturated
fats is increased with the result that cho-
lesterol absorption is similar with the
saturated and unsaturated fats. The net
result is that, as with diets not supple-
mented with cholesterol, the effect of fat
on serum cholesterol is Principally due to
the effect on removal of cholesterol from
the circulation.

The negative correlation between thy-
roid size and serum cholesterol level might
be an indication that the fat and protein
content of the diet had a direct effect on

109

thyroid activity, or that, by modifying the
cholesterol content of the serum there was
an indirect effect on thyroid activity.
There are reports in the literature that
serum cholesterol and thyroid hormone
have counteracting effects. Weiss and
Marx (’55) have shown in animal experi-
ments that thyroid hormone stimulates the
degradation of cholesterol to acid deriva-
tives. On the other hand, Winebrenner
and Marx ('49) found that the addition
of cholesterol to the diet of rats receiving
desiccated thyroid partially reduced the
metabclic rate but had no effect on the
metabclic rate of rats not receiving thyroid.

A comparison of post-mortem findings
in persons dying of coronary sclerosis and
those dying from other causes showed a
higher incidence of enlarged thyroid gland
in the coronary sclerotic group and led to
the suggestion “that hypothyroidism may
be a cause and not an effect of arterio-
sclerosis” (Uotila, Raekallio and Ehrn-
rooth, 58). It has also been reported that
dietary fat is beneficial to the hyﬁerthyroid
animal. Papers in this regard have been
reviewed by Ershoff (’49), including one
in which it is reported that protective ef-
fects of fats against the rise in metabolic
rate following thyroid feeding are corre-
lated with the degree of saturation of the
various fats (Guerra, "47). Thyroid size in
the chicks fed the high-protein diets was
greater than in the chicks fed the low-pro-
tin diets. If the energy content of the diet
is low relative to the protein content, pro-
tein is utilized to meet energy require-
ments. The data show that the ratio be-
tween protein and fat levels in the diet is
more important than the absolute levels
with respect to the effect on the thyroid
gland. It appears possible that some of
the dietary effects upon serum cholesterol
levels may be mediated through the thy-
roid gland.

SUMMARY

Chicks were fed herring oil, corn ail,
Crisco, lard, butter and chicken fat in
diets containing 20 and 26% of protein.
The chicks fed the higher protein level
showed lower serum cholesterol levels than
those fed the lower protein level whether
or not the diet was supplemented with fat
and regardless of the type of fat added to
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the diet. With both protein levels Crisco,
butter, lard and chicken fat increased
serum cholesterol. Herring oil did not
increase serum cholesterol with either diet
and com oil did so to a significant degree
only in the case of the chicks fed the 20%
protein diet.

When the chicks were 5 weeks old, 1%
of cholesterol was fed in the respective
diets for 48 hours. Serum cholesterol was
markedly increased by the treatment in
every instance with the chicks receiving
supplementar% fat showing higher choles-
terol values than the chicks fed the diets
without added fat. Butter and lard re-
sulted in the least increase over the con-
trol diet with the chicks on the 20% pro-
tein diet, but the greatest increase with
the chicks on the 26% protein diet. The
differences in the effects of the various
fats, depending upon the protein content
of the diet are considered to result from
increased absorption of the fats and cho-
lesterol from the intestine in the chicks fed
the higher level of protein.

The weights of the thyroid glands of
chicks fed the various diets (without added
cholesterol) were determined. There was
a negative correlation between thyroid size
and serum cholesterol level. Relative to
body weight the thyroid glands were light-
er in the chicks fed the lower level of
protein. The data suggest that the effect of
diet upon serum cholesterol level may be
mediated to some extent through the thy-
roid gland.

LITERATURE CITED

Barnes, R. H., M. F. Primrose and G. O. Burr
1944 The influence of the protein content of
the diet upon fat digestibility. J. Nutrition, 27:
179.

Biely, J., and B. March 1957 Fat studies in
poultry. VII. Fat and nitrogen retention in
chicks fed diets containing different levels of
fat and protein. Poultry Sci., 36: 1235.

Duncan, D. B. 1955 Multiple range and mul-
tiple F tests. Biometrics, 11: 1.

Ershoff, B. H. 1949 Protective effects of soy-
bean meal for the immature hyperthyroid rat.
J. Nutrition, 39: 259.

MARCH AND JACOB BIELY

Felch, W. C., L. Sinisterra, T. B. van ltallie and
F. J. Stare 1958 Vitamins and other nu-
trients in cardiovascular disease. Vitamins and

Hormones, 16: 127. Academic Press, New
York.
Guerra, E. Z. 1947 Accién inhibidora de di-

versas grasas dietéticas (saturadas y no satura-
das) sobre elevacion de consumo de oxyigeno
produceda por la tiroxina. Tesis Medico-Ciry-
jano. Univ. de Chile, Inst. Fisiol.

Johnson, D., Jr., G. A. Leveille and H. Fisher
1958 Influence of amino acid deficiencies and
protein level on the plasma cholesterol of the
chick. J. Nutrition, 66: 367.

Kokatnur, M., R. T. Rand, F. A. Kummerow and
H. M. Scott 1958 Effect of dietary protein
and fat on changes of serum cholesterol in
mature birds. Ibid., 64: 177.

Lin, T. M., E. Karvinen and A. C. Ilvy 1955
Relation of dietary fat to the absorption and
elimination of exogenous and endogenous
cholesterol. Am. J. Physiol., 183: 86.

Magee, D. F., K. S. Kim and A. C. lvy 1953
Effect of dietary protein on the fat content
of hens. Am. J. Physiol., 175: 310.

March, B. E., and J. Biely 1957 The effect
of dietary fat level on thyroid activity in the
growing chick. Poultry Sci., 36: 1270.

Nishida, T., F. Takenaka and F. A. Kummerow
1958 Effect of dietary protein and heated fat
on serum cholesterol and beta-lipoprotein levels,
and on the incidence of experimental athero-
sclerosis in chicks. Circ. Res., 6: 194.

Oliver, M. F., and G. S. Boyd 1958 Hormonal
aspects of coronary disease. Vitamins and Hor-
mones. Academic Press, New York.

Peterson, D. W., E. A. Shneour, N. F. Peek and
H. W. Gaffey 1953 Dietary constituents af-
fecting plasma and liver cholesterol in cho-
lesterol-fed chicks. J. Nutrition, 50: 191.

Schultze, A. B., and C. W. Turner 1945 The
determination of the rate of thyroxine secre-
tion by certain domestic animals. Mo. Agr.
Exper. Sta. Res. Bull. 392.

Stamler, J., and L. N. Katz 1951 The effect of
pancreatectomy on lipemia, tissue lipidosis and
atherogenesis in chicks. Circulation, 4: 255.

Uotila, U., J. Raekallio and W. Ehrnrooth 1958
Goitre and arteriosclerosis. Lancet, 2: 171.

Weiss, S. B., and W. Marx 1955 The fate of
radioactive cholesterol in mice with modified
thyroid activities. J. Biol. Chem., 213: 349.

Winebrenner, L. E., and W. Marx 1949 Effect
of dietary cholesterol on the metabolic rate of
hyperthyroid rats. Proc. Soc. Exp. Biol. Med.,
71: 326.

Zlatkis, A., B. Zak and A. J. Boyle 1953 A new
method for the direct determination of serum
cholesterol. J. Lab. Clin. Med., 41: 486.



Effects of Excess Thiamine and Pyridoxine on
Growth and Reproduction in Rats
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INTRODUCTION

Although studies on vitamin interrela-
tionships have shown little or no effect of
excess thiamine or nyridoxine in growing
rats (Scott and Griffith, ’58; Morrison and
Sarett, '59), the study of Richards (’45)
and the report of Hunt et al. ('54) suggest
that excess amounts of either of these
vitamins may have deleterious effects in
pregnancy. Richards (’45) found that ad-
ministration of excess thiamine to female
rats fed a white flour-casein diet, simulat-
ing a low-quality human diet, had no effect
on growth, but adversely affected repro-
duction, as evidenced by high mortalit%/
and poor growth of the young. Convul-
sions similar to those found in pyridoxine
deficiency were observed in some of the
offspring, and could be prevented by giving
the dams additional pyridoxine during
lactation. However, signs of other de-
ficiencies were also observed in the young
rats. Hunt et al. (’54) reported that an
infant, born to a mother who had received
excess pyridoxine during pregnancy, ex-
hibited convulsions which responded to
pyridoxine. They postulated that excess
pyridoxine intake during pregnancy may
Increase the pyridoxine requirement of the
infant.

The present experiment was conducted
to determine whether excess amounts of
thiamine or pyridoxine or both affected
growth, reproductive performance and vi-
tamin stores in female rats fed an adequate
diet, and to what extent these high levels
of vitamins in the mothers’ diet affected
weight gain and vitamin stores in the

oung when raised on a pyridoxine-de-
icient diet.

MATERIAL AND METHODS

The basal 18% casein diet used in the
experiment was similar to that of Sarett

J. Nxtoriton, 69 - '59

and Snipper (’54) except that sucrose was
used as the carbohydrate, and ascorbic
acid was omitted from the vitamin mix-
ture. In addition, the levels of thiamine-
HC1 and pyridoxine-HC1 were changed to
150 pg per 100 gm of diet. These levels are
slightly greater than those listed by Brown
and Sturtevant (’49) as the levels required
by the growing rat. Four comparable
rougs of 12 female weanling rats each
?Mc ollum-Wisconsin strain) were care-
fully selected from 19- to 21-day-old ani-
mals weighing approximately 50 gm. The
animals were individually housed in
screen-bottom cages and given the basal
diet (diet 1), or this diet supplemented
with excess thiamine (diet 2?}, excess py-
ridoxine (diet 3), or excess thiamine and
pyridoxine (diet 4). Excess thiamine and
Pyridoxine were added at 50 times the
evels used in the basal diet.

Records were kept of the amounts of
food and water consumed by each rat,
and the animals were weighed individually
at weekly intervals. After the animals had
been on experiment for 12 weeks, they
were mated with stock males of proven
fertility. As soon as possible after each
litter was horn, the number and weight
of the young were recorded. When neces-
sary, the number of young per fitter was
reduced to 8 at 5 da%/s of age.

When the young had reached 21 days of
age, the dams were sacrificed (without
fasting) by intraperitoneal injection of
Nembutal* solution and the fivers, kidneys
and adrenals were removed and weighed.
The fivers of the dams fed each diet were
pooled and analyzed for solids, total lipid,
thiamine, riboflavin, pyridoxine, panto-
thenate and vitamin B2 The levels of
solids and total lipid were determined by

Received for publication March 30, 1959.
1Abbott.
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the method of Sarett and Jandorf (’47).
Thiamine was determined by the thio-
chrome method (Pharmacopeia, ’55),
while riboflavin was assayed fluorometri-
cally (Pharmacopeia,’s5). Pyridoxine was
extracted by autoclaving the samples at
121 °C for 5 hours in 0.055 N HC1, accord-
ing to the method of Rabinowitz and
Snell (°47), and assayed microbiologically
with S. carlsbergensis. Pantothenate was
determined microbiologically with L. plan-
taram by the method of Toepfer et al.
(’54), following release of bound forms of
the vitamin by the double enzyme system
of Novelli et al. (’49). Vitamin Bi2was ex-
tracted with a buffered cyanide solution
according to the cFrocedure described by
Gregory (’54), and assayed using L. leich-
mannii (Pharmacopeia, ’55).

At weaning (19 to 21 days of age)
representative young were Killed and the
livers of the animals from each group were
pooled (sexes kept separate) and analyzed
for solids, total lipid, thiamine and pyridox-
ine, by the methods outlined above. The
remaining animals were individually
housed in screen-bottom cages and were
given a diet similar to diet 1, except that
pyridoxine was omitted, and the level of
thiamine was increased to 200 pg per 100
gm of diet. The weight gains of these ani-
mals were followed. After two and 5
weeks, one-third of the surviving males

HERBERT P. SARETT

and females from each group were sacri-
ficed. The livers were pooled as before
and analyzed for solids, total lipid, thia-
mine and pyridoxine. The data on liver
solids and total lipid levels in these ani-
mals showed no effect of maternal diet
and are not reported herein. Most of the
remaining rats died before the planned 8-
week terminal analyses could be per-
formed.

RESULTS AND DISCUSSION

Data on food and water intakes, weight
gains and food efficiency values obtained
before the animals were mated are sum-
marized in table 1. In 12 weeks, the ani-
mals fed the control diet (diet 1)
gained 145 gm, with an average food
efficiency of 17.9 gm gain per 100 gm
food intake. Addition of excess thiamine
(diet 2) or excess pyridoxine (diet 3) had
no significant effect on weight gain or food
efficiency. However, supplementation with
high levels of both thiamine and pyri-
doxine (diet 4) resulted in slightly greater
weight gain and somewhat increased ef-
ficiency of food utilization. Although these
differences were not significant, the re-
sults suggest that the thiamine and pyri-
doxine levels in diet 1 may have been bor-
derline for maximum growth.

The data on reproductive performance
(table 2) show that the average birth

TABLE 1

Data on iveight gains, food and water intakes and food efficiencies of female rats fed diets
containing various levels of thiamine and pyridoxine for 12 weeks

Diet 1
Adequate
thiamine,
pyridoxine
No. of survivorsl ii
Initial weight, gm 49
6 weeks
Weight gain, gm 106 + 112
Food intake, gm 372
W ater intake, ml 557
Food efficiency3 285+ 21
12 weeks
Weight gain, gm 145 £ 19
Food intake, gm 811
W ater intake, ml 1354
Food efficiency3 179+ 14

1Each group contained 12 animals initially.
2Standard deviation.

Diet 2 Diet 3 Diet 4
Excess Excess TASEe
thiamine pyridoxine pyridoxiné

12 12 ii

49 49 49

109 + 12 112+ 9 116 + 16
380 387 393

658 664 583

28.8 + 1.8 29.0+ 2.6 295+ 238
146 + 15 153 + 14 158 + 19
816 827 827

1702 1620 1443
180+ 11 186 + 1.8 19.2+1.8

3Average grams gain per 100 gm food intake.
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TABLE 2

Data on reproductive performance of female rats fed diets containing various levels
of thiamine and pyridoxine

No. and description No. of
of diet

1. Adequate thiamine, pyridoxine 10 6
2. Excess thiamine 12 1
3. Excess pyridoxine 1 9
4. Excess thiamine, pyridoxine 10 9

weight, survival of the ﬁoung to weaning,
and average weight of the young at wean-
ing were not significantly influenced by
addition of excess thiamine or pyridoxine
or both to the basal diet. However, the
animals which received excess thiamine
and pyridoxine (diet 4) had more young
per litter than those fed the other diets.
The lack of any deleterious effect of excess
thiamine on reproduction observed in the
present study is in contrast to the findings
of Richards (45). The discrepancy in the
results may be due, in part, to the relative
inadequacy of the diet used by Richards,
since Morrison and Sarett (’59) have
found that excess amounts of a single B
vitamin may retard weight gain of ani-
mals fed diets low in several B vitamins,
but usually have no effect in animals fed
adequate diets.

The data on organ weights of the post-
parturient females showed some hyper-
trophy due to pregnanc?/, but little effect
of vitamin excess. The liver weights aver-
aged 4.6 to 5.1% of the body weight, and
the adrenal glands averaged 21.3 mg to
23.5 mg per 100 gm body weight. The kid-
ney weights of the animals on diets 2, 3
and 4 averaged 0.73 to 0.78% of body
weight, whereas those of the rats on diet 1
were slightly heavier, namely 0.82% of
body weight.

he levels of solids and total lipid in the
livers of the post-parturient females (table
3) were not significantly influenced by ad-
dition of excess amounts of thiamine or
Fyridoxine or both to the basal diet. The
evels of riboflavin, pantothenate and vita-
min B2 were also not significantly in-
fluenced by the diet fed. The addition of
excess thiamine to the basal diet increased
liver thiamine levels from 2.6 to 8.7 /xg per
gm. In contrast to the findings with thi-

animals litters  young W)%gntof

. bi rvival . . Wei
No, of No. of Av, birth Survival data. /-})\%vagﬁlngr?t

g 5days 21 days 21 day

gm no. % no. % gm

44 6.5 43 98 32 73 37

75 6.3 72 96 57 76 43

75 6.1 67 89 53 75 41

87 6.2 78 90 58 64 39

amine, the addition of excess pyridoxine
to the diet had no significant effect on
liver pyridoxine levels. Other workers have
also found that increasing the level of
thiamine in the diet above that needed for
maximum growth, increases tissue concen-
trations of the vitamins (Ochoa and Peters,
’38; Byerrum and Flokstra, ’51), whereas
the concentration of pyridoxine in the liver
of growing rats is not influenced by addi-
tion of %yridoxine to an adequate diet
(Sheppard and McHenry, '46). EXxcess py-
ridoxine apparently had no effect on liver
thiamine levels, nor did excess thiamine in-
fluence the level of pyridoxine in the liver.

The data on weight gains of the young
on the pyridoxine-deficient diet are sum-
marized in table 4. The young of mothers
which received excess pyridoxine (diets 3
and 4) gained significantly more weight
than did those of mothers which received
the basal diet. These findings do not sup-
port the hypothesis of Hunt et al. ('54)
that administration of excess pyridoxine
to the mother during pregnancy increases
the pyridoxine dependency of the young.
The presence of excess thiamine in the
maternal diet (diet 2) appeared to slightly
increase weight gain in the young fed a
pyridoxine-deficient diet.

The data on thiamine and pyridoxine
levels in the fivers of the young at wean-
ing, and after two and 5 weeks on the py-
ridoxine-deficient diet, are summarized in
table 5. Liver thiamine levels in the young
at weaning reflected maternal thiamine
intakes, in a manner similar to that found
in the fivers of the mothers. The pyridox-
ine levels of the fivers of the young at
weaning also reflected maternal pyridox-
ine intake, although those in the mothers
showed no effect of excess pyridoxine
(table 3). At weaning, the young of ani-

uwufmssicaj?) mjj3mnpn<f
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TABLE 3

Data on liver composition of post-parturient female rats fed diets containing various levels
of thiamine and pyridoxine

Diet 1 ; f Diet 4
hiequate  excess Béess | SXCESS,
pyridoxine thiamine pyridoxine pyridoxine

Number of animals per group 6 11 8 9

Solids, % 30.5 29.4 29.3 294
Total lipid (ether extract), % 2.7 2.7 2.4 3.3
Thiamine, yg/gm 2.6 8.7 2.3 8.4
Riboflavin, /j.g/gm 33.3 315 28.8 29.1
Pyridoxine, jig/gm 11.2 10.2 10.4 11.0
Pantothenate, j¢g/gm 61.2 56.4 56.4 56.1
Vitamin B12, m/j.g/gm 133.5 133.8 131.7 131.7

TABLE 4

Influence of maternal diet on weight gain of male and female weanling rats fed a
pyridoxine-deficient diet for 5 weeks

Diet 1
Adequate
thiamine,
pyridoxine
Males
Two weeks
No. of animals 12
Weight gain, gm 11
Five weeks
No. of animals 5
Weight gain, gm 12+ 71
Females
Two weeks
No. of animals 12
Weight gain, gm 11
Five weeks
No. of animals 6
Weight gain, gm 14+ 9

1Standard deviation.

mais fed excess thiamine ﬁdiets 2 and 4)
had higher liver thiamine levels than did
their mothers. However, in the animals
which received excess pyridoxine (diets 3
and 4), the levels of pyridoxine in the
liver were lower in the young at weaning
than in the mothers, suggesting limited
placental transfer of this vitamin. In man,
placental transfer of vitamin B6 also oc-
curs, as shown by the work of Wachstein
et al. (’57), who found that administra-
tion of pyridoxine to pregnant women re-
sulted in elevated pyridoxal phosphate lev-
els in the umbilical cord blood at birth.
During the 5-week period on the pyridox-
ine-deficient diet, the greater liver vitamin

Maternal diet

. : Diet 4
Diet 2 Diet 3
EXCess Excess thIiEaXr%ei:Se
thiamine pyridoxine pyridoxine
12 12 12
16 31 32
8 8 8
24+ 8 56+ 6 55+ 7
12 12 12
14 33 30
7 8 8
18+ 7 50+ 7 47 £ 3

stores in the young of mothers fed excess
thiamine or pyridoxine were decreased to
the levels found in the young of mothers
fed the basal diet.

SUMMARY

An experiment was conducted to deter-
mine whether excess thiamine or pyridox-
ine or both affect growth and reproduction
in rats receiving an otherwise adequate
diet. Groups of female weanling rats were
fed a basal diet containing 150 /g of
thiamine and of pyridoxine per 100 gm of
diet, alone or supplemented with 50 times
this level of thiamine or pyridoxine or
both. After a 12-week growth period, the
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TABLE 5

Influence of maternal diet on levels of thiamine and pyridoxine in the livers of male and
female weanling rats fed a pyridoxine-deficient diet for 5 weeks

Diet 1

Adequate
thiamine,
pyridoxine
Males
Thiamine, pg/gm

Initial 1.9(6)!

Two weeks 2.5(4)

Five weeks 1.6(2)

Pyridoxine, /;g/gm
Initial
Two weeks
Five weeks

Females
Thiamine, yg/gm
Initial
Two weeks
Five weeks

Pyridoxine, pg/gm
Initial
Two weeks
Five weeks

Maternal diet

. : Diet 4
Diet 2 Diet 3
Excess Excess (hiamine
thiamine pyridoxine pyridoxiné
14.7(17) 1.8(9) 12.0(16)
5.7(4) 2.6(4) 6.0(4)
1.8(4) 2.1(4) 2.5(4)

14.4(16) 1.7(15) 12.6(8)
6.0(4) 2.7(4) 6.0(4)
2.0(3) 2.0(4) 1.8(4)
5.5(16) 9.1(15) 9.7(8)
4.0(4) 4.6(4) 5.1(4)
3.1(3) 5.2(4) 4.2(4)

1Figures within parentheses indicate number of animals sacrificed to obtain pooled

samples of liver.

animals were mated to stock males for
study of reproductive performance. The
mothers were sacrificed after the young
were weaned, and liver vitamin levels were
determined. The young were given a py-
ridoxine-deficient diet for 5 weeks, and
rowth and liver thiamine and Pyridoxine
evels were measured at intervals.

The results showed that excess thiamine
or pyridoxine or both had no effect on
weight gain, reproductive performance or
the levels of solids, total lipid, riboflavin,
pyridoxine, pantothenate and vitamin BR
in the livers of the animals after parturi-
tion and lactation. Liver thiamine levels
in these animals, and in their young at
weaning, were markedly increased by ex-
cess thiamine. Liver pyridoxine levels in
the mothers were not increased by excess
dietary pyridoxine, although pyridoxine
stores in the livers of the young at weaning
were greatly increased by excess pyridox-
ine intake of the mothers.

During 5 weeks on a %yridoxine-deficient
diet, the young of mothers which had re-
ceived excess pyridoxine gained significant-

ly more weight than did those of mothers
which had received the basal diet.
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Protein Depletion and Amino Acid Requirement

in the Growing Chicken*

HANS FISHER, PAUL GRIMINGER anda GILBERT A. LEVEILLE
Department of Poultry Science, Rutgers University, New Brunswick,

New Jersey

Previous studies with the adult rooster
(Leveille and Fisher, '58) have shown
guantitative differences in the requirement
for maintenance of nitrogen balance be-
tween protein-depleted and non-depleted
animals. Allison (’51), working with dogs,
and Scrimshaw et al. (’58), in their stud-
ies of growing infants and children, recog-
nized the possibiligf that the optimum pat-
tern of amino acid requirement may vary
with the “physiological state” of :he indi-
vidual. Indirect evidence for such a pos-
sibility was presented by Bressani et al.
(’58) who observed that children recover-
ing from kwashiorkor went into positive
nitrogen balance on a corn masa diet when
either of the two most limiting amino acids
(tryptophan or lysine) was added to the
diet. In normal animals the addition of
only one of two equally limiting amino
acids will not improve, but will, in fact,
further decrease the value of the protein
mixture.

The present experiments were under-
taken in an effort to elucidate the effect of
“physiological state” ?protein depletion) on
the methionine and lysine requirement of
the rapidly growing chicken. Although
protein depletion in the growing chicken
will be shown to increase the requirement
for both amino acids, data are presented
which resolve these findings on the basis
of a greater total protein requirement and
a relatively constant amino acid-protein
proportionality.

EXPERIMENTAL AND RESULTS

In all three trials, day-old male chicks
were fed a standard 22% protein starting
ration for two weeks.2 At the end of this
period, half of each group, selected at ran-
dom, was placed for one week on a nitro-
gen-free purified ration (for composition
see table 1) while the remaining half was

J. Nutrition, <j9'59

continued on the 22% protein starting
ration. After the third week both the pro-
tein-depleted and non-depleted chicks were
assigned, on a weight basis, to their re-
spective lots. In both trials 1 and 2, 10
lots of 10 birds each were fed 5 graded
levels of the critical amino acid (methio-
nine or lysine) for each of the two protein-
depletion states. The basal diets as shown
in table 1 were formulated to contain
20% protein.

Table 2 shows the growth response to
the different amino acid levels for the
grotein-depleted and the non-depleted

irds. While the depleted birds responded
with increased growth to each additional
increment of the amino acid under study,
the growth response of the non-depleted
birds appears to plateau at the second level
of amino acid supplied.

Trial 3 was designed to test the fol-
lowing hypothesis as a possible explana-
tion for these findings: The non-depleted
birds might require less than the 20% pro-
tein that had been provided in the experi-
mental diets for trials 1 and 2, and there-
fore utilize lysine or methionine only to
the extent of their optimum éjrotein re-
quirement. The depleted birds, on the

Received for publication March 28, 1959.

1Paper of the Journal Series, New Jersey
Agricultural Experiment Station, Rutgers Univer-
sity, the State University of New Jersey, Depart-
ment of Poultry Science, New Brunswick. Sup-
ported in part by a grant-in-aid from the National
Science Foundation.

2Composition in pounds per ton: ground yel-
low corn, 1080; soybean oil meal (50% ), 680;
alfalfa meal, dehydrated, 60; dried distillers’
solubles, 80; butyl fermentation product, 20; di-
calcium phosphate, 44; limestone, 16; salt, 10;
mineral concentrate, 4; vitamin A and D concen-
trate (1,000,000 I.U. vitamin A and 250,000 I.C.U.
vitamin D/lb.), 4; antibiotic supplement, 1; vita-
min B12 concentrate (20 mg vitamin Bio/lb.), 1;
2110 gm choline chloride; 10 gm niacin.

117



118 HANS FISHER

other hand, representing “phP/sioIogically
younger” animals, would utilize and re-
quire all the protein offered (20%) and
would thus require proportionately more
of the limiting amino acid under study.
As shown in table 3, groups of non-de-
pleted birds were fed 5 levels of protein
varying from 14 to 22% in two series.
One series was supplemented with lysine
in such a way that this amino acid con-

AND OTHERS

stituted 1% of the diet at each protein
level (the amount previously found opti-
mal). In the second series lysine was ad-
justed at 5% of the protein level (on the
asis of 1% lysine on the previously fed
20% protein diet). Similarly, for protein-
depleted chickens two series of protein lev-
els were fed varying from 16 to 24%, one
series supplemented at a constant 1.2%
of the diet and the second at a constant

TABLE 1

Composition of ex

perimental rations

Ingredient Nt ge e Rasom o st 3 ang's2
% % %

Fiber 3.00 3.00

Corn oil 3.00 3.00 3.00
Mineral mix3 5.34 5.34 5.34
B vitamins3 0.15 0.15 0.15
Vitamins A, D and E3 0.10 0.10 0.10
Choline ClI 0.20 0.20 0.20
Soybean protein4 23.40

Glycine 0.50

L-Cystine 0.10

Dextrin 44.10

Sesame meal 41.90
Alfalfa meal 3.00
DL-Methionine 0.10
n-Lysine-HCI (95% ) 0.34

Glucose (cerelose)

1Calculated methionine content is 0.20% a
2Calculated lysine content is 0.80%.

nd cystine content 0.22%.

3For composition see Fisher and Johnson (’56).

4Assay protein C-I.

TABLE 2

Final body weights of protein-depleted and non-depleted chicks fed graded
levels of methionine or lysine

Amino acid Non-depletedl Depletedl
level chicks chicks
% gm gm

Methionine
0.20 627 + 262 308 + 242
0.25 680 + 17 377 £ 22
0.30 645 + 18 395+ 13
0.35 683 £ 20 420 + 25
0.40 699 £ 20 445 + 26
Lysine
0.8 545 + 183 297 £+ 173
0.9 617 + 13 365 + 18
1.0 635 + 17 380 + 17
11 620 + 13 418 + 13
1.2 626 + 13 446 + 12
1Averages for lots of 10 chicks + standard error of the mean.

2Average weights of Vantress cockerels at
of experiment (three weeks of age): non-dep

3Average weight of crossbred (New Hampshire

of age. Average lot weights at start of exp
283 gm, depleted 136 gm.

5 weeks of age. Average lot weights at start
leted 351 gm, depleted 159 gm.

X Columbian $) cockerels at 34 days
eriment (three weeks of age): non-depleted
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TABLE 3
Response of protein-depleted and non-depleted chicks to different protein and lysine levels
Protein Lysine Weightsl Lysine2 Weightsl
% % gm % gm
Non-depleted birds
14 1.0 618 + 12 0.7 582 + 16
16 1.0 691 + 10 0.8 651 + 16
18 1.0 666 + 20 0.9 667 =t 15
20 1.0 679 + 153 1.0 679 + 153
22 1.0 677 £ 14 11 701 + 16
Protein-depleted birds
16 1.2 416 + 12 0.96 399 + 10
18 1.2 440 = 19 1.08 434 + 16
20 1.2 469 + 133 1.2 469 + 133
22 1.2 437 = 14 1.32 478 = 15
24 1.2 476 = 10 1.44 508 =+ 12

1Duplicate groups of 6 chicks each; when

the birds were placed on the above diets

(after the three-week preliminary period) they weighed 348 and 160 gm for the non-depleted
and depleted chicks respectively. The above weights were recorded after 13 days on the

experimental diets.

2Lysine at a constant percentage of the protein: 5% and 6% respectively, for the non-

depleted and depleted groups.

3For the non-depleted series the 20% protein, 1% lysine level and for the depleted series
the 20% protein, 1.2% lysine level were included only once in the experimental design.

6% of the protein. If the above hypothesis
were correct the non-depleted birds should
erform equally well at a protein level
ower than 20% but containing the same
absolute amount of lysine (1%) as was
previously shown necessary on the 20%
protein diet. They should not perform as
well at lower protein levels containing ly-
sine at 5% of the protein since the lysine
requirement for both depleted and non-
depleted birds is expected to be alike when
expressed as a percentage of the protein.
By the same token, the depleted birds when
fed levels of protein lower than 20%
should not perform as well on lower levels
of protein with lysine held constant at
1.2% of the diet. The depleted birds
might actually perform better at a protein
level above 20% with the lysine content
at 6% of the protein (the same ratio
which had previously resulted in optimum
growth, namely 1.2% lysine and 20%
protein).

The data in table 3 sup(jjort the hﬁ/poth-
esis advanced. The non-depleted chicken
required no more than 16% protein in
combination with 1% dietary lysine (or
6.2% when expressed on a protein basis).
The depleted chicken required approxi-
mately 20% protein when the diet con-
tained 1.2% lysine (or 6% on a protein

basis). These chickens also responded to
higher protein levels provided the lysine:
protein ratio remained constant.

DISCUSSION

The results of these studies indi-
cate that protein-depleted chickens require
higher absolute levels of methionine and
lysine than non-depleted birds of the same
age. However, this greater need for amino
acids appears to be only a reflection of a

reater protein requirement. Thus, the
ysine requirement of the depleted chicken,
when expressed as a percentage of the
protein level required, remained essentially
unchanged. It appears reasonable that for
purposes of growth the protein-depleted
chick has an increased nitrogen require-
ment since this requirement is inversely re-
lated to body size. The effect of protein
depletion on the maitenance requirements
in the adult rooster (Leveille and Fisher,
58) was to decrease the protein needs
for positive nitrogen balance It is possible
that the reduced amount of body protein
in the mature and depleted animal is re-
sponsible for this observation.

Children, compared with growing ani-
mals, exhibit an unusually prolonged pe-
riod of slow growth; it might therefore be
expected that the amino acid requirements
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of kwashiorkor cases would follow a less
predictable course than that observed in
the depleted chick. During early stages of
recovery, the requirements of protein-de-
leted children mi%ht well depend to a
arger extent upon their maintenance than
upon their growth requirements. It has
yet to be determined to what extent pro-
tein depletion as defined for the experi-
mental animal3 correlates with the deple-
tion state of children suffering from
kwashiorkor.

SUMMARY

The methionine and lysine requirement
of normal and protein-depleted chicks was
determined on diets containing 20% of
protein. For both amino acids a higher
absolute requirement could be demon-
strated for the depleted birds. Data are
presented which explain these findings on
the basis of a greater protein requirement
for the depleted chicks. Thus, for lysine,
the requirement for depleted and non-de-
pleted chicks remained essentially con-
stant when expressed on the basis of
the dietary protein level required for
maximum growth.

ACKNOWLEDGMENTS

The authors would like to thank Dr. H.
M. Scott, University of lIllinois, for con-

AND OTHERS

tributing ideas which were helpful in the
planning of these experiments. We would
also like to thank the following for ma-
terials supplied: Merck Sharpe and
Dohme, Rahway, N. J. and E. I. du Pont
& Company, Wilmington, Delaware.

LITERATURE CITED

Allison, J. B. 1951 Interpretation of N balance
data. Federation Proc., 10: 676.

Bressani, R., M. Behar, N. S. Scrimshaw and
F. Viteri 1958 Amino acid supplementation
of com masa. Federation Proc., 17: 471.

Fisher, H., and D. Johnson, Jr. 1956 The
amino acid requirement of the laying hen. 1.
The development of a free amino acid diet for
maintenance of egg production. J. Nutrition,
60: 261.

Leveille, G. A,, and H. Fisher 1958 The amino
acid requirements for maintenance in the
adult rooster. I. Nitrogen and energy require-
ments in normal and protein-depleted animals
receiving whole egg protein and amino acid
diets. Ibid., 66: 441.

Scrimshaw, N. S, R. Bressani, M. Behar and
F. Viteri 1958 Supplementation of cereal
proteins with amino acids. |. Effect of amino
acid supplementation of corn-masa at high
levels of protein intake on the nitrogen reten-
tion of young children. Ibid., 66: 485.

3 In the case of the mature rooster (Leveille
and Fisher, ’58) the animals were depleted of
their protein reserves until a constant and mini-
mal nitrogen excretion was reached. The growing
chicks averaged a 24-gm loss in weight during the
one-week depletion period.



An Experimental Study of Nail Growth
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This paper is concerned mainly with the
linear growth rate of the nail of the rat.
A simple method of measuring this param-
eter is given, together with results obtained
when the animals are subjected to different
experimental treatments. The object of the
work was to extend certain observations on
nail growth that have been made in the
past, almost exclusively on the human sub-
Ject, and in particular to confirm some of
these observations in the experimental ani-
mal, where conditions can be controlled
more rigorously. In the discussion at the
end of the paper an attempt is made to
evaluate the physiological importance of
nail growth in relation to current problems
in research, and to suggest further avenues
for investigation, some of which are al-
ready giving interesting results.

METHOD

Measurement of nail growth in the hu-
man is relatively simple; Babcock (’55)
deals with a variety of available tech-
niques. To obtain growth rates for the nail
of the rat did not prove to be a simple mat-
ter; because of this, and because the early
results given in this paper were obtained
by a method which was subsequently re-
vised, a brief account of the development
of the method in current use will be given.

Examination of the claw of the an-
aesthetized rat suggested that the major
problem was the establishment of a refer-
ence point in the dermis or epidermis.
Hamilton, Hollander and Andervont (’58),
studying nail growth in the mouse, made
a tattoo on the dorsal surface of one pha-
lanx of the paw, and used this as a refer-
ence point to measure the peripheral mi-
gration of a scratch on the dorsal surface
of the nail. This is the only other paper
known in which nail growth has been
measured in an experimental animal. In
the rat another method suggested itself

J. Nutrition, 69: '59

since the lateral aspect of the claw, when
viewed under the dissecting microscope, is
relatively flat, a cross section of the nail is
shown diagrammatically in figure 1.

Fig. 1 Cross section through rat’s nail.

The animal was anaesthetized lightly
with ether, or wrapped tightly in a cloth
with just its left rear limb free, then laid
on its side beneath the dissecting micro-
scope. The digit under inspection was
gently pressed into a small piece of model-
ling clay.2 This method of holding the digit
has been used throughout and has been
found most satisfactory.

The first type of marking was simply a
small nick in the nail where the lower edge
meets the digital pad, see figure 2 at a
The distance this mark moved away from
the front of the pad was measured after a
number of days. Bleeding, and cracking
of the nail sometimes occurs, however,
so this method was given up, since these
changes might interrupt normal growth of
the nail.

The second method adopted was to make
three marks in the digital pad, and a cross
in the nail substance, see hi, b2 b3 and c,
in figure 2.

The growth of the nail was measured
by observing the distance that the cross ¢

Received for publication January 21, 1959.

'Permanent address: Human Nutrition Re-
search Unit, Nutrition Building, National Insti-
tute for Medical Research, The Ridgeway, Mill
Hill, London, N.W. 7, England.

2Plasticine.
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moved away after a few days from the
vertical line bi, b2 and b3 This method,
although accurate, was tedious.

Finally it was found that a line made by
a shallow cut with the scalpel at di-d2in

Fig. 3 Photograph showing marks for measur-
ing nail growth.

KENNETH O. GODWIN

figure 2, adjacent to the line of junction
between nail and epidermis remained
parallel during its migration for the next
few days. The skin just behind the nail is
firm, on this lateral aspect, so a puncture
was made at e, using a fine sewing needle
held in a pair of “Mosquito” forceps. The
puncture was just deep enough to pene-
trate the epidermis so that a reasonably
permanent mark could be made in the
dermis with a concentrated solution of
Evans Blue solution applied to the skin
with a camel's-hair brush. By the second
day the marks had become clearly defined
and could be measured accurately; read-
ings were obtained with a Filar ocular
micrometer. Two or three days later the
distance between the marks was again
measured and the daily rate of growth cal-
culated. Three separate readings were
made each time of the distance between
marks, and an average value calculated.

Figure 3 is a photograph showing the
marks in place.

RESULTS

The linear rate of growth of the nail of
the rat was measured in animals under the
following conditions: when fed a stock
diet; given diets of different biological
value, for 10 days; maintained on “low
8% protein diet”3 with and without vita-

3Supplied by Nutritional Biochemicals Corpora-
tion, Cleveland, Ohio.
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min A; maintained on “vitamin A test
diet,"3those of a second group were fed the
same diet but were given adequate vitamin
A; kept in a hot or cold environment; given
cortisone or ethionine daily; restrained for
24 hours; kept in cages where they were
exercised. Comparisons were made in all
cases between animals of the same Ultters,
litters being equaUy distributed between
the control and experimental diets; sexes
were evenly distributed wherever possible.
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Table 1 gives results obtained using diets
of different Net Dietary-Protein Value
(Platt and MiUer, ’58); the first method of
measurement was used. There is a cor-
relation (+ = 0.62, P > 0.02) between Net
Dietary-Protein Value and the Unear rate
of nail growth. Diets containing uncooked
haricot bean (Phaseolus vulgaris) caused
marked reduction, or even cessation, of
nail %rovvth; however, it is known that
toxic factors are present in these beans.

TABLE 1
Influence of dietary protein on linear rate of nail growth in the rat

No. Dietl

Non-protein
Non-protein
Cassava

10% V. sincusis
Yam and V. sincusis
Cassava and coconut
Cassava and fish

5% fish

Yam and fish

10% peanut

Maize and coconut
10% casein

Cassava and milk
10% egg

10% Phaseolus vulgaris
5% P. vulgaris

2% P. vulgaris

PRERRRPRPRRREE
ONOURWNROOONOUIAWN =

Cassava and Vigna sincusis

N.D.-p.Vs; Nail growth

mm/24 hrs.
0.045
0.044
0.031
0.045
0.078
0.048
0.044
0.057
0.089
0.062
0.044
0.069
0.072
0.059
0.091
0.000
0.000
0.044

PONPPWWWR PR RO0O
~NFRPFoNoo~NRFRPO~NO WO

wl.
w w

1Diets 5, 9, 11, 13, 15-18 were as diet 1 but with starch replaced by the materials indi-
cated at such a level that they contained the percentage of protein shown.
Diets 3, 4, 6-8, 10, 12 and 14 were human dietaries; the main constituents (staple +

chief protein source) are indicated.

2N.D.-p.V. = Biological Value X digestibility X N X 6.25.

protein (Platt and Miller, ’58).

It is a measure of the utilizable

3Diets 16, 17 and 18 contained decreasing amounts of raw haricot bean; a toxic factor

is present.

TABLE 2
Effect of vitamin A deficiency and protein shortage on nail growth in the rat

Dietary groupl Nr%'tgf g'\r/lo(-:\‘/\é/lph
mm/24 hrs.
1. Control2 9 0.1060
2. Vitamin A test3
+ vitamin A 8 0.0729
3. Vitamin A test3 10 0.0580
4. Low 8% protein4 7 0.065

P value grid
S.D.
1 2 3 4
+0.027 0.01 0.01 0.01
+0.016 0.01 0.2
+0.027 0.01 0.2
+0.023 0.01

1Animals from same stock, weighing between 30 and 35 gm when placed on diets; nail
growth was measured for three days after two weeks on diet.

2Approximately 18% protein.

3As supplied by Nutritional Biochemicals Corporation, Cleveland, Ohio.
4As mentioned in the text, a slightly reduced nail growth was found in animals fed
this same diet with vitamin A omitted; the difference was not significant (mean differ-

ence 0.0115 mm/24 hrs., P = 0.2).
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In table 2 are shown later results; the
method of measurement described last was
used. It will be seen that reduced nail
growth is associated with a low protein
diet; an additional suppression brought
about by omission of vitamin A from this
diet was not significant (the mean differ-
ence of 0.0115, P = 0.2). With diets con-
taining adequate protein, omission of vita-
min A causes a reduction in nail growth
(see also table 3). It will be noticed in
table 2, however, that the same diet, with
vitamin A added, does not give as good
nail growth as the stock diet. This may be

O. GODWIN

because the test diet is rather unpalatable.
Figure 4 shows growth curves for 4 groups
of 4 animals placed on different diets. Nail
growth was measured in the 16 animals
at the three separate periods shown. On
the stock diet the rate of nail growth re-
mained constant throughout; the animals
increased considerably in weight. The
vitamin A test diet, supplemented with
vitamin A, caused a slower weight increase
but did not affect nail growth to the same
extent. At first the low 8% protein diet
caused a great reduction in weight in-
crease but no change in nail growth; by

TABLE 3
A further second and third series of animals maintained on vitamin A test diet
Dietary groupl Nr%tgf g'\r/é%ph SD. P
mm/24 hrs.
1. Vitamin A test + vitamin A 10 0.0659 +0.029 0.03
Vitamin A test 8 0.0370 +0.020 '
2. Vitamin A test |- vitamin A 12 0.0796 +0.014 > 0.001
Vitamin A test2 11 0.0465 +0.022 '

1Food intakes measured at this time showed that the animals of the vitamin A test group
were eating more than those of the vitamin A supplemented group. On two successive days
the intakes were 7.5 and 5.3 gm per animal and 6.5 and 3.1 gm respectively.

2Although all animals were on the diet for 4 weeks, deficiency symptoms developed more

rapidly in this group.
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Fig. 4 Weight curves and nail growth measurements in relation to diet.
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TABLE 4
The effect of a cold environment on nail growth in the rat
No. of Mean
Group treatment rats growth S.D. P
mm/24 hrs.
No acclimatization 6 0.0098 +0.011
> 0.001
Control 6 0.0975 +0.024
> 0.001
Acclimatized 7 0.0045 +0.007
TABLE 5
Nail growth in rats before and during cortisone administration
Treatment Nr%.tgf gl\r/(I)(\e/(a’tnh SD. P
mm/24 hrs.
Before cortisone ii 0.090 +0.022
During cortisoneladministration > 0.001
(duration was three days) 82 0.050 +0.019

1Each animal received 5 mg of sterile cortisone acetate suspension in 0.2 ml of saline,

daily, by intramuscular injection.

2Three animals died under anesthetic; a fresh bottle was substituted.

the 20th day there was a reduction in the
rate of nail growth. The vitamin Atest diet
caused an early reduction in weight in-
crease and nail growth. This diagram sug-
gests that nail growth is not related simply
to weight increase.

There is (table 4) almost complete ces-
sation of nail growth at 6°C, whether the
animals are put into the cold room im-
mediately or allowed to acclimatize. There
is, therefore, no initial stimulus to nail
growth which might have been thought
to accompany an Initial rise in metabolic
rate; Herrington (’51()) has shown that at
12°C there 1s a 100% increase in heat
production over that at 28°C. There was
no increase in nail growth in a series of
animals on the low 8% protein diet, when
placed in the hot room, nor was there a
rise in a group of animals_on the stock diet.
Animals receiving ethionine daily (50 mg
each of a solution in saline buffered to
neutrality with sodium carbonate) showed
no alteration in nail growth. However, 5
mg of cortisone acetate given daily caused
a reduction in nail growth (see table 5).

Two animals were restrained for 24 hrs.
in an attempt to measure the diurnal var-
iation in nail growth. However, it proved
impossible as there was complete cessa-
tion of growth over the entire period.

Again, two animals were placed in cages
where they could exercise on a revolving
drum. Although they both exercised a con-
siderable amount, no increase was found
in the rate of nail growth.

DISCUSSION

Human nail growth has been followed
by a few investigators. Mitchell, in 1871,
found a slow rate of nail growth on the
hand of a 56-year-old woman, following a
stroke. He then studied nail growth in two
men who suffered strokes and noticed that
it ceased in the early stages, and resumed
at 12 and 21 days respectively, about a
week, in each case, before some return of
motor power occurred.

Head and Sherren ('05) confirmed Mit-
chell’s observations, finding that nail
%rovvth was retarded on the fingers of
the paralyzed hand. Similar retardation
occurred when a splint or cast was worn.
It is of interest that the same thing was
found when two animals were restrained,
in this study. Ivanovsky (’23) noticed re-
tardation of growth of the nails in famine
victims.

LeGros Clark and Buxton (’38), work-
ing with adults and children, found sev-
eral facts about nail growth including a
pronounced seasonal variation. The in-
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fluence of cold in the experimental animal
is very striking, and a similar phenomenon
has recently been demonstrated by Geog-
hegan, Roberts and Sampford (’58? in re-
duced nail growth among men in the Arc-
tic. They argue, from their own work, from
that of Sunderland and Ray (’52? who
showed reduced nail growth following
arterial ligation, and the known facts about
blood circulation of the extremities, that
the reduction in nail growth in a cold en-
vironment may be due to normal physio-
logical adjustment of peripheral circula-
tion. Mitchell had concluded, on the basis
of skin temperature and peripheral nerve
injury that a central trophic influence was
being exerted in his patients, rather than
a local ischemic effect. In the animal ex-
periments peripheral circulation is by no
means down to zero, although in a number
of the animals there was no nail growth
at all. A factor that may operate In the
cold condition, both in the results of Geog-
hegan et al., and the animal results re-
ported here, may he the local temperature
of the dividing cells of the nail matrix.
Gilchrist and Buxton (’39) showed that
nail growth varied with nutritional status
in school children. The measurements
made on the rat support these results.
Vitamin A may or may not have a specific
effect on nail growth; the experiments
cited do not enable us to decide, as the
diet itself, even when vitamin A is sup-
plied, does not give such good nail growth
as the stock diet. The further reduction
due to vitamin A deficiency may be asso-
ciated with a further reduction in food in-
take. However, table 3 shows that the dif-
ference was becoming evident when the
animals of the vitamin A test group were
eating more than those being supplemented
with vitamin A Pair feeding studies will
have to be done to decide this point. The
suggested difference between the two
groups on low 8% protein, with and with-
out vitamin A, there being no difference
in the weight of the animals, and the
amount of food eaten, rather points to a
specific effect due to vitamin A deficiency.
Cortisone is known to affect the rate of
many processes, e.g., wound healing and
collagen formation; the significance of its
effect on nail growth is difficult to assess.
It may reflect a general decrease in meta-

O. GODWIN

bolic rate, a relative increase in catabolism
and decrease in anabolism. When corti-
sone is given to rats daily, weight is found
to decrease but food intake to increase
(Godwin, '56).

Ethionine, which might have altered the
uptake of a protein rich in sulfur-contain-
ing amino acids, being an antimetabolite
to methionine, exerted no apparent effect
on nail growth.

There are at least two ways of viewing
nail growth; as a phenomenon of protein
replacement throughout the lifespan
(Hamilton, Terada and Mestler, 55), and
as an example of hard Keratinization.
From the former viewpoint the present
paper offers some evidence that factors
which affect the rate of metabolism such
as food intake, quality of food, tempera-
ture, and perhaﬁs cortisone, do influence
the growth of the nail; whether the con-
verse is true, that observations on nail
growth may, under certain conditions, give
a useful indication of the state of metab-
olism seems to be worthy of further in-
vestigation. The intake of food is obviously
an important factor, which must be con-
sidered in the interpretation of any data.

The second viewpoint serves to intro-
duce some work which is to be the sub-
ject of a further publication on nail growth.
Itis taught at present that nail growth com-
mences at the nail matrix and dead ma-
terial is pushed over the nail bed by the
developing cells (LeGros Clark, 55). Using
cystine, labelled with S3 (the cystine con-
tent of keratin is 15% of the amino acid
present, according to Rothman, 54) and
making autoradiographs of the rat’s claw,
it was found that within an hour or two
a considerable guantity of the cystine ap-
pears in the keratinized cells throughout
the nail substance, and in the keratogenous
zone of the hair follicles (Godwin, ’58).
This is being investigated further.

It has been shown by Rosenberg and
Oster ('55) that gelatin has remarkable
effects on the nail; it can influence the
condition of the whole nail in a very much
shorter time than it takes for the nail to re-
grow. Reference is made, in this last paper,
to studies with Atabrine; it has been no-
ticed that the whole nail becomes fluores-
cent after a short time; however, Atabrine
did not diffuse through hair in the same
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way. Evidence would seem to be accumu-
lating to suggest that the nail is not a dead
structure; these results may have a bearing
on the mechanism of hard keratinization.

SUMMARY

Atechnique is described for the measure-
ment of the linear growth rate of the nail of
the rat. Accurate assessment of the rate
can be made in two to three days. The
growth rate of the nail has been measured
in animals kept under a variety of experi-
mental conditions, including the effects of
poor diets, heat, cold, restraint, cortisone
and ethionine. Conditions which affect the
metabolic status of the animal are accom-
panied by alterations in the growth rate of
the nails. Data, previously published, re-
lating to naildgrowth in the human subject,
are supported by these experiments with
the rat.

It is suggested that further work seems
to be worth while in the experimental ani-
mal, to decide the physiolo?ical signifi-
cance of nail growth; particularly its use
as an indicator of metabolic status.
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Influence of Body Composition of Weanling Pigs

on Survival under Stress

L. S. BAUR% and L. J. FILER, JR.
Ross Laboratories, Columbus 16, Ohio

The stresses of work load and spe-
cialized dietary intake make effective
tools for wuse in comparative studies
in both man and animals. Ryer et al.
(’54) used cold exposure and exercise as a
means of determining the need for and
effectiveness of extra vitamin supplementa-
tion of the diet of the American soldier.
An alteration in physiologic responses of
the human to a standardized cold stress,
as a result of modification of physical fit-
ness of the individual has been demon-
strated by Adams and Heberling (’58).
Holt and Kajdi (’44) measured the effects
of feeding all fat, all carbohydrate or all
protein on the survival of rats. Samuels,
Gilmore and Reinecke (48) have shown
that there is a difference in activity of
rats in the starvation state, after being
fed different levels of fat, carbohydrate
and protein.

In this experiment, an attempt was made
to correlate the body composition of 8-
week-old pigs with their response to a
variety of dietary stress tests. Two groups
of animals were fed to produce two dif-
ferent body compositions. Animals of each
group were then subjected to conditions of
complete fasting and thirsting, fasting
only, or thirsting only.

MATERIALS AND METHODS

The test animals in this investigation
were three-day-old farm piglets weighin
from 1.33 to 1.93 kg. They were procure
from local farms, and were predominantly
Hampshire, a lean, or “meat tycsae” hog.
The animals were housed indivi uaIIK in
screen-bottom cages equipped with heat
lamps, in an air-conditioned room held at
72 to 75°F. Diet 1was a commercial liquid
infant food,2 and diet 2 a dry commercial
animal milk substitute.3 The latter was
moistened to a gruel-like consistency for a
few days to encourage the young pigs to
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eat, but the amount of added water was
gradually reduced so that at the end of
three to 5 days these animals were adapted
to the dry diet. A mineral supplement con-
taining copper, iron and manganese salts
was added to both diets.4 Food and water
were supplied ad libitum; however, solid
food consumption was measured. The ani-
mals were weighed weekly. Distribution of
animals by sex was approximately equal
on the two diets.

At the end of 8 weeks of feeding, some
of the animals on each diet were sacrificed
by exsanguination, the hair clipped, and
the carcasses completely eviscerated.
Heart, liver, kidneys and spleen were
weighed. These organs and the carcasses
were preserved for analysis by freezing.

Animals fed each of the diets were sub-
jected to the following stress conditions,
until death:

A. Complete deprivation of calories,
complete deprivation of water.

B. Calories available5 complete depri-
vation of water.

C. Complete deprivation of calories,
water available.

Received for publication April 6, 1959.

1Deceased April 8, 1959.

2Similac Liquid: cow’s milk protein 3.45%,
lactose 13.1%, fat 6.8% (mixture of corn, cocoa-
nut, olive, milk fat and cocoa butter), minerals
0.75% including milk ash plus potassium citrate,
fish liver oil concentrate, ascorbic acid, niacin,
thiamine, and pyridoxine.

3Purina Nursing Chow: Crude protein not less
than 25.0%, crude fat not less than 2.5%, crude
fiber not more than 1.5%, N. F. E. not less than
46.0%, ash not more than 9.0%, moisture not
more than 12.0%.

4The supplement for the liquid diet, added at
the rate of 2.2 ml/kg contained FeSC>4-7H2, 43.9
gm; MnS04-4H2, 4.5 gm; CuS04-5H20, 0.9 gm;
in water to make 600 ml. The mixture for the
dry diet, added at the rate of 2.2 gm/kg, con-
tained in grams: FeS04'7H20,26.8; MnSQrd4H2,
2.7, CuS04-5H2, 0.55; starch 69.9.

5A commercial spray-dried whole milk powder.

J. Nutrition, 69: '59
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Some of the animals were housed in
metabolism cages, allowing collection of
urine. Blood for analysis was drawn from
all animals at frequent intervals during
the stress period. At death, necropsy was
performed on all animals, and the carcas-
ses and organs were frozen.

For chemical analysis, the pig carcass
was split in half longitudinally, and the
half to be analyzed was cut into thin slices
and dried in an air oven at 100°C for two
days. The free fat was poured off, and the
residue returned to the oven overnight.
After removal from the oven, the major
Bortion of the remaining fat was removed

y extraction and decantation with ace-
tone. The largely defatted residue was
then ground with acetone in a Waring
Blendor, the acetone filtered off, and the
remainder of the solvent removed by heat-
ing in the oven. After thoroughly blending
the powdery residue, the final extraction
of lipid material was made from an aliquot,
using hot ethyl alcohol-ethyl ether in a
Goldfisch extractor. Water was calculated
by difference, protein in the fat-free tissue
was determined by a micro-Kjeldahl pro-
cedure, and ash was measured by burning
the material in a muffle furnace at 5000to
550°C. Moisture, fat, protein and ash in
liver were determined by similar proce-
dures. Sodium and potassium contents of
the tissue samples were determined by use
of the Perkin-Elmer flame photometer, us-
ing the method of Wallace et al. (’51). The
procedure was modified slightly, in that
calcium chloride and phosphoric acid were
added to the standard solutions to correct
for quenching effects. Chloride was deter-
mined by the method of Lowry and Hast-
ings (’42). Standard procedures were em-
ployed for the determination of total serum
protein, nonprotein nitrogen, and blood
urea nitrogen. Urine osmolar concentra-
tion was measured in a Fiske Osmometer.
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RESULTS AND DISCUSSION

After 8 weeks of feeding, the 16 pigs fed
diet 1 averaged 16.5 + 3.4 kg in weight;
the 19 fed diet 2 averaged 18.4 + 1.8 kg.
The difference in mean weight was not
statistically significant. To provide con-
trol data, against which to compare similar
data from stressed animals, pigs in both
groups were sacrificed. The carcass com-
positions are shown in table 1.

Bodies with different levels of water, fat
and protein are produced by the two diets.
On a fat-free basis, the difference in pro-
tein content is less pronounced, although
still significant (t = 5.81). The protein
values correspond to those reported by
Spray and Widdowson (50) for 56-day-
old pigs.

Among the factors leading to the dif-
fering carcass nitrogen content may be the
low (for the pig) protein content of diet 1.
A level of 13.75% protein has been shown
to be suboptimal for the growth of the
young pig (Jensen et al., 57; Peo et al,
’57). Furthermore, the two diets differ
markedly in their fat content, a factor
that regulates the fat content of the pig
carcass.6

The mean time of survival of the pigs
subjected to the three stresses is shown In
table 2. It was assumed that the animals,
at the time of being subjected to stress,
had body composition similar to thac of
controls of like age, on the same diet. The
length of survival in response to the vari-
ous conditions of starvation and water dep-
rivation was spectacularly varied. With
stresses A and C, there was no overlap in
range of survival time between the animals
reared on the different diets. All animals
under stress B died within a day of each
other. Although the number cf pigs in
these two categories is low, it is believed

6Unpublished data, Filer et al.

TABLE 1
Percentage body composition of control pigs at eight weeks

Diet an’i\lrgéls Water Fat
i 6 499 + 1.151 35.2+ 0.
2 8 62.8 + 3.46 16.7 + 4.

6
0

. Protein,
Protein Ash fat-free
basis
11.2 £ 0.29 2.7 £ 0.23 17.2 + 0.42
16.0 + 1.14 3.8+ 0.84 19.2 + 0.84

1The + values represent standard deviation.
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TABLE 2
Relationship between previous diet and average survival time of pigs under stress
(days survived under stress)

DI Stress A Stress B Stress C
et No. Mean Range No.  Mean Range No. Mean Range
i 5 21 19-22 2 155 15-16 3 89 84-93
2 5 28 25-31 2 16 16 4 36 34-40
TABLE 3

Average percentage weight loss and percentage carcass composition after stress

Fat-free basis

Fat Protein Ash

Water  Protein
% % % % % % %
Stress A
Diet 1 34.8 44.8 37.5 13.3 3.7 71.8 21.3
Diet 2 47.4 63.5 111 19.4 5.8 70.7 21.6
Stress B
Diet 1 32.2 46.4 34.8 145 34 71.3 22.3
Diet 2 38.7 60.0 14.7 20.4 4.8 70.5 24.1
Stress C
Diet 1 60.7 76.7 2.1 15.6 5.6 78.3 15.9
Diet 2 40.9 77.3 0.9 16.5 5.2 78.0 16.7

that reliance may be placed on the figures
in view of the clear-cut data obtained with
stresses A and C.

During the stress periods, the animals
catabolized much of their own energy
stores. Although the loss of weight of the
animals varied from one stress to another,
the average body composition at death for
pigs on stresses A and B was not much
different from that of the control animals,
as shown in table 3.

However, when water was available,
body composition after stress was very
much altered. The pigs had used almost
all of their fat stores and much of their
body protein, before succumbing to the
stress of starvation. On a fat-free basis,
body water remained quite constant for
stresses A and B, but as fat stores de-
creased under stress C, bOdY water content
increased. Starvation also led to a change
in the water/dry matter ratio in the car-
casses of ﬁigs under stress C. The mecha-
nism of this altered relationship between
water and solids was recently described by
McConkey (’59). At necropsy, the heart,
spleen, Kkidneys and liver were removed
from each animal and weighed separately.
Mean weights of the organs per kilogram
of body weight for the control and the

stressed animals are shown in table 4.
It is quite evident that organ weight in
relation to body weight is the same for
the control animals on both diets. Under
stress, the ratios of heart to body and kid-
ney to body generally tended to increase.
Spleen definitely decreased in weight more
rapidly than body tissue under stress A,
but this was not so with stress B or C.
Liver size was unaltered except with stress
C. Here, there appeared to be more raﬁid
wastage of liver than of body tissue. This
would tend to indicate that liver protein
stores are more labile than body tissue
protein under conditions of starvation with-
out thirsting.

Livers of control and stressed animals
were analyzed for water, fat, protein and
ash content, and the results are shown in
table 5. Deviations from controls were
noted in the livers of two diet 1 animals
subjected to stress A In these two pigs the
livers showed grossly some evidence of
fatty infiltration. Histopathologic examin-
ation7 confirmed fatty infiltration in the
peripheral lobes of the fiver of one animal
only; sections on the remaining animals

7 Kindly conducted for us by Dr. William A.

Newton, Jr. of Children’s Hospital, Columbus,
Ohio.
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were normal. Changes in the livers of ani-
mals under stress C tended to follow those
of the carcass, inasmuch as the water con-
tent was somewhat elevated, with lowered
tissue fat and protein levels.

Sodium, potassium and chlorides were
determined on the dry, fat-free carcasses
of control animals and those subjected to
stress. These data are shown in table 6.
The alterations in carcass sodium and
chloride of animals deprived of both food
and water are in line with the observations
reported by Winkler et al. (44). In those
studies, dogs deprived of food and water
lost water out of proportion to the loss of
salt. Under conditions of starvation with
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water available, the concentrations of car-
cass sodium and chloride increased re-
markably. Potassium was reduced in
amount. In this situation, potassium shifts
from the cells and interstitial fluid into
the plasma, to be eliminated in the urine,
whereas sodium is retained in an effort to
maintain homeostasis.

Because of limited availability of metab-
olism cages, only a few studies were made
on the urine of the stressed pigs. Animals
deprived of water under stresses A and B
very soon voided a more concentrated
urine, the specific gravity changing from
a normal value between 1.010 and 1.018 to
a high of 1.035 to 1.060 within two days.

TABLE 4
Weight of heart, spleen, kidney and liver in grams per kilogram of body weight
Heart Spleen Kidney Liver

Control

Diet 1 5.7+ 0.721 2.1+ 0.48 6.5+ 0.82 345+ 5.10

Diet 2 5.7 £ 0.91 25+ 0.23 79+ 0.94 36.1 + 3.40
Stress A

Diet 1 73+ 094 0.9 £ 0.08 8.8 £ 0.91 33.0 £+ 2.70

Diet 2 7.2+ 093 1.3 + 0.07 8.3+ 0.83 35.1 £ 3.72
Stress B

Diet 1 7.8 £ 0.57 19 + 0.56 8.4 + 0.25 344 + 1.65

Diet 2 6.6 £ 0.64 23+ 011 8.5+ 0.96 37.3 £ 5.09
Stress C

Diet 1 10.6 + 0.73 1.8 + 0.22 9.8 £ 0.76 29.4 + 1.70

Diet 2 8.4+ 041 2.4 + 051 8.1+ 048 25.0 £+ 1.58

1In view of the small numbers of samples (see table 2), the

+

values are given in terms

of average deviations rather than standard deviations.

TABLE 5
Percentage composition of liver from control pigs and those under stress
Water Fat Protein Ash

Control

Diet 1 714 + 0.71 4.6 £ 0.30 18.5 + 1.80 14+ 0.10

Diet 2 73.1 £ 1.40 3.9+ 0.35 18.8 £ 0.52 1.2+ 0.10
Stress A

Diet 1 68.5 + 3.93 11.8 + 8.35 18,5+ 2.50 14+ 0.10

Diet 2 75.5 £ 0.96 4.7+ 0.98 17.4 = 1.30 1.4 £ 0.06
Stress B

Diet 1 74.11 4.2 19.9 14

Diet 2 73.8 £ 0.10 4.2 £ 0.15 20.2 + 0.10 13+ 0.0
Stress C

Diet 1 79.5 = 0.05 3.2+ 0.25 156 + 1.3 13

Diet 2 80.6 rt 1.33 2.2+ 0.07 15.0 £ 2.28 1.2+ 0.25

1Where average deviations are not given only one liver is involved.
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TABLE 6
Sodium, potassium and chloride concentrations of pig carcasses, control and stressed animals

(mEQg/100 gm dry, fat-free tissue)

Sodium

Controls

Diet 1 25.1 + 1.841

Diet 2 23.6 + 1.44
Stress A

Diet 1 309 + 1.92

Diet 2 315+ 1.78
Stress B

Diet 1 28.3+ 0.0

Diet 2 28.4 + 0.15
Stress C

Diet 1 43.6 + 2.57

Diet 2 37.7 + 1.68

1Average deviation.

Fiske Osmometer readings rose from 360
milliosmols/liter as a normal value to as
high as 2324. The pigs retained their abil-
ity to concentrate urine up to the time of
death.

Two diet 1 animals on stress C voided
an average of 4.0 1of urine per week. The
output was only 1.0 to 2.0 1 during early
fasting and increased to 4.0 to 6.0 1during
the latter stages. The specific gravity fell
from an average of 1.032 during the first
week to levels of 1.002 to 1.004 during the
10th to 12th week of starvation. Two diet
2 pigs under stress C, on the other hand,
produced urine at an almost constant rate
of 13.0 to 140 1 per week, with a
specific gravity that ranged from 1.002 to
1.005.

The pigs subjected to stress B, permitted
ad libitum feeding of powdered whole
milk, consumed some food up to the 10th
day of water deprivation, with those
originally on diet 1 eating an average of

2.3 pounds and those on diet 2, 3.5 pounds.

It was surprising that these animals con-
tinued to eat as long as they did, since
each additional increment of ingested food
would tend to further jeopardize their pre-
carious water reserves. As expected, the
pégs with the greater body water content
(diet 2) ate more than those with more
fat and less water (diet 1).

It would %\opear that under conditions
of fasting and thirsting (stress A) the ani-
mal with the greater amount of body water

Potassium Chloride

29.8 + 0.64 14.4 + 2.20
28.5 + 1.46 12.7 £ 0.69
21.8 + 0.90 17.9 + 0.86
20.8 + 1.26 17.7 + 1.30
252+ 05 158 + 1.34
245 + 0.70 15.5 =t 0.85
16.1 + 1.23 25.1 + 2.52
17.3 + 0.45 20.8 + 0.33

can withstand the rigors of this stress
longer than the animal with smaller re-
serves of water. While catabolism of body
fat produces additional water, this is a
self-defeating process, as pointed out by
Grande et al. (57), since the water so
created falls far short of the needs for ex-
cretion of waste products. Animals with
high body fat would compromise their
water reserves more rapidly, and, unable to
meet obli(f;atory water requirements for
removal of catabolic end products, would
become toxic and die.

The general subject of body protein
stores, and their availability during stress
situations, has been ably discussed by Al-
lison (’55). It is commonly believed that
the animal with greater stores can with-
stand caloric restriction or starvation to a
greater degree, and that accelerated metab-
olism of depot fat occurs first, with the
Erotein being utilized only after the fat

as been partially or completely depleted.
This does not seem to be the case for the
pigs subjected to the three stress condi-
tions. Table 7 shows that the daily utiliza-
tion of fat remained reasonably constant
for all animals, regardless of stress or
previous diet. However, such was not the
case for protein utilization. In every in-
stance the average daily loss of protein by
those animals having greatest protein
stores was from two to three times as much
as that lost by the animals with smaller
amounts of body protein. Blood urea ni-
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TABLE 7

Daily utilization of body constituents by pigs
during stress periodsl

Water Fat Protein
gm/day gm/day gm/day
Stress A
Diet 1 136 73 15
Diet 2 186 68 35
Stress B
Diet 1 154 100 12
Diet 2 86 86 31
Stress C
Diet 1 36 68 10
Diet 2 86 82 31

1This calculation was made by dividing the
difference in body components pre- and poststress
by the days of survival.

trogen values remained at a more or less
constant level throughout the stress period
(except from 4 to 7 days terminally) in all
animals fed diet 2. This would indicate
that protein catabolism was proceeding at
a constant rate, even early in stress. The
overall indication is that the body catabol-
ically accustomed to a higher protein in-
take is unable to gear down its metabolic
processes when suddenly faced with a
dietary emergency. Protein stores continue
to be utilized at the previously established
rate.

Studies on the rate of degradation of
radioiodinated serum albumin by Iber et
al. (58) in adult humans show that pe-
riods of high-protein feeding are associ-
ated with an increase in catabolism of this
protein. Similar findings for total plasma
proteins have been reported by Steinbock
and Tarver (’54) in the rat and by Yuile
et al. (59) in the dog. Danowsld et al.
(’44) related survival time of dogs sub-
jected to food and water deprivation to
the amount of protein metabolized daily.
The influence of body composition on sur-
vival was not apparent, since it is highly
likely that their dogs were similar in that
respect. Henry and Kon (’53) observed
that rats accustomed to a high dietary cal-
cium intake were unable to decelerate
calcium turnover when faced with a re-
stricted intake in later life. Similar results
were reported in dogs by Gershoff, Legg
and Hegsted (’58).
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SUMMARY AND CONCLUSIONS

1 By the use of two diets, one high fat,
low protein, and the other low fat, high
protein, the carcass composition of the 8-
week-old pig can be markedly altered.

2. The ability to survive stress in the
form of starvation, thirsting or both is in-
fluenced by body composition and prior
plane of protein nutrition.

3. Survival of 8-week-old pigs, deprived
of water and calories, was longest for those
animals having the greatest body water
content.

4. Water deprivation, with calories
available, considerably shortened the pe-
riod of survival, and body composition
seemed without influence in this stress
situation.

5. Survival of 8-week-old animals de-
prived of calories, with water available,
was longest for pigs with the greatest fat.
stores.

6. Under all three types of stress, the
rate of protein catabolism was two to three
times greater for those animals fed a high-
protein diet during the first 8 weeks of fife.

7. Changes in fiver composition during
stress parallel the changes observed in car-
cass composition.

8. In considering survival in situations
of reduced calorie and water supplies, body
composition and prior plane of protein
nutrition become decisive factors.

ACKNOWLEDGMENTS

The authors wish to eXﬁress their grati-
tude to Miss Helen Rezabek and Mr. James
Mullady for their technical assistance in
this study.

LITERATURE CITED

Adams, T., and E. J. Heberling 1958 Human
physiological responses to a standardized cold
stress as modified by physical fitness. J. App.
Physiol., 13: 226.

Allison, J. B. 1955 Biological evaluation of pro-
teins. Physiol. Revs., 35: 664.

Danowski, T. S, J. R. Elkinton and A. W.
Winkler 1944 The deleterious effect in dogs
gflea dry protein ration. J. Clin. Invest., 23:

Gershoff, S. N., M. A. Legg and D. M. Hegsted
1958 Adaptation to different calcium intakes
in dogs. J. Nutrition, 64: 303.

Grande, F., J. T. Anderson and H. L. Taylor 1957
Effect of restricted water intake on urine ni-
trogen output in man on a low calorie diet
devoid of protein. J. App. Physiol., 10: 430.



134 L. s.

Henry, K. M., and S. K. Kon 1953 The rela-
tionship between calcium retention and body
stores of calcium in the rat: Effect of age and
vitamin D. Brit. J. Nutrition, 7: 147.

Holt, L. E., Jr., and C. N. Kajdi 1944 The nu-
tritional requirements in inanition. 1. Observa-
tions on the ability of single foodstuffs to pro-
long survival. Bull. Johns Hopkins Hosp., 74:
121

Iber, F. L., K. Nassau, I. C. Plough, F. M. Berger,
W. H. Meroney and K. Fremont-Smith 1958
The use of radioiodinated albumin in metabolic
studies. The effects of the level of dietary pro-
tein and 1-Triiodothyronine on the catabolism
of radioiodinated human serum albumin. J.
Clin. Invest., 37: 1442.

Jensen, A. H., D. E. Becker, H. W. Norton and
S. W. Terrill 1957 Protein requirements for
pigs weaned at two weeks of age. J. Animal
Sci., 16: 389.

Lowry, O. H., and A. B. Hastings 1942 Histo-
chemical changes associated with aging. |
Methods and calculations. J. Biol. Chem., 143:
257.

McConkey, B. 1959 The effects of wasting on
body water. Clin. Sci., 18: 95.

Peo, E. R., Jr.,, G. C. Ashton, V. C. Speer and

D. V. Catron 1957 Protein and fat require-
ments of baby pigs. J. Animal Sci., 16: 885.
Ryer, R. 1ll, M. I. Grossman, T. E. Friedemann,

W. R. Best, F. Consolazio, W. J. Kuhl, W. In-
sull, Jr., F. T. Hatch and Staff of U. S. Army

BAUR AND L J.

FILER, JR.

Medical Nutrition Laboratory 1954 The ef-
fect of vitamin supplementation on soldiers re-
siding in a cold environment. 1. Physical per-
formance and response to cold exposure. Am.
J. Clin. Nutrition, 2: 97.

Samuels, L. T., R. C. Gilmore and R. M. Reinecke
1948 Effect of previous diet on the ability
of animals to do work during subsequent fast-
ing. J. Nutrition, 36: 639.

Spray, C. M., and E. M. Widdowson 1950 The
effect of growth and development on the com-

position of mammals. Brit. J. Nutrition, 4:
332.
Steinbock, H. L., and H. Tarver 1954 Plasma

protein. V. The effect of the protein content
of the diet on turnover. J. Biol. Chem., 209:
127.

Wallace, W., M. Holliday, M. Cushman and J.
R. Elkinton 1951 The application of the in-
ternal standard flame photometer to the analy-
sis of biologic material. J. Lab. Clin. Med., 37:
621.

Winkler, A. W., J. R. Elkinton, J. Hopper, Jr. and
H. E. Hoff 1944 Experimental hypertonicity:
Alterations in the distribution of body water,
and the cause of death. J. Clin. Invest., 23:
103.

Yuile, C. L., F. V. Lucas, J. P. Olson and A. B.
Shapiro 1959 Plasma protein turnover and
tissue exchange. Influence of dietary protein
and protein depletion. J. Exp. Med., 109: 173.



Volatile Fatty Acid Rations for Growing Lambs

H. W. ESSIG, E. E. HATFIELD ana B. CONNOR JOHNSON
Department of Animal Science, University of Illinois, Urbana

It is generally considered that roughage
iS a necessary constituent of satisfactory
rations for ruminants (Davenport, 1897;
Thomas and Okamoto, '54). In addition
to possible beneficial effects from the phys-
ical characteristics of fiber, roughage also
provides a source of energy for the rumi-
nant through fermentation by micro-or-

anisms in the rumen to form short-chain
atty acids (Phillipson and McAnally, '42).
These fatty acids have been administered
intrarumenally as energy sources; as their
sodium salts by Danielli et al. (’45), and as
the free acids by Armstrong and Blaxter
(57a). Popov (’36) fed mixtures of lac-
tic, acetic, butyric and formic acids with a
basal ration and showed that they in-
creased digestibility of protein and fat, but
lowered digestibility of crude fiber and ni-
trogen-free extract. Sodium acetate and
sodium propionate were used as supple-
mental energy sources for ?rowing-fatten-
ing lambs by Bentley et al. (’56), while
Matrone et al. (57) used salts of acetic,
propionic and butyric acids as energy
sources for lambs that had never received
roughage. The experiments reported in
this paper were conducted to compare salts
of volatile fatty acids with roughages as
energy sources for lambs with a functional
rumen and to find ratios of salts of volatile
fatty acids that would promote optimum
ain.

J EXPERIMENTAL AND RESULTS

All animals used in these experiments
were grade lambs weighing approximately
55 Ib. All had previously been fed normal
roughage-containing rations. The average
daily gains were determined over 49- to
70-day experimental periods; the animals
were weighed at 14-day intervals. The
lambs were fed individually in wooden pens
with hardware-cloth-covered sides and
metal grating floors.

Experiment 1. The ration used by Ma-

trone et al, (’57) containing salts of fatty

J. Nutrition, 69: ’59

acids was compared with two rations con-
taining roughages (table 1): one, a prac-
tical type ration containing corn, soybean
oil meal and alfalfa hay, and the other, a
(sjynthetic type ration containing dehy-

rated corn cobs in place of the salts of the
volatile fatty acids. Three lambs were used
per group.

It was planned to keep these animals on
an equal estimated digestible energy in-
take. It was found that the animals would
not satisfactoril?/ consume the fatty acid
salts ration (A-1) nor the corn cobs ration
(B-I), eventually making it impractical to
control feed intake. The actual calorie in-
takes are given in table 1 This poor con-
sumption resulted in very poor gains or in
loss in weight. Lambs on the normal ra-
tion did maintain their weight even on this
low intake, while the lambs on the ration
containing corn cobs lost 0.43 Ib. per day
for 37 days, at which time they were re-
moved from the experiment.

Experiment 2. Because of the failure of
the animals to voluntarily consume the
original fatty acid salts diet, this experi-
ment was designed to find a palatable diet
containing salts of fatty acids which the
animals would readily consume. Four ra-
tions were formulated to contain the fol-
lowing ingredients in addition to 31.9%
salts of volatile fatty acids, 3% mineral
mix, 5% vitaminized starch and 4% corn
oil:

Ration A-2. Soybean protein,2 30%;
cerelose 24.1% ; starch 2% .

Ration B-2. Soybean protein,2 20%;
cerelose 10%; starch 16.1% ; casein 10 %.

Ration C-2. Soybean protein,2 30%;
starch 26.1%.

Received for publication February 7, 1959.

1This study was supported in part by a grant-
in-aid from Armour and Company, Chicago,
Ilinois.

2Drackett Assay Protein C-3.
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TABLE 1
Fatty acid salts compared to roughage
Experiment 1

Rations
Ingredients
Casein (crude)
Cerelose
Corn oil

Vitamin mix (see table 2 footnotes)

Mineral mix (see table 2 footnotes)

Volatile fatty acid salts (see table 2 footnotes)
Dehydrated corn cobs

Alfalfa hay (chopped)

Com (cracked)

Soybean oil meal

NacCl

Steamed bone meal

Results

Av. daily calorie intake (gross energy)
Av. initial weight (Ib.)

Av. final weight (Ib.)

Days on experiment

Ration D-2. Soybean protein,2 30%;
sucrose 10%:; starch 16.1%.

The compositions of the mixtures of vita-
mins, minerals, and salts of fatty acid
are shown in the footnotes to table 2.
Three lambs were assigned at random to
each of these rations. Daily consumption
was determined for a two-week period.
Lambs fed ration D-2 showed the best con-
sumption at the end of the two-week
period, with a daily intake of 850 gm, and
this ration was used as a basic ration for
the following experiment.

Experiment 3. Using the soybean pro-
tein basal ration, this experiment was de-
signed to test the contribution of the vola-
tile fatty acids to the energy value of this
diet for gain and to compare this with the
value of corn cobs and of starch. Three
lambs were assigned at random to each
ration and fed ad libitum. The composi-
tion of the rations and the average daily
gain per animal are shown in table 2.

Lambs on the starch ration were re-
moved at the end of 28 days because of
excessive loss of weight due to low intake
of the ration, again illustrating that the
ruminant does not perform satisfactorily
on energy sources that are satisfactory for
the non-ruminant. Lambs fed ration A-3
had the best average daily gain of 0.31 Ib.
for the 56-day period. Lambs on this ra-
tion appeared entirely normal. The pH

Al Bl cl
% % %
30.0 29.0 -
26.1 26.1 -
4.0 4.0 _
5.0 5.0 _
3.0 3.0 _
31.9 — —
—_ 32.9 —
7 _ 51.0
_ - 37.0
- — 9.0
— — 1.0
_ _ 2.0
1532 968 2775
60.6 62.0 60.3
54.0 43.6 61.0
49 37 49

of the urine was 8.7. During the first week
of the experiment there was an attempt to
feed 100 gm of rations A-3, C-3, and D-3
for each 68.1 gm of ration B-3; however,
due to lower consumption of ration B-3
(the negative control) and ration D-3 (the
starch ration), an ad libitum feeding re-
gime was adopted for the remainder of the
experiment. At the end of the experiment,
calculation of feed consumption showed
that for each 100 gm of ration A-3, 51.7

m of ration B-3 were consumed. When
the basic ingredients were compared, 68.1
gm of ration A-3 had been consumed for
each 51.7 gm of ration B-3.

Ration A-3, containing salts of volatile
fatty acids, was significantly better than
rations B-3, C-3, D-3. The difference in
average daily gain of animals fed rations
B-3 and A-3 was 0.36 Ib. Lambs on diet
B-3 showed an average loss of 3 Ib. each
(average daily loss 0.05 Ib.) for the 56-day
period. They ate wool on body areas that
could be reached. The comparison between
A-3 and C-3 showed that this mixture of
salts of volatile fatty acids gave better re-
sults than did dehydrated corn cobs.

Experiment 4. This experiment was
designed to determine the ratios of volatile
fatty acid salts and free fatty acids which
would result in the best average daily gain

See footnote 2, page 136.
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TABLE 2
Ration composition and results (56 days)
Experiment 3

Diets A3 B-3 C3 D-3
i % % % %
Ingredients
Soybean proteinl 30.0 30.0 30.0 30.0
Sucrose 10.0 9.5 9.5 9.5
Starch (granular) 16,1 16.1 16.1 48.0
Corn oil 4.0 4.0 4.0 4.0
Mineral mix2 3.0 3.0 3.0 3.0
Vitamin mix3 5.0 5.0 5.0 5.0
Limestone - 0.5 0.5 0.5
Dehydrated corn cobs - - 31.9 -
Volatile fatty acid salts4 31.9 — — —
Results
Av. daily gam (Ib.) 0.31 - 0.05 0.17 - 0.26
4 wk.)
Av. daily calorie intake 3322 1983 3107 1332
(4 wk.)
Av. daily calorie intake without the
fatty acids 2283 1983

1Drackett Assay Protein C-3.

2Mineral mix per 100 Ib. diet: NaCl 405.9 gm; K2HPO4 678.5 gm; MgCOs 204.4 gm;
FeCEHYV6HZzO 63.4 gm; MnCI-4H2D 2.9 gm; KI 1.8 gm; CuS04-5H2X 1.2 gm; NaF 1.0 gm;
ZnClz 0.6 gm; CoC12-2H2 0.6 gm; M0O3 0.5 gm.

3Vitamin mix per 100 Ib. diet: Thiamine-HC1 200 mg; riboflavin 400 mg; nicotinic acid
1 gm; calcium pantothenate 1 gm; pyridoxine-HCI 240 mg; choline chloride (25% dry mix)
320 gm; vitamin Bi2 (with mannitol, 1 mg B12gm) 500 mg; biotin 30 mg; folic acid 100 mg;
vitamin A (250,000 I.U. per gm) 0.8 gm; vitamin D (15,000 I.C.U. per gm) 2 gm; 2-methyl-
1-4-naphthoquinone 100 mg; starch 1947.32 gm.

4 Salts of volatile fatty acids: When the mix constituted 31.9% of diet A-3, the following
salts were furnished in the indicated percentages of the total diet:

sodium propionate 3.0%;
acetate 3.0%; sodium butyrate 3.6%.

for growing-fattening lambs. Twelve grade
lambs averaging 55 Ib. were assigned at
random to 4 rations containing different
percentages of acetic, propionic and butyr-
ic acids fed partly as salts and partly as
free acids (table 3). The same basic ra-
tion, consisting of soybean protein, starch,
sucrose, corn oil, vitamins and minerals,
was used in all rations. The sheep were
fed ad libitum and the results compared on
the basis of weight gain, carcass grade,
and dressing percentage. Samples of ru-
men contents were taken at time of slaugh-
ter, 14 hours after feeding, to determine
the ratios of volatile fatty acids present.
Rumen contents were microscopically ex-
amined for protozoa.

The results of this experiment indicate
a very marked superiority of the ration
(A-4) which contained all the volatile fatty
acids as salts. The ratio of volatile fatty
acids expressed as a percentage of total

sodium acetate 9.0%;

calcium propionate 4.8% ;
potassium acetate 8.5%; magnesium

volatile fatty acids was 62.5% acetic acid,
25% propionic acid, and 12.5% butyric
acid. The average gain on this ration
(A-4zI was excellent, 0.5 Ib. gain per day,
which compares favorably with gains on
a good practical ration. The poorer results
on rations B-4, C-4, and D-4 were due to
the low feed intake of the rations con-
taining the free volatile fatty acids.

Carcass grades and dressing percent-
ages showed only the differences that
would be expected due to differences in
gain. Microscopic examination of the ru-
men contents showed practically no pro-
tozoa, possibly indicating little activity of
micro-organisms in the rumen.

The results of volatile fatty acid deter-
minations of the rumen contents are
shown in table 4. The animals fed the
largest proportion of acetic acid in their
rations had the highest proportion of ace-
tic acid in their rumen contents. When the



138 H. W.

ESSIG, E. E.

HATFIELD AND B

CONNOR JOHNSON

TABLE 3
Ration composition and results (56 days)
Experiment 4

Ration A4 B4 C4 D-4
% % % %
Ingredients
Basal 49.0 49.0 49.0 49.0
Starch 16.5 18.9 19.8 19.8
Mineral mix (no. 2)1 3.0 3.0 3.0 3.0
Volatile fatty acids mix 31.5 29.1 28.2 28.2
Capropionate 4.7 4.7 4.7 4.7
Na propionate 2.9 2.9 2.9 2.9
Propionic acid — 6.0 6.0 6.0
Na acetate 8.8 - - -
Ca acetate 8.4 8.7 4.9 3.0
Mg acetate 2.9 3.0 2.9 1.0
Na butyrate 3.8 3.8 3.8 7.6
Butyric acid — — 3.0 3.0
Amount of volatile fatty acids expressed as free acids
Total, % 24 24 24 24
Acetic acid, % 15(62.5) 9(37.5) 6(25.0) 3(12.5)
Propionic acid, % 6(25.0) 12(50.0) 12(50.0) 12(50.0)
Butyric acid, % 3(12.5) 3(12.5) 6(25.0) 9(37.5)
Results
Av. daily gain (Ib.) 0.50 0.29 0.10 0.26
Av. daily calorie intake 3636 2844 2155 2828
Feed/Ib. gain 3.9 5.1 10.6 54
Carcass grade2 6.0 4.0 2.8 4.5
Dressing percentage 52.8 53.9 50.4 53.0

1Replaced MgCC>3 with starch, change from K;HPO04 to KHjPO-,.
2High choice, 6; Av. choice, 5; Low choice, 4; High good, 3; Av. good, 2; Low good, 1.

TABLE 4
Volatile fatty acids (VFA) in rumen contents 14 hours after feeding

Acetic

Rations Molar % % total

in rumen  VFA fed
A-4 60.55 62.5
B-4 51.09 375
C-4 57.08 25
D-4 49.63 125
All hay1 72.62

1Sheppard et al. (’58).

propionic acid percentage of the ration was
increased, the propionic acid content of
the rumen content was increased. How-
ever, an increase in butyric acid percentage
of the diet did not result in an increase In
the butyric acid content of the rumen.
Experiment 5. Due to the poor con-
sumption of the rations containing free
volatile fatty acids in experiment 4, experi-
ment 5 was planned to test the effects of
variations in the relative amounts of each
of the three volatile fatty acids, all fed as

Propionic Butyric
Molar % % tofal Molar % % total
inrumen  VFA fed inrumen VFA fed

21.52 25 17.94 125
31.08 50 17.83 125
24.45 50 18.48 25
32.08 50 18.28 37.5
18.43 8.96

their salts. The rest of the diet and the ra-
tios of volatile fatty acids fed in this ex-
periment were identical to those in experi-
ment 4. Table 6 shows the composition of
the mixtures of volatile fatty acid salts and
the amount of starch used in each ration.
Twelve crossbred lambs were assigned at
random to the 4 rations which were fed ad
libitum. This experiment was conducted
for 70 days, and weight gain, feed effi-
ciency, carcass grade, and dressing per-
centage were determined.
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TABLE § readily. Such a diet was found in ration

Analysis of variance of weight gains for D-2 of the ration acceptability experiment,
experiment 4 experiment 2. The basic problem with the

Source DFf ms  rations used appeared to be related to the

presence of casein and cerelose, and as a

Total it . result of the change to soybean protein and
e b4, C4, D4 1 25230 granular starch, very greatly improved feed
B-4 vs. C-4, D-4 1 78.131 Intake was obtained.
C-4vs. D-4 1 117.041 This ration was used as the basic ration
Error 8 648 in experiment 3 in which dehydrated corn
1P < 0.01.

In this experiment there was no sig-
nificant difference in average daily gain.
Upon plotting the average gain per animal
as shown in figure 1, It was found that
ration A5 had the advantage of a more
rapid ad]justment to diet during the first 4
weeks; from then on, rates of gain of
sheep on all 4 diets were essentially the
same. Carcass analysis and dressing per-
centage showed no significant differences.

DISCUSSION
The results of experiment 1 showed that
the first important problem was to develo
a volatile fatty acid-containing diet whic Fig. 1 Experiment 5. Average gain per ani-
the animals would consume reasonably mal for each ration.

TABLE 6
Ration composition and results (70 days)
Experiment 5

Ration A5 B-5 C5 D-5
. % % % %
Ingredients

Basal (table 2) 52.0 52.0 52.0 52.0
Starch (granular) 16.5 17.3 174 17.4
Volatile fatty acid salt mix 315 30.7 30.6 30.6
Ca propionate 4.7 9.4 9.4 9.4
Na propionate 2.9 5.8 5.8 5.8

Na acetate 88 — — —
Ca acetate 8.4 8.7 4.9 3.0
Mg acetate 2.9 3.0 2.9 10
Na butyrate 3.8 3.8 7.6 114

Amount of volatile fatty acids expressed as free acids

Total, % 24 24 2%0 24
Acetic acid, % 15.0 9.0 . 3.0
Propionic acid, % 6.0 120 120 120
Butyric acid, % 3.0 3.0 6.0 9.0
Results

Av. daily calorie intake 3908.3 3311.9 3601.8 3565.3
Av. daily gain (Ib.) 0.39 0.33 0.34 0.34
Feed/Ib. gain 55 5.5 5.6 5.3
Carcass grade 4.7 4.0 4.3 5.3
Dressing percentage 54.4 53.8 54.7 54.4
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cobs and starch were compared with vola-
tile fatty acids. When the energy intakes
of rations A-3 and B-3 were compared
(omitting from the calculation the salts of
volatile fatty acids of ration A-3), the
total caloric intake of ration A-3 was only
300 Cal. more than that of ration B-3.
Thus the superior results obtained from
ration A-3 indicate that the volatile fatty
acids of this ration were indeed being used
as an energy source by the lambs, and the
additional energty supplied in ration A-3, as
salts of volatile fatty acids, must have been
responsible for the additional gain. It was
shown by Barcroft et al. ('44) that volatile
fatty acids are absorbed from the alimen-
tary tract. Armstrong and Blaxter (’57b)
showed that fat is synthesized from short-
chain volatile fatty acids and that these
acids have no effect on fecal energy loss
or methane production.

Lambs on ration A-4, experiment 4
(table 3), performed at a rate that is com-
parable to, or better than, that expected
from an average fattening ration. Table 5
shows that ration A4 was significantly
better than rations B-4, C-4 and D-4, and
that ration C-4 was significantly poorer
than the other diets directly compared to
it. The difference in gain obtained with
the various rations used in this experiment
can be attributed to the caloric intake,
which was highly correlated (0.997) with
gain. The lack of acceptability of rations
B-4, C-4, and D-4 was presumably due to
the free volatile fatty acids in these ra-
tions. Volatile fatty acid analysis of rumen
contents 14 hours after feeding indicated
that acetic and propionic acids tend to
remain at a ratio similar to that fed to the
animal. However, the rumen contents con-
tained approximately the same amount of
butyric acid regardless of amount of butyr-
ic acid fed. This is similar to the findings
of Brown et al. ('58), who found that the
butyric acid concentration of rumen con-
tents remained constant on diets contain-
ing hay and concentrates in ratios of
4:1, 3:2, 1:3 and 1:4. Using acetate-1-C4
and butyrate-1-CH4 they also found that
there was cycling of acetate to butyrate
and butyrate to acetate. The constancy of
the butyric acid in the rumen contents in-
dicates that there was an equilibrium in the
concentration of butyric acid, maintained

HATFIELD AND B.

CONNOR JOHNSON

either by bacterial fermentation or by pref-
erential absorption through the rumen
epithelium.

In experiment 5, where all volatile fatty
acids were fed as salts, average daily gain,
carcass grade, dressing percentage and
feed per pound of gain were not sig-
nificantly different, indicating that appar-
ently equal gains can be obtained from
various ratios of volatile fatty acids. Arm-
strong et al. (’57) found that when vari-
ous ratios of acetic, propionic and butyric
acids were supﬁlied by means of intra-
rumenal drip, there was little change in
heat increments.

SUMMARY

Rations containing casein and cerelose
in combination with salts of volatile fatty
acids were not satisfactory for 55-lb. lambs
which had been receiving roughage. Anew
ration was evolved, containing soy protein,
starch, sucrose and volatile fatty acid salts,
which gave adequate feed intakes and
normal gains. Such rations with salts of
volatile fatty acids as a major energy
source produced average daily gains that
were equal to, or better than, those with
dehydrated corn cobs. Rations containing
free volatile fatty acids were not consumed
as readily as those containing salts of vola-
tile fatty acids. Various ratios of acetic,
propionic and butyric acids fed as their
salts produced equal gains.
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Galactose Ingestion and Urinary Excretion of

Calcium and Magnesium¥*

FRANKLIN W. HEGGENESS
Department of Physiology, The University of Rochester School of Medicine
and Dentistry, Rochester, New York

INTRODUCTION

Calcariuria has been reported in rats fed
diets containing large amounts of galac-
tose or lactose. Handler (°47) reported
that rats fed an 80% galactose or lactose
diet excreted significantly higher amounts
of urinary calcium than rats ingesting
diets containing comparable amounts of
sucrose. McCay et al. (’52) observed that
in rats fed a diet of cows milk 11% of the
excreted calcium was in the urine; while
in rats fed sucrose diets renal excretion
amounted to only 2% of the total. Out-
house et al. (’38) reported that rats fed a
25% lactose diet excreted more urinary
magnesium than pair-fed animals ingest-
ing glucose. Lactose is known to enhance
the intestinal absorption of calcium and it
has been suggested that the elevated uri-
nary excretion of these ions follows in-
creased absorption from the intestinal
tract. In this study the relationship be-
tween the galactose-induced renal excre-
tion of magnesium and calcium and in-
testinal absorption was studied by paired-
feeding balance techniques.

METHODS

Albino rats of the Rochester colony
weighing 125 to 150 gm were housed in
individual metabolism cages. Water was
provided ad libitum. Animals were fed a
diet consisting of 60% carbohydrate (gal-
actose or glucose) 21% casein, 14% fat2
and 4% salt (Wesson, ’32) supplemented
with a complete vitamin mixture.3 In bal-
ance studies on low calcium intakes the
salt mixture was prepared without the cal-
cium salts.

_ Paired-feeding balance studies were car-
ried out over 7-day periods but calcium bal-
ances and renal excretion were calculated
per 24-hour period. Absorbed calcium was
calculated as the difference between intake
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and fecal excretion. The urine was acidi-
fied, filtered and analyzed for sodium, po-
tassium and calcium, using Coleman Model
21 flame photometer. Magnesium deter-
minations were done by a modification of
Titian yellow method (Orange and Rhein,
51). Acid-washed charcoal was used as
fecal marker. Aliquots of the homogenized
stool collection were ashed with nitric acid
and cation analyses were similarly carried
out. Blood pH was determined on samples
collected under mineral oil.

RESULTS

Condition of animals. Animals fed the
galactose diet gained weight at approxi-
mately half the rate of those fed glucose
but they did not show the ruffed fur, paw
edema and diarrhea that accompany ve
high galactose intakes. Cataracts devel-
oped in three or more weeks. Galactosuria
and polyuria developed when the animals
were started on the galactose diet and per-
sisted throughout the duration of galactose
feeding. Water intake of animals fed a
60% galactose diet averaged 60 ml per
day as compared to 15 ml for animals
pair-fed the glucose diet.

Calcium excretion in urine. Animals fed
a 60% galactose diet excreted significantly
greater amounts of calcium than pair-fed
animals ingesting glucose (table 1). The
difference was approximately 7 mg per
week. The calcariuria developed immedi-

Received for publication February 27, 1959.

1Supported by a research grant (RG-4996)
from the National Institutes of Health.

2Crisco.

3Each kilogram of diet contained menadione,
50 mg; thiamine, 10 mg; pyridoxine, 40 mg;
calcium pantothenate, 25 mg; nicotinamide hy-
drochloride, 50 mg; p-aminobenzoic acid, 50 mg;
folic acid, 0.6 mg; biotin, 0.6 mg; riboflavin, 20
mg; inositol, 100 mg; vitamin Bn, 0.010 mg;
choline chloride, 1 gm; and 19 gm of U.S.P. cod
liver oil.
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TABLE |
Calcium balance and urinary excretion
(Expressed as mEQ/24 hrs.)

Diet Pairs of Average

carb(;%%)nfate animals intakge Absorbed
60% galactose 12 2.04 1.33
60% glucose 12 2.04 1.21
30% galactose +

30% glucose 7 2.09 1.37
60% glucose 7 2.09 1.52
60% galactose,

low Ca 7 0.014 0.20
60% glucose,

low Ca 7 0.014 0.03
60% glucose —

chloramphenicol 7 1.00 0.69
60% glucose 7 1.00 0.30
60% galactose +

chloramphenicol 7 0.53 0.35
60% galactose 7 0.53 0.18

1S.E. of mean difference.

ately and persisted for the longest period
of observation (21 days). Differences in
renal calcium excretion were much less
when the diet contained only 30% galac-
tose.

The differences in excretion were not
related to enhanced intestinal absorption
during galactose feeding (table 1). Cal-
cium absorption was the same in rats fed
diets containing 60% galactose or glucose.
In rats fed diets sufﬁcientI?/ low in calcium
to produce a negative balance, galactose-
fed animals continued to excrete signifi-
cantly more urinary calcium than pair-fed
control animals. The addition of antibi-
otics to the diet has been shown to enhance
the absorption of calcium and magnesium
from diets containing 60% galactose or
glucose (Heggeness, ’59). Urinary excre-
tion in animals fed a glucose diet contain-
ing chloramphenicol is the same as in pair-
fed control animals ingesting glucose but
not the antimicrobial agent. In rats fed a
galactose diet urinary excretion is likewise
not modified by the addition of chloram-
phenicol to the diet. Seven rats allowed
only 10% galactose solution to drink ex-
creted 0.22 £ 0.07 mEq of calcium per
day as compared to only 0.02 £ 0.01 mEq
per day by rats fed a 10% glucose solution.

Urinary sodium and potassium. Urinary
sodium and potassium were elevated in

Diff. SE.L porinary. Diff. SE.1
012 0.6 00 0.054  0.008
015  0.09 0023 0.008  0.004
017  0.006 0052 0.031  0.004
039 0.4 0o 0.006  0.004
016  0.05 008 0.020  0.050

animals fed the galactose diet (table 2)
but the elevated renal excretion of these
cations did not follow the same time course
as that of calcium. The elevated calcium
excretion developed immediately and con-
tinued unchanged but differences in renal
excretion of sodium and potassium usually
occurred only after several days of galac-
tose feeding. Table 2 shows urinary cal-
cium, sodium and potassium excretion
during two successive three-day periods
of feeding a diet containing 60% of
galactose or glucose. Animals fed a 30%
galactose diet showing only a small eleva-
tion in urinary calcium excretion have sig-
nificantly elevated urinary sodium and
potassium losses compared to glucose fed
control animals (table 2).

Bone ash values. Bone ash and calcium
content were determined in weanling rats
fed ad libitum a 60% galactose or glucose,
low-calcium diet for 28 days. The 6 galac-
tose-fed animals after 28 days weighed
only 74 gm, while 5 animals fed the 60%
glucose diet weighed an average of 149 gm.
The marrow-free shaft of the femurs of the
galactose-fed animals contained 46.7 +
1.1% ash with 6.29 + 0.13 mEq of cal-
cium per gram of fresh bone. Bone of the
animals fed a glucose diet contained 37.2
+ 1.7% ash with 5.34 mEq of calcium
per gm.
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URINARY CALCIUM

TABLE 3
Urinary magnesium. excretion

; No. of Urinar
Diet animals magnesia/m
mEqg/24 hrs
60% glucose 27 0.104 + 0.0081
30% glucose +
30% galactose 7 0.105 + 0.019
60% galactose 8 0.198 + 0.011
1Mean = S.E.
Magnesium excretion. Urinary mag-

nesium excretion was also found to be
greater in animals ingesting galactose than
in those fed glucose. The data for mag-
nesium excretion were collected from sev-
eral feeding experiments and, although
the animals were not pair-fed, daily in-
takes approximated in all cases 10 gm of
diet containing 0.6 mEg of magnesium.
Again the effect was evident with intakes
of 60 but not 30% of galactose. Table 3
summarizes the data.

Serum calcium and magnesium and
blood pH. The serum calcium concentra-
tion of 9 animals fed galactose was 7.50 *
0.20 mEq per liter as compared to 6.12 +
0.20 mEq per liter in 12 animals ingesting
glucose. In 11 animals fed a 60% galac-
tose low-calcium diet the serum calcium
level was 5.90 + 0.12 as compared to 5.18
+0.15 mEq per liter in 7 animals fed the
glucose diet.

The serum magnesium levels were not
different in galactose and glucose-fed ani-
mals. In 9 control animals serum magnes-
ium was 145+ 0.19 mEq per liter as
compared to 1.24 + 0.16 in 5 animals fed
the galactose diet. In 6 animals fed a 60%
galactose diet the blood pH was 7.39 +
0.12 as compared to 7.48 + 0.03 in 5 ani-
mals fed a diet of dog checkers.

DISCUSSION

Bonnamour and Escallon (T3) reported
that the daily intravenous administration
of lactose to a rabbit for three months re-
sulted in marked depletion of bone ash.
In studies reported here the depletion by
galactose feeding of bone calcium in rats
on low-calcium intakes was less than that
in a comparable group of animals fed glu-
cose. The glucose-fed animals, however,
trebled their weight while the galactose-
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fed animals failed to double theirs. As-
suming the total body calcium initially
present to be the same in both groups, the
dilution of the original calcium by growth
in the glucose-fed animals resulted in a
lower bone ash than that produced by the
calcariuria in rats fed galactose. Further
experiments with diets isocalorically util-
ized will be necessary to determine the ex-
tent of décalcification of the body that
galactose feeding will produce.

Galactose-induced renal excretion of cal-
cium is not related to over-all balance. In
these studies the degree of galactose-in-
duced calcariuria was unchanged during
negative and positive calcium balance. In
rats fed a 60% glucose diet renal calcium
excretion did not change in response to
changes in absorptive rates.

The polyuria of galactose-fed animals is
not a factor in the elevated renal excretion
of calcium and magnesium. Elevated renal
excretion of potassium and sodium usu-
ally develops only after several days of
galactose feeding, while calcariuria devel-
ops immediately. Rats fed a diet con-
taining 30% of galactose had fluid intakes
of 30 ml per day (twice that of controls)
with natriuria and kaliuria but without
calcariuria.

Increased renal excretion of calcium and
magnesium is not related to the develop-
ment of an acidosis with galactose feeding.
In these studies blood pH was not affected
by galactose feeding. Handler (’47) found
that the serum OCL combining power of
rats fed an 80% galactose diet was 57%
by volume as compared to 56% in rats
fed sucrose diets and not showing calcari-
uria.

The total serum calcium concentration
is higher in the galactose-fed animals as
compared to those on the glucose diet.
Handler (’47) reported that animals fed
an 80% galactose diet had a serum cal-
cium concentration of 5.9 mEq per liter
as compared to 5.0 mEq per liter for glu-
cose-fed animals. Serum magnesium val-
ues, on the other hand, are the same in
animals fed glucose or galactose diets.
Whether this involves more efficient renal
handling of magnesium, or a different
mechanism to account for its excretion, is
not known.
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Human infants with congenital galac-
tosemia develop proteinuria (Butler and
Flynn, 58) and amino-aciduria (Bickel
and Hickmans, ’52; Holzel et al., ’52) dur-
ing galactose feeding. Rats fed diets con-
taining galactose do not show amino-acid-
uria (Human et al., '58). The amino-acid-
uria of congenital galactosemia is ex-
plained by development of renal tubular
dysfunction (Cusworth, Dent and Flynn,
’55). Further studies are needed to deter-
mine whether the elevated renal excretion
of calcium and magnesium are due to a
direct action of galactose on the kidney.

SUMMARY

1 Rats ingesting a 60% galactose diet
excrete more calcium and magnesium in
the urine than pair-fed animals ingesting
glucose.

2. The increased excretion of these ions
during galactose feeding is independent
of the rate of intestinal absorption.

3. Serum calcium but not magnesium
levels are elevated in galactose-fed animals.

4. Animals fed a 60% galactose diet
do not develop an acidosis to account for
the urinary excretion of calcium and mag-
nesium.
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The Importance of Arginine and Methionine for the
Growth and Fur Development of Mink

Fed Purified Diets*

W. L. LEOSCHKE2 and C. A. ELVEHJIEM
Department of Biochemistry, University of Wisconsin, Madison

Evidence available from studies with
mink fed purified diets has indicated that
the mink require three unidentified factors,
in addition to the known crystalline vita-
mins, for growth and survival (Schaefer,
Tove, Whitehair and Elvehjem, ’48; Tove,
Lalor and Elvehjem, ’50a; Leoschke, Lalor
and Elvehjem, 53). Two of the unknown
factors are found in fiver and the third
unidentified factor is present in hog in-
testinal mucosa. One of the unknown fac-
tors present in fiver has been designated
the residue factor as it is present in the in-
soluble residue from a 60% methanol ex-
tract of fiver. Studies by Tove, Lalor and
Elvehjem (’50b) have indicated a relation-
ship between the residue factor required
by the mink and the fur quality of the
mink. Mink placed on the purified diet de-
veloped depigmented, poor quality under-
fur while animals receiving the purified
diet supplemented with the residue frac-
tion of fiver were observed to have dense,
fine qualit%/ underfur equal to that of mink
receiving fiver.

The results of the present studies in-
dicate that arginine and methionine may
replace the residue factor required by the
mink for growth and quality fur produc-
tion.

EXPERIMENTAL AND RESULTS

Weanling male mink Kits weighing 400
to 500 gm were used in these studies and
were given a purified diet similar to that
employed in the earlier studies. This puri-
fied diet consisted of sucrose 66, casein3
19, cottonseed oil 11, and salts IV (Phillips
and Hart, ’35) 4% . Each 100 gm of ration
were sug)plemented with 0.2 mg thiamine-
HC1, 0.2 mg pyridoxine-HCI, 0.4 mg ribo-
flavin, 1.5 mg Ca pantothenate, 4.0 mg ni-
cotinic acid, 100 mg choline, 25 mg i-ino-

J. Nutrition, 69:'59

sitol, 50 mg p-aminobenzoic acid, 0.5 mg
2-methyl, 1-4 naphthoquinone, 0.1 mg
pteroylglutamic acid, 0.025 mg biotin and
0.004 mg of vitamin B2 Haliver oil for-
tified with a-tocopherol acetate and vitamin
D3 was added so that 100 gm of ration
contained 1,200 I.U. vitamin A, 120 I.U.
vitamin D and 4 mg a-tocopherol acetate.
Feed consumption of the mink on the puri-
fied diet varied from 75 to 150 gm per ani-
mal per day.

The Kkits were fed the purified diet start-
ing early in July. By September or October
they exhibited the characteristic signs of
the residue factor deficiency. It should be
pointed out that the time of occurrence of
the residue factor deficiency in the mink is
concurrent with the fur production phases
of the animal’s fife. Afew mink were able
to survive through the fall and winter
months on the unsupplemented purified
diet. They exhibited only a slight growth
depression during the fall fur production
period. However, with the initiation of the
spring fur production phase, April and
May, these animals developed the residue
factor deficiency. With the onset of the
residue factor deficiency in the fall or
spring fur production periods the mink
were given different supplements mixed
daily with the purified diet. Supplementa-

Received for publication April 11, 1959.
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tion. Part of this work was presented before
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TABLE 1

Weight responses of mink with the residue factor
deficiency to different dietary supplements

Dietary supplement Gain 6 weeks12

gm
4% liver residue 280 +34 (7)
200 mI milk 257 + 12 (9)

10% skim milk powder
10% cottage cheese
0.50% L-arginine
0.25% DL-methionine
0.30% DL-threonine
0.30% DL-tryptophan

234 + 37 (10)
278 + 17 (10)

236 + 11 (7)

1Mean and standard error of the mean.
2The number of mink per group is indicated
by the number within parentheses.

tion of each mink’s diet was initiated when
the animal manifested significant weight
loss (150 gm or more) and severe anorexia
éfeed consumption of less than 20 gm per

ay). With the addition of active supple-
ments an immediate recovery of appetite
was noted with subsequent weight gains.
Mink receiving inactive preparations or no
dietary supplements continued to refuse
to eat, lost weight and died. Upon autopsy
these animals exhibited severe fatty degen-
eration of the liver.

The weight responses of mink with the
residue factor deficiency to different dietary
supplements are presented in table 1 Ex-
cellent weight gains were obtained with the
liver residue, whole milk, skim milk pow-
der and cottage cheese. The good weight
responses of the animals with the nutri-
tional deficiency to the addition of cottage
cheese to the diet were interesting. These
data indicated that the residue factor de-
ficiency might be related to the quality of

LEOSCHKE AND C. A.

ELVEHJEM

protein or level of protein in the mink’s
diet, i.e., the residue factor deficiency
might be a deficiency of a specific amino
acid or combination of amino acids. Thus
a number of different amino acid mixtures
were added to the diet of animals exhibit-
ing symptoms of the residue factor defi-
ciency. Good responses in weight gains
were obtained with an amino acid mixture
containing arginine, methionine, threonine
and tryptophan.

The weight gain of a mink with the resi-
due factor deficiency in response to the
addition of the 4 amino acids to the puri-
fied diet is shown in figure 1. It is inter-
esting to note that although excellent
growth is obtained on the purified diet con-
taining 19% of casein during July and
August, an amino acid deficiency Is pre-
cipitated in September at the beginning

Fig. 1 Responses of mink with the residue
factor deficiency to amino acid supplementation.

TABLE 2
Weight responses of mink with the residue factor deficiency to amino acid supplementation

Protein and amino acid Amino acid :

composition of diet supplement Gain 6 weeksb?2
gm

19% casein

0.25% DL-methionine o .

0.30% DL-threonine 0.50% L-arginine 224 + 20 (7)

0.30% DL-tryptophan

19% casein o ) -

0.50% L-arginine 0.25% DL-methionine 250 + 46 (6)

; 0.50% L-arginine

0,

19% casein 0.25% DL-methionine 346 = 52 (5)

1Mean and standard error of the mean.

2The number of mink per group is indicated by the number within parentheses.



MINK ARGININE AND METHIONINE REQUIREMENT

of the fur production period. Data on the
weight responses of mink with the residue
factor deficiency to the addition of specific
amino acids to the purified diet are shown
in table 2. These data indicate that the
residue factor deficiency of mink on puri-
fied diets is a critical deficiency of two
amino acids, arginine and methionine.
Mink on diets supplemented with only one
of the required amino acids developed dis-
tinct nutritional deficiencies showing anor-
exia and loss of weight. With the addition
of the required amino acid, arginine or
methionine, to the diet, an immediate re-
covery of appetite was noted with the sub-
sequent weight response shown in the
table. The large weight responses of the
mink in the third group to the addition of
both arginine and methionine to the diet
was primarily due to a greater loss of
weight in these animals prior to the devel-
opment of severe anorexia and subsequent
dietary supplementation.

Figure 2 shows the growth curves of
mink on the purified diet containing argi-
nine and methionine and on a practical
ranch diet. The ranch diet contained 40%
of horsemeat, 30% of fish, 10% of liver
and 20% of cereal mix. With the grading
of the mink in November it was noted that
the fur quality of the animals on the puri-
fied diet was comparable to that of those
on the practical ranch diet. Although the
mink on the purified diet grew slowly in

ranch diet. The number of mink per group is
indicated by the number within parentheses.
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the early part of the growth period, at pelt-
ing in December these animals were equal
in size and fur quality to those on the
ranch diet.

DISCUSSION

From the data presented it is evident
that the residue factor deficiency of the
mink fed purified diets is a deficiency of
two amino acids, arginine and methionine.
The weight responses of deficient mink to
supplements of arginine and methionine
were equal to the weight responses to the
liver residue obtained by Tove and co-
workers (50b). With reference to Block
and Bolling’s (’45) data on the amino acid
composition of casein, the purified diet
employed in these studies contained ap-
proximately 0.6% methionine and 0.8%
arginine. The addition of 0.25% DL-meth-
ionine and 0.50% L-arginine to this diet
brought about the immediate recovery of
mink exhibiting symptoms of the residue
factor deficiency. Inasmuch as only a
limited number of animals were available
for the experimental studies, no attempt
was made to ascertain the minimum level
of arginine and methionine supplementa-
tion required by the mink for growth and
fur production.

There is a striking correlation between
the time of onset of the residue factor de-
ficiency in the mink and the initiation of
the fur production phases of the mink’s
life. It is apparent that the mink are able
to show good growth on the purified diet
containing 19% casein until the beginning
of fur production in the fall. Then, with a
critical demand for amino acids for the
synthesis of new fur, an amino acid de-
ficiency is precipitated. Recent studies on
the amino acid composition of mink fur by
Moustgaard and Riis (57) offer further
evidence that arginine and the sulfur
amino acids are important for the fur
production of the mink. Their data show
that mink fur contains 7.6% arginine,
1.0% methionine and 15.1% cystine. The
analyses of the mink fur indicated that,
with the exception of cystine, arginine was
present in highest concentration.

The importance of arginine for the nu-
trition of the chick has been known for
many years (Arnold, Kline, Elvehjem and
Hart, '36). The critical value of arginine
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and methionine for the nutrition of the
guinea pig has been shown recently by
Heinicke, Harper and Elvehjem (’55).

The mink’s requirement for arginine
when fed on purified diets containing case-
in as the sole source of protein may be
accentuated by an incomplete availability
to the mink of the arginine present in the
casein. Arnold et al. (’36) found that the
arginine in casein was only partially avail-
able to the chick.

As seen from figure 2, mink can be
raised from weanling to maturity on
a purified diet. However, the knowledge
of the nutrition of the mink on purified
diets is not complete. The exact nature of
the other two unidentified factors required
by the mink is still unknown. These two
factors are the one present in whole liver
and the hog mucosa factor. Nutritional
deficiencies requiring these two unknown
factors do not develop until the mink have
been fed the purified diet for at least one
year. Preliminary data indicate that the
unknown factor present in whole liver
may also be found in lard. Thus the liver
factor may he an animal fat factor, an
unknown factor present in such animal
products as liver, spleen and lard but lack-
ing in a vegetable fat such as cottonseed
oil.

SUMMARY

L The liver residue factor deficiency

of the mink fed purified diets has been

LEOSCHKE AND C. A.

ELVEHJEM

shown to be a deficiency of two amino
acids, arginine and methionine.

2. Arginine and methionine have been

shown to be of critical importance for
the fur production of the mink fed purified
diets containing casein as the sole source
of protein.
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Serial Determinations of Serum Protein-bound
Carbohydrates and Proteins During Protein
Depletion and Repletion in the Adult Rat*

HENRY E. WEIMER, HISAKO NISHIHARA and SHUN HUNG LING

Department of Infectious Diseases, School of Medicine,

University of

California Medical Center, Los Angeles

The systemic effects of nutritional states
as reflected by changes in the concentra-
tion and distribution of the protein-bound
carbohydrates and proteins in the serum
of the adult rat have been the subject of
several recent communications from this
laboratory (Weimer and Nishihara, 57,
59a, H9b). Inanition, acute and chronic
protein depletion, and the level of dietary
protein were found to affect the concentra-
tions of the serum glycoproteins and pro-
teins. The present study was initiated to
investigate the effects of the degree of
protein depletion and repletion on the
serum components.

MATERIALS AND METHODS

Animals. Adult, male Sprague-Dawley
rats were employed. The animals weighed
between 350 and 380 gm at the time of re-
ceipt and were approximately 4 months
old at the initiation of the study. They
were housed singly in suspended type wire
cages with wire bottoms and were main-
tained on an antibiotic-free commercial
chow2and tap water, both supplied ad libi-
tum. The use of larger animals was dic-
tated by the difficulties in obtaining ade-
quate blood samples from smaller rats, es-
pecially when depleted and by their satis-
factory resgonse in earlier studies (Weimer
and Nishihara, ’57, 59a, 59b). The ani-
mals were sacrificed by exsanguination
from the heart while under ether anesthe-
sia.

Diets. Due to limitations in cage space,
some rats in groups Al, B2, C3, C4 and
groups A2, BI, B3, Cl and C2 were fed
simultaneously.  Additional animals in
groups Al, B2, C3 and C4 were fed in
another trial with results in good agree-
ment with those obtained previously.

J. Nutrition, 69: ’59

Normal. Two normal groups were em-
ployed. Group Al served as a base line
control and A2 as an age and weight
control. They were maintained under the
conditions described above.

Depletion. The animals were fed a pro-
tein-free diet3 previously described (Wei-
mer and Nishihara, ’57) until the desired
weight loss was achieved. Groups of rats
were sacrificed after losing 10, 25, and
40% of their original weight.

Repletion. A commercial chow2with a
protein content of approximately 25%
was fed ad libitum to animals which had
sustained a 25% weight loss on the pro-
tein-free diet. The choice of this ration
for repletion was based on earlier studies
in which (1) the diet was found to he ade-
quate for weight and serum protein reple-
tion (Weimer and Nishihara, '59b) (2)
the observation that there were no signi-
ficant differences in serum glycoprotein
and protein concentrations between rats
which were repleted on the commercial
chow and those repleted on a purified diet
of comparable protein content containing
casein (cf. Weimer and Nishihara, '59a,
’59b). Groups of rats were sacrificed after
regaining 35, 70, and 100% of their lost
weight. In addition, one group was allowed
to survive 4 weeks following weight re-
pletion.

Chemical and hematologic determina-
tions. Serum chemistry and hematologic

Received for publication April 7, 1959.

1Supported in part by grants from the National
Cancer Institute (C-2368) and the California In-
stitute for Cancer Research.

2Purina Laboratory Chow.

3Nutritional Biochemicals Corporation, Cleve-
land, Ohio.
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SERUM GLYCOPROTEINS AND PROTEINS

analyses were carried out by methods prev-
iously reported in detail (Weimer and
Nishihara, ’59a). The mean, standard
error of the mean, t, and probability values
were determined by standard statistical
procedures (Snedecor, 56).

RESULTS AND DISCUSSION

General and hematologic data are sum-
marized in table 1. Changes in plasma
volume as indicated by hematocrit values
were in general agreement with the earlier
studies reviewed by Keys et al. ('50) and
by Allison (’55). In the early stage of pro-
tein depletion (group BIl) there was a
marked hemoconcentration which was fol-
lowed by hemodilution as depletion pro-
gressed. Pronounced hemodilution oc-
curred during repletion. Four weeks fol-
lowing repletion, hematocrit levels were in
the normal range. Hemoglobin was re-
stored more slowly than the serum glyco-
proteins and proteins (figs. 1, 2).

PBC P
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The results of the chemical determina-
tions are Ipresented for whole serum and
the globulin fraction in figure 1 and for
the albumin and seromucoid fraction in
figure 2. During depletion the rate of de-
crease of the serum components was great-
test during the first week (BI) with the
exception of the bound carbohydrate of
the albumin fraction. After a weight loss
of 25% (B2), all serum constituents were
significantly decreased. In the 36-day time
interval between the sacrifice of the 25%
and 40% (B3) depleted groups, no sig-
nificant alterations were observed in the
total serum values. Pronounced changes,
however, had occurred in the subfractions
of serum. Globulin protein declined sig-
nificantly, while marked increases were
found in the seromucoid and albumin frac-
tions. The elevations of the protein com-
ponents were somewhat greater than those
of the polysaccharide moieties. Apparently
in severe depletion there occurred either in-

Fig. 1 Effects of protein depletion and repletion on protein-bound carbohydrates and

proteins of whole serum and the globulin fraction.
protein-free and stock diets, respectively, were fed. e,

Dashed and solid lines indicate when
Total serum glycoprotein; O, Total

serum protein; ©, Globulin polysaccharide; Q, Globulin protein. Protein-bound carbohydrate
and protein values are expressed in milligrams per cent and grams per cent respectively.

Plotted values are not corrected for experimental hematocrit.

upon request from the authors.

Statistical data are available
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creased synthesis, a slower rate of turn-
over, or the release of tissue proteins with
the solubility properties of seromucoid and
of albumin.

Weight repletion was characterized by
rapid increases in total serum and globulin
fraction values and considerable fluctua-
tion in the concentrations of the compon-
ents of the albumin and seromucoid frac-
tions. Due to the marked hemodilution
which was still present at the end of the
repletion period (C3), serum values were
corrected for the reduced hematocrit by
the formula:

(100—H2) (observed concentration)
(100—H 1)

in which HI = normal hematocrit and H2
= experimental hematocrit (Boas and
Peterman, 53). The adjusted values with
the notable exception of albumin poly-
saccharide were either in the normal range
(seromucoid protein, total glycoprotein,
globulin polysaccharide, seromucoid poly-
saccharide) or significantly increased
(total, albumin, and globulin proteins).

WEIMER AND OTHERS

Four weeks after repletion (C4), total
serum glycoprotein and globulin poly-
saccharide levels were significantly in-
creased over both normal groups (Al, A2).
A comparison of the data for the normal
groups indicated an increase in these
serum constituents with age. The observa-
tion was in accord with that of Shetlar et
al. (’48) for man and was presumably a
major factor in the noted increases for
group C4. The fact that certain significant
differences existed between the experi-
mental and control groups suggested that
stimulation of glycoprotein  synthesis
caused by protein depletion may also
have been involved. The protein compo-
nents of the seromucoid and globulin frac-
tions continued to increase following re-
pletion (C4) concomitant with a sig-
nificant decline in albumin concentrations.
Serum total and seromucoid protein values
for the group were in the normal range for
rats of this weight but considerable var-

Fig. 2 Effects of protein depletion and repletion on protein-bound carbohydrates and
proteins of albumin (A) and seromucoid (B) fractions. Dashed and solid lines indicate when
protein-free and stock diets, respectively, were fed. ©, Albumin polysaccharide; Q, Albumin

protein; «, Seromucoid polysaccharide; O, Seromucoid protein.

Protein-bound carbohydrate

and protein values are expressed in milligrams per cent and grams per cent respectively.

Plotted values are not corrected for experimental hematocrit.

upon request from the authors.

Statistical data are available
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iance was observed for the albumin and

lobulin levels which resulted in signi-
icantly decreased A/G ratios (table 2). A
significant decrease in the albumin frac-
tion following repletion has been reported
for man (Keys et al., 50) but the cause of
the phenomenon has never been estab-
lished.

To compensate for the changes in plas-
ma volume and further to define their
differential response, a study was made of
the relationships of the protein-bound poly-
saccharides and proteins of serum and of
the A/G ratios (table 2). The most pro-
nounced early change during depletion
was the significant decrease of the ratio
in the globulin fraction. In severe deple-
tion, however (B3), the ratio for the frac-
tion was restored to normal, notwithstand-
ing a significant decrease in the ratio for
total serum determinations.

A general decrease in the ratios oc-
curred in the early stage of repletion (Cl).
At repletion (C3), only the ratio for the
seromucoid fraction was in the normal
range. Ratios for the post-depletion group,
C4, were in the normal range when com-
pared with their weight control group, A2.
It was apparent, however, that in the 4-
week period following repletion, the pro-
tein-bound carbohydrates of the serum
%!obulins had increased to a greater extent
than the protein components.

The results of the A/G ratio computa-
tions emphasized the relatively greater
stability of the albumin fraction of the
adult, male rat to protein depletion. When
the stock diet was introduced (Cl), the
ratios rapidly returned to normal. Follow-
ing repletion (C4) and with increasing age
and weight (A2) there were inversions of
the ratios which were more marked in the
experimental group.

The present study has demonstrated the
diversity of the responses of the protein-
bound carbohydrates and proteins of serum
during the course of protein depletion and
repletion. Recent investigations on the de-
velopment and application of the tech-
niques of immunoelectrophoresis (Will-
iams and Grabar, '55), starch gel electro-
phoresis (Poulik and Smithies, 58) and
anion-exchange cellulose chromatography
(Fahey et al., '58) have provided adequate
evidence for the heterogeneity of the major

HENRY E. WEIMER AND OTHERS

fractions of the serum proteins. It seems
probable that the concentration changes
observed in the current study reflected al-
terations in the metabolism of the carbo-
hydrate-rich and carbohydrate-poor pro-
teins of serum in adjusting the tissue re-
quirements of the organism to the avail-
able diet. Significantly decreased polysac-
charide-protein ratios for total serum and
the globulin fraction suggested that car-
bohydrate-rich ﬁroteins were utilized to a
greater extent than carbohydrate-poor dur-
ing moderate depletion (B2) and in re-
pletion (Cl, 2, 3).

The separation of tissue anabolism and
catabolism in the intact animal presents
formidable difficulties which as yet have
not been resolved. It might be anticipated
that the application of the more recent and
sensitive techniques of protein fractiona-
tion cited above would provide additional
information on the influence of nutritional
states on the simple and conjugated pro-
teins of serum.

SUMMARY

Serial determinations of the protein-
bound carbohydrates and proteins of se-
rum and of the seromucoid, albumin, and
globulin fractions as well as the hemo-
globin and hematocrit values of blood were
made during the course of protein deple-
tion, repletion and 4 weeks following re-
pletion of the adult rat. Weight depletion
to 25% was accompanied by significant
decreases in all serum values. Severe de-
pletion (40% ) elicited variable responses;
the seromucoid and albumin fractions were
restored to normal while the serum globu-
lins declined further. At repletion, all
serum constituents were in the normal
range or increased with the exception of
albumin polysaccharide. Following reple-
tion, the concentrations of the compon-
ents of the albumin fraction decreased.
Other serum constituents remained in the
normal range or increased. Some of the
elevation was attributable to increased age
and weight. Hemoconcentration (10% de-
pletion) was followed by hemodilution dur-
ing further depletion and in repletion.
Four weeks following repletion, hemoglo-
bin and hematocrit values were normal.
Hemoglobin was restored at a slower rate
Eh_an were the serum glycoproteins or pro-
eins.
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The Reaction of the Rat to Different Levels of
Manganese Following Hepatectomy#*
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Numerous reports have appeared on the
effects of dietary manganese in the rat.
Von Oettingen (°35) has shown that man-
ganese concentration normally occurs in
the liver, and Wachtel et al. (’43) and
Holtkam]p and Hill (’50) have stated that
a diet of less than 2 or 3 ppm of man-
ganese significantly retards the growth rate
of rats. Orent and McCollum (°31), Skin-
ner et al. (’32), Amdur et al. (45), and
Hill et al. $’52) have reported ataxia, re-
productive failure and poor bone develop-
ment as effects of manganese deficiencies.
Barnes et al. (’41?, Boyer et al. ("42), and
Shils and McCollum (’43) have reported
that to produce these deficiency effects, the
rats must be depleted of their manganese
stores before the experimental work is
initiated. Chomock et al. (’45), and Penal-
ver (’55) are among the few who have re-
ported on the effects of large amounts of
manganese in the diet, and consider that
this problem warrants further study.

Since manganese normally becomes con-
centrated in the liver and, in rats, recovery
is rapid after partial hepatectomy, as re-
ported by Ralli et al. (51), the present in-
vestigation was undertaken (1) to deter-
mine whether partial hepatectomy com-
bined with a low-manganese diet could
produce a detectable manganese deficiency
in the rat in one generation; (2) to observe
the effects of a high-manganese diet upon
the rat; and (3) to see if any histological
changes could be correlated with the phys-
iology of the animal.

MATERIALS AND METHODS

Sixty white rats of the Holtzman strain,
equally divided as to sex, were used in this
study. These were divided into 6 groups
of 10 each; two groups were fed a high-
manganese diet (50 ppm), two a low-
manganese diet (0.8 ppm), and two a
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TABLE 1
Low-manganese basal diet and mineral mixture
Ingredient Amount
%
Basal diet
Cerelose 37.86
Dried skim milk 46.00
Casein 5.00
Vitamins 0.27
Fat2 4.00
Vit. A, D, E (fish 0il)3 1.00
Minerals 3.87
Celluflour 2.00
Mineral mixturel

NaCl 4.85
MgSCL (anhyd.) 7.43
NaHZ204 9.71
K2HPO4 26.64
CaH(P04)2-H2 15.07
Ca lactate 36.24
CuS04 0.026
ZnCC= 0.026
Kl 0.008

1Manganese sulfate (anhyd.) was added to
form the control and high-manganese diets.

2Partially hydrogenated vegetable oils (Pri-
mex).

3Alpha tocopherol was added.

control diet (2.0 ppm of manganese).
In each category there was one operated
and one non-operated group. The experi-
mental diets are given in table 1.2 The rats
were fed the diets starting 24 days after
birth, and partial hepatectomy, in which
70% of the liver was removed, was per-
formed on the 52nd day. The animals were
fed ad libitum and testing continued until
day 107. At various intervals rats were
sacrificed and histological sections of the
liver, spleen, kidney, gonad, thyroid, adre-
nal and pituitary prepared for study.
Weights of all the organs were recorded

Received for publication February 16, 1959.

1This research was supported by U. S. Public
Health Grant no. A-1009.

2These diets were devised in the Department
odeiochemistry at Purdue University, Lafayette,
Indiana.
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Fig. 1 Effect of partial hepatectomy and level of manganese on the growth rate of rats.
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as percentage of body weight. Weekly
weights were taken of all groups and the
gain per day computed.

Twelve rats were used to measure thy-
roid activity. Five animals were treated
with 5 microcuries of iodineR injected in-
traperitoneally at day 105 and subjected to
a 27- to 30-hour uptake study,3 using a
Scintillation Counter Thallium Activated
Sodium lodide Crystal with the pulse
hei?< t analyzer set for the iodine energy
peak. To obtain the count, 5 one-minute
counts were averaged. Studies of resis-
tance to anoxia were done on the other 7
rats, using the technique of Zarrow et al.
(’51). A one-liter Atlas special Mason
jar was used and the weights of the ani-
mals in relation to the time of death were
computed. All the anoxia work was carried
out at a temperature of 25°C.

RESULTS

It can be seen (fig. 1) that the average
weight of the animals in the three dietary
groups correlates closely until partial hepa-
tectomy. The control animals gained at a
greater rate than those in the other groups
(table 2). The growth rates of the animals
receiving the manganese-deficient diet be-
gan to show a difference after the 59th day.
The differences between the operated ani-
mals receiving the low-manganese diet and
those fed the high-manganese ration were
not significant at 87 days. However, the
difference between the unoperated animals
receiving the manganese-deficient diet and
those fed high intakes of manganese was
significant at the 0.05 level. The differ-
ences between the control animals and
those receiving the diets high in man-

THEODORE J.
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ganese or low in manganese were signif-
icant at the 0.01 level at the 87th day. On
day 100 the differences between the
control animals and those fed experi-
mental diets were significant at the 0.01
level. The differences between the animals
fed a low-manganese diet and those fed
the high-manganese diet were not signifi-
cant at the 100th day.

The operated animals receiving the diet
low in manganese exhibited symptoms of
manganese deficiency t()jy day 72, and by
the 96th day all were dead. The non-op-
erated group supplemented with a low-
manganese diet showed signs of a slight
manganese deficiency by the end of the
experiment. The rats on the diets aug-
mented by 50 ppm of manganese did not
grow well and exhibited signs of nervous-
ness. Their coats were poor and their
testes were undersized.

Except in one instance, the weights of
the organs exhibited no significant differ-
ences when expressed as a percentage of
body weight. There was a change in the
testis weights from an average of 0.49%
in normal males to 0.37% in rats receiving
the high-manganese rations. This was Sig-
nificant at the 0.01 level.

The effects of the diets upon the histol-
ogy of the rat varied. The histolo??/ of the
control animals was normal for all organs
studied. The animals fed the low-man-
ganese ration exhibited excessive bile duct
proliferation, though in the livers of these
rats, the hepatic cells aﬁpeared normal.
The epithelial cells of the thyroid were

3 Compliments of Dr. R. Ogburn, Chief, Radio-
isotope Laboratory, Veterans Memorial Hospital,
Omaha, Nebraska.

TABLE 2
Effect of manganese level of the diet and of partial hepatectomy on the growth of rats

Dietary

treatment Hepatectomy
Control Operated
Non-operated
Low Mn Operated
Non-operated
High Mn Operated

Non-operated

1Differences not significant.

Gain
Group

Day 87 Day 100

gm/day gm/day
i 2.331 2.6V
2 2.28 2.59
3 1.182 None
4 1.72 1.29
5 1.241 1.001
6 1.37 1.16

2Differences significant beyond the 0.02 level.
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quite flat and there was an excess of col-
loid. Since the cell heights of the epithe-
lium indicate the physiological condition of
this gland, a hypothyroidal condition was
indicated. The kidney tubules, in some
cases, showed signs of parenchymatous
degeneration in which the cells appeared
swollen and cloudy. There was also a
slight amount of hyalinization present in
these kidneys. This correlated with the
observation that some of the operated ani-
mals receiving a diet low in manganese had
urinary bladders filled with a hard crystal-
line substance.

The histological changes in the animals
fed the high-manganese diet were limited
to the thyroid and the testes. The thyroid
exhibited a hypothyroidal condition and
the germinal cells of the testis never pro-
gressed to produce sperm. This effect
seen in the testis correlated with the under-
development of the testis noted grossly
and as a percentage of body weight.

The thyroid activity studies showed that
the uptake of iodineR.at 27 to 30 hours was
10.2% for the rats on the normal diet,
3.2% for those receiving the high-man-

anese ration, and an average of 3.05%
or those fed the low-manganese diet. Thus
the iodine uptake of the control animals
was at least three times that of those fed
the other two diets, indicating that the con-
trol animals had a more active thyroid
gland than the animals of the other groups.
The data on resistance to anoxia showed
oxygen uptake averages of 0.394, 0.195,
and 0.087 minutes per gram of body
weight, respectively, for the animals re-
ceiving the high, low, and control rations.
Though there were too few animals to per-
mit satisfactory statistical analysis, this
was taken to indicate that animals receiv-
ing a high-manganese diet have an in-
creased resistance to anoxia. These stud-
ies indicated that the thyroids of the rats
which had received either the deficienc

diet or the diet supplemented with hig

amounts of manganese were in a hypothy-
roidal state, a conclusion that correlates
well with the histological picture reported
above.

DISCUSSION

It has been shown that partial hepatec-
tomy causes a manganese deficiency by
the 72nd day in rats fed a low-manganese
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diet. Since manganese accumulates mainly
in the liver in animal tissue, as shown by
von Oettingen (’35) and Maynard and
Cotzias (’54), this operation has the effect
of depleting the animals’ store of this ele-
ment. The reason the operated rats which
received the low-manganese diet died by
the 96th day is still unknown. There is a
possibility that this could be due either to
an altered Krebs urea cycle in the produc-
tion of urine or to the lack of protection of
the rats against ammonia toxicity. Green-
stein et al. (56) showed that arginine,
which is activated by manganese, protects
against ammonia toxicity, and Shils and
McCollum ('43) have shown that the level
of arginine is reduced in rat livers when
there is a manganese deficiency. Since
arginine is necessary for the formation of
urea and manganese is a catalyst in this
reaction, in a deficiency state, the urea
cycle could be changed and cause ill ef-
fects in the rats. Further work is neces-
sary to determine the cause of death in a
manganese deficiency of this type and to
see if the physiological effects can be cor-
related with the altered kidney histology.
The bile duct proliferation found in these
deficiency rats has been reported before in
cattle by Bentley and Phillips (’51), but
never in rats.

Though partial hepatectomy had no par-
ticular effect on the rats receiving the high-
manganese diet, these animals showed an
obvious response to the manganese in the
diet. They were the most nervous animals,
their coats lacked luster, and the males ex-
hibited lack of testicular development. In
contrast to the report of Chornock et al.
(’45), these effects were noted with a diet
containing 50 ppm of manganese. These
results might be due to a toxic effect of
too much manganese or to an antagonism
of similar elements in the body.

The hypothyroidal condition in animals
fed diets both high and low in manganese
was shown histologically and by physio-
logical tests. It had been reported previ-
ously in rats fed a low-manganese diet but
not in rats on a diet high in manganese
(Richards, '30). Whether this is due to a
blocking of the thyroid hormone output
or to a decrease in the pituitary trophic
hormones is not known. Decreased pitui-
tary activity in manganese deficiencies has
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been mentioned by Orent and McCollum
(°31), but this concept does not correlate
with the percentage of cell types observed
in the anterior pituitary with altered man-
anese diets as found bﬁ/ Van Donk et al.

’33), Boyer et al. (’42), Wachtel et al.

’43), and Urban (54). Further investiga-
tions are necessary to study the mecha-
nism causing this condition, though it has
been reported by Reinke and Turner (’45)
that manganese does activate the forma-
tion of thyroxine, and it has been stated
by Ray and Deysach (’49) that the element
accumulates in the thyroid in guinea pigs.

SUMMARY

A manganese deficiency was produced
in rats easily after partial hepatectomy. In
addition to the expected deficiency symp-
toms, a hypothyroidal condition and a de-
generative condition in the kidney were
noted. The high-manganese (50 ppm)
diet caused manganese toxicity, as evi-
denced by nervousness, lack of coat luster,
underdeveloped testis, and poor growth
rate. A hypothyroidal condition was also
caused by the high-manganese ration. Par-
tial hepatectomy did not alter the effects
upon control animals or those on a high-
manganese diet.
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Biochemical Observations on Aortas of Chickens

EFFECT OF DIFFERENT FATS AND VARYING LEVELS
OF PROTEIN, FAT AND CHOLESTEROL'
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Department of Poultry Science, Rutgers University, New Brunswick,

New Jersey

Limited information is available on the
effect of dietary components on the chemi-
cal constituents of the aorta. Studies with
human aortas have attempted to differen-
tiate chemically between normal and ather-
osclerotic tissues (Buck, '51; Buck and
Rossiter, '51; Nobel et ah, ’57; Luddy et al.,
58; Buddecke, 58 and others) but neces-
sarily without relating the findings to diet
except in a general way.

In the rabbit and also the chicken stud-
ies have been reported relating dietary
cholesterol primarily to the lipid compon-
ents of the aorta (Weinhouse and Hirsch,
’40; Dauber and Katz, *43; Herrmann, 47,
Peterson and Hirst, '51; Dam et al., '56;
Hirsch and Nailor, '56; Dury, 57; War-
nock et al., '57; Stamler et al., ’58a and b
and others). In the present investigation,
analyses of cholesterol, polyunsaturated
fatty acids and hydroxyproline of both
thoracic and abdominal segments of the
aorta were carried out in chickens receiv-
ing various dietary combinations of satur-
ated or unsaturated fat, cholesterol and
protein,

Aortic cholesterol concentration has
been widely used as an indication of
atherosclerosis; aortic hydroxyproline has
been recently used to evaluate the fibrotic
proliferation also associated with athero-
sclerosis fBuddecke, ’58; Nobel et al., ’57);
the usefulness of aortic fatty acid analyses
in assessing atherogenesis has received
scant attention (Luddy et al., ’58) but
was included in this study in view of the
current emphasis regarding fatty acids in
the human diet. For similar reasons a
highly saturated dietary fat (tallow) was
compared to a highly unsaturated fat (lin-
seed oil). ]

It has been inferred (Katz and Stamler,
’53) that the spontaneous type of athero-

J. Nutrition, 69: '59

sclerosis in the chicken differs from the
cholesterol-induced type. Other studies in-
dicate a quantitative rather than a quali-
tative difference between the induced and
the spontaneous type of avian atherosclero-
sis (Lindsay et al., B55). It was therefore
a further purpose of the present study to
compare analytically as well as by visual
scoring the aortas from young growing
cockerels with cholesterol-induced athero-
sclerosis to those of two- and three-year-old
hens fed essentially cholesterol-free diets
of known and experimentally varied com-
position for a 12-month period.

EXPERIMENTAL

The studies were carried out in two
parts: the first was designed to evaluate
the effects of fat, cholesterol, and protein
level in growin% cockerels, and part 2 was
carried out with equal numbers of 8- and
20-month-old hens fed diets containing dif-
ferently saturated fat.

Part 1. Day-old crossbred roosters were
fed a practical starting ration for one week
and then were assigned to the experimental
rations (the composition of basal ration
is given In table 1) for the subsequent 10
weeks. The experimental design as given
in table 1 was essentially factorial with
two levels of protein, corn oil, and choles-
terol. One cholesterol level differed for
each of the two protein levels and was
chosen on the basis of the results shown in
table 2. It was found that as little as 0.3%%*

Received for publication April 3, 1959.

1 Paper of the Journal Series, New Jersey Agri-
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the State University of New Jersey, Department
of Poultry Science, New Brunswick, N. J. Sup-
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CethraI Jersey Farmers Cooperative, Hightstown,
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of cholesterol in the low protein diet in-
duced a marked hypercholesterolemia

which surpassed that induced with 2%

cholesterol in a 20% protein diet.

The birds (10 per lot) were individually
weighed every other week and feed con-
sumption recorded on a group basis. At
the end of the 10-week feeding period blood
was drawn from the heart for plasma
cholesterol determination before the birds
were killed and the aorta removed. The
aorta_was thoroughly cleaned from the
brachiocephalic arteries to the iliac bifur-
cation and visually scored by one of us
(H.S.W.) according to procedures previ-
ously discussed (Weiss, 59). This method
of scoring gives (_ireater weight to the
height and area of lesions protruding into
the lumen than it does to the appearance
of gross lipid deposition as judged by yel-
low color. After scoring, the aortas were
placed in glass bottles with teflon gasketed
metal caps and cold-extracted with chloro-
form-methanol (2:1) for 24 hours in a
shaker. The extract was filtered, made up
to volume and aliquots taken for choles-
terol analysis by the modified method of
Zlatkis (Griminger and Fisher, ’58) and
for polyunsaturated fatty acid and 1odine
number determination according to the
procedures of Herb and Riemenschneider
(’53) and Luddy et al. (’58). All analyses,
including the cholesterol determinations,
were made on individual aortas while the
extracts for the fatty acid determinations
were pooled from three or 4 birds resulting
in three composite samples for each ex-
perimental group. The extracted aortas
were dried to constant weight at 100°C
and then weighed. They were then hy-
drolyzed with 6 N HC1 at 15 Ibs. pressure

AND OTHERS

for 24 hours, neutralized, and hydroxy-
proline determined according to the
method of Neuman and Logan ? '50).

Part 2 of the present investigation was
designed to study in 8 and in 20-month-old
hens the effect of prolonged feeding of fats
with varying degrees of saturation. Ten

TABLE 1

Composition of basal ration and experimental
design of study with growing roosters

Ingredient Amount
%
Soybean meal (50% protein) 16.00
Dicalcium phosphate 2.50
Mico concentratel 1.00
Distillers dried solubles 2.50
NacCl 0.50
B vitamins2 0.10
Vitamins A, D, and E2 0.10
Choline chloride 0.20
Di,-Methionine 0.10
Glucose (cerelose) to 100

1Trace mineral-containing limestone, product
of Limestone Corporation of America, Newton,
N. J.

2For composition see Fisher and Johnson (’56).

Experimental Design

Dietary variables

Lot . .
Protein Cornoil  Cholesterol
% % %
1 8 2 -
2 8 2 0.3
3 8 10 —
4 8 10 0.3
c 201 2 -
6 20 2 2.0
7 20 10 -
8 20 10 2.0

'Additional DL-methionine (0.2%) was added
to all high-protein diets; to obtain 20% protein
the level of soybean meal in the ration was in-
creased from 16 to 40% .

TABLE 2

Effect of graded levels of dietary cholesterol on plasma cholesterol

of three week-old

cockerels fed low- and high-protein diets

§ Protein die

20% Protein diet

hDiIetf%ry | Pl
cholestero asma Pl
Body ws. cholesterol Body wts. cholesterol

% gm mg % gm mg %
0.1 209 + 191 299 + 16 331 + 16 204 £ 9
0.3 205 + 16 773 = 67 348 £+ 15 246 + 14
0.5 197 £+ 16 1236 + 55 344 + 12 260 + 13
1.0 197 + 16 1771 + 383 356 + 13 380 mm28
2.0 197 + 10 2034 + 250 345+ 14 433 + 46
1Mean + standard error
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hens within each age group composed one
treatment group. Treatments together with
the composition of the basal ration are
listed in table 3. The birds were fed their
respective diets for one year. Throughout
this period, egg production, feed consump-
tion, mortality, body Weight, and plasma
cholesterol were recorded at regular in-
tervals for each bird. After the birds had
been killed the aortas were removed and
analyses carried out essentially as de-
scribed for part 1 except for the separate
chemical treatment of thoracic and ab-
dominal segments of the aorta.

Because of the interesting observations
regarding the absence of polyunsaturated
fatty acids beyond the tetraenoic acids in
aorta fat, plasma polyunsaturated fat;[jy
acids were determined on a few birds
which were not OFart of the present studies
but had received essentially the same low-
fat and linseed-oil-containing diets. The
fatéy acid analyses of the plasma were car-
ried out according to the procedure of
Morris and Riemenschneider (’58).

RESULTS

Part 1. The data collected in the study
with growing cockerels are summarized
in table 4.2 The following observations are
of particular interest:

1 The Iow-(protein diets, irrespective of
dietary fat level, were associated with high-
er levels of cholesterol in plasma and aorta
despite the much reduced cholesterol con-
sumption with these diets compared to the
cholesterol intake on the high-protein diets
(0.3 vs. 2% dietary cholesterol).

2. Despite the higher blood and aorta
cholesterol levels obtained with low-protein
diets the subjective score of the abdominal
aorta tended to be higher on the high-pro-
tein, high-fat 2% cholesterol diet.

3. In all groups the abdominal aorta
was more affected than the thoracic aorta.

4. For the high-protein groups the hy-
droxyproline:cholesterol ratio tended to be
higher than for the low-protein groups,
suggesting that the lesions were more fi-
brotic in composition.

5. On the low-protein diets, the amount
of aorta fat was significantly higher and
the iodine number of the fat lower (more
saturated) than on the high-protein diets.
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TABLE 3

Composition of basal ration and experimental
design of studies with hens

Ingredient Amount
%

Corn meal to 100
Soybean meal (50% protein) 20.00
Butyl fermentation product 2.00
Corn distillers solubles 2.00
Dried whey 2.00
Alfalfa meal 3.00
Dicalcium phosphate 4.00
Mico concentratel 3.00
Limestone 1.00
NacCl 0.50
Choline chloride (70% ) 25 gm/100 lbs.
Vitamin Bi2supplement 0.50
Methionine hydroxy analogue2 0.10
Santoquin2 0.10

Vitamins A and D (6600 I.U. of
A, 1190 I.C.U. of D3)

Variables (linseed oil, tallow,3
corn meal 10

25 gm/100 Ibs.

1See footnote 1, table 1.

2Monsanto Chemical Co., St. Louis, Mo.

3For specification on the tallow see footnote 3,
table 2 in Leveille and Fisher (%8).

Experimental design

Age of hens at start

Dietary fat
8 months 20 months
No supplement Lot 1 Lot4
Linseed oil, 10% 2 5
Tallow, 10% 3 6

6. No polyunsaturated fatty acids be-

yond the dienoic acids were found in the
aorta fat.3

Additional information was revealed by
correlation analysis.4 Those correlation co-
efficients which were significant and per-
tinent are listed in table 5. Of particular
interest from the viewpoint of developing
atherosclerosis was the highly significant
negative correlation between aorta choles-
terol content and iodine number of aorta
fat. Increased aorta cholesterol content
therefore appears to be associated with a

2Feed consumption and mortality figures are
omitted; the former follow the pattern of growth
and the latter were negligible since only 5 out of
80 birds died.

3Although small readings were obtained at the
appropriate wave lengths for trienoic and tetra-
enoic acids, no peaks were present which justified
the inclusion of these readings.

4We wish to thank Dr. F. G. Fender of the
Rutgers University Computation Center for help
with the programming of the data for 1.B.M.
650 analysis.



TABLE 4
Aorta and other measurements of growing roosters fed different cholesterol, fat and protein levels
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TABLE 5

Correlation coefficients for measurements and treatments

Simple correlation coefficients

Variables

Abdominal score
Dietary protein level2

Dietary cholesterol level
Aorta cholesterol
lodine no. of aorta fat

Multiple correlation coefficients

Dietary variables
(Independent)

Fat and cholesterol level

Protein and fat level

Protein and cholesterol level
Cholesterol and fat level
Protein, cholesterol and fat level

1Significance level (1% ) = 0.29.

in experiment with roosters
Coefficientl
vs. aorta weight 0.31
vs. aorta fat - 0.92
vs. aorta weight 0.84
vs. plasma cholesterol - 0.33
vs. aorta cholesterol - 034
vs. aorta weight 0.48
vs, plasma cholesterol 0.69
vs. aorta cholesterol - 041
Measurement
(Dependent)
Plasma cholesterol 0.30
Abdominal score 0.38
Abdominal score 0.36
Abdominal score 0.48
Abdominal score 0.47

2The authors are aware that differences in body weights, between roosters fed the two
protein levels may be reflected in these correlation coefficients, since animals of different
body size (physiological age) might have different aortic composition.

more saturated type of fat despite the fact
that 2 or 10% levels of a highly unsatur-
ated fat (corn oil) were ingested.

Part 2. The results of feeding diets with-
out added fat, 10% tallow or with 10%
linseed oil to 8 and to 20-month-old chick-
ens for one year are presented in table 6.5
Lhe salient features can be summarized
thus:

1. The tallow diets were responsible for
significantly heavier body weights in both
the younger and older hens.

2. Plasma and aorta cholesterol con-
centrations in the older hens were highest
on the tallow diets; in the younger hens
plasma cholesterol was not increased by
tallow.

3. The subjective (visual) score was
greater in both age groups of hens fed the
tallow diets.

4. The hydroxyproline and therefore
collagen content of the aortas shows a
greater increase with age for the abdominal
region (14.8% change between the older
and younger birds) than for the thoracic
region (9.5%).

5. As with the growing chicks, the le-
sions appeared more severe in the abdomi-

nal region; on the basis of an increased
hydroxyproline concentration in relation
to cholesterol content these lesions are
judged to be more fibrotic than lipid in
composition.

6. However, in the specific case of the
tallow-fed hens which had the highest
score but in which the hydroxyproline con-
tent remained unchanged whereas the
aorta cholesterol was Increased, it was
judged that the lipid component contrib-
uted more to the increased severity of the
lesions.

7. The fatty acid analyses indicate that
abdominal aorta fat is more saturated
(lower iodine numbers), than thoracic
aorta fat, irrespective of the degree of un-
saturation of the diet fat.

8. For both age groups, no polyenoic
acids beyond the tetraenoic acids were
found in aorta fat, although the plasma
fatty acids for similarly-fed birds contained

5 Egg production, feed consumption and mor-
tality were omitted for the sake of greater clarity.
Dietary treatments did not affect egg production
or feed consumption. Mortality was low for all
groups so that no significance could be attached
to the slightly higher death rate in the tallow-fed
groups.
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TABLE 6
Aorta and other measurements recorded with hens

Pullets Hens
Eﬁ Linseed Tallow %\:ﬁ Linseed Tallow
Body wt., Ibs. 42+ 0.2 40+ 0.2 48 + 0.2 46+ 04 46+ 0.2 52+ 03
Plasma cholesterol,
mg % 188 + 11 192 + 12 176 + 11 179 + 12 209 + 14 241 + 26
Score
™ 1.1 £ 0.05 1.1 + 0.05 1.2 + 0.06 1.2 £ 0.04 1.1 £ 0.05 1.6 = 0.07
A2 1.2+ 0.09 1.3+ 0.08 15+ 0.09 25+ 0.6 20+ 0.2 3.3+ 05
Aorta wt., mg/100
gm body wt.
T 4.1 4.6 3.3 3.8+ 05 3.8+ 0.3 35+ 0.3
A 3.3 2.7 2.5 2.4 £ 0.3 29+ 04 25+ 0.2
Aorta cholesterol,
mg/gm dry de-
fatted tissue
T 23+ 7 24 + 4 26+ 5
A — — — 16 + 2 24 £ 5 38+ 11
Aorta OH proline,
% of dry de-
fatted tissue
T 39+ 0.2 43+ 0.2 4.4 £ 0.3 48 + 05 46+ 0.1 43+ 0.1
A 53+ 05 55+ 0.4 53+ 0.2 6.2+ 0.2 6.3+ 0.2 6.2+ 0.2
Aorta fat, % of
dry defatted
tissue
T 20 12 34 30 28 39
A 30 20 43 38 40 39
12no.
T 77 74 54 120 47
A 44 59 48 38 56 50
Aorta fatty acids,
% of fat
Saturated
T 34.2 315 55.0 7.2 61.3
A 66.7 45.2 50.9 71.8 67.0 58.1
Oleic
T 52.7 85.2 32.8 65.9 30.0
A 22.2 47.8 46.1 19.9 13.3 32.2
Linoleic
8.1 7.6 8.2 17.6 5.6
A 7.4 4.7 2.5 5.7 11.8 6.9
Linolenic
T 1.6 13 0.9 4.9 0.8
A 1.6 11 0.2 15 4.8 0.9
Arachidonic
3.2 1.4 2.1 4.9 2.4
A 2.1 1.2 0.3 2.0 3.0 1.8
1Thoracic.

2Abdominal.
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significant amounts of penta- and hexa-
enoic acids.6
DISCUSSION

The present study offered an opportunity
of comparing spontaneous aortic lesions
(not induced by feeding of cholesterol)
in older hens with experimentally choles-
terol-induced lesions in growing roosters.
The data indicated that in both cases the
abdominal section of the aorta is more
severely afflicted and relatively more sen-
sitive to treatment manipulation than the
thoracic aorta. Furthermore, the two seg-
ments differ in proportions of lipid and
collagenous material each of which, in
turn, may be separately affected by treat-
ment. For example, in the chick experi-
ment comparing the low-protein, high-fat,
high-cholesterol group with the high-pro-
tein, high-fat, high-cholesterol group no
difference is observed in the thoracic score
but the abdominal score for the high-pro-
tein group is greater. Also the elevated
score for the high-protein group appears
to reflect the increased hydroxyproline con-
tent of the aorta rather than the lower
cholesterol concentration (compared to the
low-protein group).

It would seem in confirmation of Dau-
ber’s theory (Dauber and Katz, 43) that
the combination of dietary cholesterol and
fat can bring about changes leading to
the development of lesions which are not
characterized by fat deposits only. How-
ever. the study with growing roosters also
indicated clearly that high plasma as well
as high aortic cholesterol content per se is
not necessarily the major prerequisite for
the development of lesions. Thus, the ob-
served abdominal scores in the low-pro-
tein groups were less severe despite Sig-
nificantly higher cholesterol levels than
the corresponding scores of the groups re-
ceiving the 20% protein level. This raises
interesting questions regarding rate of
growth and of aging in relationship to
the development of atherosclerosis. In
contrast to the present observation, Stam-
ler et al. #’58b) observed an increased in-
cidence of lesions with low-protein diets;
their data indicate, however, that the pro-
tein level considered “low” was adequate
for normal ?rowth as Audged by a compari-
son of the final weights of the “low-" and
high-protein groups.
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In the hen experiments dietary tallow
hastened the development of aortic lesions,
whereas the unsupplemented and the lin-
seed oil-containing diets behaved similarly
to each other giving rise to a degree of aor-
tic involvement previously observed in
birds of this age (Weiss, 59). The aortic
cholesterol content as well as the aortic
weights are of the same order of magni-
tude reported by Weiss (’59) except that
the cholesterol values for the tallow-fed
birds are more in line with those of birds
at least a year older than their actual age.
Aortic weight as expressed per unit of
body weight has proved a good criterion of
aortic proliferation and plaque develop-
ment in the hands of several workers
(Faber and Lund, '49; Weiss, '59). In the
case of the tallow-fed birds, this relation-
ship did not hold, presumably because of
the significantly greater body weights
which, according to past experience (Weiss
and Fisher, ’57%, are the result of heavy
body fat deposits. On a lean body mass
basis, the same trend probably would hold
for the tallow-fed birds.

The effect of tallow in increasing the
severity of aortic lesions confirms an earlier
report from this laboratory (Weiss and
Fisher, 57) of a dietary effect of lipids
other than cholesterol. The relatively high
degree of saturation of the animal tallow
permits speculation concerning the rela-
tionship between saturated fatty acid in-
take and atherogenesis as recently re-
viewed by Bronte-Stewart (’58).

In comparing the younger hens with the
older ones it is interesting to note the
significantly greater increase in the hy-
droxyproline content of the abdominal seg-
ment of the aorta as compared to the
thoracic segment. This faster “aging” ap-
pears in line with the greater severity of

6 Plasma fatty acids as percentage of total fat
were as follows: No fat group, dienoic 1.3, tri-
enoic 1.3, tetraenoic 0.9, pentaenoic 0.4 and hexa-
enoic 0.8; linseed oil group, 4.3, 3.0, 1.4, 1.9 and
3.1. For the aorta fat small readings were ob-
tained at the appropriate wave lengths for the
pentaenoic acids and the hexaenoic acids, but no
peaks were discernible, thus not justifying the in-
clusion of these readings; aortic fat from other
animals with similar dietary background has
shown very slight peaks in the pentaenoic and
hexaenoic regions indicating the presence of
minute amounts of these polyunsaturated fatty
acids.
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the abdominal lesions as compared to the
thoracic involvement. It also agrees well
with the report of Christie and Dahl (’57)
which indicates a faster fall in respiration
rate for the abdominal as compared to the
thoracic segment during aging in the rat.
Further evidence for the considerable
metabolic differences between thoracic and
abdominal segments is evident from the
fatty acid analyses for the two segments.
The thoracic fat reflected more closely the
dietary fat while abdominal fat appeared
quite constant, irrespective of dietary fat
changes.

Observations on the parallel changes of
the major classes of lipids between plasma
and aortic tissue led Weinhouse and Hirsch
(40) and Hirsch and Nailor (’56) to
postulate that the aortic lipids reflect
passive deposition from plasma. The more
specific fatty acid examination of the
present study shows significant qualitative
differences, specifically the absence of poly-
enoic acids beyond the tetraenoic acids In
aortic tissue although present in blood.

SUMMARY AND CONCLUSIONS

Growing cockerels were fed diets vary-
ing in level of protein, fat and cholesterol
and their aortas examined grossly as well
as chemically. Similarly, two age groups
of hens were placed for one year on essen-
tially cholesterol-free diets containing fat
of different degree of saturation, and their
aortas were examined. On the basis of
the data collected the following conclusions
are in order:

1 The gross appearance of the induced
lesion is similar to that of the spontaneous
one and occurs predominantly in the ab-
dominal region of the aorta.

2. The abdominal segment of the aorta
“ages” more rapidly than the thoracic re-
gion as evidenced by the greater increase
in hydroxyproline (collagen) content.

3. Cholesterol deposition in the aorta
was associated with a more saturated type
of aortic fat.

4. Aortic fat differs in fatty acid com-
position from plasma fat. The abdominal
aortic fat is more saturated than the fat of
the thoracic region.

5. In the hens, tallow hastened the de-
velopment of aortic lesions.

HANS FISHER AND OTHERS

6. In the growin? rooster the combina-
tion of a low-protein level with 0.3% of
cholesterol and 10% of corn oil gave rise
to higher plasma and aorta cholesterol
levels but to less severe atherosclerosis
than was induced with high-protein, 2%
of cholesterol and 10% of corn oil.

ACKNOWLEDGMENT

We would like to acknowledge the ex-
cellent technical assistance of Mrs. Olga
Donis, Mr. Hans Lutz and Mr. Eugene
Borbely. Assistance from the followin
concerns is sincerely appreciated: Merc
Sharp & Dohme Research Laboratories,
Rahway, N. J.; Pacific Vegetable Qil Corp.,
San Francisco, Calif.; The Van Iderstine
Company, Long Island City, N. Y., and
Monsanto Chemical Co., St. Louis, Mo.

LITERATURE CITED

Bronte-Stewart, B. 1958 The effect of dietary
fats on the blood lipids and their relation to
ischaemic heart disease. Brit. Med. Bull., 14:
243.

Buck, R. C. 1951
atherosclerotic aortas.
51: 319.

Buck, R. C., and R. J. Rossiter 1951
normal and atherosclerotic aortas.
Study. lbid., 51: 224.

Buddecke, E. 1958 Untersuchungen zur Chemie
der Arterienwand, Il. Arteriosklerotische Ver-
dnderungen am Aortenbindegewebe des Men-
schen. Z. physiol. Chem., 310: 182.

Christie, R. W., and L. K. Dahl 1957 Dissimi-
larity in oxygen consumption between the thor-
acic and abdominal aorta in rats. J. Exp. Med.,
106: 357.

Dam, H., G. Kristensen, G. K. Nielsen, I. Prange
and E. SOndergaard 1956 Influence of varied
levels of peanut oil and cholesterol on choles-
terol and polyenoic acids in tissues of the
chicks. Acta Physiol. Scand., 36: 319.

Dauber, D. V., and L. N. Katz 1943 Experi-
mental atherosclerosis in the chick. Arch. Path.,
36: 473.

Dury, A. 1957 Lipid distribution and metabo-
lism in two areas of aorta in normal and
cholesterol-fed rabbits. Proc. Soc. Exp. Biol.
Med., 94: 70.

Faber, M., and F. Lund 1949 The human aorta.
Influence of obesity on the development of
arteriosclerosis in the human aorta. A. M. A
Arch. Path., 48: 351.

Fisher, H., and D. Johnson, Jr. 1956 The
amino acid requirement of the laying hen. I
The development of a free amino acid diet for

Minerals of normal and
A. M. A. Arch. Path,,

Lipids of
A Chemical

maintenance of egg production. J. Nutrition,
60: 261.
Griminger, P., and H. Fisher 1958 Dietary

saponin and plasma cholesterol in the chicken.
Proc. Soc. Exp. Biol. Med., 99: 424.



AORTA COMPOSITION

Herb, S. F., and R. W. Riemenschneider 1953
Spectrophotometric micromethod for determin-
ing polyunsaturated fatty acids. Analytical
Chem., 25: 953.

Herrmann, G. R.
ies in hypercholesterolemic states.
and Surg., 5: 149.

Hirsch, E. F., and R. Nailor 1956 Atherosclero-
sis. IV. The relation of the composition of the
blood lipids to atherosclerosis in experimental
hyperlipemia. A. M. A. Arch. Path., 61: 469.

Katz, L. N., and J. Stamler 1953 Experimental
Atherosclerosis. Charles C Thomas, Springfield,
Ilinois.

Leveille, G. A, and H. Fisher 1958 Observa-
tions on lipid utilization in hens fed vegetable

1947 Some experimental stud-
Exp. Med.

and animal fat supplemented diets. Poultry
Sci., 37: 658.
Lindsay, S., C. W. Nichols and I. L. Chaikoff

1955 Aortic lesions induced in the bird by
diethylstilbestrol injections and cholesterol
feeding. A. M. A. Arch. Path., 59: 173.

Luddy, F. E., R. A Barford and R. W. Riemen-
schneider 1958 Fatty acid component lipides
from human plasma and atheromas. J. Biol.
Chem., 232: 843.

Morris, S. G., and R. W. Riemenschneider 1958
Extractions and determination of polyunsatur-
ated fatty acids in small amounts of plasma.
Arch. Biochem. Biophys., 78: 138.

Neuman, R. E., and M. A. Logan
determination of hydroxyproline. J.
Chem., 184: 299.

1950 The
Biol.

171

Nobel, N. L., R. J. Boucek and K. T. Kao 1957
Biochemical observations of human atheroma-

tosis. Analysis of aortic intima. Circulation,
15; 366.
Peterson, J. E., and A. E. Hirst 1951 Studies

on the relation of diet, cholesterol, and ather-
oma in chickens. Circulation, 3: 116.

Stamler, J., R. Pick and L. N. Katz 1958a Ef-
fects of dietary proteins, methionine and vita-
mins on plasma lipids and atherogenesis in
cholesterol-fed cockerels. Circulation Research,
6: 442.

---------- 1958b Effect of dietary proteins and
carbohydrate level on cholesterolemia and ather-
ogenesis in cockerels on a high-fat, high-choles-
terol mash. lbid., 6: 447.

Warnock, N. H., T. B. Clarkson and R. Stevenson
1957 Effect of exercise on blood coagulation
time and atherosclerosis of cholesterol-fed cock-
erels. 1bid., 5: 478.

Weinhouse, S., and E. F. Hirsch 1940 Chem-
istry of atherosclerosis. . Lipid and calcium
content of the intima and of the media of the

aorta with and without atherosclerosis. Arch.
Path., 30: 31.
Weiss, H. S. 1959 Variation in appearance,

cholesterol concentration, and weight of the
chicken aorta with age and sex. J. Gerontology,
14: 19.

Weiss, H. S., and H. Fisher 1957 Plasma lipid
and organ changes associated with the feeding
of animal fat to laving chickens. J. Nutrition,
61: 267.



Beneficial Effects of Alfalfa Meal and other
Bulk-containing or Bulk-forming Materials
on Symptoms of Tween 60 Toxicity

in the Immature Mouse%*

B. H. ERSHOFF and H. J. HERNANDEZ

Department of Biochemistry and Nutrition, University of Southern
California, Los Angeles and Nutrilite Products, Inc.,

Buena Park, California

Growth retardation, diarrhea and other
toxic manifestations have been reported in
a number of animal species including the
rat (Harris et al., 5la; Chow et al., 53;
Poling et al., ’56), hamster (Schweigert
et al., ’50; Harris et al., 51b; Poling et al.,
’56) and mouse (Brush et al., 57) on
diets containing high levels of non-ionic
surface-active agents. There is evidence
that the extent to which such toxicity is
manifest is dependent in considerable de-
gree on the composition of the diet fed.
Thus, Chow et al. (’53) observed that
whereas a supplement of 5% of polyoxy-
ethylene (205) sorbitan monostearate
(Tween 60) resulted in growth retardation
and diarrhea when fed to weanling rats in
cogjunction with a highly purified (casein
and sucrose-containing) ration, no deleteri-
ous effects were observed following the ad-
ministration of this surfactant even at a
15% level when fed with a diet containing
soybean meal. It was suggested by these
workers that the increased toxicity of the
Tween 60 when fed with the puritied diet
was due to the lack of sufficient residues in
the ration employed to absorb the surface-
active agent, which was irritating to the
intestinal tract by virtue of its physical
properties and they cite as evidence for
this hypothesis their finding that supple-
menting the purified diet with bulk-form-
ing inert substances such as cellulflour,
celite or agar prevented the occurrence of
diarrhea (Chow et al., 53). An alternate
suggestion, however, for the protective ef-
fect of soybean meal, and one also pro-
posed by Chow et al. (53), was that this
material contained a substance other than
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inert residue per se that was effective in
counteracting the toxic effects of massive
doses of Tween 60 and other surfactant
agents. In the present communication
data are presented indicating that supple-
ments of alfalfa and other succulent plants
were also active in counteracting the toxic
effects of massive doses of Tween 60 when
the latter was fed with a purified low-fiber
diet and that the protective factor (or
factors) therein is apparently distinct
from any of the known nutrients.

PROCEDURE AND RESULTS

The basal ration employed in the present
experiment consisted of cerelose, 64%;
casein,2 24% ; salt mixture,3 5% ; cotton-
seed oil, 5% ; and cellulose,42% . To each
kilogram of the above diet were added the
following vitamins: thiamine HCI, 10 mg;
riboflavin, 10 mg; pyridoxineHCI, 10 mg;
calcium pantothenate, 60 mg; nicotinic
acid, 100 mg; ascorbic acid, 200 mg; biotin,
4 mg; folic acid, 10 mg; p-aminobenzoic
acid, 400 mg; inositol, 800 mg; vitamin
Biz, 150 ¢tg, 2-methyl-l,4-naphthoquinone,
5 mg; choline chloride, 2 gm; vitamin A
5000 U.S.P. units; vitamin D2 500 U.S.P.
units; and a-tocopherol acetate, 100 mg.
The vitamins were added in place of an
equal amount of cerelose. Polyoxyethylene

Received for publication March 20, 1959.

1Communication no. 471 from the Department
of Biochemistry and Nutrition, University of
Southern California.

2Vitamin-free Test Casein, General Biochemi-
cals, Inc., Chagrin Falls, Ohio.

3Wesson Modification of Osborne-Mendel Gen-
eral Biochemicals, Inc., Chagrin Falls, Ohio.

4Solka Floe 200, Brown Co., Boston, Mass.
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(20) sorbitan monostearate (Tween 60)% ments or until death, whichever occurred

and polyoxyethylene (40) monostearate
(Myrj 52)5as well as the various test sup-
plements were incorporated in the above
diet in the amounts listed in tables 1to 3,
replacing equal amounts of cerelose. Male
mice of the RAP7and Webster strain8were
selected between 11 and 14 gm in body
weight and were fed the various diets in-
dicated in tables 1 to 3. The mice were
placed in metal cages with raised screen
bottoms (5 animals per cage) and were
provided with food and water ad libitum.
The animals were fed daily and all food
not consumed 24 hours after feeding was
discarded. Feeding was continued for
either 10 or 14 days in the various experi-

sooner.

Experiment 1. Beneficial effects of alfalfa
meal on symptoms of Tween 60 and
Myrj 52 toxicity in the
immature mouse

In agreement with previous findings
(Brush et al., '57) growth was retarded and
survival decreased in immature mice fed

5Atlas Tween No. 60, Mefford Chemical Co.,
Los Angeles, Calif.

6Atlas Myrj No. 52, Mefford Chemical Co., Los
Angeles, Calif.

7RAP (Rockland all-purpose) strain, Rockland
Farms, New City, New York.

8Webster strain, Curd’s Caviary and Animal
Supply, La Puente, California.

TABLE 1

Beneficial effects of alfalfa meal on the weight increment and incidence of survival of
immature mice fed a highly purified diet supplemented with toxic levels of
Tween 60 or Myrj 52 (10 animals per group)12

Supplements fed with
basal ration

Averse gain in bodwt. after

Experiment la

None

7.5% Tween 60

10% Tween 60

15% Tween 60

7.5% Tween 60 + 20% alfalfa meal
10% Tween 60 + 20% alfalfa meal
15% Tween 60 + 20% alfalfa meal
7.5% Myrj 52

10% Myrj 52

15% Myrj 52

7.5% Myrj 52 + 20% alfalfa meal
10% Myrj 52 + 20% alfalfa meal
15% Myrj 52 + 20% alfalfa meal

None

7.5% Tween 60

7.5% Tween 60 + 10% alfalfa meal
7.5% Tween 60 + 20% alfalfa meal
10% Tween 60

10% Tween 60 + 10% alfalfa meal
10% Tween 60 + 20% alfalfa meal
7.5% Myrj 52

7.5% Mvrj 52 + 10% alfalfa meal
7.5% Myrj 52 + 20% alfalfa meal
10% Myrj 52

10% Myrj 52+ 10% alfalfa meal
10% Myrj 52 + 20% alfalfa meal

'Experiment

following days of fcedin'? Per cent

Tth Lath survival
5.0(10)3 9.7(10) 100
3.7(9) 9.0(9) 90
1.5(9) 4.6(9) 90
0.3(2) 5.5(2) 20
3.2(10) 7.0(10) 100
4.4(10) 9.3(10) 100
3.9(9) 9.1(8) 80
0.2(8) 2.8(2) 20
_ - 0
- - 0
6.1(10) 9.9(10) 100
4.4(10) 8.8(10) 100
2.1(9) 6.1(9) 90
3.6(10) 7.4(10) 100
0.7(3) — 0
4.0(10) 6.4(10) 100
2.8(10) 5.8(10) 100
- - 0
1.9(9) 7.2(5) 50
1.7(8) 6.4(5) 50
1.6(6) 0.1(4) 40
3.0(9) 6.3(8) 80
2.6(9) 4.2(9) 9(())
0.9(8) 4.4(7) 70
2.0(8) 4.6(8) 80

la was conducted with male mice of the RAP (Rockland all-purpose)

strain; experiment Ib with male mice of the Webster strain.

2The average initial body weights of groups in Experiment la ranged from 125 to 128
gm; and in Experiment Ib from 13.2 to 13.6 gm.

3The values within parentheses indicate the number of animals which survived and on

which averages are based.
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a purified low-fiber diet supplemented with
higfh levels of Tween 60 or Myrj 52. A
difference in response to Tween 60 ad-
ministration was noted between mice of
the RAP (experiment la) and Webster
(experiment Ib) strain. In the RAP strain
Tween 60 when fed at a 7.5% level in the
diet had little if any deleterious effect on
either weight increment or survival al-
though growth was retarded at the 10%
level and both growth and survival were
adversely affected at the 15% level of
supplementation. In the Webster strain,

B. H. ERSHOFF AND H. J.

HERNANDEZ

Tween 60 when fed at a 7.5% level sig-
nificantly retarded both growth and sur-
vival. The response to Myrj 52 when fed at
graded levels in the diet was comparable in
the two strains. In both experiment la
and Ib the retardation in growth, diarrhea,
unthrifty appearance and decreased sur-
vival which occurred in the mice fed the
basal ration supplemented with toxic levels
of Tween or Myrj 52 were largely counter-
acted by the concurrent feeding of alfalfa
meal. Results are summarized in table 1

TABLE 2
Comparative effects of alfalfa meal and other bulk-containing or bulk-forming materials

on symptoms of Tween GO toxicity

Supplements fed with
basal ration

None

7.5% Tween 60

7.5% Tween 60 plus the following supplements:
5% alfalfa meal lot no.
10% alfalfa meal lot no.
10% alfalfa meal lot no.
10% alfalfa meal lot no.
10% alfalfa meal lot no.
10% dehydrated rye grass
10% dehydrated orchard grass
10% dehydrated wheat grass
10% dehydrated fescue grass
5% Solka Floe BW 200
10% Solka Floe BW 200
5% Cellophane Spangles
10% Cellophane Spangles
5% carboxymethylcellulose
5% Celite
5% calcium silicate
5% carrageenin
5% sodium alginate
5% agar

BWONR R

1Twenty animals per group were employed on the basal ration

in the immature mousel23

Average gain in body
wt. after 10 days
of feeding4
gm

0.5(20)3 100
) 20

Per cent
survival

o™
2
= H

= o

90
100
100

90

80
100
100
100
100

70

90

70

60

90

70

90
) 100
)
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100
100

and basal ration plus
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7.5% Tween 60 diets; 10 animals per group on the remaining diets.
2The average initial body weights of the various groups ranged from 11.8 to 13.6 gm.

3The animals employed in this experiment were male mice of the Webster strain.

The

alfalfa samples were provided by the Research and Development Division of Nutrilite

Products, Inc., Buena Park, California.

The dehydrated rye grass, orchard grass, wheat

grass and fescue grass were obtained from the National Chlorophyll and Chemical Co.,
Lamar, Colorado; Cellophane Spangles from the Rayon Processing Company of Pawtucket,
R.l.; Solka Floe BW 200 from Brown Co., Boston, Mass.; carrageenin (SeaKem Type 21
Irish Moss Extractive) from Seaplant Corporation, New Bedford, Mass.; Celite Analytical

Filter-Aid and calcium silicate (Micro-Cel) from Johns-Manville Products,

California.

Los Angeles,

41Including standard error of the mean calculated as follows;

wy

where “x

equals the weight gained and “n” is the number of observations.

5 The values within parentheses indicate the number of animals which survived and

on which averages are based.
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Experiment 2. Comparative effects of al-
falfa meal and other bulk-containing
or bulk-forming materials on symp-

toms of Tween 60 toxicity in the
immature mouse

In agreement with experiment Ib, al-
falfa meal when fed at a 10% level in the
diet largely counteracted the retardation
in growth, diarrhea, unthrifty appearance
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and decreased survival of immature mice
fed the basal diet supplemented with 7.5%
Tween 60. Similar effects were obtained
with dehydrated rye grass, orchard grass,
wheat grass and fescue grass when fed at
a 10% level in the diet or with carragee-
nin, sodium alginate or agar at a 5%
level of supplementation. Alfalfa meal
when fed at a 5% level in the diet also
had a significant protective effect but less

TABLE 3
Comparative effects of alfalfa meal, alfalfa fractions and supplements of the known
nutrients on symptoms of Tween 60 toxicity in the immature mousel23
Supplements fed with Average galn in bcs)dy Per cent
basal ration w4 %eedmg4 survival
gm
None 5.8+ 0.3(20)5 100
7.5% Tween 60 -2.1(3) 15
7.5% Tween 60 plus the following supplements:

10% alfalfa meal lot no. 1 5.6 + 0.6(10) 100
7.5% alfalfa residue 5.1 + 0.8(10) 100
2.5% dried alfalfa juice - 0
2.5% alfalfa ash 0
2.5% salt mixture6 1.9(2) 20
Vitamins B, C and K7 0
Vitamins A, D and E8 - 0
10% casein - 0
10% fish meal - 0
5% cottonseed oil 1.9(1) 10
10% Solka Floe BW 200 2.2+ 0.9(8) 80
10% desiccated liver N.F. - 0
10% penicillin mycelia 0.5(1) 10
10% vyeast 1.4 + 0.5(6) 60
3% fish solubles - 0
2.5% Vigofac 0.2(1) 10
2% lemon bioflavonoid complex - 0
Aureomycin *HC19 1.2(2) 20

1Twenty animals per group were employed on the basal ration and basal ration plus

7.5% Tween 60 diets;

10 animals per group on the remaining diets.

2The average initial body weights of the various groups ranged from 11.4 to 12.8 gm.

3The animals employed in this experiment were male mice of the Webster strain.

The

alfalfa meal and alfalfa fractions were provided by the Research and Development Division

of Nutrilite Products, Inc.,
was obtained from General Biochemicals,
Meal,
N.F. from Armour and Co.,
Pfizer and Co.,

Buena Park, California.
Inc.,
70% protein) from the Canadian Fishing Co., Vancouver, B. C;

The casein (Vitamin-free Test Casein)
Chagrin Falls, Ohio; the fish meal (Herring
the desiccated liver

Chicago, 111; the penicillin mycelia and Vigofac from Chas.
Brooklyn, New York; the yeast (Primary Dried Yeast,

Strain 200) from

Anheuser, Busch, Inc., St. Louis, Missouri; and the fish solubles from Van Camp SeaFood Co.,

Terminal Island, California.
4Including standard error of the mean.

See footnote 2, table 2.

5The values within parentheses indicate the number of animals which survived and on

which averages are based.
6Wesson Modification of Osborne-Mendel.

flavin, 10 mg; pyridoxine-HCI,

See footnote 5 in text.
7The following vitamins were added per kilogram of diet:

thiamine-HCI, 10 mg; ribo-

10 mg; calcium pantothenate, 60 mg; nicotinic acid, 100 mg;
ascorbic acid, 200 mg; biotin, 4 mg; folic acid, 10 mg; p-aminobenzoic acid, 400 mg;

inositol,

800 mg; vitamin B12, 150 pg; 2-methyl-naphthoquinone, 5 mg; and choline chloride, 2 gm.

8The following were added per kilogram of diet:

5000 U.S.P. units of vitamin A, 500

U.S.P. units of vitamin D2 and 100 mg of a-tocopherol acetate.
9Aureomycin+HC1, 100 mg per kilogram of diet.
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than that when fed at the 10% level.
In contrast to the above, cellophane span-
gles when fed at a 5% or 10% level or
Solka Floe, carboxymethylcellulose, celite
or calcium silicate at the 5% level of sup-
plementation showed considerable activity
In preventing diarrhea and promoting the
survival of mice fed the basal ration sup-
plemented with 7.5% of Tween 60, but
were less active than the supplements in-
dicated above in counteracting the retard-
ation in growth. Results are summarized
in table 2

Experiment 3. Comparative effects of al-
falfa meal, alfalfa fractions and sup-
plements of the knoxvn nutrients on

Tween 60 toxicity in the
immature mouse

In agreement with the findings reported
above, alfalfa meal when fed at a 10%
level in the diet Iar%ey counteracted the
retardation in growth, diarrhea, unthrifty
appearance and decreased survival of im-
mature mice fed the basal ration sup{gle-
mented with 7.5% of Tween 60. The
protective factor (or factors) was retained
in the alfalfa residue fraction (the water-
washed pulp remaining after the extrac-
tion of the juice). Dried alfalfa juice when
fed at a level corresponding to the amount
present in 10% alfalfa meal was devoid of
activity. Alfalfa ash when fed at a 2.5%
level in the diet (corresponding to the ash
provided by a supplement of 20% alfalfa
meal) was without significant effect. Sup-
plements of the known vitamins, aureo-
mycin HCI at a level of 100 mg per kg of
diet, 2.5% salt mixture, 5% cottonseed oil,
10% casein, 10% desiccated liver, N.F.,
10% fish meal, 10% penicillin mycelium,
3% fish solubles, 2.5% of a product de-
rived from fermentation sources9 or 2%
lemon bioflavonoid complex had no pro-
tective effect. Yeast and Solka Floe when
fed at a 10% level in the diet had some
activity in preventing diarrhea and promot-
ing survival but had little if any effect on
growth. Results are summarized in table 3.

DISCUSSION

Present findings indicate that alfalfa
and other succulent plants contain a factor
or factors apparently distinct from any

B. H. ERSHOFF AND H.

J. HERNANDEZ

of the known nutrients which largely coun-
teracted the retardation in growth, diar-
rhea, unthrifty appearance and decreased
survival of immature mice fed a higth
purified low-fiber diet supplemented wit
7.5% of Tween 60. Carrageenin, sodium
alginate and agar were also active in this
regard. The protective factor (or factors)
in alfalfa was retained in the alfalfa resi-
due fraction (the water-washed pulp re-
maining after the extraction of the juice).
This is the same alfalfa fraction that par-
tially counteracted the inhibitory effects
of massive doses of estradiol on ovarian
development in the immature rat (Ershoff
et al., 56), prolonged the survival of
immature hamsters fed highly purified
diets (Ershoff, 56), promoted growth of
immature guinea pigs fed a mineralized
dried milk ration (Ershoff, ’57a), and
counteracted the toxic effects of massive
doses of glucoascorbic acid in the rat
Ershoff, 57b). It is also the same frac-
tion that counteracted symptoms of min-
eral oil toxicity in rats and mice fed a
low-fat ration (Ershoff and Hernandez,
’58) and prolonged the survival of hyper-
thyroid rats (Ershoff et al., ’59).

No data are available as to the mecha-
nism (or mechanisms) whereby alfalfa
and other materials effective in counter-
acting Tween 60 toxicity exert their pro-
tective effect. Chow et al. (’53) have sug-
gested that toxic symptoms resulting from
the feeding of Tween 60 with a purified
low-fiber diet were due to the lack of
sufficient residues in the ration to absorb
this surface-active agent, which was irri-
tating to the intestinal tract by virtue of
its physical properties. This explanation
might account for the beneficial effect of
the bulk-containing or bulk-forming ma-
terials employed in the present experiment
in preventing diarrhea and prolonging sur-
vival but fails to account for the variation
in response obtained with these materials
in respect to growth. Thus cellulose when
fed at a 5% level in the diet in the form
of Solka Floe or cellophane spangles was
just as effective as a supplement of 10%
alfalfa meal or 10% dehydrated rye grass,
orchard grass, wheat grass or fescue grass

9 Vigofac, Chas. Pfizer and Co., Brooklyn, New
York.
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in preventing diarrhea but was less active
than the above supplements in promoting
growth. If the greater activity of alfalfa
and the grass supplements in promoting
growth were due to the fact that these were
fed at a higher level, then increasing the
cellulose content of the diet from 5% to
10% should have a growth-promoting ef-
fect. Such, however, was not the case.
On the contrary, the weight increment of
mice fed Solka Floe or cellophane spangles
at a 10% level in the diet was less than
that of animals fed these materials at a
5% level. The toxicity of Tween 60 can-
not be ascribed solely, however, to its
irritating effect in the Intestinal tract. Al-
though Wick and Joseph (’56) reported
that from 67 to 93% of ingested Tween 60
can be recovered in the feces, sufficient
amounts might still be absorbed, particu-
larly if administered for a prolonged pe-
riod of time, to exert toxic effects in tis-
sues other than the intestinal tract. Thus,
Eagle and Poling (56) observed in rats fed
a high level of Tween 60 for 21 weeks and
then sacrificed such pathological effects as
a 100% incidence of enlarged kidneys,
renal calculi, atrophy of the testicular tub-
ules, calcified concretions in the kidney,
obstruction of the renal tubules, decreased
splenic lymphoid tissue, atrophy of liver
parenchymal cells, and decreased lymphoid
tissue in the mesenteric nodes, as well as
other findings. Similar findings were re-
ported in the hamster. The administra-
tion of emulsifiers has also been reported
to result in low coliform counts and to de-
crease the total number of intestinal or-
ganisms in the rat, findings correlated with
a reduction in growth (Bourke and Fitz-
hugh, 53). The retarded growth of mice
fed the purified diet sugplemented with
7.5% of Tween 60 might be due, therefore,
to such factors as (1) the toxic effects of
Tween 60 per se which may be absorbed
in small amounts particularly through an
intestinal wall that is damaged, (2) the
toxic effects of metabolites derived there-
from or produced as a consequence of the
interaction between Tween 60 and other
chemicals, cells or microorganisms, (3)
the inhibitory effect of Tween 60 on the
synthesis of a growth-promoting factor (or
factors) by the intestinal flora or the
animals’ own tissues or (4) an increased
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requirement for such a growth factor(s)
in mice fed Tween 60 above the levels of
such factor produced by the intestinal
flora or the animals’ own tissues. Further
studies are indicated to determine to what
extent the protective (and in particular the
growth-promoting) effect of alfalfa and
other succulent plants may have been due
to the possible effect of these supplements
in counteracting toxicity caused by the
factors indicated above or in supplying a
growth-promoting factor (or factors)
whose synthesis by the intestinal flora or
the animals’ own tissues was impaired in
the mice administered Tween 60. The
possibility that cellulose as present in al-
falfa and other succulent plants may have
growth-promoting activity not shared by
other forms of cellulose under conditions
of the present experiment has not, how-
ever, been eliminated.

SUMMARY

Immature mice fed a highly purified low-
fiber diet containing 7.5% of polyoxyethy-
lene (20) sorbitan monostearate (Tween
60) exhibited retardation in growth, diar-
rhea, an unthrifty appearance and de-
creased survival. These effects were largely
counteracted by the concurrent administra-
tion of alfalfa meal, or dehydrated rye
grass, orchard grass, wheat grass or fescue
grass at a 10% level in the diet or carra-
geenin, sodium alginate or agar at a 5%
level of feeding. Cellulose in the form of
Solka Floe or cellophane spangles when fed
at a 5 or 10% level, yeast at a 10% level
and carboxymethylcellulose, celite and cal-
cium silicate at a 5% level of supplementa-
tion prevented diarrhea and promoted sur-
vival but were not as active as the
substances indicated above in counteract-
ing the retardation in growth. The pro-
tective factor (or factors) in alfalfa was
retained in the alfalfa residue fraction (the
water-washed pulp remaining after the
extraction of the juice). Supplements of
the known vitamins, alfalfa ash, salt mix-
ture, protein in the form of casein or fish
meal or fat in the form of cottonseed oil
as well as supplements of desiccated liver
N.F., penicillin mycelium, fish solubles, a

roduct derived from fermentation solu-
les, lemon bioflavonoid complex or aureo-
mycin-HCI were without protective effect.



178

LITERATURE CITED

Bourke, A. R., and O. G. Fitzhugh 1953 High
and low levels of emulsifiers on rat intestinal
flora. Federation Proc., 12: 302.

Brush, M. K., J. R. McCoy, H. L. Rosenthal, L. A.
Stauber and J. B. Allison 1957 The addition
of non-ionic surface-active agents of the poly-
oxyethylene type to the diet of the hamster, the
mouse and the dog. J. Nutrition, 62: 601.

Chow, B. F., J. M. Burnett, C. T. Ling and L.
Barrows 1953 Effects of basal diets on the
response of rats to certain dietary non-ionic
surface-active agents. Ibid., 49: 563.

Eagle, E., and C. E. Poling 1956 The oral
toxicity and pathology of polyoxyethylene de-
rivatives in rats and hamsters. Food Res., 21:
348.

Ershoff, B. H. 1956 Beneficial effects of alfalfa,
aureomycin and cornstarch on the growth and
survival of hamsters fed highly purified rations.
J. Nutrition, 59: 579.

1957a Beneficial effects of alfalfa and
other succulent plants on the growth of imma-
ture guinea pigs fed a mineralized dried milk
ration. 1Ibid., 62: 295.

—————————— 1957b Beneficial effects of alfalfa and
other succulent plants on glucoascorbic acid
toxicity in the rat. Proc. Soc. Exp. Biol. Med.,
95: 656.

Ershoff, B. H., and H. J. Hernandez 1958 An
unidentified factor in alfalfa which counter-

B. H. ERSHOFF AND H. J.

HERNANDEZ

acts mineral oil toxicity in the rat and mouse.
J. Nutrition, 65: 575.
Ershoff, B. H., H. J. Hernandez and J. H. Mat-

thews 1956 Beneficial effects of alfalfa on
the ovarian development of immature rats
fed massive doses of alpha-estradiol. Ibid., 59:

147.
Ershoff, B. H., H. J. Hernandez and J. M. Mucken-

thaler 1959 Beneficial effects of the PR
(Plant Residue) factor on the survival of
thyrotoxic rats. Ibid., 67: 381.

Harris, R. S., H. Sherman and W. W. Jetter
1951a Nutritional and pathological effects of
sorbitan monolaurate, polyoxyethylene sorbitan
monolaurate, polyoxyethylene monolaurate, and
polyoxyethylene monostearate when fed to rats.
Arch. Biochem. Biophys., 34: 249.

1951b Nutritional and pathological ef-
fects of sorbitan monolaurate, polyoxyethylene
sorbitan monolaurate, and polyoxyethylene
monolaurate when fed to hamsters. Ibid., 34:
259.

Poling, C. E., E. Eagle and E. E. Rice 1956
Effects of feeding polyoxyethylene preparations
to rats and hamsters. Food Res., 21: 337.

Schweigert, B. S., B. H. McBride and A. J. Carlson
1950 Effect of feeding polyoxyethyl mono-
stearates on growth rate and gross pathology of
weanling hamsters. Proc. Soc. Exp. Biol. Med.,
73; 427.

Wick, A. N., and L. Joseph 1956 The fate of
ingested polyoxyethylene (20) sorbitan mono
stearate in rats. Food Res., 21: 250.



The Effect of Age and Supplemental Amino Acids on
the Utilization of Milk and Soya Protein

by the Young Pig%

V. W. HAYS, V. C. SPEER, P. A. HARTMAN2 ana D. V. CATRON
lowa Agricultural and Home Economics Experiment Station,3Ames

Work reported by Lewis et al. ('55), Peo
(56) and Hudman (’56) demonstrates
that the performance of baby pigs fed all-
plant protein rations does not approach
that of pigs fed milk protein. Lewis et al.
(’55) attributed the poor utilization of
soya protein to an inadequately developed
digestive enzyme system In the young pig.
This theory is supported by enzyme assays
of the baby pigs’ digestive organs presented
by Lewis et al. (’57) and Hudman et al.
(’57) and also by digestibility studies re-
loorted by Lloyd and co-workers (’57). The
atter workers demonstrated that the pigs’
ability to digest various nutrients improved
a? the pig progressed from three to 7 weeks
of age.

In the studies reported herein, nitrogen
balance techniques were used to study the
differences in digestibility of milk and soya
protein. These determinations were made
at two and again at 5 weeks of age in order
to compare the effect of age on utilization
of the two protein sources.

A survey of the pigs’ amino acid require-
ments and the quantities contributed by
each source (Hays, 57) indicated that
methionine was the most limiting amino
acid in the soya protein diets and also that
if any amino acid were present in excessive
quantities, arginine would be one to sus-
pect immediately, as the soya ration con-
tained more than three times the suggested
arginine requirement. Also, arginine is the
single essential amino acid that differs
greatly in its concentration in milk and
soya Erotein. Thus, it was decided to stud
also the effect of added arginine to the mil
and soya diets on the utilization of these
proteins by the young pig.

EXPERIMENTAL

Animals. Six litter-mate groups of 6
pigs per group, averaging 10.2 days of age

J. Nutrition, 69: ’59

and 6.7 pounds body weight were selected
and assigned at random within Utters to the
6 ration treatments. The pigs were main-
tained in individual wire-floor metabolism
cages with feed provided ad libitum during
the entire 5-week experimental period.
Water was provided in pans of half gaUon
capacity, which were filled a minimum of 4
times daily to provide essentially ad libi-
tum water consumption.

The room temperature was maintained
initially at 30°C and reduced three degrees
each week. Weight gains and feed con-
sumption data were collected initiaffy, at
the start and termination of each collec-
tion period and at the end of the experi-
ment.

Rations. The composition of the soy-
bean oil meal and dried skim milk basal
diets are presented in table 1. The 6 ration
treatments consisted of 4 soybean oil meal-
type diets and two dried skim milk-type
diets. The 4 soya diets were: (1) basal,
(2) basal plus 0.05% DL-methionine, (3)
basal plus 0.5% L-arginine and (4) basal
plus 0.05% DL-methionine plus 0.5% L-
arginine. The two milk diets were: (1)
basal and (2) basal plus 0.84% L-arginine.
This level of arginine raised the calculated
arginine content of the milk diet to that
of the soybean oil meal basal diet.

The 20% level of protein in these ra-
tions was provided by low heat, spray-dried
skim milk (34% protein) or solvent proc-
essed soybean oil meal (50% protein)
except that contributed by the dried beet
pulp which amounted to less than 1% of
the total protein fed. Chromium oxide

Received for publication March 23, 1959.

1Journal Paper no. J-3577 of the lowa Agricul-
tural and Home Economics Experiment Station,
Ames, lowa. Project No. 959.

2Department of Bacteriology.

3Department of Animal Husbandry.
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TABLE 1
Composition of soybean oil meal and dried skim milk basal rations
Experiment 798

Ingredient

Sucrose

Lactose

Solvent soybean oil meal (50% protein)
Dried skim milk (34 % protein)
Stabilized lard

Dried beet pulp
Vitamin-antibiotic premix1
Calcium carbonate

Dicalcium phosphate

lodized salt

Trace mineral mix (35-C-41)2
Chromium oxide3

Total

SBOM DSM
ration ration
% %
15.00 15.00
34.48 17.84

39.68 -
— 58.36
2.50 2.50
2.00 2.00
2.00 2.00

0.04 -
2.65 0.65
0.50 0.50
0.15 0.15
1.00 1.00
100.00 100.00

1Calculated analysis per pound of complete ration: vitamin A, 3000 I.U.; vitamin D2
500 I.U.; riboflavin, 5 mg; pantothenic acid, 10 mg; niacin, 30 mg; choline, 450 (DSM)
516 (SBOM). Premix contributed the following in milligrams per pound of ration: vitamin
Si», 0.02; vitamin E, 10; menadione, 0.5; ascorbic acid, 100; thiamine, 3; pyridoxine, 1.5;
folic acid, 0.5; biotin, 3; inositol, 250; chlortetracycline, 50.

2Contributed the following in milligrams per pound of ration:

56; Mil, 39.

Fe, 48; Cu, 3.3; Co, 1.1; Zn,

3Included for other studies being conducted simultaneously.

marker was added to all rations at the
rate of 1% as an index substance for other
studies being carried out simultaneously
on the same animals. All animals were
fed the dried skim milk basal ration for
the first 4 days of the experiment, after
which time they were given their respec-
tive test diets.

Collection of excreta. Total urine and
fecal collections were made for two pe-
riods of 5 days (120 hours) duration be-
ginning with the 8th day and again with
the 28th day on experiment. Urine was
collected and stored under toluene at 34 °F
until the end of the 5-day period at which
time nitrogen determinations were made.
The fecal excreta were collected daily and
frozen immediately upon collection.

After each total 5-day collection, the
fecal material was pooled for each pig
and the total quantity dried at 100°C for
48 hours. Ration samples were taken and
dried at 100°C for 24 hours. Standard
macro-Kjeldahl procedures were used for
the nitrogen determinations.

RESULTS AND DISCUSSION

Growth data. As can be seen from the
summary of weight gains and feed re-

quired per pound of gain presented in table
2, the animals receiving the milk diets
gained an average of 24.8 pounds on 1.58
pounds of feed per pound of gain as com-
pared to an average gain of 14.4 pounds on
2.12 pounds of feed per pound of gain for
the pigs receiving the soya diets. These
differences in rate of gain and feed con-
version were statistically significant.4
Two pigs receiving the soya diets died
and two others were near death at time of
removal from experiment. Post-mortem
examinations did not reveal any cause of
death that could be associated with the
ration treatments. The missing observa-
tions for these 4 ‘pigs were calculated and
treated accordingly In the statistical analy-
sis. A mild outbreak of scours was ob-
served in the pigs receiving the soya diets
during the second week on experiment;
however the intensity or persistency of
scouring could not be associated with the
performance of the pigs.
Supplementation of the diets with ar-
inine had little or no effect on gains or
eed conversion. For those pigs receiving
milk diets, rate of gain was lower on the

4 References to statistical significance pertain
to a probability level of P = 0.05 or less.
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TABLE 2

Summary of feed conversion, digestibilities, gains and gains adjusted for differences
in digestibility in young pigs fed different diets

Treatment

Soybean oil meal (SBOM)
SBOM + methionine

SBOM + arginine

SBOM + arginine + methionine
Dried skim milk (DSM)

DSM + arginine

1Y = Y+ b(X - X) = Y+ 0.506(85 - X).

average for those receiving the supple-
mental arginine, however feed conversion
was similar for the two groups. Also if
there was a detrimental effect from excess
arginine, the pigs receiving the soya diet
plus supplemental arginine should have
been more severely affected. To the con-
trary, the pigs receiving soya diets plus
arginine showed gains equally as rapid and
essentially as efficient as those receiving no
supplemental arginine.

Supplemental DL-methionine improved
one- to 6-week gains from an average of
11.2 to 17.5 pounds and decreased the
pounds of feed required per pound of gain
from an average of 2.40 to 1.85. Analysis
of the data from the 4 soybean oil meal
diets showed that these differences between
the methionine-supplemented and non-
supplemented diets were statistically sig-
nificant.

Only the data from the 4 soybean oil
meal diets, were used to test the effects
of methionine as similar milk diets supple-
mented with methionine were not fed and
also because of the aptparent heterogeneity
of variances of pigs fed the two types of
rations. Bartlett’s test for homogeneity of
variance (Snedecor, 56, p. 285) demon-
strated that this apparent lack of homo-
geneity was highly significant, therefore
only the data obtained with scvbean oil
meal diets were used to test the effects of
methionine supplementation.

Balance data. Summaries of the two-
and 5-week digestibility and retention data
are presented in table 3.

At two weeks of age the pigs digested
88% of the dry matter of the soya diets as
compared to 96% of the dry matter of the
milk diets. At 5 weeks of age the digestibil-

. - Adjusted
Feed/gain Dlgesgblllty OB%?E‘Q“ géinsl
ib. % Ib. Ib.

2.34 79.9 11.0 13.6
1.88 78.9 17.8 20.9
2.45 80.0 11.4 13.9
1.82 80.4 17.2 19.5
1.58 95.5 25.8 20.5
1.58 95.6 23.7 18.3

ity of the dry matter of the soya diets had
increased to 92%, whereas the digestibil-
ity of the milk rations showed little change
with a digestibility coefficient of 97%.

The same pattern of digestibility existed
with respect to protein. This would be ex-
pected as lactose and sucrose, two readily
available carbohydrates, were used as the
sources of energy in the rations. The di-
gestibility coefficients for soya protein were
78 and 82% for the two- and 5-week age
periods, respectively. The digestibility of
milk protein (96% ) apparently did not
change with age.

The effect of age on digestibility of both
the dry matter and protein was statistically
significant. The increased digestibility of
the soya rations was largely responsible
for these effects as indicated by the sig-
nificant age X treatment interaction on dry
matter digestibility; however this interac-
tion was not significant for the protein
data.

Avera?es of the two- and 5-week protein
digestibilities were used in the covariance
analysis (Snedecor, '56) of gain on digesti-
bility and the adjusted gains arrived at by
this analysis are presented in table 2. A
correlation coefficient of 0.492 was ob-
served for gains and digestibility with a
regression coefficient of 0.506 pounds of
galn per percentage unit change in protein

igestibility. This adjustment for differ-
ences in digestibility resulted in compar-
able gains for the pigs fed milk diets and
soybean oil meal diets supﬁlemented with
methionine. Even with the adjustment,
the performance on soybean oil meal ra-
tions without added methionine failed to
approach that on the milk diet. Also, there
was evidence that arginine had a depres-
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sing effect on gains. An adjustment for
differences in digestibility of the arginine-
supplemented and unsupplemented rations
would be of questionable validity as the ad-
dition of 0.5% of arginine to the soybean
oil meal diets and 0.84% of arginine to the
milk rations should increase the apparent
protein digestibility proportionally. How-
ever, this was not evident from the ob-
served data.

The percentage nitrogen retention was
considerably greater for the milk diets at
two weeks of age than for the soya diets
(76 versus 51% ). At 5 weeks of age, the
nitrogen retention had decreased to 58%
for the milk diets whereas the retention on
the soya diets had remained at 50% . This
apparent age X source of protein interac-
tion was significant and was probably a re-
sult of the improved digestibility of soya
protein with age coupled with the fact that
20% level of milk protein is more than
adequate for the pig at 5 weeks of age.

Supplementation of the soya diets with
arginine and methionine appeared to in-
crease nitrogen retention at two weeks of
age and to decrease nitrogen retention at
5 weeks of age. Analysis of the two-week
data showed these differences to be sta-
tistically non-significant. These differences
did contribute to the significant age and
treatment interaction in the combined
analysis. The major portion of this inter-
action was accounted for by the age X
source of protein fraction, but the age X
supplemental arginine interaction was also
significant.

The apparent biological values for these
rations were no doubt influenced markedly
by the overfeeding of protein at 5 weeks of
age, especially to those pigs receiving the
milk diets. However, a review of these
data indicates further that the low digesti-
bility of soya protein is the primary factor
responsible for the poorer performance of
pigs fed soya protein diets as compared to
pigs fed milk protein diets. The apparent
biological value of the milk protein was
considerably greater than that of the soya
protein (80 as compared to 66) at two
weeks of age; however the values for each
of the proteins had decreased to 61 at 5
weeks of age. This age X source of protein
interaction was statistically significant.
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The effect of the addition of arginine to
the soya diets was to slightly improve the
biological value at two weeks of age and to
depress it at 5 weeks of age. This age X
arginine interaction was statistically sig-
nificant. Arginine decreased the biological
value of milk protein at both two and 5
weeks of age. This coupled with its de-
pressing effect on soya diets at 5 weeks of
age, was of such magnitude and consis-
tency that the main negative effect of
arginine proved to be statistically sig-
nificant. This is consistent with the overall
average, although not statistically sig-
nificant, depressing effect of arginine on
gains and feed conversion.

Methionine significantly improved gain
and feed conversion and one would expect
this to be reflected in the nitrogen utiliza-
tion data. There was an apparent im-
provement in nitrogen retention and bio-
logical value at two weeks of age; however
this was not evident at 5 weeks of age.

SUMMARY

Pigs fed skim milk rations gained at a
faster rate on less feed per pound of gain
than did pigs fed soybean oil meal diets.
Supplemental arginine had no significant
effect on either gains or feed conversion,
even though levels in the diets were three
to 4 times the reported requirements. Sup-
plemental DL-methionine significantly im-
proved gains and efficiency of feed con-
version in the pigs fed diets containing soy-
bean oil meal.

The apparent digestibility of the dry
matter and protein of the milk rations was
high at two weeks of age and changed
very little as the pigs increased in age to
5 weeks. The digestibility of the dry mat-
ter and protein of the soya diets increased
as the pigs increased from two to 5 weeks
of age. Adjusting the gains to equal di-
gestibilities with the use of covariance
analysis resulted in similar gains for the
pigs fed methionine supplemented soy-
bean oil meal diets and skim milk diets.
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Interrelation of Cholesterol, Palmitic Acid,
and Unsaturated Fatty Acids in the

Growing Mouse and Rat%

DAVID K. BOSSHARDT, MARIA KRYVOKULSKY and E. E. HOWE
Merck Institute for Therapeutic Research, Rahway, New Jersey

During the course of a study of the nu-
tritional effects of various fats and fatty
acids it was observed that the feeding to
weanling mice of a purified type of diet
containing 10% of a hydrogenated coco-
nut oil,2 20% of palmitic acid, and 1%
of cholesterol caused a complete cessation
of growth with all animals dying within a
period of 5 days. No abnormalities were
noted in the mice except for extremely
small spleens and lymph nodes and these
showed no histological defects.

The literature on atherosclerosis, lipid
metabolism and related topics is very ex-
tensive and mentions many interesting
interrelationships of factors such as satu-
rated and unsaturated fatty acids, choles-
terol, pyridoxine and still other substances.
None of these interrelationships, to the
best of our knowledge, is associated with
the phenomenon we observed. This paper
is a report of the observations made in the
course of experiments designed to throw
some light on this peculiar phenomen.

EXPERIMENTAL

Male albino weanling mice3weighing 9
to 11 gm were used in these studies. All
test groups consisted of 8 mice or multiples
thereof. They were housed in individual
wire bottom cages. Food and water were
supplied ad libitum. All studies were of 12
days duration.

The basal diet employed in these studies
consisted of 20% of casein,4 4% of salt
mixture, (Hegsted et al., '41) 2% of cellu-
lose,520% of palmitic acid,6 and 1% of
cholesterol. Each diet was su?plemented to
contain, per 100 gm, 4 mg of a-tocopherol,
0.4 mg of vitamin A palmitate, 0.005 mg
of calciferol, 1 mg of 2-meth(¥lnafhtho-
quinone, 0.8 mg of thiamine-HCI, 1.6 mg
of riboflavin, 0.8 mg of pyridoxine-HC1,

J. Nutrition, 69: 59

4.0 mg of niacinamide, 4.4 mg of calcium
pantothenate, 4.0 mgi of p-aminobenzoic
acid, 600 mg of choline methionine tar-
trate, 20 m% of inositol, 0.2 mg of folacin,
0.02 mg of biotin, and 0.03 mg of vitamin
B2 The remainder of each diet consisted
of glucose,7the level of which was varied
when supplements were added.

In later experiments, mature male mice,
weanling female mice and weanling male
rats were used as the experimental ani-
mals.

RESULTS

l. Experiments with mice.
initial observation we found that decreas-
ing the palmitic acid to 10% of the diet
%{eatly reduced the mortality permittin
the survivors to grow about 20% as rapid-
ly as those maintained on a good purified

iet, i.e., 2 to 3 gm in a 12-day period.
Under these less severe conditions it was
found that the addition to the diet of 1%
of linoleic acid or 2% of oleic acid re-
sulted in near normal growth.

Further preliminary studies showed that
the adverse effects were dependent upon
the simultaneous feeding of the hydro-
Igenated coconut oil, palmitic acid and cho-
esterol. The exclusion of any one of these

Received for publication November 10, 1958.

1A preliminary report of this study was pre-
sented before the Federation of American Soci-
eties for Experimental Biology, Philadelphia,
Pennsylvania, April 18, 1958.

2Hydrol, Durkee’s Famous Foods, Chicago,
Illinois.

3Merck Sharp & Dohme strain.

4Casein Labco, The Borden Co., New York,

N. Y.
5Celluflour, Chicago Dietetic Supply Co., Chi-
cago, lllinois.
6Prepared by Mr. F. E. Reimers of the Merck
Sharp & Dohme Research Laboratories.
7Cerelose, Corn Products Refining Co., Argo,
Ilinois.
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Fig. 1 Average 12-day weight gain and mortality of weanling mice fed a diet containing
20% of palmitic acid, 1% of cholesterol and graded levels of oleic acid.

three materials greatly alleviated or elimi-
nated the adverse growth effect.

Hydrogenated coconut oil, with an iodine
number of approximately 6, may contain
small quantities of oleic and linoleic acids
from the parent coconut oil. Therefore, a
study to determine the effects of various
combinations of these two unsaturated
fatty acids with palmitic acid and cho-
lesterol was undertaken.

The basal diet supplemented with vary-
ing levels of oleic acidéwas fed to groups
of 8 mice for 12-day periods. The weight
gain and mortality data shown in figure 1
are averages of 4 replicate studies. Thus,
at each level of oleic acid, 32 mice were
used.

When oleic acid was incorporated into
the diet at levels of 0.05 to 0.15% there
resulted a marked growth retardation cou-
pled with an increase in mortality. Increas-
ing the dietary level of oleic acid to 0.3%
or higher reversed the adverse growth and
mortality effects. Although not shown in
figiure 1, the growth retardation and mor-
tality were not influenced by oleic acid
when added to a diet containing 20% of
palmitic acid with no cholesterol or to a
fat-free diet containing 1% of cholesterol.
Under these conditions, 12-day weight
gains of 10 to 11 gm were obtained regard-

less of the level of oleic acid incorporated
in the diet.

It was found further that linoleic acid,
regardless of the concentration fed, had no
deleterious effects when added to the 20%
palmitic acid, 1% cholesterol diet. How-
ever, the addition of 0.8% of oleic acid to
a diet containing 20% of palmitic acid,
1% of cholesterol, and 0.1% of linoleic
acid resulted in a marked effect on growth
and mortality as shown in figure 2. Each
point represents the average results ob-
tained with from two to 4 replicate groups
of 8 mice each. Decreasing or increasing
the oleic acid to levels below or above
0.8% alleviated or prevented the adverse
effects on growth and mortality.

The question of the quality of the oleic
acid employed presented itself. However,
subsequent studies gave similar results
with a triolein prepared in our laboratories6
and also with a methyl-oleate preparation.8

In a further study the effect of the ad-
dition of graded levels of olive oil to the
20% palmitic acid, 1% cholesterol-contain-
ing diet was determined. Olive oil contains
approximately 80% of oleic acid and 7%
of linoleic acid. It was found as is shown
in figure 3 that the incorporation of 0.05

8See footnote 6 on page 185.
8Hormel Foundation, Austin, Minnesota.
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to 0.1% of olive oil resulted in a growth
retardation. These levels would corres-
pond to oleic acid levels of approximately
0.04 to 0.07%. An increase in the
amount of olive oil to 0.4% resulted in an
improvement in growth. Further increases
in the olive oil resulted in a second range
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of growth depression, the lowest point oc-
curring between 0.8 and 1.0% of olive oil.
One per cent of olive oil corresponds to
approximately 0.07% of linoleic acid and
0.8% of oleic acid. These values agree
closely with the most deleterious combina-
tions shown in figures 1 and 2. Again

60
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Fig. 2 Average 12-day weight gain and mortality of weanling mice fed a diet containing
20% of palmitic acid, 1% of cholesterol, 0.1% of linoleic acid and graded levels of oleic acid.

Fig. 3 Average 12-day weight gains of weanling mice fed a diet containing 20% of
palmitic acid, 1% of cholesterol and graded levels of olive oil.
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growth was improved when the olive oil
concentration was increased above 1% of
the diet.

In order to determine whether the phe-
nomena observed are peculiar to young
growing mice, groups of mature mice, 8
weeks of age, were fed a fat-free basal
diet supplemented as shown in table 1. The
mice were maintained on the several diets
for a period of 12 days. Although no mor-
tality occurred, the greatest weight loss
and smallest spleen size were noted in the
group receiving a diet containing 20% of
palmitic acid, 0.05% of oleic acid and
1% of cholesterol. These conditions were
alleviated as the level of oleic acid in the

BOSSHARDT AND OTHERS

diet was increased. The data are shown in
table 1

In a further extension of the study, fe-
male weanling mice were fed diets iden-
tical with those given the adult males.
To our surprise approximately 50% of
these animals were unable to survive on
the 20% palmitic acid, 1% cholesterol
diet and succumbed even when the cho-
lesterol was removed. As shown in table 2,
feeding high levels of oleic acid and other
unsaturated fatty acids prevented this high
mortality.

Gross and histological examination of
morbid animals or of those with depressed
body weights revealed no abnormalities

TABLE 1
Effects of palmitic acid, oleic acid and cholesterol on mature male mice

Digtary supplement to Av. 12-da Av. spleen wt.

fat-free bisal diet wt. chang% after 12 days
gm mg
9% Crisco, 1% Hydxol4% corn oil, 1% linseed oil + 0.8 197
20% palmitic acid - 10 180
20% palmitic acid + 0.1% oleic acid - 18 156
20% palmitic acid + 1.0% cholesterol + 05 162
20% palmitic acid +1% cholesterol + 0.05% oleic acid - 4.0 112
20% palmitic acid +1% cholesterol + 0.1% oleic acid - 24 155
20% palmitic acid + 1% cholesterol + 0.15% oleic acid - 22 151
20% palmitic acid +1% cholesterol + 0.8% oleicacid - 19 172

TABLE 2

Effect of palmitic acid, oleic acid, and cholesterol on growth and mortality
of female weanling mice

Dietar sugpleme_ntto
fat-free basal diet

10% palmitic acid
10% palmitic acid + 1% cholesterol
15% palmitic acid

15% palmitic acid +1%
20% palmitic acid

20% palmitic acid +1%
20% palmitic acid +1%
20% palmitic acid +1%
20% palmitic acid +1%
20% palmitic acid +1%
20% palmitic acid +1%

cholesterol

cholesterol

cholesterol + 0.1% oleic acid
cholesterol + 0.5% oleic acid
cholesterol + 5.0% oleic acid
cholesterol + 5.0% corn oil
cholesterol + 5.0% linseed oil
20% palmitic acid + 1% cholesterol + 5.0% cod liver oil

Av‘ct_lgé?ﬁy Mortality

gm

9.5 0/8
8.6 0/8
6.2 1/8
6.7 1/8
1.6 4/8
1.3 9/16
3.7 7/8
4.9 5/8
6.5 0/8
9.4 0/8
9.7 0/8
8.9 0/8

TABLE 3

Effect of palmitic acid, oleic acid, and cholesterol on blood glucose and blood
urea levels of female weanling mice

Supplement to fat-free diet Serum glucose Serum urea
mg % mg %
9% Crisco, 1% Hydxol, 4% com oil, 1% linseed oil 155 25.7
20% palmitic acid, 1% cholesterol and 0.1% oleic acid 105 69.6
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with the exception of extremely small
spleen and lymph nodes. Although the
spleens were markedly reduced in size,
no histological defects could be found.
Pooled blood samples were taken from
these same animals by decapitation. Urea
and glucose values obtained on these sam-
ples are recorded in table 3. It can be
seen that urea is elevated and glucose is
depressed, but Frobably not more so than
in any terminal state.

Accompanying the growth retardations
were marked reductions in food intake
resulting in a decrease of approximately
40% in food and protein efficiency ratios.
Balance studies suggested that the absorp-
tion of fat and protein was not influenced
by the low levels of oleic acid employed.

l.
sirable to repeat these studies with the lab-
oratory rat not only to obtain data in a
second species, but also to gain access to
larger quantities of blood and urine for
biochemical analyses. Limited supplies of
highly purified fatty acids forced a return
to the hydrogenated coconut oil-containing
diet which was used with mice when the
initial observations were made. Four
groups of 10 male weanling rats of the

Experiments in rats. It seemed de-
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Holtzman strain (average weight of 60
gm) were used in this study. The?/ re-
ceived the cholesterol-containing basal diet
used in the mouse studies with the excep-
tion that in each case the palmitic acid was
replaced as follows:

Group 1—9% Crisco, 1% Hydrol, 4%
corn oil, 1% linseed oil and 5% glucose.

Group 2—30% Hydrol (10% glucose
eliminated).

Group 3—20% palmitic acid, 10% Hy-
drol (10% glucose eliminated).

Group 4—30% Hydrol, 1% linoleic acid
(11% glucose eliminated).

These animals were maintained on the
several diets in individual wire-bottom
cages with food and water supplied ad
libitum. After 7 days, two rats of each
group were sacrificed and spleen weights
were obtained. The remaining 8 rats in
each group were continued for a total of
91 days. The weight changes, biochemical,
and urinalysis obtained at the conclusion
of the study are shown in table 4. The
urinalysis values were obtained from
pooled samples taken the last 4 days of
the study. As was found with the mouse,
the rats in group 3 showed a marked de-
crease in growth rate and spleen size. No

TABLE 4
Effect of various fats on rats fed a basal diet containing 1% cholesterol
Group 1 Group 2 Group 3 Group 4
Fatin diet 9% Crisco L 30% Hydrol
490 Eyrerel, 9096 Hyarol 40 RAYEBIC actd 1% linoleic
1% linseed oil

Av. 7-day wt., gm 100 96 72 100
Av. 7-day spleen wt., mg 624 460 216 546
Av. 91-day wt. gain, gm 339 280 130 345

Plasma values
Urea N. mg% 11.7 11.3 20.9 11.3
Fibrinogen, mg% 320 275 220 245
Glucose, mg% 110 85 70 105
Total cholesterol, mg% 104 135 104 127
Free cholesterol, mg% 12 14 10 17
Total protein, mg% 6.3 6.3 5.4 6.3
Albumin, mg% 1.50 2.05 2.25 2.05
Globulin, mg% 4.80 4.25 3.15 4.25
Hematocrit 37 40 48 39

Urine vaues

Volume, ml 160 155 65 145
Specific gravity 1.011 1.010 1.020 1.009
pH 8.5 8.5 9.0 9.0
Blood none none none none
Sugar none none none none
Protein, gm/liter 1.15 1.22 1.55 1.66
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pathology was found in any tissue. An ex-
planation for the growth effects of the dif-
ferent diets was not found in the plasma
or urine values.

DISCUSSION

The mechanism involved in the mor-
tality and weight losses observed under
the conditions described above is not
known. One thing seems clear: under the
conditions of our experiments oleic acid
is synthesized in the rodent body at a
very slow rate. Otherwise the extremely
low dietary levels used could not be as
critical as they were found to be. The
inability of the rat to synthesize large
guantities of unsaturated fats has been
suggested by the observations of Cox and
De Eds (58), and Herting and associates
(58, ’59) who found that lipogranuloma,
a foreign-body type of reaction in fat cells,
develops on a diet containing large quan-
tities of saturated fat and that the lesions
can be prevented by increasing the unsat-
urated fatty acid intake to approximately
50% of the total.

It is of considerable interest that in our
experiments conditions have been estab-
lished under which oleic acid or linoleic
acid can be shown to be either lethal or
life-saving. These findings point up the
very complex interrelationships that exist
among all foodstuffs.

SUMMARY

Weanling male mice grow well on a
purified diet containing 20% of palmitic

BOSSHARDT AND OTHERS

acid and 1% of cholesterol, but succumb
or fail to grow when 0.1% of oleic acid
is added to the diet. Further addition of
as little as 0.1% of this acid again affords
good growth and survival.

If 0.1% of linoleic acid is incorporated
into the diet, the critical lethal level of
oleic acid becomes 0.8% and again in-
creasing the oleic acid fed affords sur-
vival and a rapid rate of growth.

Mature male mice and weanling male
rats survive on these diets but lose weight
or grow very poorly.

A high percentage of weanling female
mice succumb on a diet containing 20%
of palmitic acid with or without cholesterol
but survive when unsaturated fatty acids
are added to their diets.
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Riboflavin in the Blood and Urine of Women

on Controlled Diets®

NINA H. MORLEY,3 MARGARET A. EDWARDS, IDA IRGENS-MOLLER,
MURIEL J. WOODRING ana CLARA A. STORVICK

Nutrition Research Laboratory, School of Home Economics,
and the Experiment Station, Department of Home
Economics, Oregon State College, Corvallis

The characteristic proportions of various
levels of riboflavin intake appearing in the
urine allow for a measure of nutritional
status in the individual. The limits of ribo-
flavin concentration to be expected in any
fraction of the blood have not been es-
tablished for the well-nourished person
nor correlation made with the proportion
of the corresponding intake to be found in
the 24-hour urine.

This laboratory has reported previously
concurrent values for riboflavin in the
serum and in the daily urinary excretion
for an intake of 1.2 mg of riboflavin per
day (Wu et al., '53). In the present study
the riboflavin intake has been increased
to 1.4 mg per day and the investigations
extended to the measurement of the vita-
min in whole blood, red cells, white cells
plus platelets as well as in serum and
urine.

EXPERIMENTAL

Subjects and diet

Seven subjects, three in 1955 and 4 in
1956, from the staff and graduate students
of the Department of Foods and Nutrition,
received for 30 days the controlled diet
(Louhi et al., ’52) of ordinary foods. A
daily supplement of crystalline riboflavin
in hydrochloric acid, the amount of which
was determined by previous analysis of
the food, brought the intake of riboflavin
to 1.4 mg. According to calculation4 the
diet supplied 2000 Cal., 60 gm of protein
and satisfactory amounts of the other
known nutrients.

The subjects ranged from 23 to 54 years
of age. One of them, CAS, took part in the
studies in both years. Six of the women re-
mained at their same weights of between
55 and 70 kg but the 7th, FD, started at

J. NUTRITION, 69 : '59

110 and lost about 3 kg during the con-
trolled period.

Data were obtained for free and bound
riboflavin in the blood fractions of 59
women 19 to 61 years of age, unrestricted
as to diet, and of 5 following a test dose of
2 mg of riboflavin.5

Preparation and analysis
of samples

Analyses for riboflavin were made fluoro-
metrically by the method of Burch and
associates ('48). Blood samples obtained
before breakfast by finger puncture were
prepared as the trichloroacetic acid filtrates
of whole blood or its fractions. In 1956 it
proved feasible to use the filtrates for
parallel assays of oxidized pyridine nucleo-
tides. The 24-hour urinary excretions were
preserved with 2% by volume of glacial
acetic acid in 1955 and under toluene in
1956 in amber bottles in a refrigerator.

RESULTS

Blood analyses

Average values (table 1) of 8.7, 13.0,
219 and 2.7 ug% were obtained for the
concentration of total riboflavin in the
whole blood, red cells, white cells and
serum respectively. Coefficients of varia-
tion were 3% or less as compared with

Received for publication March 19, 1959.

1Technical Paper no. 1241, Oregon Agricultural
Experiment Station.

2This investigation was part of the Western
Regional Project on Nutritional Status and was
financed in part from funds appropriated under
the Research and Marketing Act of 1946.

3Present address; Dept, of Ophthalmology,
Banting Institute, Toronto, Canada.

4 Agricultural Handbook No. 8 (’50).

5The analyses for 1954 were made by Dr.
Mei-ling Wu Chang and Ulla Samvik,
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RIBOFLAVIN IN BLOOD AND URINE

2% for corresponding control filtrates
analyzed simultaneously. The only sig-
nificant changes observed were slight de-
clines in red cell riboflavin levels for all
subjects during the 1956 period and in
red cell riboflavin and serum free ribo-
flavin and flavinmononucleotide (FMN)
for subject CAS in 1955.

For the random group the ranges for
total riboflavin in whole blood, red cells,
white cells and serum were 4.3 to 14.6, 7.1
to 25.7, 162 to 292 and 1.8 to 5.5 xg%
respectively.

In contrast to 30 to 45 jxg% reported
bl?, others (Axelrod et al., *41; Strong et al.,
’41) for total riboflavin in whole blood, our
values did not exceed 15 |Lb% in either
the controlled or unrestricted diet groups.
Nevertheless they agree with theoretical
values derived by calculation from the ob-
served riboflavin contents of the red and
white cells and serum. The cell and serum
concentrations of riboflavin were similar to
those obtained by Bessey and associates
(56) in controlled studies of men for up
to 16 months. However only 8 of our
random subjects and none of the con-
trolled exceeded the 20 Ag% of riboflavin
in the red cells suggested by these workers
as a mark of adequacy. Even a test dose
of 2 mg of riboflavin failed to raise the red
cell level to 20 jxg% for 4 of 5 subjects.
Similar instances of anomalous values for
serum riboflavin as demonstrated by Bes-
sey et al. (’56) and Suvarnakich et al.
3’52) were found in about 10% of the ran-

om subjects with total and free ribo-
flavin as high as 55 and 2.6 fig% re-
spectively. BEH, of the controlled group,
was probably an “outlier” for serum ribo-
flavin also.

Urine analysis

The average 24-hour urinary excretion
of 360 Ag of riboflavin during the last
14 of the 30 experimental days agreed
with the results of other studies of women
following similar periods of adjustment
(Brewer et al., 46; Hathaway and Lobb,
’46). Since this excretion represented 26 %
of the intake, 1.4 mg of riboflavin daily
would appear to be adequate for all the
subjects except CAS who alone showed a
steady decrease in urinary riboflavin
throughout the 1956 period and an aver-
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a?e rate for the latter half of only 13%
of the intake.

DISCUSSION

In agreement with many other studies,
at least 10 to 14 days were required for the
adjustment of the urinary excretion rate to
a change in riboflavin intake. No doubt
the very heavy losses by the obese sub-
ject, FD, of more than 100% of the ribo-
flavin provided during the first 6 days of
the study can be attributed also to the
instability in nitrogen metabolism indi-
cated by the values obtained for urinary
total nitrogen at this time. Similar mas-
sive outputs of the vitamin have been re-
ported during starvation (Perlzweig et al.,
44) and in suspected negative nitrogen
balance (Oldham et al., ’47; Lossy et al.,
’51; Pollack and Bookman, 51). We have
observed also an excretion in the urine of
80 to 90% of the riboflavin in the diet by
two subjects of normal weight who re-
ceived daily for three days only one quart
of milk as the sole food. In both cases the
urinary creatinine was reduced to about
half the usual value. In view of the pro-
posal that riboflavin and protein are mu-
tually limiting factors (Bro-Rasmussen,
’58), the effect of nitrogen balance on the
urinary level of riboflavin ought not to be
ignored.

Characteristic levels of riboflavin were
maintained in the whole blood and serum
not only by the controlled group but also
by 7 women with unrestricted diet who
were tested at intervals for periods up to
three years. However for red cell ribo-
flavin, the ranges of concentration for
three of these 7 subjects were almost as
wides(j)read as the 7.1 to 25.7 jxg% ob-
served for the whole random group of 59
subjects. Increase in serum riboflavin lev-
els, especially in the free riboflavin plus
FMN, occurred within half an hour after
the test dose in all 5 subjects and was par-
ticularly marked for BEIL with the original
anomalous value. These results suggest
that more data are required before the level
in any blood fraction may be used to inter-
pret adequacy of riboflavin.

Simultaneous measurement under con-
trolled dietary conditions in 1956 revealed
no relationship in the levels of riboflavin
and pyridine nucleotides within the group



194

NINA H.

(Morle?/ and Storvick, ’57). The apparent
instability in protein metabolism In FD
may account for the coincident low ribo-
flavin and high pyridine nucleotide con-
tents in the same samples of whole blood
or red cells for this subject.

SUMMARY

Determinations of the riboflavin content
of various fractions of fasting blood and of
concurrent 24-hour urinary excretions were
made for 7 subjects during 30 days of a
controlled riboflavin intake of 1.4 mg per
day and for bound and free riboflavin in
the fasting blood of 59 women with un-
restricted intake.

The ability of the individual to maintain
a characteristic level of riboflavin in each
blood fraction was demonstrated, although
individual differences for the white cell
fraction were not as distinct as for the
other fractions. There appeared to be a
gradual trend toward lower levels for red
cell riboflavin for all subjects. Adaptation
to a change in intake was apparent in the
trends for urinary excretion of riboflavin
for all subjects during the first 14 days.
Very large excretions of riboflavin were
observed for an obese subject on the con-
trolled intake.
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Serum Polyunsaturated Fatty Acids in Groups of
Africans with Low and High Fat Intake

O. A. ROELS,xP. LEURQUIN and MARIAN TROUT
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Centrale (I.R.S.A.C.) Lwiro Bukavu, Belgian Congo

Our work on vitamin A deficiency in
Ruanda-Urundi (Roels, Debeir and Trout,
'58a; Roels, Trout and Dujacquier, 58b)
shows that this deficiency in the area may
be due partly to a very low fat intake and
a resulting poor carotene absorption.

Acareful and detailed study by Leurquin
(59) revealed that lipids represent only
6.8% of the total caloric intake in Ru-
anda-Urundi. We thought it, therefore, of
interest to determine the total and the
polyunsaturated serum fatty acids of a
population group in this area and to com-
pare their serum levels with those of
another African tribe with similar caloric
intake, but in which the lipids represent
37.8% of the dietary calories.

Although there was no significant dif-
ference between the total serum fatty acid
content of the various sex and age groups
of the two tribes, there were remarkable
differences in the polyunsaturated fatty
acids in their sera.

GENERAL PROCEDURE AND METHODS

Serum lipids of two African population
groups were studied. The first group are
Banyaruanda from the Bufundu area (29°
30’ E of Greenwich, 2°40' S) of Ruanda,
where vitamin A deficiency is prevalent.
Their staple foods are beans, sweet pota-
toes and various types of beer made from
bananas, sorghum and maize. Their total
caloric intake is 2,127 Cal. per inhabitant
per day, 11.2% of which are supplied by
vegetable proteins, 0.5% by animal pro-
teins (half from meat and half from milk),
81.5% by carbohydrates and 6.8% by
lipids (Leurquin, 59). The 6.8% of diet-
ary lipids are not consumed as fat or oil,
but are contained mainly in the sweet
potatoes, beans and sorghum.

The second group lives in the Djugu
area of the Belgian Congo, about 30° E of

J. Nutrition, 69: '59

Greenwich and 2° N. They belong to the
Baniari tribe and live nearly all in one
village, Sabati. Their staple foods are
bananas, green vegetables, palm oil and
groundnuts.2 Their average daily dietary
intake is 1,980 Cal. per inhabitant. This
figure is slightly underestimated because
it does not Include their consumption of
alcoholic beverages which could not be
measured. These Baniari derive 10.9%
of their calories from vegetable proteins
(mainly from groundnuts), 1.6% from
animal proteins (meat and fish), 37.8%
from lipids and 49.7% from carbohydrates.
The groundnuts furnish 72.5% of their
lipid calories, 20.8% are from palm oil
and the remainder from the lipids present
as minor constituents of bananas, beans,
com and other ingredients of their diet.
Figure 1illustrates the difference between
the diets of the two groups.

In each group, fasting (i.e., at least 12
hours after the last meal) blood samples
were taken from 25 adult men, 25 adult
women, 25 girls and 25 boys. The boys and
girls were from 11 to 16 years old. The
men and women were generally between
17 and 55 years of age, although it was
often difficult to know their exact age.
Nothing was added to the blood or serum.
The blood was centrifuged after standing
for about two hours at room temperature in
the dark. The serum was pipetted off and
kept at 0°C in the dark until it arrived
in the laboratory where it was kept at
—25°C in the dark in oxygen-free nitrogen.

For the determination of the total serum
fatty acids and the polyethenoid fatty
acids, the procedure of Pikaar and Nijhof
(’58) was followed.

Received for publication March 23, 1959.

1Biochemist in the Medical Services of the
Belgian Congo Government.

2Peanuts.
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Fig. 1 Polyethenoid acids in African sera.
(Ruanda) and for Baniari (Congo).

RESULTS

The total fatty acids and the polyun-
saturated fatty acids of the sera from the
various sex and age groups of the different
populations examined are summarized in
table 1

There are no significant differences be-
tween the two tribes in total serum fatty
acids, despite their vastly different dietary
fat intake. The differences between the
sums of the polyunsaturated fatty acids
for both groups are, however, highly sig-
nificant when this sum is expressed either
in milligrams per 100 ml of serum or as a
percentage of the total serum fatty acids.
Figure 2 illustrates this further and lists
the levels of significance for the differ-
ences between these mean serum values
for both groups.

The significantly higher level of poly-
ethenoid fatty acids in the serum of the
group with the greater fat intake is due to
their considerably higher serum levels of
dienoic and tetraenoic fatty acids, although
their levels of trienoic, pentaenoic and hex-
aenoic serum fatty acids are significantly
lower than those of the group with the low

ROELS AND OTHERS

Average daily dietary intake for Bufundu

Data taken from work of Leurquin (’59).

fat diet. These differences and their levels
of significance are illustrated in figure 3.

DISCUSSION

Several workers reported that the levels
of dienoic and tetraenoic fatty acids in
various tissues of animals were higher for
those with a higher fat intake than for
the corresponding group on a low fat diet,
whereas the opposite was observed for tri-
enoic acid. Thus Wiese, Baughan and
Hansen (’55) observed this in dogs when
they increased the dietary fat from one to
30% of the calories. Mukherjee et al.
(’57), proved this to be the case when they
compared blood from rats on a fat-defi-
cient diet and from a control group re-
ceiving 6% of their total calories as lipids.
Adding 200 mg of linoleate per day to the
fat-deficient diet restored the high dienoic
and tetraenoic fatty acid levels. Hansen
et al. (’58) found that infants on a fat-
deficient diet had very low serum levels of
dienoic and tetraenoic fatty acids and a
high level of trienoic acid. The addition
of linoleic acid (2% of the total caloric
intake) rapidly reversed this trend, where-
as an equivalent supplement of tripalmitin
produced no change.
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These observations are in good agree-
ment with our findings concerning the
percentages of the dienoic, trienoic and
tetraenoic acids in the serum of African
subjects with low- and high-fat intakes.

Antonis (’58) found that by substituting
800 Cal. derived from carboh?/drates in the
diet of Bantus with an isocaloric quantity
of sunflower seed oil, the percentage of di-
enoic and tetraenoic fatty acids In their
serum rose, and the trienoic fatty acid de-
creased. Linoleic acid constitutes about
6503 (_)If the total fatty acids in sunflower
seed oil.

AND OTHERS

When comparing the diets of the two
roups of Africans in the present study
?:ig. 1), it is apparent that about 31% of
the carbohydrate calories of the Bufundu
diet are replaced b?/ groundnut oil, con-
taining about 20% linoleic acid and palm
oil, containing about 10% linoleic acid
(Hilditch, Meara, Roels, 47) in the Ban-
iari diet. This difference in the diets re-
sulted in changes in the serum fatty acid
distribution similar to those reported by
Antonis.

Table 2 lists the amount of total serum
fatty acids and the percentages of indi-

TOTAL SERUM FATTY ACIDS MG./I00 ML.

WOMEN

257
p< .05

SUM OF POLY-ETHENOID ACIDS AS %

WOMEN GIRLS

Diet
Higher Fat Intake

Low Fat

BOYS

254 257
N. S.

OF TOTAL FATTY ACIDS

MEN BOYS

Fig. 2 Polyethenoid acids in African sera.
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vidual polyenoic acids reported for differ-
ent population groups:

(1) by Hammond and Lundberg (’55)
for plasma from a blood bank in the
United States, for that of Guatemalans and
for that of atherosclerotics,

(2) by Antonis (’58) from the Union of
South Africa for Bantus, Europeans and
atherosclerotics, and

INDIVIDUAL POLYETHENOID ACIDS AS %

WOMEN GIRLS

DIENOIC
14.8 29.6 136 21.6
p<.001 pc.001
TRIE NOIC
p< @ pc 001
TETRAENO1C m
57 9.4 62
pc 001 pc.0Ol
PENTAENOIC
3.4 16 32 18
pc.0OlI pc.OOlI
HEXAENOIC
2.2 16 2.7
pc.005 N.S

IBM! Low Fa? Diet
EPQ& Higher Fat Intake

Fig. 3 Polyethenoid acids in African sera.
acids.

2.6
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(3) by the authors of the present study
for adult men on a high and on a low
dietary fat intake.

It Is striking that the two groups of
atherosclerotics and our group on the low
dietary fat intake have the three lowest
percentages of total polyenoic acids. It
should be noted that there is very little
atherosclerosis in the population to which

OF TOTAL FATTY ACIDS

MEN BOYS

149 239 146 239

pc.00l pead
JSSL
2.0
p < 001 pc.0OI
pc.OO0l pc.00l
31 13 36 17
pc.OOI pc.OOl
2.2 14 28 2.2
pc.00lI p<005

Individual acids as a percentage of total fatty
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our low-fat group belongs: in 1955, there
were 5,311 deaths in hospitals (where the
cause of death is diagnosed fairly accur-
ately) in their country (Ruanda-Urundi)
and only one of these deaths was ascribed
to atherosclerosis. The total serum fatty
acids, however, are very much higher
among the two groups of atherosclerotics
than among the 1ow-fat intake” group of
the present study.

It should also be noted that the South
African Bantu (with a fat intake estimated
by Antonis to be 15 to 20% of their total
caloric intake) and the “high-fat intake”
group of the present study have the highest
percentages of dienoic, tetraenoic and total
polyenoic fatty acids and the lowest ab-
solute amount of total fatty acids in their
serum.

Although it is fully realized that the de-
termination of dienoic, trienoic, tetraenoic,
pentaenoic and hexaenoic acids gives only
a gross approximation of the great variety
of polyunsaturated fatty acids present in
human serum, it is suggested as a working
hypothesis that when lipogenesis becomes
important either as a result of a very low
dietary fat intake or of a high caloric in-
take, the percentage of saturated plus
monoenoic fatty acids increases, and un-
der these circumstances more trienoic,
pentaenoic and hexaenoic acids appear in
the serum. When there are significant
amounts of linoleic acid present in the
diet, the percentage of the polyunsaturated

AND OTHERS

fatty acids in the serum rises, and this
increase is due to greater proportions of
dienoic and tetraenoic, with a decrease in
the percentage of trienoic acid.

Mead (’58) recently has suggested dif-
ferent pathways for the formation of poly-
unsaturated fatty acids, a combination of
which would readily explain the observa-
tions made in the present study. Thus,
the pathway from linoleic acid to arachi-
donic acid seems to be well established,
and it would appear that the serum con-
centrations of both these acids would be
dependent to a certain extent upon the di-
etarP/ supply of linoleic acid. The rela-
tively high serum level of trienoic acid on
low-fat diets may perhaps he explained by
dehydrogenation of saturated fatty acids
(Dauben, Hoerger and Petersen, 53) to
monounsaturated acids followed by fur-
ther dehydrogenation of the so-formed mo-
noenoic acids (e.g., oleic acid) to tri-, pen-
ta- and hexaenoic acids (Mead, '58).

In any case, it appears fairly clear that
when the linoleic acid intake passes a
certain level in the diet, the total serum
polyunsaturated fatty acid level rises ow-
ing to an increase of the percentages of
dienoic and tetraenoic acids. When the
level of linoleic acid intake falls below a
certain level, another pathway of unsatur-
ated fatty acids seems to become more im-
portant and the percentage of trienoic,
pentaenoic and hexaenoic acids rises in
the serum.

TABLE 2

Comparison of the percentage of polyenoic se

Di-
No. Q%titgé enoic
mg/100 ml %

Hammond and Lundberg

Bloodbank U. S. 353 22.0

Guatemalans 8 394 20.6

Atherosclerotics 8 492 16.2
Antonis (S. Africa)

Bantu 41 234 22.6

Europeans 13 464 20.5

Atherosclerotics 14 718 13.8
Present study (men)

Low fat 25 287 14.9

High fat 25 278 23.9

rum fatty acids obtained in different studies

Tri- Tetra- Penta- Hexa- PS(%J'T_
enoic enoic enoic enoic enolc
% % % % %
1.6 6.0 0.8 l.i 315
2.2 5.8 0.9 15 31.0
18 5.0 0.8 13 25.1
2.8 7.8 1.6 31 37.9
21 4.8 1.3 3.7 32.4
19 43 19 2.8 24.7
3.2 6.2 31 2.2 29.6
14 8.5 13 14 36.5
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Comparisons of Atherogenesis in Rabbits Fed Liquid
Oil, Hydrogenated Oil, Wheat Germ and Sucrose’

E. VAN HANDEL2 ana D. B. ZILVERSMIT
Department of Physiology, University of Tennessee, Memphis

INTRODUCTION

The relationship between serum lipids
and atherogenesis is not yet firmly estab-
lished, although investigations with both
humans and animals have shown that
dietary factors do influence serum lipid
levels. We have therefore investigated
the relations among diet, blood and liver
lipids and atherosclerosis in the rabbit.
Van Handel (55) has suggested that the
geographic differences in the incidence of
coronary disease might be related to selec-
tive hydrogenation of polyunsaturated fattK
acids or to degermination of cereals, whic
removes significant amounts of trace ele-
ments and vitamins. In order to test these
hypotheses, we supplemented cholesterol-
containing rabbit food with liquid or solid
fat, with wheat germ or with sucrose. In
this manner it was possible to obtain com-

arisons among two high-fat diets and two
ow-fat diets, one of which contained an
excess of carbohydrate, and one which
supplemented the basic diet with large
amounts of protein, B vitamins and trace
minerals in the form of wheat germ. Most
workers studying dietary fats have com-
pared solid fats like butter, hydrogenated
coconut oil, safflower oil, or cottonseed oil.
To exclude factors not directly related to
hydrogenation, we used cottonseed oil and
hydrogenated cottonseed oil.

METHODS

Litter mates of three-month-old New
Zealand Albino rabbits were selected ran-
domly and distributed among 5 dietary
groups of 7 to 9 animals each. Diets were
prepared from a commercial chow3 to
which were added fats, wheat germ, or
sucrose in equicaloric amounts (table 1).
Four diets provided 10% of the fed calor-
ies as protein, whereas the wheat germ
diet supplied 22.5% of calories in this
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form. The high-fat diets contained 20%
of fat (37% of the fed calories).4 In order
to make the diets calorically comparable,
the animals on the high-fat diets received
75 gm of food per day, whereas the ani-
mals on the sugar and wheat germ diets
received 100 gm. All animals received
200 mg of cholesterol daily, dissolved in
fat and mixed with the other ingredients.
All diets provided a minimum of 0.5 gm of
linoleic acid daily derived from the rabbit
chow. Food intake was measured daily
and recorded in terms of caloric value of
the main constituents (table 2).

The experiment was designed to answer
the question how, in an atherogenic diet,
ec1uicaloric substitution of hydrogenated
oil, liquid oil, or wheat germ for sucrose
would affect the aortic lesions. There-
fore, the effects of three diets were com-
pared with the sucrose-supplemented diet.
A 5th sucrose-supplemented diet without
cholesterol was included as a control for
spontaneous atherogenesis. The latter
group was not used in the statistical evalu-
ations.

Blood samples were taken monthly from
the central artery of the ear. Plasma was
treated with alcoholic KOH and extracted
with petroleum ether according to Abell
et al. (’52) and cholesterol was determined
with the p-toluenesulfonic acid reagent of
Pearson et al. (’53). Phospholipids were
determined in a chloroform-methanol ex-2

Received for publication December 17, 1958.

1This investigation was supported by research
grant H-2181 from the National Heart Institute,
U. S. Public Health Service.

2Present address: Public Health Research Lab-
oratories, P. O. Box 595, Stuart, Florida.

3All diets were made from one single batch of
oil and hydrogenated fat and from the same ship-
ment of wheat germ and Purina chow.

4The calculations are based on the manufactur-
er’s information that the gross energy content of
Purina rabbit chow provides 3.74 Cal. per gm,
80% of which is metabolizable.
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TABLE 1
Composition of diets

Diet

. I;g/eddr%gli Eroctftlg?. %ci’lttf réieoﬁfj er,egﬁgﬁrm ngﬁg?? Sucrose
No. of animals 7 8 8 9 8
% % % % %

Rabbit chow1 80 80 62 62 62
Hydrogenated cottonseed oil2 20 1 1 1
Cottonseed 0il3 20
W heat germ4 37
Sucrose 37 37
Cholesterol 0.27 0.27 0.20 0.20

'Purina Rabbit Chow: Protein 15%, fat 3% and crude fiber 18%.

'Hydrogenated cottonseed oil: lodine value 63.6, linoleic acid 1.5%, m.p. 37.6.
'‘Cottonseed oil: lodine value 112, linoleic acid 48%.

‘Wheat germ (Kretschmer): Protein 33%, wheat germ oil 11.5% and crude fiber 1.7%.

TABLE 2
Daily consumption (in calories) as calculated from food records

Hydrog; soyon  Gottongeed  Wheatgerm - Sugrage

No. of animals 7 8 8 9
Rabbit chow 174 + 4.3 163 + 3.6 162 + 6.0 157 + 4.2 160 + 4.0
Hydrogenated

cottonseed oil 131 + 3.2
Cottonseed oil 123 + 2.7
W heat germ 128 + 4.7
Sucrose 123 + 3.3 125 + 3.7
Cholesterol

(in mg) 195 + 4.8 184 + 4.0 174 + 6.5 166 + 4.4

Used for the calculation of the metabolizable portion: Chow, 3 Cal.; Oils, 9 Cal.; Sugar

and wheat germ, 4 Cal. per gm.

tract by the method of Kin?( S’32%. After
160 days, the animals were killed by intra-
cardiac air injection, and the livers, aortas,
and hearts immediately removed. Thora-
cic aortas were graded by 4 independent
observers for gross lesions on an arbitrary
scale from zero (no lesions) to 5 (90 to
100% of aortas solidly covered with con-
fluent plaques). Samples from each aorta
and heart were fixed in 10% formalin,
embedded in paraffin, sectioned at 8 mi-
crons, and stained with hematoxylin and
eosin. Heart valves, endocardium, and the
first few millimeters of the coronary arter-
iesII were examined grossly and histologi-
cally.

Liver lipids were extracted with chloro-
form-methanol (2:1) and washed once
with an equal volume of water. Aliquots
were dried in vacuo, taken up in petroleum
ether (bp 60 to 70°C) and placed on a
column of 1 cm inner diameter containing
1 gm of non-activated silicic acid-supercel
(1:1).6 Cholesterol esters were eluted with

20 ml of 10% chloroform in petroleum
ether, and free cholesterol was eluted with
20 ml of chloroform according to Van
Handel (’59). Cholesterol and cholesterol
esters were determined with the reagent
of Pearson et al. (’53); cholesterol oleate
was used as a standard for the cholesterol
ester fraction. The values were in agree-
ment with free and total cholesterol de-
termined by the Sperry and Webb (°50)
method on the same liver extract.

Fecal lipids were extracted by grinding
droppings with methanol and chloroform.
They were saponified with alcoholic KOH
and the sterols extracted with petroleum
ether. Liebermann-Burchard positive dig-
itonin précipitable material was deter-
mined according to Sperry and Wehbb.

RESULTS

All of the animals were in good health
throughout the experiment and did not

5Silicic acid (Mallinckrodt). 100 mesh A. R.
Hyflo Supercel (Johns Manville).
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HYDROG. COTTONSEED WHEAT GERM SUCROSE+CHOL. SUCROSE
COTTONSEED OIL + CHOL, CHOL.

OIL + CHOL.
B

Fig. 1 Monthly weights, plasma cholesterols, cholesterol phospholipid ratios (A) and ter-
minal liver cholesterols and aortic scores (B) of rabbits on various dietary supplements. The
vertical line at the top of each bar is two standard errors in length.
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TABLE 3

Terminal plasma cholesterol and phospholipids (mg/100 ml), free and esterified liver
cholesterol (mg/gm) and aortic score of rabbits on various diets

Terminal plasma Liver
alﬁ(ijttsegx Choles i Phosph Free E'fs' teJ i fora
terol I?SPd ° CPE(:,I&S' choles- Scorel
terol
Hydrogenated cottonseed oil -f cholesterol
1—M 430 332 7.1 22.9 12
1—M 254 212 45 13.7 14
6—F 1680 770 3.1 26.4 2
—F 1650 780 2.7 17.3 2112
8—M 220 210 2.5 2.0 1
3—M 940 675 5.1 26.0 3
2—M 320 314 3.5 26.0 212
Av. 785 470 4.1 19.2 1.7
Cottonseed oil + cholesterol
1—M 173 274 4.0 175 1
2—M 1250 480 4.0 12.6 2
4—F 510 490 3.2 10.2 2
6—F 1800 785 3.7 26.3 3
7—F 1400 700 6.2 24.8 41/2
8—F 760 470 8.1 21.9 2
5—M 785 338 5.2 32.3 31/2
6—F 540 760 2.8 14.1 4
Av. 902 537 4.6 20.0 2.7
W heat germ + cholesterol
1—M 83 180 2.2 0.6 %
2—M 460 520 3.4 4.1 31/2
2—M 660 460 4.4 9.4 4
4—M 360 400 1.9 2.3 5
6—F 1030 470 3.7 5.3 5
7—F 650 600 3.2 2.8 5
8—M 560 540 2.5 5.2 4
5—F 300 470 4.3 13.1 5
Av. 513 455 3.2 5.3 4.0
Sucrose + cholesterol
1—F 113 200 1.7 0.3 0
2—F 117 167 2.3 11.1 1
4—F 420 270 2.8 6.1 31/4
6—M 250 195 2.3 4.0 31/4
6—M 310 380 1.2 2.8 3
7—M 160 242 2.6 104 3%
3—F 283 322 2.1 1.0 3
4—M 70 131 5.3 25.7 1
7—F 430 334 1.4 1.6 4
Av. 240 249 2.4 7.0 2.5
Sucrose
1—M 85 143 1.30 0.62 /4
2—M 30 180 1.50 0.7 /4
4—F 60 184 1.35 0.85 %
6—F 56 122 1.50 0.30 0
7—F 28 154 1.92 0.30 0
8—M 21 105 1.15 0.30 12
5—M 25 105 1.8 1.2 0
8—M 38 90 1.2 0.80 0
Av. 44 135 1.47 0.63 0.15

1Thoracic aortas were graded for gross lesions on an arbitrary scale from zero (no
lesions) to 5 (90 to 100% of aortas solidly covered with confluent plaques).
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show the jaundice or loss of hair which
were observed by Lambert et al. (58) in
rabbits on high cholesterol or high fat
diets. According to the records of food in-
take, the equicaloric substitution of the oils
and wheat germ for sucrose was satisfac-
torily fulfilled (table 2). Total cholesterol
and phospholipids of terminal plasma, aor-
tic score and hepatic free and esterified
cholesterol of individual rabbits are pre-
sented in table 3. Average monthly weight
gains, plasma cholesterol, cholesterol/
phospholipid ratios, amount of atheroma-
tosis and liver total cholesterol are pre-
sented in bar graph form in figure 1

The least amount of atheromatosis was
present in the group consuming hydro-
genated cottonseed oil; the most severe
atherogenesis occurred in the animals on
the wheat germ diet. Hydrogenated fat
did not increase atheromatosis when com-
pared with the liquid oil, the wheat germ,
or the sucrose diet. This result could not
be expected from plasma cholesterol val-
ues, since the animals maintained on hy-
drogenated fat exhibited higher levels
than those on the sucrose-supplemented
diet. In the group on wheat germ, plasma
cholesterol and phospholipids during the
first month averaged 650 and 460 mg/100
ml respectively and were significantly ele-
vated above those of the three other groups,
which were almost equal and averaged 300
mg/100 ml for cholesterol and 250 mg/
100 ml for phospholipids. In subsequent
months, however, plasma cholesterol of
the animals on the two fat-supplemented
and the wheat c];erm-supplemented diets
reached essentially equal levels (750 to
900 mg/100 ml). In the rabbits main-
tained on the cholesterol-containing, su-
crose-supplemented diet, the plasma lipid
levels gradually diminished after the first
month.

When the aortic scores of the animals
on hydrogenated oil, liquid oil, and wheat
%1erm were compared statistically with
those on the sucrose-supplemented diet by
the procedure of Dunnett (55), only the
wheat germ-supplemented group showed a
significant increase (P < 0.05). Substitu-
tion of hydrogenated fat for cottonseed oil
did not aggravate atherosclerosis. One
might speculate that this lack of effect of
hydrogenated shortening is due to a di-

VAN HANDEL AND D. B.
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minished rate of absorption of dietary
cholesterol from a diet containing large
amounts of high melting fats. Two ar-
guments speak against this assumption.
First, serum cholesterol levels of rabbits
on hydrogenated fat were similar to those
on the oil diet (fig. 1). Secondly, after 5
months on the cholesterol diet, the amount
of Liebermann-Burchard positive, digitonin
precipitable material excreted in feces did
not differ from one diet to another, and
amounted to only 10% of the total choles-
terol intake.

Although the addition of large amounts
of fat or sugar to commercial rabbit chow
might precipitate a relative deficiency of
protein, vitamins or minerals, this was
probably not the case in our experiment,
since the addition of wheat germ to rabbit
chow did not increase weight gain above
that caused by the high-fat diet. The ani-
mals on the sucrose diets, however, gained
less weight than those on the fat or wheat
germ diets.

Histological examination of the aortas
confirmed the information derived from
gross examination. Atheromatosis in the
heart was exhibited as small, yellowish,
raised areas on the valves and in the coro-
nary arteries. In addition, intimal thicken-
ing and numerous foam cells, which in
some cases occluded the lumen, were ob-
served in the medium and small blood ves-
sels of the heart. The incidence and sever-
ity of these valvular, coronary and myo-
cardial blood vessel lesions were closely re-
lated to the amount of aortic involvement.

Cholesterol concentrations were elevated
in livers of all animals on high-cholesterol
diets. The terminal liver cholesterol levels
in the rabbits on the two high-fat diets,
however, were much higher than in the
animals on wheat germ and sucrose (table
3). This impression was confirmed by the
multiple comparison test of Scheffe (53)
with P = 0.01. There was no correlation
between liver cholesterol and plasma cho-
lesterol or aortic score. It is of interest
that a large portion of the increase in liver
cholesterol occurred in the ester fraction.

DISCUSSION
The effect of different fats on athero-
genesis in the cholesterol-fed rabbit has
been studied by Kritchevsky et al. (’54)
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and by Lambert et al. (’58). Kritchevsky
and co-workers used a different strain
of rabbits and compared corn oil with hy-
drogenated shortening, using a 3% cho-
lesterol and a 9% fat level during the two
months of their experiment. More athero-
matosis was found for the group on hy-
drogenated fat. Lambert et al. (’58f), using
a purified diet containing 20% fat and
0.25%, 0.75% and 2% cholesterol, failed
to show such an effect when hydrogenated
shortening was substituted for safflower oil.
The aortic lesions were slightly less in the
animals on hydrogenated shortening than
in those on safflower oil, a trend compar-
able to that obtained in our experiments.

In an earlier study, we maintained 5
groups of 5 rabbits each for three months
on 500 mg of cholesterol daily and rabbit
chow supplemented with different fats or
with wheat germ. Here also, the animals
on the wheat germ diet showed a sig-
nificantly greater degree of atheromatous
lesions than the animals on rabbit chow
plus 20% corn oail, cottonseed oil or hydro-
genated cottonseed oil, whereas no sig-
nificant difference was found between the
various fats.

It is difficult to speculate about the mech-
anism of action of wheat germ, but
since wheat germ is rich in protein, the ef-
fect of this material should be discussed.
Newburgh and Clarkson (23) found that
a diet containing 33% of powdered beef
caused more and earlier atheromatosis in
the rabbit than a diet with 20% of beef.
Loewe et al. ('54) reported a failure of
protein to protect underfed rabbits against
cholesterol-induced atherogenesis. They
found more lesions in the animals on the
high-protein diet than in the control ani-
mals. Meeker and Kesten (’41) found that
in rabbits on diets not supplemented with
cholesterol, casein caused some athero-
sclerosis while soybean protein did not.
According to Leveille and Fisher (’58),
Nishida et al. (58) and Stamler et al.
(’58) in the cholesterol-fed chicken, an
increase in dietary protein diminished or
prevented atheromatous lesions. To our
knowledge, a similar study on the effect of
protein in rabbits has not yet been carried
out.

Jones and Huffman (’56) showed that in
the chicken on a 1% cholesterol diet, sub-
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stitution of whole corn germ for corn oil
or cottonseed oil depressed atherogenesis.
However, this effect has been ascribed by
Nash and Wolff (’59) to incomplete ab-
sorption of com germ in the absence of
grit. In our experiments, the substitution
of wheat germ for liquid or solid cotton-
seed oil increased the extent of athero-
genesis. Therefore, either the chick in its
response to protein differs from the rab-
bit, or else in the rabbit a factor in wheat
germ other than protein has a pronounced
atherogenic effect.

The observation that in one litter of 6
animals, distributed among all diets, le-
sions were almost completely absent (litter
1, table 3), suggests that genetic factors
play a role in the development of athero-
sclerosis. Plasma cholesterol and phospho-
lipid levels after the first month of cho-
lesterol feeding were closely related with
atheromatosis at autopsy. Plasma cho-
lesterol levels at three, 4 and 5 months did
not correlate with degree of atherosclero-
sis. This obseravtion suggests that early
hypercholesteremia triggers vascular dam-
age which develops progressively, rela-
tively unaffected by subsequent levels of
Flasma lipids. Although the lipid metabo-
ism of the rabbit differs from that of man,
the present findings may caution against
conclusions about human atherosclerosis
based on serum cholesterol data.

SUMMARY

With rabbits fed cholesterol-suPpIe-
mented chow, equicaloric amounts of the
following were compared for their effect
on atherogenesis: cottonseed oil, hydro-
genated cottonseed oil, wheat germ, and
sucrose. Severity of atherosclerosis after
5 months was greatest on the wheat germ-
supplemented diet, whereas there were no
differences among the other three groups.
There was no correlation between the se-
verity of atherosclerosis and either ter-
minal plasma or liver cholesterol concen-
trations. The animals on the sucrose diet
exhibited the lowest serum cholesterol lev-
els. One litter, distributed among all die-
tary groups, developed practically no
lesions. Animals on the high-fat diets ex-
hibited liver cholesterol concentrations
about three times as high as those on the
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low-fat intake. Most of this increase oc-
curred in the cholesterol ester fraction.
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INVITATIONS FOR NOMINATIONS
FOR 1960 AMERICAN INSTITUTE OF NUTRITION

AWARDS AND FELLOWS

Nominations are now being invited for the
1960 A. I. N. awards and fellowships.

Nominations for the 1960 Boiden Award in
Nutrition must be submitted by December 1,
1959, to Dr. C. A. Baumann, Department of Bio-
chemistry, University of Wisconsin, Madison.

Nominations for the 1960 Osborne and Men-
del Award are due also by December 1, 1959,
and should be sent to Dr. D. M. Hegsted, Harvard
School of Public Health, One Shattuck Street,
Boston, Massachusetts.

The deadline for receipt of nominations for
A. L. N. Fellows is January 1,1960. These should
be sent to Dr. Cosmo G. Mackenzie, University
of Colorado School of Medicine, Denver,
Colorado.

Full details of the rules for these awards
and lists of former recipients are given in the
August 1959 issue of The Journal of Nutrition.
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