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FREDEF,ICK F I T ZGE RALD TISoo.LL

(Xovember 3, 1893 - Ap ril 23, J 949 )

To the wall of the main cor r idor of the R esearch Institute
and laboratory floor in the new Ho spital fo r Sick Child re l1'
Toronto, Canada, is affixed a tablet which, head ed by the Aes­
culapian st aff , bears the following in scrip ti on:

c : F REDERICK FITZGERAL D TIS DALL
O.B.E ., 1\1.D., F.R.C.P. (C.). ) F .R.C.P . (L ond. ).

1893 - 1949
H is outstan d inq achi evem en ts in th e field of nutritio nal researc h bro uq ht.
gr eat ~od to hamanity an d world-wide fa me to t his hosp itul , Through
h is"'~1forts th ese laboratories were creat ed .

Qnae moleba tu r IJerficiam us. ' ·

This la st sent ence may be t ransla ted " As he began let us ca rry
on."

At the time of his death Dill. Ti sdall 's professional a ppoint ­
ments were: Associate Professor of Paediatrics, Univers ity
of Toronto, Physician and Di rector of Laboratories, Ho spital
for Sick Chiljlren : o-oup Capta in, Cons ultant on Nut r it ion,
Rpyal Canadian Air F orce; Chairma n, Committ ee on Nutri­
tion, Canadian Medical Association; Cha irma n, National
Nutritian Committee , Canadian Red Cross Society ; Member ,
F ood and Nutrition Board, Nat iona l Research Council, , Vash­
ington; Member, Adviso ry Committee on Nut r it ion, F ood and
Agriculture Organization of th e United Nations.. H e was a
F ellow of th e Royal College of Phvsiciasis of Canada and of
the Royal College of Physicians of Lond on, England. Among
the learned societies of which hI!was a member or F ellow were
the Canadian Paediatric Society, American.Pediatric Soc iety,
Society for Pediatric R ese'EW:'ch, Am erican I nstitute of Nutri­
tion, Am erican Society for Clinical Investigation, Society for
Experimental Biology lind Medicine and th e ..:\meric~~..Soc iety

:l
Copyright 19 5 5

Th e Wist ar In stitute of Anat omy a nti Bi r'a gy
All ri ghts reserved
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of Biological Chemis ts . In fIe Index Medicus, f'rora 1920 to
1949, are recorded more th~ll 1 2~ publications of whibh he
wa s rhe sole or joint author.

For his , VOTld War II se rvices Group Ca pta in 'I' isdall wa s
cre a te d an Officer of th e Order of the British E mpi r e by His
:'lajesty King Georf!~ VI with the following cita t ion :

" Grou p Captain F. F. Tisdall ( Royal Canadian Air F orce) .
This officer was full tim e cons ult an t in nutriti on fro m 1941
until th e sp ring of 1943 . Since 1943 he has been honorar y
consultant and has con tinue d to ma ke available his service s
for over lwl f of his tim e.
T he re-organization of the m essing seroices : i lie insiituiion
of th e con trol of m cssinq through the nsdritionai labo rnt or u ;
da,iries asui mobile milk units fo r th e reconstruction of
powdered milk ; research. into nutritional deficien cies of R oyal
Can adian Air Force personnel j work lvi lll th e C't.tn lldin. Den ­
tal Corps on di seas es of the m outh - ar c bu t II f ew /If th e
results of this officer 's ou ts tandin g contribut ion to th e l}oyal
Canadian Air Force which hav e had gr eat effect not "'tly on
the health but also on th e m oral e of th e service."

These forma l records n<.' pc! only amplifications to J)iet u re the
life and ach ievem ents of Fr-ederick F'itz.Goralrl T isdall, :l\LD.,
pa ediatrician, teacher , scicnt iste agriculturist , counselo r to
gove rn me nts and , not the lea st , f ri end and advi ser to the grea t
and lowly in the world of paediatrics and nutrition.

Born in Clin ton, Ontario, November _, 189:1, Y" red r eceived
hi s p re liminary educa t ion in tha t villa g« and in the Hi~h

Schools of B uffalo , Xew York", Af'ter g radua t ion in med­
icine f rom the Unive rsity of Toronto in 19lei an hav ing
serv ed an internsh ip on the infant wards 0' th e Hospital fo r
S ick Child ren , Toronto, D r. Tisd all proco odod t o Balt imore
to join the g ro up of young pa cdiatricians work ing under D~.
.John H owland , me n ,. ho had been a ttracted by th e opportunity
of studying clinical d iseases by chemica l methods, At that
time the HarrieteLanc wa s t~e only Am eri can pediatric de­
partment equippe d to ca r ry out such chemical studies. Tisdall
was particu larly fortunat e in th e ~roup with~hich he was
a ssociated during- thi s forma tive period of ' lis career , It
in clude d JlIowla nd, P ark, Gambl e, Blackf'an, PO\\'C»)'s, Davi son ,
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Kramer and -R oss, briIliant and lnowledgeable paediatricians
and scientis ts , all kindly gentlemen, who like Ti sdall have
done so much t fl in spire a younger gene ration of clinical
scientific paediatricians. His work during this eperiod had to
de with the development and application in infancy of mi cro
.methods for the determination of calcium, magnesium, sodium
and potassium. Particularly to be noted are the inclusion in
th e titles of th e paper s whi ch appeared from 1920 to 1922 of
th e qualifying sta tements " clinical method," "simple tecl1­
nique," "clinical significance " and " determination in small
amounts of serum." In these earliest publications the pattern
for hi s future r esearch work wa s becoming es tablis hed. Con­
ditions were observed by th e pa ediatri cian in the course of
hi s examination of both th e well and sick infant and child
whi ch r equired clar ifica ti on. The problems wer e taken to the
laboratory by the observer, a paediatrician with extra training
in science, who with or without technical assistance, attacked
the problem, scientific help for cons ulta tion being available
eithe r within or without th e department. With elucida tion of
the probl em the paediat r ician transferred his r esults ba ck to
the prevention and cure of di~ease in childhood, th e laboratory
being' simply a tool in hi s publ ic and private practice.

In 1921, Tisdall's fir st publications on deficiency di sea ses,
ricket s and te tany, afliJeared. From this time hi s interest in
ntrtrition expand ed from the cure of deficiency diseases in
infancy to the prevention of th ese di sorders in th e child and
in the ~dult , and broadened by cases observed in hi s home
hospital and city toa cons ide ra tion of the national and finally
the international food situa tion. P articularly applicable to
infant nutrition was his work in 1930 on the incorporation of
vitamins and minerals in biscuits and in a cereal mixture.
From thi s la tter the precooked infant food P ablum dev elop ed.
In 1934 the antirachitic va lue of various vitlfmin D-containing
materials, f ish liv er oils, irradiated ergosterol, choles te rol
and milk wa s..studied on wall infants under home conditions .

From 1941, i11 addition to hi s nutritional work in the Royal
Canadian Air Force, studies were conducted on nutgition in
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pregnancy.sin school childr e1 and in the inhabitants of Nor!h­
ern Canada and Newfoundland. Reports of the ab ove, only a
fe w of hi s many undertakings, were interspersed with papers
on clinical prohlerns, rickets, r esorcin po isoning, sens it iza t ion
to cow's milk, pyloric ste nosis, Meckels dlverticulum, ac:,I;l)­
dynia, etc . He wa s qvncernednot only with the diagnosia the.
pathological and biochemical cha nges and cure of di sease due
to nutriti on deficien cies, but al so with subclinical deficien cies
and especially with p r evention through di et. In nutrition hi s
interest spr ead to food production, di stribution and prepara­
t ion for consumption. In all hi s nutrition work he wa s prac­
tical to the highest degree. E stimations of the nut r itional
value of food s which he ca r ried out did not consist solely of
long se r ies of analyses on raw samples of material but included
value s on the fo od as prepared for consumptio n i.n family
quantit ies under home condit ions, not only under optimum
condit ions of preparation but a lso subjected to all the culina ry
mistreatments whi ch so frequently occur . H e was conce rned
always with taste and eye appeal and th e admonition " con­
sis te n t with best po ssible flavour " was always str essed .

From the beginning of hi s sc ientific work Ti sdall r ecognized
the value and necessi ty of coopera tion with other departments
in hi s own Univer sity and with other indiv iduals and gr oups
both within and outside Canada . A t llfi t imes hi s proposals
of cooperative effor ts were accepted with ul ea su re. His off et·!-;
of the use of the clinical facilities of the H ospital to Univer si ty
departments which had no patien t eontaet were also gMltefully
r eceived. The caliber of the workers wlro were happy to
a ssociate with him in joint undertakings may be judged from
the author list of the" Medical Survey of Nutr ition in New­
foundlarttl ," Canadian Medical Associa tion Journal , 1945, by
F . F. Tisdall, .J. D. Adams on, N. J olliffe, H. D. Kruse, O. H.
Lowry, P . E. M<1ore, B. S. Pfatt, w. H . Sebrell, J. ,V. Tice,
R. M. Wilder and P. C. Zamecnick.

L aboratories and research. Irt 1.929, up on the res igna tion
of Mis s Angela 'M. Courtney, Dr. Tisdall wa s appointed
Director of the Nutritional R esearch Laboratories of the
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Ho spital. At that time th e r esealfh staff consist ed of one other
paediatrician, Dr. Gladys Boyd, one t echnician and himself .
Dr. Tisdall's and Dr. Boyd's duties wer e many. In the mor­
nings they taught medical students and attended indoor and
outdoor hospital patients. In the cour ae of th ese patient con­
tactsathey r ecommended var ious biochemical analyses. In th e
afternoons th ey repaired to th e laboratories, changed th eir
coats and did analyses which th ey had r equest ed as clinicians ,
performed any r outine chemical exa minations which had bee'l
requested by other clinicians and car r ied on with th eir r esearch
problems. After four o'clock they were suppose dly free to
see private patients in their out side office s. Th e ca re of their
outside patients did not consume too much time; the day
on which one turned up was, for a number of years, a r ed
letter one. In Dr . Tisdall 's mind th e privat e practice of
paediatrics, to which he devoted an inc re as ingly smalle r por­
tion of hi s time, even as la te as ] 94] , was extr emely valuable,
especially as back-ground material in teaching medical stu­
dents the general practi ce of medicine.

Soon the need for fu rt her r esearch worker s, both paedia tri ­
cians and technician s, wa s recognized. Neith er trained profes­
sional nor technical help was available. Dr. Ti sdall arranged
fo!' young papdiatrioians to r eceive iraining in special skill s,
immunology, bioohemf stry or ph ysiology, etc. in othe r univer­
srty departments and hospitals in Toronto and in the United
States. These wer e th en appointed to th e University and Hos­
pital st! ffs. They) lik·e himse lf , were clinicians, teachers, an,U
r esearch workers and mos t of th em devot ed a small portion of
their time to the private practice of pa ediatrics outside th e
Hospital. Neither Univer sity nor H ospital funds were avail­
abl e for the maintenance of r esearch worker s whether profes­
sional, technical or clerical, nor for equipmen t. In th e predi ca­
ment Tisdall turned to hi s patients, private individuals and
bu siness and financial in stitutions. Leader s of industry, Life
Insurance executives r ecognized th e clar ity of hi s thinking, hi s
organizing abihty, enthus ias m and th e practi cability of hi s
id eas. Ip. addition to the philanthropic side he r eadily convinced
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th em that support of paedia'"ic researdh indirectly l,aid good
mon etary dividends to their <fJ.·gani~ations . Gradually research
worleers spec ializing in activities other than bioch emistry and
nutrition werg drawn into the organization. Am ong others,
paediaer icians with special training in immunology, bact erio­
logy, pa thology, phYJ>-iology, neurology an d cardiology b~came

associated with the R esearch Department. So successful was
Dr. Ti sdall in attracting scientific personnel and funds that
:it the time of hi s death the personnel of the Research Labora­
tories had increased fiv e-fold, th e annual budget had increased
ten-fold and this without further calls on th e funds of th e
University or H ospital.

In practical results nutritional deficiencies in the Canadian
infant and child have practicall y di sappeared; r ickets has
become a medical curiosity . As the r esult of work J1ere and
elsewhere the whol e picture of di sea se in childhood ha s
change d. No longer are hospital wards filled with cases of
severe malnutrition: infectious diseases and pneumonia, th e
chief kill ers in childhood have changed to congenital malfonna­
tions of the heart, malignancies and accidents, ag ainst which
t)Bsaults had already been star ted even in th e old H ospital.

T eacher and clinician. As a teacher Ti sdall was a t his best,
whether he was conductigg a seminar for a group of scientists,
giving a clinic for medical students ~tt speaking to a hom e
and school club. Much time was always suent on preparatien
and his delivery could not be improved upon. Before ih e
scientific audience hi s presentation was not merely a Mmpila­
tion of work don e by others but a report of work which had
been performed by himself or under hi s active direction. The
medical student was not left hogged down after a lecture
consistirrg solely of intricate organic formulas previously
copied on a blackboard ; if he r emembered li ttle of the
lecture on ricket~ and scurvy he r etained at least the picture
of th e orange and the bottle of fish-liver oil prominently di s­
played during th e lecture. The honsewife car r ied away the
necessity for consumption of well-prepared Jnd well-served
meals atmilk, meat, eggs , vegetables and fruit s. Nor was th e
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education of th e laity through thtprinted word neglected. As
Chairman of th e Committee on Nutrition of th e Ca nadian
Medical Associatson he took an active part in disaominating
information on th e importance of nutrition i~ both the in ­
dividual and the nation and on how th e present knowlddg« of
nutrision could be applied to eve rydav 11ieo In this work th e
Commit tee was ably assist ed f rom the finan cial and oth er
standpoints by the Life Insurance Companies in Canada. Wi th
th e assistance of the Life I usurance Compa nies many pro­
minent workers in nutrition wer e brought f rom both Gr eat
Britain and th e United States to giv c addresses throughout
Canada . This Committee produced and distributed 41 million
copi es of th e booklet s " What to Eat to be H ealthy, " " Fo od for
Health in P eace and 'Val' '' and " ' Vha t They Eat to be Fit. "
The Comm itte sponsored a series of articles on nut r ition from
the standpoint of th e medical practitioner. These appeared
monthly for 18 months in the Canadian Medical Associa tion
Journal. TIley were collected and publish ed in book form and
di stributed and used in th e teaching of nutrition in schools .
Many panel di scus sions and seminars were conducted or par­
ticipated in before national and international scientific anti
lay organizations. The number of confe re nces with groups,
modi cal, nutriti onal , agricultural, iJl(41strial and welf are wer e
innumerable, at from blt ernational to local level.

'With th e sta r t of 'World 'Yar IT Dr. Ti sd all was appointed
Adviser on nu triti on to the Canadian Department of Xational
Defensrs in April 1940 with th e rank of Major. From October
1941 until the end of the war he was consultant on nutrition
to th e Royal Canadian Ail' Force with the rank of Group
Captain, a rank equivalent to Colone l in the army, serving
in Canada and Gr eat Britain. By and tmd er hi s advice the
Royal Canadian Air Force se t up th e Directorate of Food
Administration under th e supervis ion of cli~titian s. He also
advised in regard to the organization of the Nutrition Division
of the Medical branch of the Royal Canadian Air Force. As
part of this organization, 4 labora tories were set up acro ss
Canada for th e assay of foods as served to personn ol zmd for
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the assay and investigation of problems con cerning food.
The procedures employed in these laboratories were set up by
the ~esearch Laboratories of the Hospital 4'01' Si ck Children
and the Deperament of Paediatrics, Unive rsity of Toronto,
and the work of the 4 laboratories was coor dina ted by tohe
Hospital Re search Laboratories. In addition, various .nves­
tigative procedures were ca r r ied out by the Medical Branch
of the Air Force with the coope ration of the Hospital R esearch
Laboratories.

As nutritional adviser to the Canadian Red Cross Society
the composition of prisoner of war food parcels was placed
in hi s hands. The articles consituting the Ll-pound food parcel,
the weight being fixed by international conven tion, were
selecte d not only on account of nutritional value hut, 'with grea t
attention to palatability. F'rom J anuary 1941 on the Canadian
R ed Cross packed and shipped to prisoners of war in Europe
and the far East nearly 16{ million of these parcels. At the
end of the war data were collec te d from 5,170 or'the British,
American and Canadian prisoners of 'war who had r eceived,
in prison camps in Germany and Italy, British, "'merican
and Canadian food parcels. Of the men qu esti oned , 82% of
the Ro yal Canadian Air Force and of the Canadian Army
and 71% of the Britisk Army gave fir st prejercnce to -the
Canadian R ed Cr oss parcel - good evit~nce of another under­
taking well done by Dr. Tisdall.

Building th e n ew hospital. The H ospital for S ick Childre n ,
J,ocated at 67 College Street , Toronto, wa s con strficted in
1891. A s ea rl y as 1924 the accommodation wa s very in­
adequate. However, due to circumstances beyond local control,
the depression, World War II, etc. , it wa s not until 1945 that
it became fea sible to proceed with the final stages of the
financing and planning of th e Hew Hospital for Sick Children
at 555 University Avenue. Dr. Ti sdall, du e to hi s enthus iasm
and willingness to undertake the arduous duties connect ed with
the position and his personal contact and friendship with
certain ~y individuals, wa s chosen as th e r~presentative of
the prsfessional st aff on th e building committee. ~he fir st
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step in tle campaign was that If education, put on by th e
professional staff of th e Ho spital. In groups of a dozen or less,
financiers, Goverxment and Municipal authorit ies. represen­
tatives from bus iness and industry both executive and work­
m~~, th e press, service and W ornens clubs, etc. were e~corted

over the Hospital by members of th e professional visiting staff.
Not th e slightest difficulty wa s encountered in convincing
these individuals, who r eported ba ck to th eir own organiza­
tions, of th e need for a new hospital. In th e course of th ese
tours much goodwill was gener ated, public relation s wer e so
greatly improved that if th ese had been th e sole r esul t of th e
eff or t it would have been well worth-while. The most recent
member of th e professional staff becam e per sonally acquainted
with th e most august member of th e Board of Trustees, who
in turn saw byways in the Ho spital into which he had never
penetrated before. Each group learned of th e problems fac ing
th e other. The truste es were made more aware of th e decrease
in suffer ing and mortality whi ch th e mon eys donated an d
procured by th em had brought about. Th e working man wa s
informed.that th e benefits of th e Ho spital extended fa r beyond
it s walls, consisted of more than operating on and administert
in g medicine to patients confined to the hospital j that thro ugh
preventive paediatrics having it s insep tion in the H ospital
th ere wa s much less &ance of their childre n falling ill ; if it
were necessary to admit a child to hospital th e length of stay
would be shorter than previously and th e chance of complete
recover"! much greater. Busin ess men become cognizant thai
contributions to the Hospital paid dividend s in dollars and
cents, that through contr ibutions to th e H ospital a larger
pool of fit worker s was being formed, th at th e percentage of
handicapped individuals was r educed. E spe cially intriguing
to them wa s the fact that, tho ugh a larger hospital was
necessary, yet if the incidence of disease and ~ngth of hospital
stay had not been decreased through work which had been
carried out in th e hospital, th ey, as corporat ions and wealthy
individuals would have had to , directly or indirec tl; . bear a
high percentage of th e cost of building and maintaining a



12 FREDERICK F ITZGERAL D 'lISD.(LL

childre n's hospital twice allarge as the prosp ective one to
keep pace with the growth '01 population. Of course there was
no need to poin t out to Insuran ce Companies the value of a
further dec rease in mortality. Individual s and pr ivate and
public corporations through out the whole of Canada 'Hre
made awa re by clinica l demonstra tions, the spo ken and f"'in ted
word and through radio that th e Hospital fo r Sick Childre n
was not an instituti on ministering merely to th e City of
Toronto but to the whol e Dominion.

Previously in Toronto no building appeal for funds any­
where approaching this magnitude, the collection of 14 million
dollars, had eve r been attempted without th e employment of a
professional fund raising or ganization. L et it be r ecorded ,
that without too much difficulty th e total amount was rapidly
subscr ibed, without the employment of a professienal fund
raising organization and with an ext re mely low cost for over­
head. Knowledge of the part played by the work done in the
Research Labora tories by Dr. Ti sdall and under his directi on
in bettering the health and welfare of the Canadian child,
and an appreciation of the necessity for extending research
facili ti es were great facto rs in the procurement of the large
donations from Government bodies, financial in stitutions, etc .
through out the whole Dsminion.

For years before his death Dr. Ti sdh-ll was aware that he
was suffering from ca rdio-vascula r diseas e which was apt to
r esult in sudden fatal termination. Up to him was the decision
as to whether he was to rust out or wear out and h~ decided
upon the latter course. Only a very few of his closes t friends
knew of the seriousness of his condition. To th e outside world
he was still a pow erhouse of energy. At all t imes he was
available for consultation. H e was as active as ever in the
planning of new research projects and in the raising of the
funds. H e was availabl e a t all times to the H ospi tal clinicians
for consultations on patients, to Government authorities on
matters concerning local , national and international nutrition.
To the a.utside world he was a pa ediatrician and scientist of
international reputa ti on, a planner an d executor at the height
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of ~is career both mentally and pltysically. Only liie intimates
knew t~lat he was un der a physicia'l's ca re, only to th em would
he admit that he was becoming progress ively a little more
tired, that to keep from slackening his workiijg pace it was
necessary to spend more of hi s few private hours resting.
F rom day to day he kept hi s personal LJnancial affairs in
perfect order. On April 22ncl, 1949, Dr. Ti sdall assist ed in
th e laying of the cornerstone of the new H ospital and that
evening accompanied by his wife and two youngest sons went
out to hi s farm to spend the weekend . Next morning he aro se,
a te hi s breakfast and accompanied by one of hi s sons went
out for a short stroll about the esta te . Suddenly, without
previous exertion and without evide nce of pain, he fell to th e
ground and expir ed.

Dr. 'I'isdall is survived by his fo ur sons and his wife Mary
Ferguson Mc'I'aggart of Clinton, Ontario, to whom he was
married in 1934. As he began let us ca r ryon.

T. G. H. DRAKE
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(Received f or publication J uly 12, 1954)

Although the glycogen of many ti ssues ha s been investigated
under vario.us condit ions of nutrition and metabolism, th e
study of (his polysaccharide in th e adre nal gland ha s been
almost totally neglected, and this in sp it e of the intense inter est
now cur rent in ad renal biochemistry. This repor t presents a
quantitative study of adrenal glycogen in fa st ed, normal guinea
pigs on diffdrent levels of ascorbic acid intake, in non-fasted
normal aIM ascorbic acid-depleted guinea pigs, and in normal,
white rats in fa st ed and fed states.

The glycogen concent r ation in the guinea pig ad renal was
not appreciably influenced by any of th e nutritional states
eraployed, and was found to be of the order of 25 mg/IOO gm
of f resh tissue. In the fed rat, however, the concent ration of
adrenal ~ycogen is 4 to 5 times as gre at as in th e guinea pig',
and this va lue is almost doubled by fa sting.

1 Presented befo re . th e Division of B iological Chemistry at th e 122nd meet ing
of the American Chemica l Society at Atlantic City, New J ersey, September 1952.
Some of th is work was also included in a report ma~ at the meet ings of t he
F ederation of th e Am eri can Societi es for Experim ental Bi ology, Chicago, Il lin ois,
April , 1953 (F ed. Proc., 12 : 251) .

3 T ak en in part fr om a portion of a disser tation submitt ed hy X ancy Lee Noble
in partial fulfilment of the requir ements for t he deg ree of Doct or of Ph ilosophy
at Emo ry University, March 1953 .

3 Predocto rate Research F ellow of th e National Cance r Institut e, United States
Public H ealth Service. Present address : Miami Heart I nsti tute, UI~rsity of
Mi ami School of Medi cine, Coral Gables 34, Florid a.

15
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EXPERIMENTAI,

Qnly male animals were used. Control and expe r imental
group s were studied in parallel and in cluded young adults of
comparable age and weight. All animals were kept in the
ctTlony for at least ooe week before use and any showing signs
of illness or oth er abnormality du ring the investigation were
di scarded. E xcep t for the fir st two gr oups of guin ea pigs, the
animals were housed in a cons tant temp erature room at 24
to 25°C. A commercial chow 4 supplemented weekly with
Oleum P er comorphum provided the ba sal diet for the guinea
pigs, and ad equate ascorbic acid intake wa s achieved by
dail y supplements of Lilly 's Cevalin 5 (gr oups 1 and 2) or
of cabbage (g r oups 3 and 4). A standa rd chow ration 6

furnished an ad equate diet fo r the r ats, all of which were of
the Sprague-Dawley or of th e H oltzman str ain. Food was
allowed ad libi tu m except during te rminal fasting periods, and
free access t o water was permitted until in du cti on of an esthesia
by intraperitonea l in jecti on of Nembutal (9 mg/ 1QO gm guinea
pig and 6 mg/100 gm rat) prior to withd rawal of blood and
subsequent removal of ti ssues for an alysis.

Blood was collected by heart puncture an d oxalated foi;
ascorbic acid det errniaati on accor ding t o Roe and Kuether
('43 ) as a check on vitamin C nutrt~onal sta tus (K uether,
Telford and Roe, '44) in the three groups of guinea pigs
(g roups 1, 2 and 5) who se daily food intakes were r ecorded.
The same method wa s employed in analys is of the chow for
calculation of total daily ascorbic acid intake. The liv er s and
ad r enals wer e an alyzed for total glycogen in all th e animals.
Trichloracetic acid-soluble glycogen (Bloom, Lewis, Schum­
pert and Shen , '51) of th e adr enal was al so det ermined in one
group of 24-hou r-fasted rats and in one group of non-fast ed
rats.

• Purina Rabbit Chow Checke rs, "comp.l~e ration. "

' We wish to t hank Eli Lilly and Company fo r supplying the Cevalin gratis
for thesg eexperimen ts.

6 Purl~13 L abo ratory Chow Checke rs .
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T otal gl y cogen

The term " total glyc oge n ;' applies to that found following
the usua l dige stion of ti ssu e with s tr ong alkali, iu contr ast
to" T eA-solubl e glrcogen, " which r ef ers to th e j'to'lysaccha r ide
isolezed from a trichloracetic acid ext r act. In the fir st 1\';0
groups of guinea pigs, the total glycogen of adrenal and liver
was det ermined essen tia lly according to Good , Kramer and
Somogyi ( '33) and Nelson's method ( '44 ) wa s employed for
color imet r ic assay of the acid-hydrolyzed glycogen . In the
last three groups of guinea pigs and in all the rats, the
iso lated glycogen was assayed with out p revious hydrolysi s by
use of Dreyw oods anthrone r casrcnt (D r cywood '46 · Morris• b · .J " ,

'48 ). Since the procedure for liver glycogen did not diffe r
essen tially f rom that for th e ad rena l, details wi ll be given only
fo r the latter ti ssue, fo r wh ich the technique wa s espe cially
adapted and tested to dete rm ine it s r eliability for the small
amounts of glycoge n involv ed . T he who le liver wa s always
used and, generally, the two glands of an adrenal pail', exce pt
that in on e group of 24-hour-fast ed rats (series A) , the lef t
and right ,glands were analyzed se pa ra te ly for total glycogen .

The dissect ed glands were weigh ed quickly on a micro tor­
sion balance, pl aced immediately in gr aduate d centr ifuge
tubes containing hot 3070 KOH (0.9 mkfor rat and 1.5 ml for
guinea pig adrenals ) a~~ digest ed for one hour. Two vol um es
of'95 7o ethanol and O.l to 0.2 ml of 670 Xa~S04 were th en added ,
and after the content s had been brought ca re fully to a boil,
the t ub es wer e pla ced 'in the refrigerator overnight before
centrif ugat ion . If r c-precipita ti on wa s to he ca r r ied out (as
in analysis of guin ea p ig but no t of rat t issues), the glycogen
was di ssolved in 1 ml of wa ter . F ollo wing centrif ugation and
draining of the tub e, the isolated glycogen was wa she d with a
li pid so lvent (3 ml of re-d istilled ethe l' for guinea pig adrenal,
and 2 ml of a 3:1 et hanol-ethe l' mixtu re fo r J'1~ adrenal) and
then dissolved in di stilled water. The volume was brought to
11 ml whe r e both glands \"e lie analyz ed , or to 5.5 ml for single
gland analy sis. Before treatment of the aq ueou s Ijolysa c­
cha r ide solution from adrenal of th o ra t (but not of ~inea
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pig) with-anthrone, cent r ifqga tion (20 minutes at 2,000 r .p.m.)
wa s necessary to remove inrerfering water-in soluble parti cles.
For color development, a 5-ml aliquot of ths clea r solution was
t re a te d with 10 ml of freshly pre pare d anthrone 7 r eagent and
assayed as recommended by Durham et al. ('50) . Glycogen
values were calculated as mill igrams of glucose per 100 gm
of f resh adre nal (or grams of glucose per 100 gm of liver ) .

Assay of glycogen samples isolated f ro m the s ame livers
directly by anth ro ne and after ac id hydrolysi s by the Nels on
method gave simila r values. Compar ison of guinea pig adre nal
glycogen values found by the two colo r imet r ic techniqu es
(see table 1 below) al so indi ca tes good ag reement. As a fur­
th er test of the reliability of our proced ure fo r the small
amounts of glycogen (about 40 ug, as glucose ) involved in
adrenal analysis, the entire proc edure for a gland pair was
applied to the dete rmination of po lysaccharide in 1- and 2-ml
aliquots of a solution prepa red from a comm ercial sample
so as to con ta in 40 !1g of glycogen per milliliter. The mean
values found for the 40- and 80- !1g samples respectively were
107.4 -+- 1.2 8 and 99.7 -+- 0.6 8roof the th eoretical fi~ure s.

T e A-soluble glycogen

The proced ure desc r ibed by Bloom et al. ( '51) was some­
what modified fo r determination of the T e A-soluble fraction,
and adre nals from two rats were sometimes pooled for a
single analysis. The di ssect ed and weighed glands were placed
immediately in a centr ifuge tube contain ing 1.5:rrli of 100/0
trichloracetic acid and ground with a glass rod at room tem­
perature. Following centrifugation for 10 minutes, 1 ml of
clear supe r na tant fluid was removed to a clean, dry centr ifuge

-tube and tre ate d with 2 ml of ethanol and 0.1 ml of 60/0 Na~SO~.

Afte r standing ove r night ill the r ef ri gera tor, it was cen t r i­
fuged, drained, the glycogen dissolv ed and hrought to 5.5 ml

T Th e anthrone was purehased f rom L aw a" d Compa uy, Consulting and Analytica l
Chemis ts, Atl anta, Ga .

V
~

' Stan~ard erro r (standard deviation of t he mean ) : S .E . = -­
n 'n.! )
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with water, cent r ifuged again to remove any insoluble ma ­
terial, and finally assayed with a l!throne as above . This tech­
nique was teste d with small po rtions of r at liver s containing
amounts of tot al glycogen comparab le to those in an adrenal
pair. The mean TeA-soluble fraction wa s found to be.s7.4%
of the total glycogen in the liver of uon-f'ssted rats, and 28.f1"7o
of the total in the live r of 24-hour-fasted rat s. These values
agree with those r ep orted by Bloom and his associates for non­
fasted rat liver ( '51) and by those f ound by Russell 9 afte r
24 hour of fasting.

TAB L E 1

Total adrenal glycogen of fa sted and non-f as ted g uinea pigs 011 various levels
of ascorbic acid in take

~fEAN ADRENAL
G!tO UP NO . OF ASCO RB I C 'I'ERl\IINAL BLOOD GL'YCOGEX

NO . ANIlI!ALS ACI D I NT AKE FAST ASC ORUl C MEA N + S .E .
ACID (AS GLUCOS E )

mg/ 1 0 0 g m 1 hours my % m g %

1 9 1.48 24 0.30 9~ ± 2 '- I

2 8 2.84 24 0.45 24 ± 3 '
3 13 ( adequa te ) 24 27.2 ± 1.5 3

4 11 (ade qua te ) 0 22.3 ± 1.4 3

5 tlO 0.57 0 0.08 25.3 ± 2.1 3

P
FR O ;\.f lO T'"

TAB LE

< 0.05

1 Mean t otal ascorbic acid in take (chow + vitamin supplement ) per 100 gm of
body weight/day for three week s: groups 1 and 2 on Ceva lin supplement; groups
3 and 4 on cabbage su pp leme nt ad libitum f or t1w-ee weeks but int ake not meas­
ured; group 5 on cho w only .

2 Glycogen assayed by N elson method afte r ac id hyd rol ysis.
3 Glycogen assaye d by aathrone without p revious hydrolysis .

RESULTS AND DISCUSSIOK

Mean values and standard er rors of the analy tical r esults
are presented in the tabulated data. Fisher 's "t " table ('50 )
was used in apprais ing significance of differences between
means.

Table 1 summar izes the findiags in the guinea pig exper i­
ments except f or liver glycoge n, which was found in the
concen trations expecte d f'o r ahe nutritional sta te involved with­
ou t any cor r elation to adrenal polysaccha ri de, The da ta offer

'Unpublis hed data, J ane A. Russell, Dept. of B iochomi strv, Emory tJniversit~·.
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no evidence that ascorbic acid nutritional sta tus influences th e
level of adrenal glycogen in the guine a pig. The only ~tatis­

tically significant di fferenc e in adrenal glycogen concentr a t ion
wa s that betw een th e 24-hour-fasted guinea pi gs of gro up 3
and tl~e non-fasted animals of gr oup 4, beth of which were
allowed cabbage sU}.JPlemen ts daily. H owever, the" t" value
indica tes only borderline significance (P < 0.05) . Further­
more, while the mean adrenal glyc oge n of th e 24-hour-fas te d
group 1 (g ive n Cev alin daily) is ve ry close to th a t of g ro up
3, the adren al glyc ogen conce ntra t ion of 24-hour -faste d gl~Up

2 (on twice a s mu ch Cevalin as gr oup 1) is not sta tis t ically
differen t f ro m that of any other gro up. Thus, ou r data suggest
that adrenal glycogen tends to be hi gh er in th e fasted than
in the non-fasted guine a pi g, but th e evidence is by no menas
clea r -cut.

Table 2, how ever, shows clea rl y that in the rat, in whi ch
adrenal glyc oge n concen tr at ion is mu ch hi gh er th an in the
guine a pig, the levels of adrenal po lysacc ha r ide a re markedly
higher in the fa sted than in th e fed sta te . Mean values of the
untreated , fasted groups in se r ies A range from 1~ to 199
rng% of total glyc oge n, without significant di ffer ence between
any of the se r ies A gr oups . Two 16-hour-fast ed rat s, not pre­
sented in table 2, had g.~ycogen conce ntra tions of 220 and 245
mg%, r espectively. In the course of vari~us expe ri ments, some
to be r eported later, glycoge n was det ermjned in the adrenals
of 45 rats after a 24-hour-fast . In some, water wa s given by
s tomach tube (as to the cont ro ls in se r ies (~) or sa line was in­
jected (as into the contr ols of se r ies D). The adrenal glycogen
of this composite 24-hour-fasted gr oup wa s 183.8 -+- 4.6 mgro
and sta tistical anal ysi s showed no sign ificant differ ence be­
tween any of the sub-gr oups. Analysi s of individual glands
in 7 untreated , 24-hour-faste(~ r at s (table 2, se r ies A) , shows
also that glycogen conce ntration does not di ffer significantly
in the two glands of an adrenal pais, although th e right adren al
(u su ally the smalle r of the pail') often ha s a sligh tly hi gh er
conce nb~tion.
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The differ ence in adrenal gly~gen levels between fasted
rats and non-fasted or glucose-fed rats is marked. Compa­
ri son of non-fasted se ries B with th e 24-hour-fas te Gl group of
ser ies A, or 'with th e composit e 24-hour-fastetl group of 45

T ABLE 2

T otal g ly cog t'll of ad renal a ntl l iver in f as t ed ra ts bef ore and af t er administration
of gluco.~r or [ruc tose and in non -fast ed rat s

~I EA~ GLYCOGE N AN D S. E.

mu (10

Se ries A : Fas ted w it ho ut [u rt her t r elllm i'n t

S er ies B : Un tnst ed ( us ual unin te rrupted die ta ry regimen )

:0;0 . OF
RATS

7

8
6

7

11

H R~ . AFTER
B}o; n I~l'o"I NG

fo~A ST

8
24
48
24

o

ADRENAI~

li4 ± 16
] 95 ± ]]
174 ± ]6

L .A .' 194 ± ] 3
R. A ! 199 ± 13

100 ± 7

LIVER

%

2.21 ± 0.30
0.]2 ± 0.02
0.57 ± 0.17
0.15 ± 0.03

6.03 ± 0.33

S er ies c : 5 nil of icat er ( r() n t ro l..~) or of 30 % s uga r so lutio n
( 1 .5 grn) bg sto m ac h t u be

Water at 2] hrs. 7 24 170 ±]6 0.1 1 ± 0.02
Glucose a t ]6 hrs. 2 17 ; 19 126 ± 4.5 ] .09

Glucos e a t 21 hrs. 9 24 109 ± 8 2.93 ± 0.12
Glucose a t 48 hrs. 3 52 86 ± 14 3.22
Fructo se at 21 Ins. 4 24 226 ± 30 1.09 ± 0.08

S er ies D : 0 .9 % ~aCI ( collt rol.,) or 1 0 % su ga r solutioll I.P.
at 2 1 hrs , o f fast

2 ml sa line 3 22- 23 187 ± 14 0,07 ± 0.03
4 ml glucose (0 .4 gm ) 3 2 23 124 ± ] 5 0.94
5 ml f'ruet osg ( 0.4 gm ) 3 2 23 128 ± 28 1.52
2 ml glucose ( 0.2 gm ) 6 22-23 152 ± 11 1.11 ± 0.28
2 ml fructos e (0.2 gm ) 6 22- 23 ]20 ± 17 1.59 ± 0.08

, L eft ad renal of each pair ana lyzed separa te ly.
2 Right adrenal of each pair an al yzed separa tely .
3 Cons ide ra ble flui d in per it oneal cavi ty two hours later.

rats gives "t" values whi ch indicat e a hi ghly significant
di fference (P < 0.001). Th~ differ ence in adrenal glycogen
between the glucose-fed ra~s of series C an d their controls
given water is likewise highl y significant (P < O .OO.~ . The
failure of an effect after oral administration of fructose was
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probably due to poor absorption of the suga r, since all 4 ani­
mals develop ed marked diarrhea and, al so, had liv er glycogen
levels significant ly lower than the 21-hom·-fasted rats given
glucose by stomach tube (P < 0.001).

Intraperitoneal it1jection of th e hexoses produ ced less
marked lowering o~ the fa sting adrenal glycogen lev~l , pro­
bably becau se of the smalle r dose of sugar employed and al so,
perhaps, because th e time all owed after injection was not
of optimum duration for clearer manifestation of the effect.

TABL E 3

A dr ena l g lycogen frac tions in fa st ed an d non -fa st ed ra ts

~[Io~A X nI~YCOGEX AXD ST A NDA RD E RROR

•
1 Rep resen ts gl ands f rom 12 rats.
'Represents gla nds from 15 rats.

T eA-SOLUBLE F RA CT ION

84 ± 10 56 ± 9
(67 ± 13%

of diffe rence )

24-hr. fas t
24-hr. f ast

N o f ast
N o f ast

Diffe rence (fasted
minus non-f ast ed )

NO . 0 1;'
VALUI<~ S

TO TAIJ

mu 0/0

45 184 ± 5
9 '

11 100 ± 7

9 '

mu %

104 ± 7

48 ± 5

RESID UA L
( Tq T AL - TeA)

% of mu 0/0 0/0 of
t otal tota l

57 ± 4 79 ± 11 43

48 ± 6 52 ± 9 52

28
(33% of

differ ence )

The " t " values betwe en the three-saline-inj ected contr ols
and ihe rats given 0.2 gm of hexose I.P indicate P < 0.10
for glucose and P < 0.05 for fructose ; however, " t" values
found by compa r ison of these sugar-injected groups with the
composite 24-hour-fasted group of 45 rats show P < 0.001
for both differ ences. In general, then, the results indicate
that administ ration of either glucose or f ructose to the fasted
rat, by proper rout e and in suitable dosage, can lower the
fasting level of ad re nal polysa ccharide to that found in animals
on a r egular, uninterrupted dietary regimen.
Tab~ 3 presents a compar ison of total and T eA-soluble

glyco~en of adre na l in 24-hour-f~sted and in non-fasted rats.
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The difference in levels of th e acid-solub le f rac tion in the
two nutritional sta tes is highly significant (P < 0.001). This
f raction accounts for about one-ha lf of the total adrena l I1oly­
saccharide and the data suggest that it is more read ily alter ed
thai; is th e " residual" fraction (total - TCA-soluble) . If
fur ther data should show this to be t rue, it would indica te
th at th e behavior of ra t adrenal T CA-soluble glycogen is
similar to that reported for this f raction in th e liver (Bloom
et al. , '51) , gastrocnemius musc le (Bloom et al. , '51; Blo om and
Russell, '52 ; Bloom and Knowlton, '53 ), diaphragm and heart
of the rat (B loom and Russell, '52).

SUMMAR Y

1. The total glycogen concentrat ion in th e guinea pig
ad renal is of the order of 25 mgro on a wet ti ssue ba sis, and
is not appreciably alt er ed by fast ing or by in ad equ at e ascorbic
acid intake.

2. The total glycogen concentra tion in the rat adrenal
af ter fasting periods of 8 to 48 hours ranges generally from
175 to 200 mg %. It does not differ significantly in the two
glands of a pair .

3. The non-fasted rat on a regular dietary regimen , or the
fasted rat given glu~se 0 1' f ructo se has cons ide rably less
adrenal glycogen than the fa sted anima l.

4. The adr ena l of th e rat, like the liver , gastr ocnemius
mu scle, rtiaphragm and heart contains a glycogen f raction
whi ch can be r eadily ext racted from the f resh ti ssu e with
10% tr ichloracetic acid . This fra ction accounts for about one­
half of the total glycogen 'which can be. isolated f l1>m the
adrenal of f ed or fasted rats after the usual procedure of al­
kaline digestion of the ti ssue.
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Many expe r ime nts are on re cord conce rni ng the rcalimenta­
tion of rats who se weight gains had been tem porarily r educed
or arrested through di et ary r estrictions in the intake of the
\d101e ration (Osbo rne and Mendel, '14), of calo r ies (McCay
et al. , '39 ; .I ackso n, '36; Cla rk and S mith, '38 ), of protein s
(.Jacks on, '36) , of inorganic eleme nts (Cla rk and S mith, '38 )
or of some of the B vitamins (Clemensen , '3~~ ) . The pertinent
literature ha s been fully r eviewed at various times (Osborne
and Mendel, '14 ; .Iackson and S te wa r t, '20; .Iackson, '25;
McCay, '42). There is ge ne ral agre eme nt th at the capac ity
to g r ow is not r elated to ch ronolog ical age (Osborne and
Mendel, '14). R ealimentation with an adequa te ration leads
to rapid r esumpti on of gr owth of previously stunted rats
which may ultimately a tta in the bod y weight of uurestrtct ed
litterrnates and exceed th e latter in life span (Os bo rne and
Mendel, '17; McCay et al., '35). Osborne and Mendel ('15)
emphasized that "the size or age a t whi ch inhibibion of
gro wth is effec te d does not alter the 'ca pac ity to r esume
gr owth " and that stunted rats \lpOn r calimgntation subs e­
quently r each the full size characte r is t ic of the species.
Others, how ever , observed that prolonged malnutrition may
prevent complete r ecovery upon r calirnentat ion (Cla rk and

1 P ap er no. 3239 , Scienti fic .Iournal Se ri es, Min nesot a Agricultura l Ex periment

Sta tion.
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Sm it h, '38 ; Jackson and St"wart, '20; McCay ct al., '3~) and
that this effect wa s more pronounced in mal e rats (Jackson
and Stewai-t, '20, Jackson, '37) . F ema le ra ts retained the
abili ty to r eproduce successfully after realim entation from
ea rly stunting (Osborne and Mend el, '17 ; .I ackson and Stew­
art, '20) .

Only two expe r iments ha ve been noted in which an attemp t
was made to restrict the growth of rat s during ver y early
infancy (B riining, '14; .Ia ckson and Stewart, '20 ). In both
instances, young rats wer e intermittently r emoved f rom th eir
mother s for a total of as much as one-fo urth of the whole
nursing period. These animals weighed as littl e as 10 to 12 gm
at three weeks of age (Stewart, '18, Jackson and Stewart,
'20) or 16 gm on the 25th day of life (Br iiuing, '14) compare d
to 25 gm fo r unrestrict ed littermates of th e cor r esponding
age. When th ese stunted rats were subseq uently fed pre­
sumably ad equate rations ad libitum th eir growt h rate and
maximum weight was somewhat less than that of unrestrict ed
lit ter rnates. Some females thus treated produced litters
(J ackson and Stewart, '20) .

McKenzie ( '28) r eported that a litter of pigs 'whose pre­
weaning growth had been severe ly restricted gained weight,
after weaning, at a flate similar to that achieved by pigs
normally on th e same ration.

During studies on reproducti on of rats fed prote in-f ree,
amino acid-containing rations (Schult ze, '0;') ) , young rats
becem e available that were seve rel y stunted during th e nurs­
ing period, presumably du e to inadequa te lactation of th eir
mothers. This paper presents a summary of obse rvations on
th e growth and reproduct ive performance of such rat s when
they were fed ad equate rations after weaning. Includ ed also
arc some obse.vations made with rats that wer e fed amino
acid rations for lon ger periods of time.

EXPERDIE'NTAL

A n~lIIa ls . The rats used for th ese experiments were off­
spring from mother ", that had he~n fed th e protein-fece amino
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acid rafious described in a preceding paper (Schu ltze, '55).
They had been weaned at 4 'weeks of age wh en some indi­
viduals weighed ~ li ttle as 11 gm. At that time they were
transferred, for r ealimentation, in groups of 4: to 5 to cages
with raised screen bottoms and fed a ration which su pports
adequate growth of this st r a in of rats. 'rheir weight incre­
ments were r ecorded for periods of 6 to 12 weeks after they
had r eached the weight of 35 to 40 gm, which is the weaning
'weight (at three weks of age) of our rats r ai sed on normal
rations. The f emales were bred wh en they weighed about
150 gm and they were handled thereafter as previously de­
scr ibed (Schultze, '54) . Some male rat s were not transferred
from the amino acid- containing ration to the natural ration
until they had consume d the former fo r ab out 16 weeks after
weamng.

Rations. The preceding papers (Gande r and Schultze,
'55 ; Schultze, '55) described the rations used. The stun ting
of the young rats wa s accomplish ed by feeding to their
mothers throughout pregnancy and lactation ration s whi ch
contained eithe r 8% (r a tions AA~ and AA~) or 16'10 ( ra t ion
AA4 ) of a mixture of the" essential amino acid s ' plus 5.1%
of ammonium cit r ate or 12.2'10 of a mixture of 16 amino acids
(ration AAll ) . These rations were acce ssible to the young
until they 'were 4 weels of age and, in the case of some male
rats, until they were about 20 weeks old. F or rcalimentation
of the stunte d rats, they were fed ra ti on 0 (\ con taining 84'10
of rolled oats and 6.5 % of casein, 3 % of salt mixture, 2%
wheat ge r m oil , 1 % of cor n oil , a vitamin mixture and 0.33%
of DL-methionine (Schultze, '54) .

R.E SULTS AN D DI SCUSSION

The r esults of observations Gn the realimen ta tion of r ats
stun ted during infancy (gr oups 1-5) a re summar ized in table
1. For comparison, this table al so in cludes a r ecord of the
weight gains of th e rats who se growth wa s not s tunte d
(groups 6 and 7) . The 6-week weight increment, st~ting at
:15 to 4O,gm , dur ing th e r ealimentation peri od accomblished
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by the stunted male rats, wa s only about 807(1 of that of rats
who se growth during the pre-w~aning period followed the
" normal pattern' ) observed in this colony (gro up 6) . (I n
this connection it is well to bear in mind that "n~rmal growth "
doea not necessarily represent the maximum g rowt h pot en tijil
of a stsaiu of a give n species (Cox et al., '54. ) During this
period of r ealimenta tion, the depression of th e g rowth rate
of the males was somewha t more pronounced than wa s ob­
ser ved with the females. The effect of ea rl y stunting on
subsequent growth of males became particularly noticeable
in later stages of rea lim entatiori (during the sec ond fi-wcek
period of measurement). Some of these animals attained a
stationary weight of about 250 gm only. While these expe r i­
ments were not continued for longer period s, th ese animals
gave no indication tha t they would have resumed gr owth at a
later date. Our r esults indicate, therefore, tha t stunting as
a r esult of malnutrition during infancy can lead not only
to a reduced g r owth rate during subseque nt periods of ade­
quate feeding bu t that it may al so prevent the attainmen t
of the maximum weight usually accomplished by the partic­
ular st r a in of this species (me an of ab out 450 gm for males
of our colony ). In this respect, these r esults are in accord
with those of Jackson and Stewart ('~O ) and Briining ('14)
who accomplished stun ting of the young by a di ff erent tech-

•rnque.
The post-weaning weight in crements of both male and fe­

male offspring from rat s fed a diet conta ining th e 10 ess ent ia l
amino acids and ammonium citrate (groups 1 and 2) wer e
smaller than those achieved by weanlings of simila r weight
whose mothers were fed a ration containing IG amino acids
(groups 4 and 5) .

A similar failure of male rats to achi eve comple te r cali­
mentation is illustrated in table 2. In this iftstance feeding
of the amino acid rations Af...3 or AA 4 (see Schult ze, '55) to
the stunted rats was continaed for 12 to 16 weeks. When they
were th en fed the rolled oa ts-casein ration oel they.~ained

an aver~e of about 24 grn .dur ing the fir st week but xhere-
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after , their weight increments were very small until they
reached and maintained during 4 weeks a sta tiona ry weight
of abo ut 230 gm. Under these conditions, the early stunting
and subsequent growth r etardation likewise seemed to inflict
permanent damage on ma le rats.

In conn ection with our stud ies on th e r eproduct ion of rats
fed amino acid di et s (Schultze, '55), it wa s of particular im­
po rtance to determine if stunting of rats as a result of in­
fantile malnutrition would affect their r eproductive perform­
ance and the survival of the young. Many of th e female rats

TABLE 2

W eight incre ments of st unted male.~ transferr ed to adequate ration
at 16 to 20 weeks of age

Number of ra ts
Mean weight at 4 weeks of age, gill
Mean weigh t incr emen t 5th to 10th week, f ed AA ration, gm
Mean weight in crement 5th to 16th week , fed AA ration, gill
Menn weigh t when t ra nsferred to OC, ra ti on, gill
Mean weight in cr emen t 1st week whil e f ed OC, ration, gm
Mean weight increment 6 weeks whil e fe d OC, ra t ion, gill
Mean weight in cr ement 12 weeks while fed OC, ra t ion, gill
Mean stationary weight ' wh il e f ed OC, ration, gm

'Standard er ro r of the mean.
2 Mean of 9 rats.
a F or 4 weeks.

19
18 ± 0.5 '
51 ± 3.8

101 ± 6.4
153 ± 2.2

24 ± 0.7
54 ± 1.2
64 ' ± 4.9

231 ' ± 4.3

who se growth performance during re alimentation is recorded
in table 1 wer e, therefore, bred when they weighed about
150 gm with normal ma les fed the same ration . These ani­
ma ls r eadily conceived and a summary of their r eproduct ive
performance and the survival of their yo ung is r ecorded in
table ~. It is evident that sev ere stunt ing of f emale rats
during early infancy did not reflect it self in impaired repro­
du ctive performance after realimentation. The size and
weight of the litters were about the same as that obtained
from similar rats that had developed normally while fed the
same J¥ition (Gander and Schultze,· '55) . Judged by visual
observations and by the weight increments of the young
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during, th e nursing period, the la ctation of the mothers was
not impaired . As is usually the case, the rats gained weight
while they r eared their first litters. Their weight at the end
of the fir st reprodpctive and nursing period, however, wa s
lower than that of simila r rats of the sarge age that had nut
been stunted during infancy. These exper ime nts were not
continued beyond the production of the fir st litter and it can,
th erefore, not be sta te d wh ether or not th ese animals would
eventually have reached full siz e.

T ABL I<: 3

R eprod uct ive performance of ra ts s t un te d in i nf ancy

Maternal r ation
Ration cons umed af te r 4 weeks of age
Number of rats
W eight of rats at 4 weeks of age , g m
Number of litters born a live
Mean number of young born per litter
Young born dead, %
Mortality of young in three weeks, %
Mean weight ' ga in of mother s during lact nt ion , gill
Mean weight of young at three week s of age, gm

GROUP 1

AA" AA" or AA , '
OC, '
32
19.4
3 1

6.4
2.9

20.2
22 .6
38 .4

GROU P 2

AA.'
OC, e

12
29.9
12

8.4
8.6

22.6
17.5
38.1

'Protein-free amino ac id rations cont aining 8% (group 1) or 16 % of mixture of
10 am ino acids ( see Schultze, '55 ).

a Ration con taining 84% rol~d oa ts a nd 6.4 % casein, as ma in com po nen ts .

No attempt wa s made to study th e fertility of th e reali­
merited ~ale rats.

SUMMA R Y

1. Rats who se ea r ly growth had been seve re ly inhibited
by malnutrition during infancy were realimented after wean­
ing by ad libitum feeding of a lta t ion which suppor ts good
growth.

2. The weight increment of stunted young rats during th e
fir st 6 weeks of realimentatien wa s about 8070 of that attained
by animals of th e same st r ain who se ea rl y growth ltad not
been retas -dcd.
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3. Dufing th e second 6-week period of realimentatipn, the
growth of male rats was severely r etarded.

4. MallY of the ma le rats reached a subnormal sta tionary
weight and wore apparently permanently stunted as a result
of malnutrition durjng the fir st 4 weeks of lif e.

5. Male r a ts who se early growth had been rcstric' ecl fo r
20 weeks made only an incomplet e recovery during realimenta­
tion.
6. After r oalirnentation female rats whose growth had been
r etarded during infancy showed no impairment in the ir r e­
productiv e performance. The survival and preweanmg
growth of th eir young was normal.
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Conflicting reports on th e utilization of ca rotene in hypo­
thyroidism led to a study of the problem in rats which has
been reported earl ier (Arm-ioh and Morgan , '54) . The in­
vesti gation was extended in th e present study with dogs as th e
expe rimental animals .

Dogs occupy a unique posi tion among species ordinarily
studied with r espect to vit amin A metab olism. Sur pris ing ly
few data can be found on the subject of vitamin A metabo­
lism in the dog. T hese animals may normally excr ete vitamin
A in the urine (Catel, '38 ) and this exc re t ion is accomp anied
by conside rably high er levels of vitamin A in blood and tissues
than are usually found in other spec ies. Though th e dog, lik e
other animals, is ca jiable of developi ng a deficiency at low
levels of di etary vitamin A intake, th er e is some indication
that the growt h r equ ir ement fo r vit ami n A is higher in dogs
than in othe r animals (F'rohring, '35). I II view of these species
di fferences it seeme d of in terest to determine wheth er thy­
roid hypofuncti on might lead to changes ill ca rotene Ilti liza­
tion such as had been found in rat s.

PHOCEDURE

E xperim ental

S ix mature, purebred cocker spaniels produced in ~c la b­
ora to ry ~lony had bcen roared and maintained on a puhficd,
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vit amin A-free diet of the fo llow ing conipos it ion : vitamin
tes t casein 1 18.0, sa lt mi~ ~ 2.5, CaC03 1.5, hydrogenated
fate3 10.0 and granulated suga r 68.070. Each 100 gm of
di et supplied the following amounts of vitamins in milli­
g ranrs : thiamine, riboflavin, pyridoxine and fo lic acid. 0.2
each, pantothenic a cid and para-aminobenzoic acid 6.0 each,
niac in 4.0, cholin e 100.0, inosi tol 50.0 and bio tin 0.01. E ach
dog r eceived daily 1 ml of vitami n D and E suppleme nt fur­
nishing 210 LU. of vitamin D and 25 mg of mixed tocoph­
cr ols .' Adult animals r eceived 25 gm of di et per kilogram
of body weight dail y.

Aft er the animals had been dep let ed of their initia l vitamin
A stores, at three months of age as indicated by a vitamin A
analysi s of liv er biopsy samples, they were g iven 12.9 mg
of ca roten e ;' daily as the sole source of vitamin A. At that
time the vi tamin-test casein wa s r eplaced by r aw casein since
the amount of vitamin A p resent in raw ca sein is negligible
in the presen ce of the la rge amounts of ca rot en e administ ered .
T he amount of vitamin A in a sample of raw casein was too
small for chemica l analysi s but the biological assqy method
indi ca ted the p r esence of 12.8 ~g7o . T hi s r egime wa s con­
tinued until the dogs were mature enough to withstand the
thiouracil treatment. ~ttempts at administration of thiouracil
to younger dogs had r esulted in th e death of the animals .

The exper imental period under considerat ion extende d over
8 months and wa s begun wh en the dogs were 19 months old .
At this time the ca sein level in the di et was incseased to
4070 for 4 of the 6 animals. No effect was noted from the
change in protein level and the data will therefore be d is­
cussed together . A liver biopsy wa s performed to det ermin e
th e level of liver vitamin A at the onset of the obser va t ion
period. The op eration was r ep eated after 4 months at which

1 Vitamin test casein Ge ne ra l B iochemical s Inc.
2 Ax elrod, Morgan a nd L epkovsky ( '45 ) .
3 Primex.

• Conce ntrate of mix ed t ocoph erols . Each gram contains 340 mg of mixed
toeopheds. Distilla t ion Products I ndu stries.

'Car!!te ne in oil . Genera l Bi ochem ical s Inc. P ot ency 50,000 T.U. .rer gram .
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time three of the dogs were given thiouracil in the diet at a
leve l of 0.74% until the end of the experiment. This amount
had been shown to produce thyroid deficiency with hyper­
plasia of the gland in dogs (Danowski et al., '46). The ani­
mals were autopsied 4 months later .

Fasting blood samples were taken frorrf the femoral artery
48 hours after the la st carotene dose both in the pre-experi­
mental period and at regular intervals during th e 8 months
period under consideration. Serum analyses for vitamin A,
carotene and chole sterol were made.

The liver biopsy procedure involved the r emoval of a pe­
ripheral liver sample of approximately 2 gm under sodium
nembutal anesthesia. Aseptic conditions were observed. The
dogs received 100,000 units of penicillin 6 postoperatively for
three days. Recovery from the anesthesia occurred in a few
hours and activity and appetite appeared normal.

The liver biopsy samples were considered representative
of the whole organ, since samples taken from the several lobes
of one dog liver had been shown on analysis to contain vita­
min A within the variability found between aliquots from the
homogenate of the rest of the organ. These r esults confirmed
the earlier work of Rouir ('47) .

At autopsy a lethal dose of sodium l.embutal wa s given and
as soon as anesthesia had set in, the animals were sacr ificed
by exsanguination f lOom the carotid artery. The organs were
removed rapidly, weighed and prepared for further analyses.

Analytical

Serum and ti ssues were analyzed for vitamin A and car o­
tene by the same methods used in th e previous study (Arn­
rich and Morgan, '54).

The determinations for serum -cholesterol ,~ere made using
the method described by Scho enheimer and Sperry ('34).

The urine for vitamin A determinations wa s collected in
metabolism cages with stai"nless steel bottoms. The samples

6 H yp erci llin. Procaine P eni cillin G in sesa me oil. Cut ter L abq{atories,
Berkeley, OJ-lifornia.
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were recetved in dark bottles in 5 ml of 50% KOH sqlution
and were r emoved to the r efrigerator as soon as they were
voided. Unde r these condit ions they were found to be stable
for 24 hours. !'\.ll analyses were the re fore made on the same
day and no a tt crnjjts were made to interpret r esults :l;rom
overnight coll ections. The KOH concentration was aajusted
to 5% and 10 ml aliquots of the final solut ion were used for
analysi s by the usual procedure.

RE SULT S AND DISCUS SION

S erum lev els of v itamin A , carotene and choleste rol

The administ ration of large doses of ca ro tene caused a
gr adual rise in vitamin A se r um levels during the pre­
exper ime nta l period. At the onset wh en the young animals'
liver stores had been deplet ed to the low level of 10.3 !1g p er
g r am the corresponding ser um vitamin A levels averaged
108 !1g %. During the next few months the blood levels rose
to an appr oximate average value of 300 !1g% , and remained
there wi th little change , though ca r ote ne supplementation was
continued (fig. 1).

A conside r able r ise in se rum vitamin A wa s observed in
do gs 701F, 7061\1 and 708M following the adminis t r a t ion of
thiouracil during the expe r imental period. This was evident
in 701F immediately, but occurr ed more slowly in 706M , 'so
that a definite in cr ea se wa s es tablished in all thr ee animals
only during the la st two months. The aerum conce ntrat ion
a t autop sy averaged 333 !1gro in cont r ols versus 881 !1g % in
the exper imenta l anima ls.

A 1!lO% increa se in ser um vitamin A was observed by
Williamson ('47) in rabbits following thyroidectomy. I n
normal and th~Toid-deficier~t rats previously studied in this
laboratory no stat is t ically significant di fference wa s found in
se r um vit amin A between the groups and r esults were not r e­
ported a t that t ime . Acc ording to L ewi s and co-worke rs
( '42) (,~e normal equilibr ium level of vitamin A in r a t ser um
is close to 33 !1g %, and the gro up, averages of the raJ;s studied
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by us approximated thi s value. At this level a r egulatory
mechanism seems to operate in rat s whi ch prevents fur the r
significant incr eases in serum vitamin A ill the pr esence of
ever increasing liver sto res. Compar ison of the aver age
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F ig. 1 Changes in seru m levels of vitamin A, carote ne and choles te rol in dogs
due to thiour acil f eeding.

se rum vitamin A va lue of 326 Ilg <jo for normal dogs reported
in the present expe r iment with r esult s obtainecTfor stock dogs
and with data found in th e li terature indicate th at th e lev el
encounte re d here is low. One migh t infer that the dogs on
this exper iment , not having r eached the equilibr iurb level
whi ch ma7 lie in the vicini ty .of 1094 Ilg ro.( t he av erage fo r the
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stock dogs) could respond with a rise in se rum conc cn t ra tion
while rat s, having reached the optimum level for that spec ies,
r esisted tl~ change .

W ith the rise in se r um vitamin A sma ll amounts of ca ro ­
t este were observed in th e blood of th e hypothyroid dogs.
This wa s th e only il\cid ent throughout th e investigu tion where
carot ene wa s not ed in the petroleum ethe r ext rac t of th e
serum samples . In analyzing th e data it should be kep t in
mind that only values excee ding 30 I-I g % are sign ifican t of
circulating ca rot ene. Serum value s below this level are du e
to a faint yellowish pigment found in th e petroleum ether
extract of the se ra of all dogs irrespective of carot ene sup­
plementation and should be designated " appa ren t ca rot ene."

The maximum ca rote ne concent ra t ions found in th e expe r i­
men tal anima ls were 68, 132 and 134 I-Ig% . Dog 701F wa s the
only one showing a correla tion in individual blood samples be­
tw een carote ne and vitamin A (fig. 1 ) .

Hypothyroidi sm is accompanied hy an increa se in se rum
cholestero l. T hough this change is not as r eliab le a cr iter ion
as is th e dep ression of the ba sal metabolic ra te, ir is p roh ­
ably safe to conclude that an incr ea se in se rum choles te rol
foll owin g th e administration of goitrogeni c substances in­
di ca tes that th e animal is r esp onding to th e trea tm ent.

The three dogs receiving thiouracil showed an in cr ea se in
se r um concent ra tions of 17470 ove r th eir r espective controls
in th e terminal blood samples (fig. 1) . The grca te:;.t over all
r esponse to thiouracil in both se rum vitamin A and choles terol
concent ra tion s wa s fo un d in do g 701F , and cl og 708~ [ had the
lowest range for both substances .

Since th e r ise in se rum vitamin A wa s concur re nt with th e
appearance of ca rotene and th e eleva tion of th e se rum choles­
terol it is po sttble that we are dealing with a ba sic change
du e to hypothyroid ism affecting lipids and lipid-soluble frac­
tions of th e blood. E lucidation of the underlying causes for
th e rit,~ in choles te rol may also shed light on th e r-ise in
vi tamin A and carotene.



CAHOT EX E AND HYPOTHYHOIDIS :\I 41

Seruiu v itamin A levels a/ tey carotene absorption

Prel imina ry tes js had shown that in normal dogs the -ab­
sor p tion of 36.9 mg of caroten e was accompanied by a tem­
porary r ise of vi tamin A in the se r um. The peak of the-curve
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F ig . 2 Ca rot ene absorpt ion shown by rise in serum vitamin A in dogs fo llow­
ing ingesti on of 36.9 mg of carotene.

f ell between the Sth and 11th honr after t he administ ra t ion
of the do se. Data for such a test made in the 7th month of
the exper imental per iod a r e given in figure 2.

The absolute va lues of !he maximum se rum levels wer e
hi gh er in the hypothyr oid dogs than in their cont rot a, j ust
a s the pogt-absor ptive se rum levels were Iiigh cr, but the r ela-
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ti ve increase as indicated bv the slope of the curves is rather
•sim ilar. The average increa se in serum vitamin A level after

8 hours amounted to 87 ~gro in the no frnal dogs and to
128 ~g:% in the thyroid-deficient animals.

The similar ity in ab sorption rate in normal and deficient
dogs might lead t ~ the conclus ion that absorption ahd con­
version rates are similar in the two types of an imals and that
the increase observed in the post-absorptive serum values re­
flects a block in the uptake of the vitamin by the liver. If
this wer e true th e temporary ri se in the serum level following
a dos e of carotene would be expec ted to be of greater magni­
tude and longer duration than wa s found her e. Nor is this
concept suppor ted by data for liv er vitamin A which will be
discussed presently. It must ther efore be conclud ed that the
elevated serum levels arc phenom ena independ ent of carotene­
vi tamin A uti lization.

Liver vitamin A

The accumulation of vitamin A from di etary carotene in
the liver wa s follow ed by analy sis for vitamin A of liver
biopsy samples . After the 4th month of observation before
th iouracil administrajion wa s begun 5 of th e G dogs had an
average liver vitamin A concentration of 224 ug per gram
with a range of 172 to 264 (table 1).7 ':Che av erage for the 5
anima ls had incr eased to 330 ~g per gram at the time of
autqpsy 4 months la ter with a range of 297 to 403. All dogs,
r egardless of treatment, had accumulated additional vi tamin
A in th eir liver s. The degree of increase in th e two normal
animals was simi lar, 85 and 93 ~g per gram. Gr eater vari­
ability was found in the deficient dogs, 708M showing the
smallest increase, 38 ~g per gram. 701F somewhat excee ded
the control animals with an increase of 129 ~g per gram, while
706M almost doubled it s liv er vitamin A concentr a tions with
an increase of 185 ~g per gram. The corresponding control

7 Bio; sy data fo r dog 707M are not available since this an imal had responded
unf avorabl y during a previous ope ra ti on.
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dog 707M had the highest concentration of all dogs at autopsy
with 488 ug per gram. No biopsy figure is available for com­
parison f~r this animal. It appeared from analysi s of these
autopsy data that no notable differences in liv er vitamin A
s ~orage were caused by hypothyroidism in spit e of cons ide r ­
able changes in tM level of circula ting vitamin A.

The expe r ime nts r eported earl ier with normal and thyroid­
deficien t rat s had shown that at the lo..." level of ca rote ne in­
take th e deficient animals store d more vitamin A in their
liv ers than did normal controls (Arnrich and Morgan, '54).
This wa s shown to be largely due to a greater utilization of
the formed vitamin A by the larger, more rapidly growing
normal animals. At higher levels of ca ro te ne intake th e stor­
age of vitamin A wa s approximately the same in both normal
and deficien t rats since the amount necessary to sat is fy the
maintenance requirement wa s probably too small by compa r i­
son to be r eflect ed in the storage. Hypot hyroid dogs, like
rat s, are capable of utilizing carotene as a source of ...·itamin
A a s indicated by the increase in liver vitamin A concentr a­
tion found here following the administration of ilhiouracil.
An increa sed storage of vitamin A from carotene could not
be demonstrated in the dogs, and in that r esp ect th e study
on clogs differs from ~hat don e on rats. The dose used for
the dogs corresponded in terms of requirement to the low
carot ene dose g iven to the rats in the previous study. The
dogs were given 1,466 ug per kilogram per day or 12 times
th e amount se t tentatively for the minimum r equirnmeut by
F'rohring ('35) at 120 IJg per kilogram (200 I.U.). The rats
r eceiv ed 56.5 Jlg per 100 gm daily or almost 10 times the
minimum r equirement of 6.0 Jlg (10 LU.). 'With a comparable
dose in terms of minimum requirement the hypothyroid dogs
were expec te d to show larger liv er vitamin A st ores than the
controls, had t'lCY behaved like rats. However the accretion
of liv er vitamin A for the period of thiouracil trea tm ent was
quite similar to that found in the normals. A po ssible ex­
planatron for the different r esponses in dogs and rats may
be found in the fact that the hypothyroid sta te di~ not lead
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to the definite decrease in body weight in the dogs (tab le 1)
that wa s found in rats, so that a c'lange in vi tamin A utiliza­
tion du e to the defieiency might not have occurred. This may
point to the lack of implication of vitamin ly. in the basal.
metabolic process es since these deficient dogs presumably
had lowered ba sal ener gy production.

Urina ry excre tion of v itam in .-1

Preliminary exper iments on stock dogs fed preformed vita­
min A indicated an excretion level ranging from 30 to 100 pg%
in the urine. R epeated attempts to es tablish with significance
urinary excre tion of vit amin A in both normal and deficient
animals met on the whole with negat ive results. Only dog
708M had measurable amounts of vitamin A in the ur ine
towards the end of th e exper iment, and he wa s the only one at
that time who se serum vitamin A concent rat ion exceeded
1000 i-lg% and therefore approached levels usually encoun­
tered in vitamin A-fed dogs. Unpublished r esults from this
laboratory had shown earl ier that dogs fed carotene a s the
sole source of vitamin A did not excrete vitamin A in their
urine, and this wa s thought to be characteristic of caro tene
metabolism. However recon sideration of th e data showed
that the vitamin A blood levels and liv er stor es of carot ene­
fed animals were considerably lower than th ose of vi tamin
A-fed dogs excre ting the vitamin in their ur ine. It is more
difficult tf) raise the level of vitamin A in blood and issu es
of dogs with car otene than with vitamin A in the rafion,
and th e higher plane of vitamin metabolism found after vita­
min A feeding might be ess ential for urina ry excretion.
Further work on a possibl e threshold level for urinar-y ex­
cre tion is needed.

V itamin A and carotene in various orqa ns

A number of tissues wen'" analyzed at autopsy for vitamin
A and carotene (table 1). Samples from 1\"0 f'emal os from
the stock colonv were included for compar ison. These ani-
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mals had r eceived preformed vitamin A throughout their
lives at a level of 13,800 I .U. per day.

All animals r eceiving carotene had appreciable amo unts
of the provitamin accumulated in their liver s. The organs of
th e stock dog s were free of carotene. Quantities found in the
carotene-fed dogs Mnstituted between thr ee and 10 5'h of the
total am ount of vitamin A present and animals with high
vitamin A stores al so had high carot ene levels.

Kidney vitamin A stores were variable and wer e neither
directly nor inver sely re lated to liver r eserves. The tw o fe ­
males had lower kidney concentrations than three of the
ma les, but the 4th ma le, 706M, showed a low level similar
to that of the females . Since he wa s thiour acil-t re ated the r e­
sult seems not surprising in the light of th e data obtained
in hypothyroid r ats, where low kidney vitamin A levels wer e
encounter ed in all f emales as well as in hypothyroid males.
H owever , the other thyr oid-deficient dog, 708M, had the
largest kidney vitamin A level of all 6 animals. Since there
was no indication th at he wa s less affect ed by th e drug than
dog 706~I, as shown by the changes produced in l lis blood
picture and by the increase in thyroid weight (table 1) no
conclusion can be dr awn as to the effect of thyroid deficiency
on kidney vitamin A levels.

All kidney vitamin A values in car otene-fed dogs were in­
significantly small when compared with tho se in stock females.
The highest level found in the dogs in this exper iment wa s
60 I-lg per gram, while one of the stock animals had as much
as 3,562 pg per gram of vitamin A in the kid ney, exceeding
the va lue of 3,005 ug per gram of vitamin A found in th e liver
of th e same animal.

No traces of carotene were found in any of th e kidney
samples .

The adrenal glands were analy zed sinc e gross in spection
had r evealed that the cor tical are a of the carotene-fed dogs
was of a bright orange color no t seen in dog s fed vitamin A.
This ' vas shown to be due to the presence of carotene which
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in some cases nearly equalled in amount the adrenal vitamin
A.

Of the ti ssues s' udied, liver, kidney, blood and adrenals,
the latter was the only one in which comparable amounts of
vitamin A wer e found in both carotene- and vitamin A-foo.
dogs in spite of the much larger quantifies of the vitamin
found else whe re in vitamin A-fed dogs. It may be that the
amount of vitamin A in th e adrenals is limited by the func­
tional role of th e vitamin in that organ and is th erefore in ­
dep endent of exogenous vitamin A r eflected in other ti ssu es.

The vitamin A concentration in th e test es of the 4 males
wa s fairly consistent. The ovaries of the female stock dogs
had between two and three times as much vitamin A as the
two ca rotene-fed females. If vitamin A concent ra t ion in the
ova ries should depend on th e functional s ta te, g rea te r fluctua­
ti ons would be expected with the state of the estrus cycle
than would be noticeable in testes.

Th yroid weights

The thyroid weights reflect ed th e hyper pla sia cause d by the
administration of th e goit rogenic drug. The change in 708~I

who se thyroid wa s twi ce as heavy as that of the cor responding
contr ol 700},I, wa s not as str iking as the increa se obse rved in
the other two hypothyroid animals which amounted to a 5­
or 6-fold augmentation (table 1).

SUJ\LMARY

In normal and thiouracil-treated young mature dogs com­
parable increa ses in liver vitamin A concent rat ions w(fre ob­
served following th e ingestion of carotene. Thiouracil ad­
ministration cause d, however , a ri se in blood vita min A
concentr a tion as compa red with those foun d in normal con­
trols. The incre ase was accompanied by similar changes in
ser um choles terol levels and by the appea rance of signi~antly

increa sed serum ca rotene.
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Abso rption of a single dos e of caro tene was reflected in
normal dogs by a peak in th e vitamin A level betw een th e 8th
and 11th hour following the dose. The magnit ude of the
change over rhe pr edosin g level was not aign ificantly alt ered
~l hypothyroidi sm.

Only tr aces of vitamin A could be demon strated in the urine
of either normal or hyp othyroid dogs fed caro tene with the
except ion of an instance where th e blood level had exceeded
1,000 Ilg % of vitamin A following thiouracil treatment. It is
suggested th at th e circ ulating level of vitamin A wa s too
low after car otene feeding to cause excr et ion in th e urine.

Following carotene administration both hypothyroid and
normal dogs had cons iderable quantit ies of carotene in th eir
livers. Carotene an d vitamin A were present in th e adr enals
of caro tene-fed dogs in nearly equal am ounts. F emales on
stock diet f ed vitamin A did not have more vitamin A in th eir
aclrenals than did the carotene-fed dogs in spite of the large
differences in vitamin A levels elsewhere.

Abso rption and utilization of car otene appeare d' not to be
affected by hypothyroidism in mature clogs but th e circulating
levels of vitamin A, ca rotene and cholesterol were signifi­
cantly rai sed in this condition. This may he a non-specific
effect on lipid levels.
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OBSERVATIONS ON THE PROTE CTIVE EFFECT O:t'
•LINSEED OIL MEAL AND SOME EXTRACTS

AGAI NST CHR ONIC SE LE NIUl\I
POISONING I N RATS 1

AN DR EW W. H ALVE RSOX , CA T HARIXE M. H E X DRI CK

AND OSCAR E . OL SOl(
So ut h Dakota Stat e College, College Station

( Received f or pub licat ion October 27, 19;"i1 )

It is generally r ecognized that protein may mi nimize th e
sever ity of selenium poisoning (Moxon, '37; Smith, '39; Gort­
ner, '40; Smith and Stahlman, '40; Ro senfeld and Beath, '46),
although there is less agreement as to the completeness of
protection that may result from th e vari ous types of supple­
ments investigated (S mith and Stohlma n, ' -1-0; Moxon , '41).
Moxon ('41) found crude case in and lin seed oil meal the most
effective of sever al protein supplements test ed with ra ts bu t
whol e beef liv er and linseed oil meal were t he best with dogs.
In the present study, continued work with protein supplements
with rats ' l as shown lin seed oil meal more effective than puri­
fied casein in protecting agains t poi soning by eit he r naturally
occurring selenium or sodium selenite . The activi ty of cer tain
lin seed oil meal extracts has al so been demonstrated. E vidence
is presented which suggests that the ac tive principl e of th e
linseed oil meal probably is not IlJ'otein in na ture, indica ting
a need for some r e-evaluation of protein effects and a con­
sideration of othe r feed cons ti tuents in future studies .

1 App roved for puhlica tion by the Di rect or of the South Da kota Ag ric ult ural
Ex periment Sta tio n as pap er Xo. 330 of the Journal Se ries .
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METHODS

Male Sprague-Dawley albino rats were used throughout
these exper iments . They wer e housed in individual wire cages
and allowed food and water ad libitum. The rats were placed
Qn experiment at a weight of about 70 to 80 gm, th e averages
for th e various groups in each exper iment being within a two to
3 gm range. Bi-weekly weights were kept, and th e livers were
observed for gross damage and weighed at th e end of the
experiment . The ratio of liver weight per 100 gm of body
weight affords a num erical means of expressing the extent
of liver damage.

The di ets used in th ese studi es all contained salts IV (Phil­
lips and Hart, '35) , 2.0%; animal protein fa ctor," 0.1%; dried
brewers ' yeast, 2.070; and lard, 3.070. The r emaining 92.9 70
of th e di et wa s made up of corn, selenife rous corn, and purified
casein alone and with or without lin seed oil meal or its frac­
tions. The selenife rous corn was used in an amount necessary
to give the desired selenium level and non-seleniferous corn
was th en used to complete th e diet. In preparing diets con­
taining NaZSe 0 3 , the salt wa s dissolved in 70% ethanol and
spr inkled on th e othe r ingredi ents. Vitamins A and D were
supplied by administration of diluted haliver oil once weekly.

EXP ERIMENT AL AND RESULTS

Casein and lins eed oil me al diets at va rious
selenium. levels

Linseed oil meal or cas ein was added to th e diet s at the
21 or 8% level r espectively, at whi ch concentrations each
supplement furnished th e same amount of protein (N X 6.25).
Table 1 presents th e data obtained with th e two protein sup­
plements with.lifferent level s of sel enium as selenife rous corn.
Without selenium in th e diet s growth wa s better with casein
than with linseed oil meal. The same wa s true at 7 p.p.m.
of selenium, but th e difference was minor and survival and pro-

2 N~ritionaI Biochemi ca ls Corpora t ion, Cleve land, Ohi o.
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tection against liver damage werf better on the linseed oil
meal diet. At 10 and 13 p.p.m. of selenium, growth was more
severely retarded on th e casein diet than on th e linseed oil
meal , and the survival and liver damage data indicated a znuch
greater degree of protection against selen ium poisoning by
th e linseed oil meal. Complete protection, however , was not

TABLE 1

Th e toxicity of various leve ls of selenium to ra ts f ed casein and linseed oil m eal

(8 rats per g roup )

p .p .m . %
0 15.4

7 15.7
10 15.8
13 16.0

0 14.2
7 14.5

10 14.7
13 14.8

PROTEI N
SU P P LEMEN T

8% casein '

21% linseed
oil meal '

SELEN IU~ 1
IN

DIET

PROTEI};
CONTEX T

0 "
D IETS

Average
gain in Su rviva l Liver

we ight of damaga s

survivors 2

g m %
256 100 No ne ( 5.0)
170 88 Mod erate ( 3.8)
121 38 Severe (2 .4)

0 Se vere (2.1 )

187 100 None ( 5.1)
157 100 Slight (4.7)
132 100 Slight (4.6 )

80 63 Mod erate ( 3.5)

1 Ad ded as selenif' erous corn,
2 I n i t ial weights av erage d 66 to 69 gm among groups.
3 The figu res in paren th eses are ratios of g rams of liver weight per 100 gm

of b ody weight a t t im e of death or sacrifice.
• Vitam in-free (Nutr it iona l B iochemicals Cor po ra tio n ) , 85 .4% protein.
e " Old process " expeller stype (Spe ncer -K ellogg) , 32.2% protein.

obtained on th e linseed oil meal diet s at any of th e three levels
of selenium. The data also indicated 10 p.p.m. of selenium
to be satisfacto ry for use in fur ther work.

Studies were then made with different p~parations of
lin seed oil meal. H exane-extracted expelle r meal and pe­
troleum ether-ext racted raw ground flax proved to be as active
as untreated exp eller meal , thus indicating that the fat f raction
was inactive.
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Prot ect ive effect of linseed oil m eal plus casein aga ins t
naturally occurring and inorganic selenium

Experiments with combinations of case in and linseed oil
meal (table 2) show a str iking difference in th e toxicity of
th e selenife rous di et s containing casein alone and those con­
taining lins eed oil meal alone or with various case in levels. The
addition of 6 or 12% case in in the presence of lin seed oil
meal complemented th e protective effect of the meal some­
what as evidenced by increased growth and liver size. Whil e
this expe r iment did not include a group receiving case in alone
at a leve l equivalent in protein to that of th e linseed oil meal
plus 12% of case in, da ta from an accessory study indicated
that 21% of case in does not afford material protection.

The r esults in tabl e 2 demonstrated that sodium selenite
is similar in beha vior to na turally occurring selenium, except
that it appea rs somewhat more toxic in th e present work.
Therefor e, inor ganic selenium was used in all fut ure work
in st ead of selenife rous corn, thus simplify ing th e preparation
of diet s. Because of th e satisfactory r esponse obtained with
linseed oil meal in the presence of case in, 12% of ~asein was
included routinely in subse quent diet s. Such a practice elimi­
nated the possibility of protein deficiency with diets containing
linseed oil meal fracti ons.

F eeding trials w ith ethanolic ex trac tk of linseed oil m eal

A.ttempts to extr act the protective principle from-linseed oil
meal with acetone failed to remove any activity. Water ex­
traction was unsat isfactory because of the mucilages. Con­
tinuous extraction with 95% ethanol in a Soxhlet greatly r e­
duced the activity of th e residue although non e was observed
in the ext ract. Since the prolonged heating of the solvent
during extraction might have destroyed the protective prin­
ciple, another exper iment using cold solutions of absolute and
of 50% ethanol was undertaken. F eeding test s with th e cold
ext racts indicated only slight protection with the absolute
ethah ol pre paration, but significant protection with th e 50%
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ethanol ext ract. A reduced activity of linseed oil meal was
also noted following ext raction with 50% ethanol. Since
recombination of the ext r acts with their r esidues produced
full activity, it was evident that no material part of the

TABLE 3

Protection agai nst seleniu m poisoning by hot ethanolic ex tracts of linseed oil meal'

(4 rats per group )

LI N SE ED OIL .MEAL OR FRACTI ON ADDED TO
RESULTS OF 2 8 ·DAY

BASAL DIE T 2
EX PERIME NT

Level Average gain
SurvivalD escription added in weight of

survivors 3

% gm %

No selenium
1 (Control ba sal ) 0 188 100

10 p.p.m, selenium as Na,Se0 3

2 (Cont rol basal ) 0 61 25
3 Linseed oil meal 20.0 153 100
4 50% EtOH ext ract,'

a. 20% linseed oil meal 3.4 140 100
equiva lent

b. 40% linseed oil meal 6.8 16i 100
equivalent

5 50% EtOH residu e,'
24% linseed oil meal 20.0 83 50

equiva lent

, Commercia l hexan e-extract ed, unh eated product.
3 Basal diet contained 12% casein (18.7% total prot ein ) and ad diti on of lin seed

oil meal or ext rac ts was at th e expense of corn .
o Initial weights avera ged betw een 75 to 77 gm among group s.
• The lin seed oil meal was ext r act ed by heating at 70°C. f or two'tlours with 7

volumes of 50% aqueous et ha nol. Th e ext ract was filt ered off hot by suct ion and
th e residue was promptly washed by using about th ree volumes of fresh solvent at
similar t emperature. Th e combined ext ra cts and washings were dried in flat pyrex
pans in a 75 °C. forced draft oven. Th e residue was air dried.

protective principle had l1een destroyed in the extraction
procedure.

Although cold 50ro ethanol extraction appeared to remove
much of the protective principle, the procedure used to ob­
tain it was lengthy and laborious. In the search for a simpler
procedure, the meal was extracted with 50% ethanol at 70°0.
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by soaking and then washing and the ext ract was fed at two
different levels (20 and 4070 lin seed oil meal equivalent ). The
hot etha nol removed 1770 of the dry matter f rom tLlC linseed
oil meal , and lef t essent ially all of the mucilagc ~n the residue.
The data in table :3 indicate that pract ically all of the protec­
tive fa ctor was remov ed hy th e hot 5070 ethanol since th e
extr act, equivalent to 2070 lin seed oil meal , was essentia lly
as active as linseed oil meal itself. F urther, the higher ext ract
level (4070 lin seed oil mea l equiva lent ) gave prot ecti on supc-

TAB LE 4

Fail ure of lead acet at e to pr ecipi tat e tit" act ice princ ip le

(4 ra ts per g roup )

DIET DE S CR I PTIO N"

N o selen ium (control b asal )
10 p.p.m. Se as Na,Se03

Seleniferous ba sa l
20% li nseed oil mea l
7.5% lead non-precip i tabl e f ra ct ion '
( 80% linseed oil meal equiva lent )
1.5% leati precip itable f ra ction '
(80 % linseed oil mea l equiva lent )

AVERAGE nAI~ IX
W EIGH T AT 2 1'3 OA Y:-'; I

gm

178

72
154

151

93

1 Average in it ia l weigh ts 78 gm f or ea ch group.
2 F ract ions prep a red by t rea ti ng a water ext ract of "rie.1 hot ;)0% ethanol ext rac t

with exce ss lead aceta te. Hydrogen sulfide was used to remov e lead f'rom precip i­
tate and from filt rate. Upon drying a t 70 °C. th e non -p rccipitnbl e and precipi table
f ract ions contained 13 awl 9 p.p .lll. lead , resp ect ively .

rior to th~t of 2070 of lin seed oil meal , alt hough the gr~vth

response was still not equal that of the non-seleni ferous
controls. The poor response obtained wi th the residue fraction
further indicated a nearly complete removal of the protective
principl e.

A subsequent experi mcnt ha s shown that the as h of the
active ethanolic ext ract is not responsible for it s pro tecti ve
effect. Further, it was found that water remov ed the protective
principle from the dried ethanolic extract and th en an excess
of lead acetate did no t r emove the act iv ity f rom water solut ion
(table 4).
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DISCUSSION

I n th ese studies lin seed oil meal has been found markedly
supe r ior t-o casein in protecting against selenium poi soning.
In vi ew of this and of the r esults with 50~ ethanol extracts ,
it- appears that sonte fra ction of th e meal other than prntein
was r esponsibl e for the protective effect. The failure of lead
to .precip itate the extracted active principl e from solution
suppor ts this view. W hereas th e effect of protein on selenium
poi soning has r eceived considerable attention, th ese find ings
po int to a need for the cons ide ration of other food constituents
in the search for practical control mea sures, as well as for a
reconsid eration of protein effects.

At present th ere is no explanation of th e mechanism by
whi ch linseed oil meal prevent s selenium poisoning. Halverson
and H endrick ('54) have demonstrated that th e anti-vitamin
B, principle (Kratzer and Williams, '48) is not involved.
Lin seed oil meal doe s not r educe deposition of selenium in
th e liver (Olson and H alver son, '54), and ext raction of the
active pr inciple with 500/0 ethanol leaves the mucilage with
th e inactive residue. Therefore, pr evention of selanium ab­
sor ption by th e mucilage, a mechanism sugges ted for the
protective effect of beet pectin (Rosenfeld and B eath, '47),
does not seem likely . Identification of th e active principle of
lin seed oil meal and the det ermination of it s mod e of action
may be helpful in the understanding of th e metabolic effects
of selenium.

T.he effectiveness of linseed oil meal in preventing selenium
poisoning in farm animals has not been adequately determined.
However, in study ing the effect of protein content of the
diet " with sheep fed seleniferous extracts of Airiplex canescens,
Rosenfeld and Beath ('46) used medium and high protein
diet s containing 16 and 25J1o of lin seed oil meal and found
both protective when compared to a low protein diet without
linseed oil meal. Although .oth er protein supplements were
incl uded in their diets, it is possible that the protection they
observed wa s lar gely due to th e linseed oil meal. Unpublished
studies at this laboratory ind ica te that this protein sa pplement
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is effective against selenium poisoning in hogs and chickens.
Since it appears to supply a protective principle in addition to
protein, linseed oil' meal should probably be consider ed the
supplement of choice in seleniferous areas.

SUMMARY

In rat studies the protective effect of lin seed oil meal
against selenium poisoning has been demonstrated under
several conditions. The inclusion of 6 or 12% casein in the
diets did not alter or mask the protective effect of the meal
and meals prepared by different methods were all found
active. The protective principle was effective against inor­
ganic (selenite) selenium as well as against the form occurring
in toxic corn.

The protective principle has been extracted from linseed oil
meal with hot 50% aqueous alcohol. It is water-soluble, and
an excess of lead did not precipitate it from solution. The ash
of active extract was not protective.
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THE NUTRITIVE VALUE OF PROTEI NS OF :MUSCLE
FROM HOGS FED DIETS SUPPLEMENTED

·WI TH AURE OMYCIN OR TERRAMYCIN
HYDROCHLORIDE 1

HELEN E. CLARK ,' DOROTHY L . HARRISON, RALPH P .
SOULE, JR. AND DRAYTFORD RICHARDSON

Departments of Food s and Nutri ti on and of Animal Husban dry,
Kansas S tate College, j[anhattan

(Received fo r publication August 5, 1954)

Cer tain antibiotic substances exe r t a vitamin-sparing and
growth-promoting acti on when added to the di et s of childre n,
cattle, poultry, rats and swine, under some bu t not all experi­
mental conditions . Their roles in nutrition ha ve been reviewed
recently by Braude, Kon and Porter ('53) and by Mickelsen
('53). R ela tively little cons ider a tion has been given, however,
to ascertaining wheth er or not the nutritive va lue of th e pro­
teins synthesized under the influence of antibiotics is the
same as that of an imals fed unsupplemented ration s. The
effect of sllPp lements of aureomycin 3 and terramycin 4 hydro­
chlor ide upon feed cdnsumption, growth and nitrogen ba lance
of hogs, and up on histology, cooking qualities, biochemica l
properties and nutritive valu e of the pork obtained from them

1 Cont ribut ion no. 181, Depa rt ment of Home Economics, and no. 203, De­
partment of Animal Husbandry, Kansas State Ag ri cultural E xperiment Station,
Manhattan.

2 P resent address: Depar tment of F oods and N utrition, Purdu e Uu iversity,
Lafayette, I ndiana.

3 Th e trademark of America n Cyanamid Co. for the antibiot ic chlortetracycline
is aure omycin .

• Th e trademark of Chas . Pfi zer Co. f or th e antibiot ic oxyt et rac ycline j s te r -
ram ycin.
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th erefore was inv est igated. Data r elative to th e nutritional
worth of th e pork are present ed her ein.

PROCED URE

Liitermate weanling pigs were fed individually until each
weighed approximat ely 225 pounds. Ten hog s were fed the
ba sal r ation only ; 10 others r eceived 10 mg of aureomycin
hydrochloride per pound of ba sal ration ; and 10 r eceived
10 mg of terramycin hydrochloride per pound of ration. The
ba sal ration contained corn, soybean meal, tankage, alfalfa
meal, a min eral mixture and vitamin D. Initially it provided
18% of protein, during th e growing period 15%, and later
12%. F ood wa s made available to th e hogs during the 24
hours prior to slaughter to obviate possibl e effects of with­
drawal of food upon th e concentration of antibioti c subs tances
in th e ti ssues.

Diets containing pork derived from hogs that were fed the
exper imental rations were offered ad libitum to weanling
male rats of th e Sprague-Dawley strain for 4 weeks. Nitrogen
balances were measured during th e la st 7 days of the test,
and increments in hepatic nitrogen during the 4-week p eriod
were estimated. Details of th e procedure ha ve been described
elsewhere (Clark, Hooper and McCord, '55). Since half
of th e hogs reached slaughte r weight in late summer, and
half in early spr ing, 6 diets were prepared, The rats were
divided into two lots, 15 being assign ed to a given diet in Lot
1, and 10 to each diet in Lot 2. Pork from both r iglrt and left
sides of all hog s was included in th e sample, th e posterior
end of th e loin beginning after rib 13 being used. The loin
ends were wrapped, frozen, and stored at OaF . Pork wa s
ground, dehydrated at room temp erature, and defatted with
ether under the conditions employed for beef (Cla rk et al.,
'55) . Analytidal val ues for the 6 samples of pork so treated
were similar, and averaged 13.7% nitrogen, 3.980/0 ash, 0.260/0
ether extract, and 9.20% water. Pork provided 1.6% nitrogen
in all diets, whi ch also contained 20% Crisco, 2% rougha ge,"

, Ruffex.
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5% Ri chardson a nd H ogan salt mixtu re ('46), 570 vi tam in
mixture," and dext rin to total 10070.

RESULTS AND DISCUSSIOK

III table 1 a re summarized data per taining to growth an~l

nitrogen balances of ra ts that cons ume d pork from hogs that
were f'ed the basal ra tion alone or with 10 m z of aureomvcin<:> •

TABLE 1

.d ceraqe da ily foo d int akes and daily gains in body weight and in hepat ic n itrogen
during a 28-day interval, and n itrogen metabolism in 7 days of growing

rat s ing esting ]101'1.; from hogs f ed a basal ration with supple-
mentary aur eomycin or t erramycin hydrochloride

ASTIB IOT IC FF.D ':'0 HO (;:-;

~IEA SVR F.:\[ EXT
Lot 1 Lot 2

Xone Au r eo - Terr a -
Xon e Aure o- Ter ra -

my cin mycin mycill myt.'ill

Nitrogen in diet, 0/0 1.60 1.64 1.1;1 1.64 1.62 1.64
Initial wt., g m 54.0 53 .0 53.0 56.0 56.0 56 .0
F ood intak e, gm 10.9 ILl 11.0 12.2 12.5 12.3
Nitrogen intake, mg 174 .0 183.0 176.0 202. 0 20 4.0 20 2.0
Gain, gm 3.8 3.9 3.8 4.7 4.9 4.9
Gain/ gram J-... eaten, gm 21.9 21.3 21.8 23.2 24 .0 24.0
Ga in in liver N , mg 3.6 4 .~ 4.2 5.0 5.2 6.5
In 7-da y balance tes t:
Av, body wt., gm 148 15 1 1-19 1- " 175 173, ~

Surface area, em' ~5~ 254 25~ ,,-- 278 276-,;:)
K ea ten, mg /l00 em' 55 1 583 5n 629 652 630
N in urine, mg/ l 00 cm' 136 162 148 1(;4 173 1-",-
N in feces, mg /l00 cm' 7:2 74 71 84 84 93
N bal an ce, lIVJ/I 00 cm' 343 347 354 380 395 365

0 1' terramycin hydrochloride added pe r pound of rat ion .
Animals in the second lot were initiall y larger tha n tho se in
Lot 1 and consistently ingested 20 to 30 mg more ni trogen
da ily. Temperature and othe r conditions were th e same,
however, for both lots of r a ts.

• This supplie d in milligram s per kilo g ram of diet: ascorbic ac id 100, b iotin
0.1, choline chloride 100 0, fo laci n I, in osi tol 1000, niacin 50, pa ra-aminobenzoic
acid 1000, calcium pantothenate 20, py ridoxine-H Cl 4, rlboflnviu 6, thiamine-H'Cl 4 ,
vit amin B u 0.03, and alpha tocopherol acetate 100. Also. 1,666 and 333 LU.
of vitamins A and D, resp ect ively. wer e giv en or ally per wook pl-f' ra t .
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Neithe r daily gains in body weight nor gains per gram of
ingested nitrogen were altered significantly by including
aureomycin or terramycin in the rations of the hogs, nor wer e
mean gains :in each of the 4 weeks influenced. These data
~ubstantiated the findings of Huang anci McCay ('53~ who
reported, while tlris investigation was in progress, t hat ter­
ramycin r esidues in pork, if any, did not produce growth
effects in rats.

Ni trogen balances were calculated for a 7-day interval in
terms of 100 cm~ of surface area by L ee 's formu la ('29), and
subjected to analysis of covariance. Data r elative to each
diet in Lots 1 and 2 then wer e pooled. The mean daily intake
of nitrogen by th e 25 rats r eceiving no supplement was 582 mg,
and the adjusted nitrogen balance 372 mg. For those r e­
ceiv ing aureomycin, the intak e was 611 mg and the adjusted
ba lance 351 ; and for those r eceiving terramycin , the intake
was 596 and th e adjust ed bal an ce 357 mg. The adjusted ni­
trogen balance of rats that in gested pork f rom the basal ration
was significantly higher at the 5% level than were those r e­
presenting hogs that were fe d either of the antibiotic sub­
stances. Whether or not this implies super ior ity of the basal
ration is not clear. Although mean gains and body weights
were the same in all ~roups during the bal ance period, it was
observed that certain rats fed pork from hogs r eceiving anti­
biotics gained more rapidly during the balance period than
during the p rece ding week, wher ea s all of those r eceiving the
basal ratio n gained at the same rate during both weeks.
Possibly irregularity in the growth r esponse was reflect ed
by changes in nitrogen balance but not in mean body weight.

The fai lure of aureomycin and terramycin hydrochloride
incor porated in hog rations to stimula te growth and nitrogen
ret ention of rats ingesting the pork wa s consisten t with
da ta obtained by analys is of certain tissues from one lot of
hog s. Samples of spleen, liver, and psoas major tissue, an­
alyzed by Charles Pfizer Co., Terre Haute, Ind., did not in­
dicate any positive values for terramycin; nor wer e significant
amounts of aureomycin found in th ese ti ssu es h~T Lederlc
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Laborator ies, American Cyanamid Co., P earl River, New
York.

The r esponses of rats that ingested rations containing
pork were compared with those of rat s that consumed the
same quantity of nitrogen from beef (Clark, Hooper anCl
McCord, '55) . The amino acid composition of pork closely
resembles that of beef (Lyman and Kuiken, '49 ; Schweigert,
Bennett, lI~Bride and Guthneck, '52) . Since th e sulfur-con­
ta ining amino acids may be present in inadequate amo unts
when the concentration of beef or pork in th e ration is low,
the con tent of methionin e and cys tin e in th e samples of beef
and po rk tested in these investigations wa s det ermined micro­
biologically by th e 'Wisconsin Alumni R esearch Foundation.
On th e basi s of ash-fat-moisture-free material , pork contained
23.1 mg and beef 23.5 mg of methionine per gram, wherea s
pork was slightly lower in cys tine (6.9 vs 8.8 mg) than beef .
Polin g, Schultz and R obin son ('44) and Hoa gland, E llis, Han­
kin s and Snider ('47) reported that th ese two sources of
prot ein were equivalent for promotion of rat growth. Simi­
larly, in tll.8 present invest igation, gains in weight of r at s fed
th e same qu antity of ni trogen from beef and po rk wer e almost
identical , and nitrogen balances were similar .

SUMMARY

The nutritive value of protein s of pork was studied when
hogs wer e fed (1) a ba sal ration ad equat e for growth ; (2)
th e basal ra tion sun,plemented with aureomycin hydrochlo­
ride ; or (3) th e basa l ration supplemented with terramycin
hydr ochloride. Growth and nitrogen balance of weanling rats
that wer e offered 1.6 70 of nitrogen se rved as crite ria , In­
clusion of 10 mg of au reomycin or terramycin per pound of
ra tion fed to hogs did not stimula te th e growth of rats, but
nitrogen balance, expressed in terms of surface area , wa s
significantly high er (P < 0.05) when pork representing the
ba sal ration wa s fed than wh en meat from hogs r eceiving
eithe r of the antibiotics wa s offered. The nutritive value of
pork proteins was simila r to that of bee f for the growing rat.
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THE ABSORPTION or CYANOCOBALAMIN 1

(VI T...~Mlk" Bl~) FROM THE GASTRO­
INTESTINAL TRACT OF DOGS 2 .3

HAROLD L. ROSEKT H AL ' AKD .TOHK K . HA~IPTOK, .TR. '

Depar tm en ts of .If ed ici lle, B iochemist ry and Ph ysiology , T ulan e University Sc hool
of ]l edi cine, S ew Orlealls. Lo uisiana

f 'O UR f ' lG UR ES

( Roceived for pub lication :'\ ovcmbe r I:! , 19;'5-1 )

The absorption of cyanocoba lamin (vi ta min Bd from th e
intestina l tract of man and ot her a nimals has been studied
by a variety of indirect methods. In mau, absorption of the
vitamin ha s been ba sed on the hematopoieti c response of pa­
ti ents with pernicious an emia followin g' oral adminis t ra tion
of the viotamin (Ungley, . '51- '52), and the urine and fecal
excre tion of radioactive C0 6 0 fo llowing ingestion of Cono _
labeled cyanocobalamin (Heinle et al. , '52 ; Schill ing, '53) . In
animals the presence of C0 6 0 in va rious «Jody tissues and fluids
follo wing oral administ ra tion of rad ioa cf iv e Cono-Iabeled
cyanocobala min has been used as a measure of absorption
(Barb ee and J ohn son, '51 ; Scheid et al., '51 ; Rosenb lum et al.,

1 Cya nocobalamin is us","l to designate crys ta lli ne vitam in R IO in t his nepor t .
Th e term " vi tami n B" nctivi ty ' de notes a ll substances rep resenti ng such ac­
tivity fo r Lact oba cillu s leichm llllii. Th e maj or portion of th is act ivity is pre·
sumerl to be cyanocoba lamin.

' This work was supported, ill part , by g rants from Hoffman I,aRooile, Tnc.,
Th e Nut.rit.ion F oundat ion, In c., Th e Will inme-Waterrn nn F und of th e Research
Corpora t ion , and the Divi sion of Research Grants and F ellowships of t he Nn­
tional Institutes of H ealth, United States Public H eal th ~ervice_

3 A pr eliminary repo rt 'of this inv estigati on has appear ed in F ed . Proc., 1!!:

428, 1953.
• Present address; D ivision of Biochemi stry, Clinica l and P athological Labor­

atories, Th e Ro chest er Genera l Hospital , Rochester, New York.
S Markle Scholar in Medic al Science .
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'52). Yamamoto and collabor ators ( '51) attempted to meas­
ure plas ma vitamin B 12 10110wing oral adminis trat ion and
absorption of the vitamin in dogs. They foun d demons trable
increa ses of the vitamin in the plasma of dogs given 900 ug
of vl'tamin B:2 per kilogram of body weight but not in dogs
given 150 Ilg. 'I'he method of -vitamin B 12 analysis used by
these investigators was apparently not suitable to measure­
ments of r elatively small changes in vitamin B 12 activity.
However, the development of chick- and rat-growth assay
procedures by feeding graded amo unts of th e vitamin is ample
evidence that sufficient vitamin is absorbed to maintain and
suppor t growth (Richardson et al., '51; Lewis et al., '49 ).

Recently, sens itive microbiological procedures for the direct
es tima tion of vitamin B 12 activity in blood plasma were de­
velop ed using Euglena gra cilis val' bacillar is (Ross, '52; Mol­
lin and Ro ss, '52) and L actobacillu s leiclunanii (R osenthal
and Sa re tt, '52) as th e test organisms. By means of these
procedures it has been possibl e to demonstrate mea surable
quanti ti es of vitamin B 12 activity in blood plas ma or serum
of man and other animals (Rosenthal and Brown, '54 ;
Ungla ub et al., '54) . It has also been shown that the oral
administration of 3000 Ilg of cyanocobalamin results in in­
cre ased serum vitamin B 12 activity in normal subject s and in
patients with pernicious an emia (Unglaub et al. , '54).

Since the body ti ssues may take up and store orally ad­
mini stered vitamin (Barbee and J ohn son, '51; Scheid et al.,
'51 ; Rosenblum et al., '52 ), it was felt that mea surements of
the serum or plasma vi tamin B 12 activity in peripheral blood
after oral dosage might r epresent only that portion of the
absorbed vitamin remaining in the blood st ream after pass­
age through the liver. If th e rate of absorption of vitamin
B 12 from the gastrointestinal tract was sufficiently large,
serum vitamin B 12 activity would be greater in portal than in
peripheral blood. In the present study, measurements of
vitamin B 12 activity in portal and peripheral blood of dogs
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following the administration of the vit amin were undertaken
and the results are presented in this r eport."

MATERIALS AND METHODS

Twenty-four adult mongrel dogs of both sexes, rangmg Itl

weight {rom 6 to 17.5 kg were used in this ·study. They were
maintained in the kennels on a mixed comme rcial cereal-base
di et suppleme nte d with fresh meat. The dogs were fasted
for 16 to 24 hours prior to initiating the expe r imental pro­
cedu re s. They were anaesthetized with intravenous injections
of nembutal (30 mg per kilogram of body weigh t). Supple­
mentary do ses of nembutal were give n during the expe r i­
mental period to maintain light anaesthesia and 5 to 10 ml
of saline wer e inject ed subcutane ously every 30 minutes to
prevent dehydration.

After op ening the abdomen by a lateral or ventral in cision ,
the portal vein was cannulated by in sertion of a polyethylen e
tube into the portal vein through a suitable mesenteric vein .
The cannula, anchored in place with ligatures, was brought
to the surface through the in cision and was maintained free
of clots by filling the tube with heparinized saline af te r each
withdrawal of blood. A t termination of the expe r imen ts , the
dogs were sacrificed and the cor rect pd sition of the cannula
confirmed.

Solutions of crys tai line cyanocobalamin or sa line in 5- to
lO-ml volumes were placed in the stomach or duodenum by
means ofa rubber tabe passed through the esophagus. ,;v.hen
solutions were placed in the stomach, a ligature just prior
to the pyloric sphincte r prevented the admini ster ed solution
from en te r ing the duodenum. In some experiments, ths, solu­
tions were placed in 4-inch segments of duodenum between
ligatures placed at the oral and sabor al po sitions. In other

• Afte r this work was begun , Ungley ('5 1- '52 ), in his rev iew of th e clinical
as pects of vitamin B u ) mentioned th at th e portal bl ood of dogs contained greater

amounts of vitamin B" than did th e pe ripheral circ ula t ion f ollowing inte stinal
administ ra t ion. To our knowledge, how ever , a comple te report of th ese ex­
periments has not as yet been publish ed .
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exper iments , solutions were placed in the unliga ted duodenum.
H eparinized blood samples were obtained f r om the jugular
and f rom the portal vein pri or to and at in tervals following
the ad minist ration of cyanocobalamin or saline .

In exper iments where urine was r equired, 4-hour collect ions
wer e obtained by bladder catheter ization (with the do~s under
anaesthesia) prior to an d follo win g the administration of the
vitamin. The collected urine wa s adjusted to pH 6.8 -+- 0.1
and frozen until analyzed.

The heparinized blood plasma was analyzed fo r vitamin
B 1 2 activity by the procedure of Ro senthal and Sare tt ('52)
using L act oba cillus leiohsnamii 4797 as the test organism.
Ur ine vitamin B 12 act ivity was determined by the procedure
of Thompson et al. ('50 ) as modified by Register a nd Sare tt
( '51). Ur ine crea tinine ana lyses by the alka line picrate pro­
cedure were perform ed to check complet eness of the urine
fo rmation and collection.

RESU LTS AXD DI SCUSSIO X

Vitamin B 12 activity of jugular and por to! blood plasma
of fa sted dogs

The vitamin B 12 act iv ity of jugular blood plasma from 12
clogs in the post-a bso rptive sta te ranged from 0.12 to 0.50 mug
per milliliter of plasma with an average of 0.24 mug pel'
milliliter. The vitamin B 12 activity of portal blood plasma
obtained from these dogs was essentially th e same and ranged
from 0.14 to 0.40 mug per milliliter of p'l.asma and averaged
0.25 mug per milliliter. Standard deviations for jugular and
portal plasma wer e 0.10 and 0.08 r espectively.

Vit a?nin B 12 activ it y of jugular blood plasma and urine
f~llolVing du oUenal ad ministra ti on

of cy anocobalamin

The absorption of cyanocobalamin from the duodenum
under a var iety of expe rimental procedures was studied by
measuring the vitamin B 12 activity of jugular blood plasma.
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The data demonst ra te that the administration of saline in
the ligat ed or unligated duodenum ha s no effect on either the
pla sma vitamin Bl~ act ivity (fig. 1) or on the excretion of th e
vitamin in the urine (table 1) during the expe rimental period.
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oh tni ued on 10 animal s.

However, th e administration of 50 ~g of cyanocobalamin per
kilogram of body weight to three dogs with ligat ed duode­
num s and to two dogs with lmligat ed duodenums results in
increased pla sma vitamin B 12 activity. Similar increases in
pla sma vitamin avtivity were obtained in two dogs wit'l un-
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ligated duodenums given 100 fig of cyanocobalamin per kilo ­
gram of body weight. The pla sma level of a third clog in ­
cre ased f ro m the control value of 0.38 to 5.62 mug/nil, a value
far ill excess ·of those of the othe r dogs. T he ur ine vit amin
activity wa s gene ra lly va r iab le, but a definite increa se of
urine vitamin acti vity ab ove that of the control pe r iod was
appa rent in (j of 8 clogs g iven cyanocoba lamin. Although the
excre tion of the vitamin in urine cannot be used as a mea sure

T ABLE 1

Urin ary vita min B t , e.rrrri ion t ol/olOi 1l !/ du odenal or in/ ra venous administ ration o]
cyanoco balami n to 1.1 dogs . Th c values represen t ind ivid ual det ermination

RO UTE OF
URIN E VIT A'-U S BI2' ACTIV ITY PER CIiSTAf:F.

AD~IINISTRATION'"
DOSAGE 0 1'" DOS E

Con trol After B" J:X CRETED

mIlO/ ..J Itrs .

Duodenum unliga te.l Sa line 2a 23 0.00
Duodcn um unl iga tell 50 ltg /kg 32 498 0.12

Duodenum unlignto.l 50 ltg /kg I I 40 0.0 1
Du odenum un liga to.l 100 ltg /kg 15 4a 0.01
Du odenum un llga to.t 100 Ilg/ kg H 132 0.01
Duodenum un lignted ] 00 ltg /kg 32 6000 0.67
Duo denum liga ted Sa line 21 18 0.00
Du oden um li gah>.] 50 Ilg/kg 32 192 0.04
Duodenu m ligated 50 Ilg/ kg 22 2040 0.41
Du oden um liga ted 50 ltg / kg 22 2900 0.48

I nt rnv onous 1.5 Ilg /kg 28 32 70 25.6
I ntrnvenous 1.5Ilg/ kg 10 1750 15.6
Intrav en ous 1.5Ilg/ kg l a 4020 2a.3

of vitamin a bso r ption from th e intestinal tract, c~lculation

indica tes tha t less than 0.6770 of th e administered dose ap­
pearcd in th e urine during th e experimental period.

The rate of absorption of th e vitamin during this expe r i­
ment, as mea sured by plasma vitamin B l~ act ivity, is shown in
figure 1. An increase in pJasma vitamin Bl~ activity is ap­
parent with in one-ha lf hour af ter dosage with th e vitamin and
the level cont inues to increase during the 4-hour expe r imenta l
period. It may be not ed that th e average ra te of absor ption
following the administration of 50 fig of cyanocobalamin per
kilogram of body weight pla ced in th e ligated duod enum is
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slightly g re a ter than th e rate of a~)sorption of a simila r dose
pla ced in th e unli aai ed. duodenum. The data obtained in this
expe r ime nt show tha t vitamin BI ~ placed in th e intestinal
tract of dogs is rapidly ab sorbed in mea surable amoun ts .

'I'he urine vitamin Rl ~ activity is also greate r for th e ligat eti
dogs as compa red with tha t of unliqai ed dogs given the same
amount of vi tamin (table 1) . The elimination of part of th e
ab sorbed vitamin in th e urine ma y be interpreted to mean
that th e rate of absorption is gr ea te r than th e rate of bind ing
of free vitamin Bl~ to blood and ti ssu e proteins (Smith, '54)
and th e unbound free vi tamin is probably excreted b:- th e
kidney.

Vit anu »: B l ~ acti vit,lf of porta l aiul [u.qular plosni«
during vitamin absorption [rom th e

intestinal t ract

The vitamin B 12 act ivity of th e portal an d jugular blood
pla sma of dogs following the adminis tra t ion of cyanocobala­
min or sal ino under a variety of expe r imental cond it ions is
shown in figure 2. III two dogs with cya nocobalamin placed
in th e stomach (50 ug per ki logram of body weigh t) , th e ac­
tivity of the portal and jugular plasma of one dog increa sed
slightly during the first hour, but r eturned to cont ro l values
for th e succeed ing 7 .hours of th e experi me nt (fig. 20 ) . It
may be noted that th e differ enc e in vit amin B l ~ acti vity be­
hveen th e portal clll(l. per ipheral pla sma for th e hal f hour ~1J1(1

one hour samples a re within po ssible expe rimental e r ror and
arc of doubtful significance. The vitamin B I 2 activity of th e
portal and peripheral pla sma for th e second dog rema ined
cons tant. It is apparent, th erefore, that vita min B l ~ is no t
ab sorbed f rom th e stomach in am ounts measurabl e 11:- ou r
technique.

In two dogs given duodenal administration of saline , one
dog with th e duodenum ligated and one dog with the du o­
denum llnligat ed, the vitamin B 12 activity of th e portal and
peripheral blo od pla sma r emained essen tially cons tant dur-
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A. Cvu n oc ob ulum in , 10 lAg per ki logram of ball y ,,"eight placed in liga ted
duodenum of two de gs .

B. Cyanocobalamin, 50 lAg per kilogram of bod y weight placed iu uuligated
duodenum of two dogs.

C. Cva uocobalnmin, 50 lAg per kilo gram of body wei ght pl aced ill stomach
ligat ed a t th e duodenal eap of two dogs.

D. ilaline placed in unligated du odenum of one dog (0 ) , and in ligated
duod enum of an other ,jog ( 6. ) .
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ing the 8-hoUl' exper imental period and averaged 0.18 and
0.21mflg per milliliter of pla sma respectively (fig. 2 D) .

'I'he administration of cyanocobalamin (50 flg per kilogram
of body weight) in th e lI1/ligated duodenum of two dogs r e­
sulted in a som ewhat variable response (fig. 2 B). In one-dog.
the vitamin B 12 activity of th e portal plasma increased rapidly
and continuou sly during th e exper iment and reached a maxi­
mum of 3.3 mflg/ml at th e end of 8 hours. The vitamin B 12

activity of th e peripheral plasma increased in a similar
fa shion hut at all t imes remained below the value attained
in the portal blood. At th e end of th e expe r iment, th e activity
of the portal blood wa s still increasing whil e th e peripheral
blood was decr ea sing after r eaching a maximum of 1.9 mugzml
at the end of 4 hours. The r esponse of th e second dog was of
a lower magnitude than that of the fir st dog. In this dog al so,
th e peripheral plasma contained less vitamin B J 2 activity
than portal plasma.

Of two dogs given 10 flg of cyanocobalamin per kilogram
of body weight placed in the ligat ed duodenum, one dog fail ed
to demonstrate changes in ser um vitamin 13 12 activity whil e
in th e second dog , the plasma vitamin B J 2 activity did not
incr eas e until after th e 'fir st hour and thereafter , increased
to only a slight exte nt (fig. 2 A). Howesrer, in th e latter dog,
th e portal plasma contained more vitamin B 12 activity than
th e corresponding jugular pla sma. In thi s dog, the degree
of vitamin ab sorption (a s indicated by th e appearance of the
vitamin i'!l th e plasma) from a limited po rtion of the duo­
denum was comparable to that of th e smalles t degree of ab­
sor ption found in a dog given 50 fl g of cyan ocobalamin per
kilogram of body weight in th e unligat ed duodenum (fig. 2 B).

The administration of cyanocobalamin in a dose of 50 flg of
cyanocobalamin per kilogram of body weight to three dogs
with ligat ed duodenums is shown in figure 3. lIT all three dogs
a rapid increa se in th e vitamin B 12 activity of portal and
jugula J' blood plasma wa s apparent during th e exper iment.
The average vitamin B J 2 activity of th e portal circulation
was great er than th e corresponding activity in the peripheral
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circulation. It may be not ed that the plasma vitamin B 12

act ivity increased more rapidly and attained higher levels of
activity than it did in the pla sma of dogs given a similar
dose of cya nocoba lamin placed in the unliqated duodenum
(fig. 2 B) .
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Fig. 3 The vitamin B" activity of jugular and portal blood plasma following

th e administra t ion of 50 f.Lg cyanocoba lam in per ki logram of body weig ht to
three l ogs with ligated d uodenums.
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The higher level of vitamin activity present in portal
plasma during the absorption of vitamin from the intestinal
t ract indicates th e removal of absorbed vitamin from the
peripheral circulatipn by th e liver and ti ssues of the body.
This -is consistent with previous studies in which CoGOwaa
found to be deposited in the organs of rats following oral
administration of CoGO-labeled cyanocobalamin (Rosenblum
et a1. , '52). However, since th e vitamin B l ~ activi ty of peri­
pheral and portal blood plasma follow s a simila r pattern, the
vitamin B12 activity of peripheral blood plasma may be used
as an index of absor ption of the vitamin from the gas tro­
intestinal tract.

Vitamin B 12 act'ivity of blood pla sma and urine f ollowing
intravenous administration of cyanocobalamin

The elevation of urine vitamin B12 activity following duo­
denal administration of th e vitamin prompted us to study the
plasma and urine vitamin B 12 activity af ter th e intravenou s
administration of cyanocobalamin in doses that would r esult
in plasma vitamin activity approximating that obtained by
the intestinal route. Three dogs were injected with 1.5 llg of
cyanocobalamin per kilogram of body weigh t and samples
of blood and urine were obtained during a 4-hour exper imental
period. The rapid decrease in plasma vitamin activity (fig.
4) is due to elimination of free vitamin B 12 by the kidney be­
fore bindfng to blood proteins and incorporation into ti ssues
can take place, as has been indicated previously (Smith, '54).
When such relatively small amounts of cyanocobalamin are
injected, th e major portion of the dose is removed from the
blood during the first hour, and the rate of elimination or r e­
moval of vitamin from th e blood <j.ecreases slowly thereafter.
During the experimental 4-hour period, 15.6 to 25.60/0 of the
administered dose was excre ted in the urine (table 1).

As has been shown previously by Conley et a1. ('51), Soko­
loff et a1. ('52) and Chow et a1. ('50) in human subjects, and
Yamamoto et a1. ('51) in rats and dogs, large doses of c~ano-
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cobalamin injected into th e body are rapidly eliminated in
the urine. Concomita ntly, plasma vitamin Bl~ activ ity de­
creases rapidly but small amounts of th e vitamin above con­
trol Ievels may persist for a t least 24 hours (Unblaub et al .,
'54) . Our data obtained in dogs, sub stantiate these results.
In th e present expe r iments, small quantities of the vitamin
were also elimina ted in the urine in most of th e dogs 'when
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3 4

Fig. 4 Th e vitamin B 12 activi ty of jugular blood plasma fo llowi ng the in­
travenous inj ect.ion of 1.5 Ilg of cya noc obalamin p er kilog ra.m of body weight to
three dogs. T he solid li ne represent.s average data . Th e b ro ken lifJ.e re p res en ts
the f asting control level of p lasma vitamin B 12 ac ti vi ty .

pla sma vitamin Bl~ activity wa s elevated during absorption
of the vitamin from the intestinal tract. Although it is not
possible to correlate the qvantity of vitamin excre ted in the
urine with the plasma vitamin activity due to the large vari­
ability and small number of observations presented in this
report, these data indicate that some of the absorbed vitamin
is excre ted in th e urine. The oral administration of cyano­
coba famin to human subjects al so r esults in a hi ghly variable
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but measurable elevated urinary excretion of the vitamin
(Unglaub et al., '54). The apparent differences between these
data and those previously reported in the literature which
indicate that the vitamin is not excreted in the urine follow­
ing oral administration may be due to differences in sensi­
tivity of the various procedures used for the measurement
of vitamin Bl~ activity.

The experimental data reported here constitute direct evi­
dence that vitamin Bl~ administered to dogs is ab sorbed, in
part, from the intestinal tract via the circulatory system in
amounts which approach the concept of physiological quan­
tities. These expe riments demonstrate that vitamin Bl~ placed
in the duodenum of dogs results in measurable increases in
the vitamin activity of plasma, and an increase in the excre­
tion of the vitamin in the urine. Although the absorption of
cyanocobalamin varies widely among these dogs, it is ap­
parent that the administration of 50 Ilg per kilogram of body
weight to dogs with ligated or unligated duodenums results
in increased vitamin activity in the blood stream. 'When the
vitamin is localized in a portion of ligated duod enum, doses
as low as 10 Ilg per kilogram of body weight may al so increa se
plasma vitamin activity. The data obtained in dogs shows
a greater rate of absorption of the vitamin when maintained
in a limited portion of the intestine and may r epresent a ma ss
action effect on the absorptive system. Glass et al., ('54) have
recently proposed a mechanism for the absorption of vitamin
Bl~ which involves a. regulatory vitamin binding absorptive
system similar to that of apoferritin in iron absorption, and
that the Bl~ transferase system may be overcome with I .rge
doses of vitamin B 12 by a mass action effect.

The procedures used to obtain these data may he criticized
on the grounds that the operative ligating procedure could
cause traumatic changes which would alter the intestinal
absorption of the vitamin. Although trauma may effect such
absorption late in the experimental period, the rapid and
regular increase in plasma vitamin Bl~ activity during the
first two hours indicate that traumatic changes were at a
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minimum and probably played only a minor role during the
early phases of the exper iment. Furthermor e, in tho se ex­
periments where the vitamin was placed in the unligated duo­
denum, measurable incr eases in plasma activity were obtained
und er conditions where trauma was at a minimum.

SUM},1ARY

In th e post-absorptive state, plasma vit amin B12 activity
of dogs is th e same in portal and peripheral blood plasma,
but portal plasma contains greater amounts of activity than
does peripheral plasma during active absorption of the vita­
min from the intestinal tract.

Crystalline vitamin B 12 placed in ligated segments of the
duodenum or in th e unligated duod enum of dogs r esults in
th e rapid appearance of vitamin B12 activity in the plasma
of portal and peripheral blood . During absorption, small but
definite amounts of vitamin activity also appear in the urine.
In dogs subjected to operation but admini st er ed saline in
place of vitamin B12, plasma and urine activit y remained con­
stant. Th e plasma vitamin B 12 activity of dogs with stomachs
ligated at the duodenal cap remained essentially cons tant fo l­
lowing the administration of vitamin.

Th e major por-tion of vitamin B 12 administ er ed by intra­
venous injection, .In an amount approximately that found in
plasma during oral absorption, r esults in a rapid eliminat ion
of th e vitamin in the urine. These data are discussed in
r elation to th e problem of vitamin B 12 al>sorption ifl man and
animals.
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Many of the details of prot ein digestion in vivo are inferred
from the re sults of isolated enzyme expe riments in vi tro. F ew
quantitative determinations have been made of free amino
acids in contents of the alimentary tract removed during
digestion, and most of these antedate the development of
microbiological methods. Abde rhalden et al. ( '07) established
by chemical means the presence of several amino acid s in
the combined chymes of la rge groups of animals. These
pioneer r esearches es tablished the fact that certain amino
acids are present in the lumen of the intestine after feeding
a protein meal. The evide nce does not prove, how ever, that
the amino acids found were derived solely from the ingested
protein. Certain evidence on this point is described in the
present paper. Quantitative estimations of 15 amino acids
'wer e made on gastr ic and intestinal conte nts after f eeding
egg albumin, zein , and non-protein test meal s.

MET H ODS

Mongrel dogs, weighing 6.8 to 18.3 kg, were fasted a t least
24 hours before being f ed the test meals. Coagula ted egg
albumin (15.6% N ) wa s prepared from "crystalline " egg
albumin according to Chibnall et al. ('43); zein flakes
(15.5% N) were prepared by dissolving powdered zein in 70%
ethanol and r eprecipitating by the addition of water. "Pro-

1 This work was supported by a grant f rom th e Office of th e Surgeon General,
U . S. Ar my (Cont ra ct no . DA-49 -007-1ID -346) .
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tein " test meal s (30 to 50 gm ) usually consis ted of 80ro pro­
tein, with 10ro suc rose am! 1070 lard added for palatability.
Non-protein test meal s contained 45 or 40 gln of lard and 5
or 10 gm of sucrose. Water was always available. 'I'he ani­
mals were sacr ificed approximately one and one-half hours
after feeding. The abdomen wa s op ened and the gastroin­
testinal tract chilled with ice during the t ime that double
ligatures were placed at cardia, pylorus, ligament of Treitz,
and at the upper quarter, midpoint and terminus of the r e­
mainder of the small intestine. For purposes of thi s paper
these ligatures delimit stomach, duodenum, jejunum, upper,
and low er ileum, r espectively. The conte nts of each segment
"wer e r emoved promptly and comple te ly wi thout contamina­
tion with blood.

All samples of chyme were weighed and th e semisolid on es
di luted with water to form a slurry . They were then boiled for
two minutes and evaporated to syr upy con si st ency on a ste am
bath. While st ill hot the samples were treated with 20 to
30 volumes of 70 ro ethanol. The floccul ent precipitate which
formed wa s allowed to se t tle in the cold room (5 to- SOC.) for
approximately IS hours and then separated from th e supe r­
natant liquid by centrifugation. The precipitate wa s washed
once with 70 ro ethartol, the al coholic ext r ac t and wa shings
were combine d, made to volume with 7070 ethanol, and stored
at 5 to SoC. Since zein is soluble in 70% ethanol, only one of
the two zein chymes was treated according to the sche me
described above; the other wa s treated with water, in stead
of 70% ethanol, shaken with toluene and preserved at - 5°C.
In either case it see ms likely that the free amino acid s were
ext r acted.

T otal nitrogen in each al coholic extr act wa s det ermined
by means of a semi-micr o Kjeldahl method. Alpha amino ni­
trogen content of each alcoholic extr act and it s acid hydroly­
zate wa s determined manometrically (Pet ers and Van Slyke,
'46) . A prerequisite in this det ermination is th e comple te r e­
moval of al cohol, whi ch wa s accomplish ed hy evapora t ion in
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vacuo at room temp erature. The r esidue wa s dissolved in
water for th e determination of amino nitrogen.

Fifteen "free " amino acids wer e det ermined microbiolo­
gically, in the 70% ethanol-soluble fra ction, essentially by th e
methods of Sauberlich and Baumann ('46). Leucine, valine,
isoleucine, tryptophan and glutamic acid 'wer e det ermined
with the aid of Lact obacillu s ambinosu s 17-5 (ATCC 8014).
L eucono stoc m eseni croid es P-60 (AT CC 8042L was used for
the other amino acids, excepting threonine which was as sayed
with Streptococcus [ecali s B (ATCC 8043) . The total volume
in each assay tube wa s 4.0 ml. After an incuhation period of
64 to 72 hours the acid produced wa s titrated with 0.05 N
NaOH. All standa rd curves , except tho se for se rine and
threonine were established with crystalline L-amino acid s.
In using nt-serine and nr-fhreonino the necessary assumption
wa s made that th e test organism is unable to utilize the D­

forms.~ From 90 to 103<fa of valine and 96 to 103<fa of lysine
were recovered when added to th e alcoholic ext racts over the
whol e range of concentrations .and dilutions encountered in
this work. Duplicate det erminations agreed within 10% of
the mean value.

In two animals, several months prior to these exper iments,
pancreatic juice wa s eliminated from th e small intestine by
ligation of ducts and removal of the head of the pancrea s.

RESULTS

The nitrogen in difier ent portions of the alimentary tract,
as affected by various test meals, is shown in table 1. As
indicated, la rge portions of the protein test meals remained
in th e stomach. In th e small intestine the total nitrogen r e­
covere d is greater after f eeding protein t est meal s but even
with a non-protein test meal considerable nitrogen is found
in th e contents. Zein is soluble ill aqueous ethanol and hence
th e column marked A (alcohol ) may include some undigest ed
zein. The corresponding water- soluble fracti on is included

, All am ino acids were purcha sed from N ut rit ionnl B iochemicals Com~any,

Clevela nd, Ohi...
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TABLE 1

Sitrogen in gastroint est inal contents

N I T ROG EN .
TEST SE GM ENT OF NO . OF To ta l Soluble in (b) / (a) X 100MEAL ox TR ACT DOGS 70 % eth anol

(a) (b) (c ) 1

um um

Stom ach 3 3.087 ± 1.199 3 0.267 ± 0.115 9
Egg Du odenum 3 0.184 ± 0.017 0.080 ± 0.024 44

a lbumin J ejunum 3 0.391 ± 0.025 0.189 ± 0.004 48
(7 .4;4.7; Uppe r i leu rn 3 0.396 ± 0.0 22 0.22 3 ± 0.053 56
3.3 gm N ) 2

L ower il eum 2 0.336 ± 0.040 0.186 ± 0.062 55

Stomach 4 0.071 ± 0.027 0.041 ± 0.015 58
Du od enum 4 0.068 ± 0.014 0.020 ± 0.004, 29

Non-
J ejunum 4 0.090 ± 0.030 0.033 ± 0.009 37

protein Upper il eum 4 0.109 ± 0.036 0.040 ± 0.009 37
Lower Ileum 4 0.186 ± 0.063 0.068 ± 0.034, 37

A 3 w A W
Stomach 2 1.234 ± 0.032 .29 6 .Ot! 24 2

Zein Duodenum 2 0.184, ± 0.11 3 .191 .029 100 + 16
(2.9; 3.3 J ej unum 2 0.408 ± 0.127 .297 .080 73 20
gmN) U pper il eum 2 0.459 ± 0.030 .240 .071 52 16

L ower il eum 2 0.369 ± 0.3 19 .027 .068 7 19

E ffect of absence of pancre atic juice

Egg
albumin
(4.7; 4.7
gmN )

St omach
Duodenum
J ejunum
Uppe r il eum
L ower ileum

2
2
2
2
2

3.274 ± 0.030
0.66 5 ± 0.015
0.146 ± 0.051
0.236 ± 0.11 4
0.187 ± 0.096

0.2 24 ± 0.020
0.009 ± 0.0 00
0.014 ± 0.003
0.027 ± 0.018
0.030 ± 0.01 2

7
1

10
11
16

1 Soluble in 70 % ethanol as percentage of total nitrogen .

2 Gra ms nitrogen in t est meal s.

3 Mean ± standa rd. errol' of th e mean.

• A refers to materi al solub le in 700/0 et ha nol.

\V refer s to ma terial soluble in water.
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under ,V. In the absence ~ pancre atic juice the 70% ethanol­
soluble f raction is r educed by more th an 80%.

Quantitative determinations wer e ma de of 15 amino acids;
the r esu lts in table 2 in clu de only those for 8 of th e essentia l
on es but they are typical of the whol e g roup. All th e amino
acids sought were found in chymes from all pa ri s of the
gastrointest inal tract investigated, including chymes re­
covered afte r feeding non-protein test meal s. As expec ted,
th e stomach contained the lowest concentration of am ino ac ids .
Their r elat ive abundance in the stomach does not cor re spond
well with that fo und in the d uode num and hence the mixture
fo und in the stomach is probably not due primar ily to re ­
gurgitation of intest inal contents. The egg albumin and non­
p rot ein test meals yield ed chymes in th e small in test ine which
conta ined some wha t larger am ounts of f ree amino acid s in
th e lower than in th e upper portions. This wa s not found
after f eeding zein . Of great in ter est is the fact that, r e­
ga rdless of the test meal , whether it coutaiued a complet e pro­
te in, an incomplete protein , or no protein, all of th e 15 amino
ac ids sough t were fo und. For example, hi stidine ..md lysine,
which are absent, or nearly so, f ro m zein, were present in all
segments of the gas trointes tinal t ra ct whet her egg albumin or
zein was feel.

The pH of most samples wa s det ermined with a glass elec­
trode. All spec ime ns from th e stomac h, duodenum and jej u­
num were acid, and only 5 of 21 samples from th e ileum were
neu tral or slightly alkalin e. Of 11 saJlJples of stemaeh con­
te nt s, 8 range d f ro m pH in to pH :3.7 and three from pH
5.0 to pH 6.5. T wo of the la tte r g'ro up we' re obtained with
nOl~prot ein meal s and th e other with a meal whi ch conta ined
only 2270 of protein. T wenty-two sample'S of du odenal and
jejunal chymes ranged f r~m pH 5.7 to pH 6.7.

DI SCUSSIOX

The to tal nit rogen recovered after feeding' a non-protein
meal increa ses gradually from the duod enum to th e lower
ileum which may indi ca te an accum ulat ion of th e digestive
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enzymes and other proteins contributed by the gas t r ic, pan­
creatic, and intestinal juices. Auto-digestion of the enzymes
and other proteins secr eted into the small bowel could ac­
count for the p resence of a complete assortment of ess~ntial

and oth~r amino acids after ingestion of a non-protein meal
(table 2).

The intestinal chyme derived from a particular test meal
contains a r elatively constant percentage of nitrogenous sub­
stances soluble in 7070 ethanol (table 1, column C) . These
substances include amino acids as well as the simple pcptides.
It is pertinent to point out here that this hydrolytic activity
seems inconsistent with the class ical concept of the optimum
pH for the various digestive enzymes, according to which th e
pH observed here is too high for pepsin and too low for cither
th e pancreatic or th e intestinal enzymes . Th e qualita tive
uniformity of th e microbiologically available amino acid mix­
ture in th e chy me, regardless of th e test meal , is shown by
the data in table 3, in which the molar ratios, on a compa­
rable ba sis, are computed for test meal protein s as well as
ga strointestinal conte nts . Owing to space limitations, results
from duodenum, and upper and lower ileum were delet ed.
The 15 amino acids li sted are the ones which were determined
quantitatively by microbiological methods. The molar ratios
are all ba sed on th e molar concent ra tion of threonine as unity.
Threonine wa s selected for this purpose becau se in th e three
types of chyme it occupies an intermediate position (table 2),
and it is present in more than minimum amounts in both egg
albumin and zein. The ratios for th e test meal proteins wer e
derived from analytical data reported by Blo ck and Bolling
( '51).

Lysine is particularly interesting because it is ab sent from
zein but it is found in the zein-derived chy me in approximately
the same ratio as in the other two chy mes . Tryptopha n is 10
times as concentrated in egg albumin as in zein but , except in
the stomach, this diff erence cannot be det ected in the chymes
derived from f eeding these differ ent proteins. Zein contil ins
r elatively much more leucine and glutamic acid than egg
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albumin but these diff erentes are scarcely detectable beyond
the stomach. The most as tonishing r esults were obtained
with th e non-protein test meal. If this column (NP in table
3) were not labeled, it would be difficult, except for stomach
contents, to determine that these r esults wer e obtained from
chymes derived from non-protein test meals.

T ABLE 3

M oles of am ino acid per m ole of t hr eon in e

I N GAS TROINTESTINAL CON TENTS AF T ER F EEDING
I N I N GE ST ED THREE T YP ES OF TEST MEAL S 1

AMINO ACID P ROT E I:S
Stomac h J ejunum

lOA :SP N P
lOA lOA

Lysine ]. 25 0.00 0.11 0.13 1.3] 0.80 0.83 0.90
Leucin e 2.03 7.]7 2.71 3.37 2.06 ] .45 1.69 0.93
Methionine ]. 04 0.6] 0.30 0.07 0.31 0.22 0.28 0.]6
Threonine 1.00 1.00 ] .00 1.00 1.00 1.00 1.00 1.00
Histidine 0.44 0.44 0.05 0.05 0.35 0.27 0.31 0.32
Valine 1.55 1.02 ] .76 0.66 1.59 1.11 0.84 0.97
Tryptophan 0.2 ] 0.02 0.11 0.02 0.38 0.]5 0.10 0.16
Phenyl alanine 1.28 1.54 0.36 0.22 0.62 0.56 0.49 0.56
Isoleucin e 1.62 2.2 ] ] .55 0.85 0.55 1.08 1.03 0.73
Arginine 0.99 0.41 0.15 0.]6 0.72 0.94 0.61 1.12
Ty rosine 0.66 1.14 0.]2 0.]3 0.77 0.40 0.37 0.46
Serine 2.29 2.91 1.08 0.47 0.97 1.54 ] .30 ] .30
Glutamic acid 3.08 7.]7 ]. 65 2.25 1.69 1.17 1.47 1.58
Aspartic ac id 1.92 1.67 0.07 0.85 0.55 0.40 0.60 0.28
Proline 2.00 3.59 0.06 0.21 0.62 0.56 0.71 0.67

1 Containi ng E A = Egg albumin) Z = Zein, or NP = N o protein.

The simultaneous presence of the essential amino acids in
a mixture is a prerequisite for th e most efficient utilization
of ~e nitrogen in such a mixture (Geiger, '47). Th e data
pre sented here demonstrate that the amino acid mixture avail­
able for absorption in th~ small intestine tend s to retain a
r elatively constant composition r egardless of th e composition
of th e ingest ed food. This circums tance provides a mixture
for absorption into the blood stream that contains all of
thee ess ential amino acids and one which can, th er efore, be
used to advantage by th e liver in th e synthes is ef new pro-
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tein. The biological value of zein ~ not zero and this may be
due to supp lementation by the complete amino acid mixture
provided by the intestine itself . Such advantage may be
gained only at the expense of essential amino acids already
present, presumably in proteins of th e digestive juices, ana
must, therefore, be short lived. It is impossible in the long
run to obviate th e necessity for ingesting a full quota of the
essentia l amino acids required for nitrogen equilibrium.

The r ela tively constant qua litative composition of th e amino
acid mixture found in the gastro intestinal tract during diges­
tion suggests an unusual extension of the principle of homeo­
stasis . It will be mos t interesting to determine whether an
amino acid mixture, suggested by the present exper iments,
is superior nu tritionally to other mixtures when fed to ex­
perimental animals. The essential amino acid requirements
for th e maintenance of nitrogen equilibrium in the adult rat
have been r eported over a period of years from thi s lab­
oratory. I n view of the r esults given in th e present paper
it may not be coincidence that the requirements of isoleucine
(Anderso n and Nasset, '48), valine (Nasset and Anderson,
'50), phenylalanine (Nasset and Siliciano, '52), tryptophan
(Nasset and Ely, '53) and histidine (Nasset and Gatewood,
'54), expressed as moles of amino acitl per mole of threo­
nine required, yield ratio s which are within 20% of those
given for th e same amino acids in table 3, taking egg alb umin
chym e in the je junum for th e comparison (almost any other
sample wil] do as wall). The ratios obtained for leucine (An­
derson and Nasset, '50) , methionine (Na sset and Anderson,
'51), lysine (Nasset and E ly, '52) , however, are one-half, 7
times, and one-fifth as gr eat r espectively as th e comparable
values in table 3.

It is well to emphas ize here that th e amino acid determina­
tions were mad e on portions of th e gas trointest inal contents
which were soluble in 70% ethanol. This solvent ext racts free
amino acids as well as certain peptides and some unhydro­
lyzed zein. Free amino acids were r eadily demonstrated by
means of paper partition chromatography in all parts of the
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small intestine. It was npt always possibl e to demonstrate
all of the amino acids in the fre e sta te in gastr ic contents.
Without the removal of water the concent ra tion of free amino
acids in the stomach was oft en too low for det ecti on by the
chromatographic method. The microbiological assay for free
amino acids can doubtless be influenced by other compounds
but at least the chromatographic method indicates the pres­
ence of each of th e amino acids in th e f ree sta te .

How do chymes der ived from totally diff er ent test meal s
yi eld so soon a solution of free amino acids which apparently
is rela tively constant in compos itio n ? Ther e is no evidence
tha t free amino acids are normally absorbed from th e stomach.
H ence in this organ, aside from duodenal rcgurgita ti on and
possible secre t ion of am ino acids, th e free amino acid content
is det ermined by the hydrolytic clea vage of th e various amino
acids from both test meal and endogenous (c .g. pepsin and
mucus) proteins. In the small intestine th e process of ah­
sorption brings in an other complicating fact or . If the re were
large di ffer ences in r ates of absorption of the various amino
acids, some of them should tend to di sappear toward th e ileum
and other s should tend to accumulate. If th is wer e true, the
ratios given in table 3 should not r emain so cons ta nt.

The av erage total recovery of nitrogen f rom th e gas t ro­
intestinal tract after feeding non-protein meal s wa s 0.524 gm,
the equivalent of over 3 gm of protein . How much of th is
was present before feeding cannot be determined hut th e
protein turn ove r of the gastrointestinal mucosa mu st he ap­
preciable. Dreisbach and Nasset ('54) recovered more nitro­
gen from th e gas t rointes tinal tract of rats 5 hours after
feeding than wa s contained in th e test meal. After such a
large synthes is and secre tion of enzyme protein th e mucosa
probably ma kes significant deman ds on th e bodys amino acid
pool. This is confirmed in part by the work of Borsook et al.
( '50) who r eported that OH-lah eled glycine, t-histidine, L­
leucine and L-lysine after intravenous administration are pre­
dominantly concent ra ted in th e visceral proteins within 30
minutes.
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Dogs were fed protein-containing and non-protein test
meal s and sacr ificed approximately one and one-half hours
later. The contents of the gastrointestinal tract wer e analyzed
for total nitrogen, 7070 ethanol-soluble nitrogen, and 1~

"free" amino acids.
In the small intestine all 15 amino acids wer e present in

approximately cons tant proportions whether protein or non­
protein test meals were fed. Lysine, for example, which is
ab sent from zein, one of the test-meal protein s, was present in
chyme derived from zein in approximately th e same p ropor­
tion as in chyme derived from egg albumin.

The mixture presen t during digestion appears to contain
amino acids derived not only from th e hydrolysis of th e food
protein s bu t al so from autodigestion of th e hydrolytic en­
zymes th emselves and other endogenous proteins.

It is concluded, therefore, that the qualita tive amino acid
composition of intestinal conte nts is not greatly alte red by
cha nging from a non -protein to a protein-containing test meal.
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FATTY LIVER OF PORTAL TYPE: EFFECTS OF
CHOLINE, METHIONINE, AND VITAMIN B12 1.2

MAURICE E. SHILS, ROSALIE DE GIOVANNI AND W. B. STEWART

School of Public H ealth, and Department of Pathology, College of Physicians
and Surgeons, Columbia Univ ersity, N ew Yoric, N . Y.

(R eceived for publication November 18, 1954)

In previous reports (Shils et al., '54a, b) we have described
a procedure for rapidly producing a portal type of fatty liver
in rats. It consists of maintaining stock weanling rats on
diets containing certain plant foodstuffs and devoid of animal
protein. This experimental fatty liver resembles the portal
type of fatty liver seen in human disease, kwashiorkor (Davies,
'51; Senecal et al., '53; World Health Organization, '53) and,
in addition, differs morphologically from a central type of
fatty liver seen in choline deficiency (Lillie et al., '42; Hartroft,
'50; Shils et al., 'Mc). This latter type appears to be caused
by a dietary deficiency of "methyl groxps " and it has been
thoroughly established that it responds not only to choline
but also to methionine (reviewed by Best and Lucas, '43) and
under certain circumstances to vitamin B 12 (Best et al., '53;
Hawk and Elvehjem.. '53; Drill, '54). These compounds are
believed at present to have little or no effect in kwashiorkor
and related diseases (Trowell, '54; Waterlow, '48), although
the clinical evidence is still scanty. It was, therefore, of in­
terest to determine whether they would be effective in pre­
venting or curing the portal type of fatty liver which we have
produced in rats by feeding them diets containing corn, cas­
sava, or rice as the only source of protein.

1 Supported in part by a grant from the National Vitamin Foundation.
2 Preliminary r eport of portions of this study were presented before th e American

Institute of Nutrition, Atlantic City, April 1954.
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:METHODS AND P RO CE DURE S

Black r ats t aken from mother s f ed a diet of Rockland
"D-free " pellet s supplemented with fresh milk were placed
on the experimental diet s at weaning (21 days) .

The three diet s with protein contained corn meal 3 gr ound
white rice,' or cassava flour ," at a level of 74 parts. To this
proportion of each wa s added the following basal mixtur e:
hydrogenated vegetable oil (Cr isco ) 15, sa lt s (H ubbell, Mendel
and "Wakeman, '37) 3, 5% cod liv er oil in corn oil 2, and
vitaminized glucose 3. The la tter contr ibuted in milligrams :
thi amine H CI 0.5, riboflavin 1, niacin 5, pyridoxine H CI 1,
calcium pantothenate 2.5, folic acid 0.02, and biotin 0.01. A
choline-deficient diet was al so fed to some of th e rats. This
contained casein 6 9, glucose 67, salts 1, plus th e ba sal mixture
given above. When choline chlor ide wa s incorporated into
th e di et s it was alw ay s at a level of 0.25% ; DL-methionine wa s
added at the various levels given in the appropr iate tables, and
vitamin B 12 wa s inject ed intraperitoneally once "weekly (3 l-J g
in 0.2 ml physiolo gical saline ) .

Histological studies including Sudan IV staining for fat in
the liver and determination of levels of hepatic lipid as total
fatty acids and unsaponifiable matter were performed as pre­
viously described (S hils and Stewart, '54c). In addition, de­
terrninations of free and total choles te rol (S per ry and ,Vebb,
'50) and iodine number (Hanus r eagent) (A. O.A.C., '50) were
made on unhydrolysed lipid ext racte d from the diet, liv er and
perirenal (body) fat by a slightly modified method of A r tom
and Fishman ('43). For cholesterol det ermination an aliquot
of the chloroform ext ract wa s evaporated at 37°C. then dis­
solved in a mixture of equal parts of acetone and absolute
ethanol prior to an alysis. Only littermate rats were need for

3 Bolted, wa ter gro und, white cornmea l, " I ndian H ead " brand f rom "Wilkins­
Rogers Milling Co., Washington, D. C.

4 Po lis hed white un coa ted ri ce ground finely in the laboratory.
5 A flou r suppli ed throug h th e courtesy of D r . R. J. Sm it, D epartment of

N ut rition, P ret ori a , Union of South Africa.
6 Plain , untreated, General B iochemicals, I nc .
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intergroup comparison to obtain the mean diff erence for the
" t" test.

RESULTS

As shown in table 1, neither vitamin B 12 nor choline had any
significant effect in preventing the accumulation of hepatic
lipid when administered to rats on th e corn meal diet. While
preliminary data (Shils et al., '54a) had sugges ted some
preventive action of choline, the additional exper iments re­
ported here did not sustain this vi ew. Of cons ide rable in ter est
is th e finding that, in male rats, 0.5ro DL-methionine actually
increa sed the amount of hepatic lipid, a finding which wa s
statis tically highly significant. The amino acid at this level,
however, had no effect on the amount of lipid in the liv er s
of females. There was no significant influence on growth by
any of these three " lipotro pic" substances in the amounts
given in this expe r iment. Mioroscopic examination of liv er
sections stained with Sudan IV reveal ed that treatment with
the se substances did not alte r th e site of lipid deposition. The
majority of th e treated rats continued to have th e fat localized
in the portal area s. The increased am ounts of fat noted chemi­
cally in the methionine-treated males is r eflected in th e micro ­
scopic findings of diffu se and heavy fa t infiltration in many
of th e livers.

The unexpected finding that 0.5% methionine increa sed th e
hepatic fat in male rat s suggested that other levels of this
amino acid be test ed. Accordingly, groups of male rat s wer e
placed on tiliets conta ining var ious amounts of methionine
(table 2) . At the 0.57"0 level there was obser ved again an in­
cre ase in in th e amounts of fat in th e liv er. H owever , high er
percentages cause d decrea sing amounts of lipid accumulation,
until, at the 2% level, all ra ts had normal levels of hepatic
lipid. It is to be not ed, however, thqt poorer growth wa s as­
sociated with th e hi gher methionine levels and this may have
been related to the lower lipid concentr ations. While the
growth inhibition at 1ro methionine was equivocal, ther e is
no doubt that 1.5 and 2% are toxic to rats 011 th e corn meal
diet.
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The ability of 270 methionine to prevent accumula tion of
excess liv er led us to examine its efficiency in reducing excess
lipid once it had accumulated in th e liv er. In preparation
for this expe r iment, 15 littermate rats wer e placed ou the

T AB L E 2

Th e in fluence of inc reasing lev els of DL-met hionin e in corn m eal di et on liv er lipid
content and grolVt h of ma le rats 1

0/0 D Ir~I BTIlIO~ IN J<1 IN DIET

o 0.5

12

1.0

:SO . OF RA T S

1 3

1.5

6

2 .0

13

% Lipid,
mean ± S .E . 9.5± 1.1 14.3 ± 1.3 6.8± 0.96 4.5 ± 0.71 3.2 ±0.22

% Lipid,
ra nge 5.3 - 15.6 5.3 - 18.8 3.4 - 13.5 2.4-7.0 2.5 - 3.8

No. be low
4.0% 0 0 2 3 12

W t. gain,
av., gm 10 9 7 3 0.6

we. gain,
range, gm 3 - 20 5 -14 1 -9 - 2 to +6 - 2 to +4

1 After 28 days on di ets .

TA B L E 3

Cur at ive effe ct of 2 % DL-meth ionine added aft er 18 days on t he corn m eal diet

l. IPID
DAYS O N DIET 1' 0. OF' RAT S

Mean Ran ge

% %
18 5 10.2 7.1-14.4

28 5 12.2 5.9-19.5
28 (methionine) 1 5 3.4 2.5-3 .9

GROW TH

Mea n Range

[1m g m

7 5-12
11 9- 15

- 1 -4 to + 1

1 Meth ionine added onl y f or th e last 10 days.

corn meal diet. The fact that th ese rats had developed a fa tty
liver was shown by killing and ana lyzing a group of 5 on the
18th day (table 3). At th is time, half of the r ats which wer e
continued on the diet wer e given a supplement of 270 methio­
nine. Ten days later, those without this supplement had

•• •
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elevated hepatic lipids, aad had continued to gain weight,
whereas the methionine was found to have cured th e fatty
liver . H owever , the amino acid also caused a marked dec re ase
in growth or actual weigh t loss. H ere, again, weight loss
rather than a " true" lipot ropic action may hav e been an
importan t influ ence on the levels of hepatic lip id. Further
exper iments are needed to assess the relative importance of
these factors.

R ice and cassava die ts : The preventive influence of choline
and methionine was al so tested in conjunction with di et s
containing eithe r polished ri ce or cassava flour . Table 4 sum­
marizes the r esults of these expe riments. Choline had no
effect upon the level of hepatic lipids in the females on th e
rice diet. It may have decreased somewhat the fat in the
animals on the cassava diet but more data are needed to
assess the significance, if any, of this change. Methionine did
not prevent accumulation of fat in animals on eithe r of these
two diet s. Neither supplement influ enced growth. The pattern
of distribution of lipid in the lobul es was not altered by tre a t­
ment ; the fat was initially and preponderantly leealized in
the portal area s. However , 0.5% methionine sup plementation
to the rice diet tended to cause so much fat. deposition, par­
ticularly in the females, that the entire lobule frequently
becam e diffusely involved, as had occurred in males on th e
corn meal di et supplemented with 0.5% methionine.

Chemical nature of liver lipids: The portal typ e of fatty
liv er, then, does not appe ar to r espond significarftly to the
usual lipotropic agents, a st r iking contr as t to their beneficial
effect on the central type of fatty liv er seen in choline defi­
ciensy. It wa s of inter est to know whether there wer e, in
addition, any chemical differences in the types of lipid d e­
po sited unde r the differ en t dietary conditions. In another
expe riment, groups of rats were placed on each of the 4 diet s
shown in table 5. Histological examination of the liver s staine d
with Sudan IV showed that the fat was deposi ted prepon­
derantly as is shown in the tabl e. Compar ison was then made
of th e iodine nu mber and choles te ro l content of the lipids
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ext racted from th e liv er s and perirenal fat (a s a sample
of body fat) of animals on each diet. The lipids extr acted
from these two types of fatty livers had iodine numbers lying
roughl y about two-thirds of the way between those of the
~erirenal fat and th e dietary fat. These results indicate that
moderately un saturated fat was depo sited to about the same
degree on both typ es of diet s. This suggests tha t the excess
hepatic lipid wa s derived, at least in part, f rom the dietary
fat or newly synthes ized moderately unsaturated fatty acid s
rather than from the depot fat alone. In contras t, the lipids
from liv ers with a nearly normal fat content (last column,
table 5) had an iodine number very close to that of perirenal
fat.

Cholesterol comprised only a small per centage of the total
liv er lipid and the values wer e very simila r in all the animals
with fatty liv ers (table 5). The percentage of choles te rol in
the lipids extr acted from the liv ers of rats with normal levels
of hepati c lipid was almost twice as high, suggesting that wh en
excess fa t is depo sited, it contains a sma lle r proportion of
choles terol than is found in the lipid of the more normal Iiver .
While the total choles te r ol per gram of liv er wa s in cr ea sed
in the fatty livers over that in normal liv ers, the in crease wa s
not proportional to the rise in total fat. It was al so noted
that with in crea sing amounts of liv er fat the ratio of free
to total cholesterol tended to decrease, so that in stead of
ratios of 0.45 to 0.55, ther e oft en occurred values of 0.20 to
0.35 when the lipid exceeded 20% of the wet weight.

DISOUSSION

T~e failure of choline , vitamin B 12 and of methionine at
0.5% to cause a significant decrease in liver lipids in these
expe riments with cer tain plant foods , st rongly suggests that
a mechanism othe r than " methyl group" deficiency is r e­
spons ible for this portal typ e of fatty liv er. Other s, al so,
have no ti ced types of fatty liver which did not r espond to
the usual lipotropic agents. F or example, diets containing
mixtures of purified amino acids deficient in lysine or threonine
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caused fatty liv er despite th e presence of choline and vitamin
B 12 (Dick et al., '.52, Singal et al., '53a,b). However, the fat
appeared initially in th e cent r al portion of th e lobule (Dick et
al., '52). Singal et al. ('53a ) found th at on th eir amino acid­
deficient di et s th e iodine number of hepatic fa t decr ea sed ,
wh erea s it increased in our exper ime nts . Our findings with
cho leste rol a r e in genera l agreement with th eirs. Tn addition,
various investigators have produced a type of fa tty liv er
by f eeding di et s conta ining 9% of case in but supplemented
with choline and whi ch did not r espond to vitamin B 12 (Litwack
et al., '52; Singal et al., '53a; Harper et al., '53, '54a). The
mi croscopic appearance of th e fatty liv ers developed on th e
9% casein di et with added choline ha s heen described (Nifio­
H errera, Harper and Elvehjem, '54). 'While th ey describe a
" net work-like di stribution of fatty cells , " it is not clea r to
us just wh ere the fa t is located in th e lobules.'

The" antilipotropic" acti on of 0.5% methionine not ed with
males on th e corn meal di et whi ch we have described pre­
viously (Shils et al. , '54a ) has al so been no ted by Harper
et aI. ('541-,) in young male rats subs ist ing on 9% casein di et s
conta ining choline and supplemente d with 0.1 to 0.6% of
nt -methionine. Methionine supplementa tion improved growth
in th eir exper iments, while it had no effec t when added at th e
0.5%level to our diets.

It is not clear f rom our expe r ime nts whether th e prevent ive
and cura tive effect of th e high levels of methionine is a
true lipotropi c effect or is th e result of an altered sta te of
metabolism caused perhaps by an amino acid imbalance.
Various workers have noted that methionine a 1.5 to 2% or
high er levels is delet erious to g rowth, particularly on Tow­
prot ein di et s (F ishman and Artom, '4-1- ; Kade and Shephe rd,
'48). High levels of methionine appear to in crease fat ca ta­
bolism (Roth and Allison, '49, '50) . F urther more, weight
loss per se may have been im portant in our exper iment just

t In a persona l communica t ion t o one of us ( \V.D.S.), Dr. A. E . H a rper has
ind icated that more recent st ud ies hav e revea led th a t th e lipid in the li vers o! hi s
ra t s on th e 9% € asein diet is appa re nt in itially in the porta l a re as.
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as it plays a role in reducing the fatty livers produced by
choline deficiency (Best and Ridout, '38). Certainly, the
ineffectiveness of choline and vitamin B 12 would suggest an
action for methionine, under our experimental conditions,
~ther than that of a " methyl donor."

In studies with second generation rats "which develop ed
portal fatty liver on the corn meal di et supplemented with
3% casein , Shils and Stewart ('54c) found that choline wa s
effective in preventing fatty liv er, methionine (0.5%) partially
effective and vitamin B 12 very erratic in it s effect. In addition
to the differences in the history of the rats and the presence
of cas ein, the experimental procedure differed from that
reported here in that the animals were continued on the
supplemented diet for 65 days rather than 28 days. These
differences in result s sugg est the need for information on (a)
the effect of small amounts of animal protein in response
to methyl-donating lipotropic substances (b) th e effect of
length of supplementa tion and of age on the response and (c)
the effect of previous dietary hi story of th e animals on th e
response.

SU~LMARY

Choline and vitamin Be failed to prevent accumulation of
excess hepatic lipid in the portal areas of rat s f ed diet s con­
taining either corn meal , cassava or ri ce as the only source
of protein.

DL-methionine (0.5% ) not only failed to prevent lipid ac­
cumulation in the liv ers, but in the in stance of males on the
corn meal diet had a tendency to increa se the fat still fur­
ther. High er lev els of methionine (1, 1.5 and 25"0) added to
the ~orn meal diet progressiv ely reduced hepatic lipids, and at
a 2% level, methionine caused normal hepatic lipid levels.
At these higher levels, however, growth wa s cor respondingly
inhibited.

Determination of iodine number and cholest erol content
revealed no significant differences between hepatic lipids
deposited in the portal areas on corn diet s or central areas
on a choline-deficient diet with casein as th e source of protein.
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The biological origin and function of ergothioneine r emain
unknown. Evidence has accumulated that di et affects the level
of thi s compound in th e erythrocy te (Eagl es and Val's, '28 ;
Potter and Franke, '35 ; Hunter , '51; Spicer et al., '51; Bal­
dridge and Lewis , '53) and other ti ssues (Melville et al. , '54 ).
It has been established th at oats and cabbag e cons titute an
ergothioneinogenic diet for the rabbit (Baldr idge and Lewis,
'53). The exper iments descr ibed in this paper wer e planned
to determrne whi ch of th ese two food stuffs is r esp onsibl e
for this effect. Since it has been suggested (Latner and MOIv­
bray, '49) and denied (Heath et al. , '52 ) that ergothioneine
might influence thyroid function, hi stologi c studies wer e made
of thyroid tissue from r ats with various levels of blood
ergothioneine.

EXPERIMENTAL

Male white rabbits and rats were fe d selected diets, and
blood ergothioneine determinations wer e performed following
several weeks of dietary cont r ol. Ergothioneine concentra­
tions were determined by a modification of th e Hunter diazo
procedure previously described (Baldridge and Lewis, '53 ).
Blo od wa s obtained periodically from ear veins f r om rabbits
and at time of sac r ifice from rats by cardiac puncture followin g

1 A report of this work was presente d at t he meet in g of t he F ederat ion of
American Societies f or Ex perimental Bio logy, Atlanti c City, April, 1954 (Bal­
driclge, '5 4).
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nembutal anesthesia. Heparin was added as the anticoagulant.
Packed red blood cells from 2 ml of blood were washed twice
with 0.9% sodium chloride solution and made to 10 ml with
dilute acetic acid prior to deproteinization (Hunter, '49).
The results are expressed as milligrams of ergothioneine per
100 ml of whole blood. Aliquots of up to 1 ml of the protein­
free filtrates were applied to paper sheets for ascending
chromatography. The solvents and reagents were the same
as those used previously (Baldridge and Lewis, '53).

In preliminary experiments one rabbit was fed fresh cab­
bage added to a purified (20% casein) diet (Wooley and
Sebrell, '45), a second oats with the casein diet, and a third
both of the natural foodstuffs plus the purified diet. The last
rabbit ate little except the cabbage portion of the diet. Blood
ergothioneine determinations were made before and after 10
weeks of these dietary regimes. The ergothioneine level in
the blood of the rabbit fed cabbage with the casein diet de­
creased i rom 11.1 mg% to 5.0 mg % during this period. The
level in the rabbit fed oats plus the casein diet increased from
4.6 mg% to 9.4 mg% in the same time. Little change was
noted (7.0 mg% initially versus 8.4 mg % after 10 weeks) in
the blood level of the rabbit fed cabbage plus oats and the
casein diet. Ergothioneine concentrations were estimated from
volumes of blood filtrates which were just sufficient to yield
detectable spots on paper chromatograms. The chromato­
graphic findings agreed with th e results obtained by colori­
metric analysis.

Seven groups of male white rats (weight about 200 gm)
were also fed various dietary combinations including oats,
fresh and dehydrated 2 cabbage, purified (casein) diet and
rat chow. There were 4 rats each in groups M-l through M-5.
The animals in group M-1 were each fed 10 gm per day of a
purified diet which consisted of casein 20; sucr ose 10; cellu­
lose 53; cornstarch 56; salts (Hubbell et a1., '37) 2; corn oil

2 Obtained through Dr. Howard B. Lewis from the U. S. Army Medical Nutrition
Laboratory, Chicago, Ill.

e Ruffex.
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4; cod liver oil2; vitamin mixture 1. Th e vitamin mixture con­
tained thiamine hydrochloride 37 mg ; riboflavin 75 mg ; pyri­
doxine hydrochlor ide 37 mg ; calcium pantothenate 300 mg ;
p-aminobenzoic acid 300 mg; niacin 375 mg ; corn starch 99 gm.
The rats in group M-2 were each fed 1 gm and those in group
M-3, 2 gm of dehydrated cabbage plus 9 and 8 gm respectively
of the purified (casein) diet per day. The rats of gr oup M-4
were each fed 9 gm of the purified diet plus 15 gm of f resh
cabbage daily. Those in group M-5 were given 15 gm of ground
oats plus 20 gm of fre sh cabbage per day. Two rats (group

TABLE 1

Di et and el'pot llione ine of ra t b lood

NO . OF E RGOT H IO"EI "E
GROUP

RATS
DIET 1

R a nge l\Iean

my 0/'0 my 0/0
M-1 4 P urified 0.2 - 0.4 0.3

M-2,3,4 12 Cabbage
+ ca sein 0.2- 0.9 0.4 ::':: 0.2 '

M-5 4 Oa t s +
cabbage 8.0 - 12.5 11.2 ± 1.6

M-6 2 Oats only 8.2 - 13.8

M-7 7 Chow 1.2- 1.7 1.3 ± 0.2

CH ROMATO ·
GRAPHIC

E VID ENCE

+
+

1 See t ext for complete descripti on of d iet s f ed.
e A r-erage del"iatioll Lrom the mean.

M-6) wert fed 20 gm of ground oats only, and a final group
(M-7) of 6 rats was fed 15 gm of Rockland r at chow daily per
rat. Animals from various groups wer e sacr ificed between the
4th and 13th week of dietary contr ol. Th e blood ergothioneine
values are shown on table 1. F r om th e data obt ained, it is
apparent that the re is no rela tionship between ingestion of
cabbage and blood ergothioneine levels. E leva ted ergothio­
neine concentrations wer e observed only in th e blood of rats
fed oats as par t or all of the diet.

Since ergothioneine was not det ected previously (Baldr idge
and Lewis. '53) in the blood of rats fed oats as 500/0 of an other-
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wise purified diet, the effect of var ious dietary levels of oats
was investigated. Mal e white rats (weight about 100 gm )
were fed 4 diets. Th e purified diet was fed to th e animals
in group T-1, (in addition 1 ug of vitamin B 12 was adminis­
l ered in traperitoneally three tim es weekly to thr~e of th e
rats in this group). The diet fed group T-2 was th e same
as that for gr oup T-l except that ground oats r eplaced the
cellulose, one-half of the casein and part of th e corn star ch
to make a total of 50ro of the diet . The diet fo r group T-3
consisted of ground oats 75; case in 10; sucr ose 8 ; salts (Hub­
bell et al., '37) 2 ; corn oil 2; cod liv er oil 2 ; vitamin mixture l.
Group T-4 was feel only ground oats. There were 6 rats in

TABLE 2

Effect of d ieta ry oat s on ergothioneine of rat blood

ERGOTH I OX£.IXE CR R0 1i:AT O·
GROUP xo . OF O.-\TS GRAP H I C

RAT S IX DIET Ra nge ~I pn n EVIDE~CE

% mg % IIl g %
T -1 6 0 0.1 - 0.3 0.2
T -2 6 50 1.0- 2.6 1.6 ± 0.6 ' ±
T -3 6 75 2.0 - 8.-1 ·H ± 1.7 +
T -4 9 100 3.3 -13.3 8.2 ± 2.2 +

'Averag e deviation f rom th e mean .

each group except T-4 in whi ch th er e were 9. Food was limited
to 10 gm per day per r at. Some of the animals on th e 100ro
oats diet failed to eat all of th e food offered. Animals from
each group were sacr ificed at intervals ~rom th e 4~h to 10th
week of dietary control. Th e blood ergothioneine values ob­
tained are shown on table 2. It is observed that th e average
blood ergothioneine concentra tions are rela ted to the amount
of oats in the diet . Again th e determina tion of the minimum
volumes of blood filtr ates r equi r ed to yield detecta ble spot s
on paper chromatograms provided parallel evidence for the
indicated levels of blood ergothioneine. In one of the rats fed
a diet of 100% oats fo r only 4 weeks, the blood ergothioneine
concentration was over 9 mg % ; however, perhaps due to in­
divid'ual var iations among the animal s studied, no trend was
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noted toward increased blood concentrations with increased
time of ingestion of oats.

Thyroids from these animals were removed at autopsy. The
ti ssues were weighed and examined for r elative amounts of
colloid and th e sta tus of th e acini and epithelial cells .' N~
marked diff erences were noted in thyroid weight or in micro­
scopic appearance betw een th e thyroids from rats with ele­
vated blood ergothioneine levels and those f rom animals with
little or no blood ergothioneine.

DISCUSSIO N

It appears that oats contain a fa ctor which when ingest ed
gives rise to ergothioneine in the erythrocytes. Ergothioneine
has not been detected in oats or any other food stuff to date.
Melville et al. ('53) reported that histidine lab elled with car­
bon-14 in carbon atom number two of th e imidazole ring is not
incorporated into ergothioneine when th e labelled compound
is administered to rats. Similarly, th e same workers found
no transfer of meth yl groups from labelled methionine to ergo­
thioneine m ethyl. H eath et al. ('53) sta ted that sulfur -35
from lab elled methionine was incorpor ated in small amoun ts
into ergothioneine isolated from seminal fluid of the boar.
Ergothioneine was not isolated from the erythr ocytes of th e
animals studied; however , the bromine-oxidizable sulfur frac­
tion (pre sumably du e to ergothioneine sulfur) was radio­
active.

In the present wprk ergothioneine was incorporated in
fairly large amounts into the red blood cells of rats fed a diet
of oats only. From analyses of whole oat protein (He athcote,
'50) it can be calculated that th e diet fed probably contained
inadequate amounts of both histidine and meth ionine 5 for
optimal growth of th e young white rat (Rose, '37). This

4 Th e author is grateful to Dr. A. R. P eale, Department of P athology, Templ e
Unive rsity School of Medicin e, for prepa rati on and exa minat ion of t he thyr oid
sectio ns.

• The oats f ed probably supplied adequa te met hyl groups fo r th e rat. Sam ples of
rolled oats analyzed by Dr. R. W. Ca rrol contained about 100 mg of choline
per 100 gm ( ~ersonal communication ).
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observation might be interpreted as additional evidence that
histidine and methionine are probably not precursors of er­
gothioneine in the animal body.

Ling and Chow ('53) noted slight increases in th e ergo­
thioneine concentration of the erythrocytes of some anemia
patients following administration of vitamin B 12• In the pres­
ent work, th e blood ergothioneine concentr ations observed
in rats injected with vitamin B I 2 were no different (i.e., less
than 1 mg %) from those of oth er animals fed the same diet.

SUMMARY

1. Ergothioneine appears in the erythrocytes of the rabbit
and the white rat following ingestion of oats. The blood level
of the rat is re lated to the percentage of oats in the diet. The
compound was not detected in the blood of rats fed purified
(casein) diets or such diets supplemented with cabbage.

2. Administration of vitamin B I 2 has no effect on blood
ergothioneine levels in the white rat.

3. Elevated blood levels of ergothioneine ar e not r elated
to thyroid function as revealed by histologic examjnation and
re lative weight of rat thyroid tissue.
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Since this paper was submitt ed for publication, Melville
et al. have reported the isolation of ergothioneine from oats
(Fed. Proc., 14: 254, 1955) .



THE RELATIONSHI P BET"WEEN P YRIDOXI NE
ING"ESTION AND TRANSA:MINASE AC TIVI TY

I. BL OOD HEM OLYSATES 1,2

M. E LIZABET H MARSH, L OUIS D. GRE E NBERG

AND J AME S F. RINEHART

Depar tment of P ath ology, University of California Sc 1l001
of M edicin e, S an F rancisco

SIX FIGURES

(Received fo r pu blication Nov ember 19, 195-1 )

Despite some apparently conflicting data (Cammarata an d
Cohen, '51, and Shwartzman and Rift, '51), most worker s are
in agreement with the concept th at pyridoxal pho sphate acts
as th e coenzyme for th e tran saminase enzymes . Th e published
work on this r elationshi p has been concerned chiefly with
analyses on tissues from small animals maintained on normal
or sub-normal intakes of pyridoxine (Schlenk and Snell, '45;
Lichstein, Gunsalus and Umbre it, '45; Ames, Sarma and E l­
vehjem, '47 ; Shwartzman and Hift, '51 and other s) .

This r epo rt is concerned with a study of th e blood levels
of transaminase and vitamin B, and the alterati ons in th ose
levels in both monkey and man on va r ied in takes of pyr idoxine.

EXPERI MENTAL

By employing the method of Tonhazy, "White and Umbreit
('50), which is sufficiently sensitive to permit ana lys is on small
samples , measurable quantities of the aspartic-glutamic en-

1 This inv esti gation was supported by research grants from the National Vitamin
Founda t ion and American Cancer Society .

2 Presented before th e F ederation of American Societ ies for E xperim ental
Biology, April 16, 1954.
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zyme ha ve been found in hemolyzed blood . Little or no activity
was found in plasma or in f resh unl ysed blood by this method.

While this manuscript wa s in preparation, however, an
a r ticle by LaDue, Wroblewski and Karman ('54) on th e
~spartic-glutamic transaminase r eported th e presence of small
but mea surable quantities of this enzyme in serun' as well
as in whole blood hemolysates. The authors employed a
spectro photomet ric method ba sed upon the oxidation of DPNI-I
to DPN by malic dehydrogenase, a meth od which ap pea rs to
be more sens itive tha n that of Tonhazy et al.

The la t ter method was found to serve ad equately the pur­
poses of this study which were concerned primarily with
comparative va lues on differing regimens. It wa s not sa tis­
f actory, however, for the det ermination of absolute levels of
the enzyme in blood for seve ral r eason s.

One difficulty encounte re d in the determination was the
poor propo r tionality found between th e pyruvate formed and
th e concentr a tion of the enzyme (the volume of th e blood
sample ) . Although greate r va lues are to be had with samples
of 0.05 nil of blood, the r esults obtained with 0.10 ml samples
were used in calcula ting th e values reported throughout this
study becau se this amount gave more consistent results in
duplicate det erminations than did the smaller sample.

A further deterrent to a det ermination of th e absolute level
of the enzyme in blood, by thi s method, is th e presence in blood
of subs tances which have an inhibiting effect upon color fo r­
mation ir, the presence of th e substrates. P yruva te, iill amounts
varying from 40 to 75 1Jg', added to inactivated blood, was
recovered to th e extent of only ab out 75% when comp a red with
standards conta ining no blood.

By th e usc of an internal-standard method and th e addition
of inacti vated blood to the reagent blank, values wer e obtained
which exceeded th ose found with th e regul ar meth od by 50%
or mor e.

The dat a given in this paper , however , arc th e lower values
obtained by use of the regular method. This consist s of in­
cubating, at 37°C., samples of 0.05 and 0.10 ml of blood,
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hemolyzed by repeated freezing and thawing, with aspartate
and alpha-ketoglutarate as subst ra tes for a period of exactly
10 minutes. The subs tra tes were added in th e amounts and
concentrations employed by Tonhazy et a1. The color de­
velop ed wa s re ad in a Kl ett colorimeter against a reagen t
blank containing no blood. The values calculated as uni ts of
transaminase (TAA) are micro grams of pyruvate formed by
0.1 ml of blood during 10 minutes, calcula ted for 1.0 ml of
blood .

Cont rol tubes indicated th e presence in many blood samples
of small amounts of preformed pyruvate and alpha-ketoglu­
tarate, in agreement with th e reports of other workers (Caval­
lini, et al., '49 a.b ; Hawary and 'I'hornpson, '53). The quan ­
tities are too small to have significance in th e tests since
Hawary found th e total keto-acid content of fast ing human
blood to be only 7.3 -+- 2.1 flg j m1.

The method usually gives good r eproducibility in deter­
minations car r ied out at th e same time. Repeat determinations
at a later date show greate r variation. The values obtained in a
second test ca r r ied out on 84 differ ent samples of store d,
frozen blood, at intervals ranging from one to 30 days after
th e initial analysis, varied from th ese latter value s by not
more than 23%. The range was from - 20 to + 23;10. In
96% of th ese samples variations betw een th e first and the
second analyses did not exceed 2070, and in 7770 it d id not
exceed 10%.

That thts va ria tion is not due to a g radual loss of the
enzymat ic activity is evide nced by th e fact that in more than
half of th e second test s th e values were high er than th ose of
the fir st test s. Further proof of th e stability of th e trans­
amina so in frozen blood is to be found in th e elata , presented
in table 1, of det erminations car ricd out at intervals for 26
days upon th e sa me sample of blood store d in th e f rozen
sta te. These da ta show no loss of acti vity over that per iod
of tim e. The variation among these tests was of the same
order of ma gnitude as that found in the preceding group of
analyses. An av erage value of 305 showed a sta ndard deviation
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of -1- 19.4 units. Variations of two or of three standard
deviations would cor respond to differences of 13 or of 19%,
respectively.

TABI,E 1

T he st abili t y of th e transamin ase act ivity (TA A ) in a sample of blood stored
in the f rozen st at e

DATE T A A DATE TAA DATE TAA

9/ 24 289 10/ 6 289 10/ 15 322
9/ 30 325 10/6 286 10/19 289

10/ 5 290 10/9 341
10/ 6 313 10/1 2 307 Average 305 '

1 a = 19.4 <rm = 6.1

From th ese two sets of data it would appear that any
cha nge in tr ansaminase levels in blood exceeding 15 or 207'0
may be considered significant.

The vitamin BG determinations wer e carried out by a modifi­
cation of the micr obiological method of Atkins et al. ('43),
as described in an earlier publication (Greenberg and Rine­
hart, '49). The method measures not only th e pyr idoxine but
all forms of the vitamin, i.e., th e total vitamin BG•

RESULTS

M onkeys

The monkeys employed in these exper iments were main­
tained on a synthetic diet, the composition of which has been
given in a previou s r eport together with a description of
th e care and handling of the animals (Greenberg and Rine­
hart, '49) . The pyridoxine hydrochloride was administ er ed
daily by mouth. All blood samples were drawn in th e morning
before th e pyridoxine was given.

F igures 1, 2 and 3 summarize th e re sults obtained, r esp ec­
tively, on (a) 5 young immature monkeys weighing 2.0 to 2.5
kg, (b) two young adult monkeys weighing ap proximately
4.0 kg, and (c) one older monkey weighing about 12.0 kg. The
transaminase and vitamin BG blood levels 'wer e determined
at intervals during per iods in which the pyridoxine intake
per day var ied between zero and 4.0 mg.
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•

It may be seen from each of the three graphs that an increas e
in the pyridoxine intake was follow ed by a significant r ise in
the transaminase level as well as in th e vitamin B G level of th e
blood.
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Fig. 1 The effect of varied pyridoxine intakes upon the transaminase and the
vitamin B, levels in th e blo od of young immature monkeys. Monk eys No . 87- 90;
92. Initial weight: 2.0 to 2.5 kg.

WEE KS

Fig. 2 Th e effect of varied pyridoxine intakes upon th e transaminase and
the vit amin B, levels in the bl ood of young adult monkeys. Monkeys No . 57 and
58. Init ial weiA'ht: 4.0 kg .
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In th e immature monkeys (fig. 1) th e 1.0 mg dosage of
pyridoxine incr eased th e transaminase level obtained soon
after th e animals were received at th e laboratory from 319
to 432 units. The increase in th e daily dosage to 2.0 mg caused
a further r ise to 568 units after three weeks. I:ij th e two
young adult monkeys (fig. 2) the level of approximately 400
units on th e 1.0 mg intake of pyridoxine increas ed to 600 and
over when the dosage was doubled . In both groups of an imals,
the change s in blood levels of vitamin B, more or less paralleled
those in th e transaminase.
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Fig. 3 Th e effec t of va ri ed pyridoxin e intakes upon the transam ina se and t he
vit amin B. levels in th e blood of an older monk ey. Monk ey N o. 34. Initi al weigh t :
12.0 kg.

The withdrawal of all pyridoxine was follow ed in all the
monkeys of these two groups by a rapid decrease in both
the tran saminase and th e vit amin Bu. The enzyme concentra­
tio n soon reached a level of 100 units or less an d, in many
inst ances, no activity was found . The decrease in vitamin B,
was even more precipitous than that noted for the trans­
am inase, but the level never decreased below 1.0 to 2.0 flg%
in these studies.

I n the one cas e (fig. 3) in 'which 2.0 mg of pyridoxine wa s
administered for a longer period of time, th e higher levels
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were not maintained. After 13 weeks, both the transaminase
and the vitamin Bn had returned to the original values in
spit e of con tinued administration of the 2.0 mg dose. F or this
monkey , which weigh ed approximately 12 kg, the 2.0 mg intake
r epresented a mu ch smalle r dose, on the ba si s of body weight,
than the smalle r monkeys had r eceived . Increasing the intake
to 4.0 mg for a period of three weeks produced in crea ses in
the vitamin B, of the blood which were slightly grea te r than
those obtain ed by the administration of 2.0 mg for a corres­
ponding period. The increa se in transaminase, however, wa s
not greater with the higher intake. In neither period did it
reach 400 units. After an interval of many months on an
intake of 1.0 mg of pyridoxine daily, during which time the
transaminase remained around 200 units and the vitamin B G

a round 3.0 Ilg % , th e intake wa s again increa sed to 4.0 mg.
The maximum conce n tration in transaminase (463 units) wa s
not r ea ched until the 6th week, but it wa s then maintained at
or abo ve 400 units during the following 7 weeks." These data
make it appear probable tha t a 4.0 mg intake would sus tain a
permanent concentration of 400 units of transaminase.

Although th e blood vitamin B, showed some irregulari ty, it
r eached gre a te r concent r a t ions during this ] Lwcek period
than it had during th e ea r lie r three-week period on a 4.0 mg
intake of pyridoxine.

From data obtained on th e monkeys di scussed above and
al so on OI'e additional old er monkey (No. 18) , and on other
young immature monkeys r eceiving suboptimum amounts of
pyridoxine, eithe r 50, 100 or 150 Ilg per day, it appears thai
there is, in general, a r elationship between th e ma ximum
concentration of enzyme in the blood and the intake of pyri­
doxine based on body weight. This is illustrated in figure 4
in which the maximum transaminase value obtained has been
plotted against the loga ri thm of the cor responding daily
do sage of pyridoxine expr ess ed as micrograms per kilo gram
of body weight.

3 Data were ~taineu for t wo addition al weeks not repr esented ill th e cha rt.

..
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Fig. 4 Relationship bewte en th e logarithm of the pyridoxin e intak e per kilo gram
of body weigh t and the ma ximum tran saminase activity fo und at each level of
in take. Da ta in clude det ermina t ions up on 16 monk eys.

Humans

The levels of blood transaminase and vitamin B6 have been
followed in three groups of humans comprising a total of
18 subjects . The human beings studied included both men
and women; th ey were all normal, healthy individuals, either
laboratory workers or medical students. Extra vjtamin B 6

in the form of pyridoxine wa s administer ed eithe r three times
per day as a B-complex tablet 4 containing 5 mg of pyr idoxine
hydro chlor ide or once per day in the form of a 10 mg tablet
of py r idox ine hydr ochloride.

In tabl e 2 are presented the data obtained upon 4 laboratory
workers in whom th e daily administration of 15 mg of py r idox-

• Composition of B-complex t ab lets :
Thiamine mononit rate 1.0 J1lg
Riboflavin 1.0
Niac inamide 20.0
Calcium pantoth enate 23.0

Folic acid
As corbic acid
P yridoxin e H CI

Vi tam in B"

1.0 mg
50.0

5.0
0.0 1

•
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ine for a period of 4 weeks resulted in an av erage increase in
th e t rans aminase concentration of th e blood from 385 to 542
units, an increase of 41% (range 33 to 52) above th e ini tial
cont r ol level.

One wepk after the supplements were di scontinu ed, the trans­
aminase had r eturned to th e control level in the two subjects
(J. E . and T . G.) showing th e smaller increase, but in th e
two subjects (M. D. and M. G.) with incr eases of 43 and 52% ,
th e levels wer e still 14 and 20%, r espectively, above th eir
cor responding cont rol levels.

TABLE 2

Tran saminase and vitamin B , levels of blood ini tia lly, after 4 weeks of oral
administration of pyridox ine (51/10 3 X / day ) and one week

after supplements were discontinued

TAA U X I T S VIrA,nX Be /LG %
SUBJECT B. for 4 1 week B. for 4 1 weekCon tr ol w eeks lat er Cont rol weeks la ter

M.D. 361 518 412 1.6 8.4 3.8
M.G. 406 616 487 1.6 8.5 3.9
J .E . 369 491 373 1.7 5.5 3.1
T.G. 404 543 378 1.7 11.5 4.9

Averages 385 542 412 1.65 8.5 3.9
% Incr ease 41 7

The changes in th e vitamin B, of th e blood paralleled th e
changes in th e t rans aminase in three of th e subjects. In the
4th subjects (T. G.) the increase in B, was greater, and the
return to normal level was apparently slower.

In a second experiment, th e same dosa ge of pyridoxine
was administ ered to 8 medical students for 9t weeks, with
blood samples analyzed after two , 4, 6 and 9! weeks . As may
be seen in figure 5, th ere was a progressiv e incre ase in the
transaminase values, from an average of 433 to a final value
of 571 units (32% increase). The vitamin B, rose from
1.9 to 6.8 Ilg r o after two weeks and showed no further increase.
At 9t weeks the value had decreased to 5.1Ilg. One week
after the Iilyridoxine supplement had been discontinued, the
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transaminase had decreased only to 528 units and th e vitamin
B, to 3.3 I-l g ro.

Blood t ransaminase and vi tamin Ba wer e followed in ano th er
group of 6 subjec ts who received supplemental vitamin B, in
~he fo rm of a 10 mg tablet of py ridoxine once daily for a pe riod
of 6 weeks or longer. After th e ext radiet ary pyridoxine was
discontinued, analyses were carried out at intervals un til th e
tr ans aminase had returned to th e initial level. The average
values obtained in thi s series of test s are presented in figure

AVERAGE OF 8 HUMAN SUBJECT S

Be SUPPLEMENT - 5 MG. 3 X/ DAY
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WEE KS
F ig. 5 The influ ence of supplements of 15 mg of pyridoxine daily upon

t ran saminase and vitamin B. levels in the blood of 8 human subjects.

6. Only th e fir st 6 weeks of th e supplementation period are
char ted since two of th e subjects were not continued beyond
that time. The ave rage levels at th e beginning of th e second
control r egimen wer e, however, th e final values obtained during
th e supplementation period irrespective of time. The trans­
aminase incr eased from 423 to 615 in 6 weeks, an average
rise of 44%. Two weeks after the supplements were discon­
tinued, the transaminase was 36% above the initial level, and
after 6 weeks it was still plus 14%. The vitamin B, increased
from about 4 I-lg % to about 10 I-lg % and returned to the original
level two weeks after th e extra pyridoxine was dis continued.
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In several different samples of blood hemolysates from
vitamin Eo-deficient monkeys, we have been unable to increase
the activity of th e enzyme sys tem by the addition of pyridoxal
pho sphate fi or pyridoxamine phosphate fi in quantities of 0.01
to 0.50 !1~' (table 3) . This, however, does not necessarily mean
that th e enzyme sys tem is not catalyzed by one or both of
these coenzymes. Oth er s (Schlenk and Snell, ,45; Ames,

AVER AGE OF 6 HUMAN SUBJECTS
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WEEK S

Fig. 6 Th e in fluence of supplemen ts of 10 mg of pyridoxin e daily upon
t ran saminase and vitamin E, levels in th e blood of 6 hu man sub j ects.

Sarma and Elvehj em, '47 ; Shwar tzman and Rift, '51) have
been unable to increase significantly the aspar ti c-glutamic
acid transaminase of ti ssues of vitamin Eo-deficient animals
by th e addition of th ese coenzymes. Our observations on the
var iation of th e activity of hemolysates from both monkey and
man as influenced by th e intake of pyridoxine certainly sup­
port the idea that th e enzyme sys tem probably represents a
vitamin E 6-catalyzed reaction. It is possibl e that th e failure to

' We are grateful to Dr . W. W. Umb reit of Merck Inst itute of Th erap eutic
Research fo r the pyridoxal phosphate and to Dr. Alt on Meist er of the National
Cance r I nstitate, Nationa l I nsti tu tes of H ealth, for the py ridoxamine ph osphate.
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observe stimulation of activity by the addition of th e pho s­
phorylated pyridoxal and pyridoxamine may be r elated to
the presence of an active pho sphatase in blood which brings
about th eir cleavage at a rapid rate.

TA BL E 3

Th e effect of th e addi tion of pyrid oxal 01' pyridoxa mine ph osph at es upon the
transaminase of blood of vitamin Bi-deficien t monkeys

TRANSA~l:INASE 'UN I TS
MO N K E Y

ADDITIONS QU AN TIT Y
NO . WithCont r ol addition

/LU

72 P yridoxal phosphate 0.01 46 46
74 P yridoxal phosphate 0.01 27 32
76 P yri doxal phosphate 0.10 33 33
72 Pyridoxal phosp hate

+ ATP -l.Omg 0.20 50 61
72 Pyridoxamine phosp hate 0.01 26 37
73 Pyridoxamine phosphate 0.10 0 0
76 P yridoxamine phosphate 0.50 0 0

SUMMARY

The method of Tonhazy et al. for the estimation of aspar­
tic-glutamic transaminase has been adapted to the measure­
ment of the enzyme in whole blood.

A study was made of the transaminase and vitamin B 6 levels
of the blood of monkeys receiving graded dose s of pyridoxine
hydr ochlor ide and also of humans r eceiving extradietary
supplements of pyridoxine hydrochloride.

In both monkeys and man, increasing the in take of pyri­
doxine resulted in significant increases in th e blood level of
th e t ransaminase and of the vitamin B 6 • Reductions in the
pyridoxine intake were followed by a lower ing of the blood
concentration of both factors. The changes in the level of
transaminase were often more gr adual, however, than were
those of vitamin B6 • The time required to r educe the levels to a
minimum after withdrawal of all pyridoxine or to the initial
levels after the supplemental dosage was discontinued seemed
to be dependent to some extent upon th e duration of the
period of the incr eased intake.
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MATEHNAL DIET AND OTHEH FACTORS
AFFECTING THE LIPID CONT E NT

OF LIVEHS Oli' VEHY
YOUNG RATS 1

P . A. lI EDIN AN D M. O. SC HU LT ZE

Depa rtm ent of .dgricnlt llral B iochemistry, Uni versi ty of Minnesota ,

l nst itui e of A gricult ure, St. Pall I

( Reccivod f or publication K ovcmber ~3, 1954 )

In previous studies from this laboratory (S chultze: '49 ;
Halvorson and Schultze, '50 ; Schultze et al. , '52), it was
reported that young rats born to mothers fed cer tain vi tamin
B 12-deficient rations incurred a high incidence of death within
48 hours after birth. An abnormally high concentration of
urea in the blood preceded the death of th e young. H ence,
the syndrome was r eferred to as "acute uremia of the new­
born" (Schultze, '49) . When vitamin B 12 was added to the
ration of the mother s or inject ed into th e young imm ediately
after birth, the increase in blood urea was much smalle r and
th e young survived. During these studies, it was observed
that the liv er s of uremic young rat s frequ ently had a yellow­
ish color sugges tive of fatty infiltration. This paper records
th e r esults of a study of th e concent ra t ion of liv er lipids
during th e ea rly life of rat s as aff ect ed hy ma ternal diet and
som e other factors.

We are not aware of prior stud ies on the lipid concentra­
tion of th e liv er of newborn rats. Guggr-nhcim and .Iiirgens
( '44) and Bcauvallet ( '53) observed that some of th e young
born to mother s fed a fat-free ration developed fa tt y liver s.
A lipotropic effect of vitamin B 12 ha s been observed in several

1 Paper no. 3 ~·n , Sr il'!lt ifi" .Iou ru nl Se ries , Minnesotn Agric'1I1tur al Experi ment
Stn t ion.

]~!l
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laboratories (Strength et al., '51 ; Bennett et al., '51 ; Morgan
and Lewis , '53; Shils and Stewart, '54 ; Drill, '54) but not
under all conditions (Hawk and Elvehjem, '53).

EXP ERIMENTAL

R ations and animals. The young rats used for this study
wer e born to mothers that had been fed since weaning one of
the following three types of rations:

(a ) Ration CS-1, previously described (Halvors on and
Schultze, '50), consisting of a mixture of ground yellow corn,
soybean oil meal, alfalfa leaf meal and salts. It is deficient in
vitamin B12 and produces usually a high incidence of acute
uremia of the newborn. As shown in table 2, each kilogram
of this ration was sup plemented in specific instances with
40 ug of vitamin B l 2, 3.35 gm of DL-methionine or 1 gm of
choline chloride .

(b ) Ration OCl , previously described (Schultze, '54),
which consists of a mixture of 84% of ground, rolled oats,
6.5ro of casein, 0.33% of DL-methionine, 3% salts, 2% wheat
germ oil, 1% corn oil and a complet e mixture of fat-soluble
and water- soluble vitamins including 40 llg of vitamin B l 2 and
1 gm of choline chlor ide per kilogram.

(c) Stock rati on, which consis ts of a mixture of 61.49ro
of yellow corn, 10ro of dried skimmilk, 9% each of alfalfa
leaf meal, soybean oil meal , fish meal , 1.5% of a salt mixture,
and 0.01ro of irradiated yeas t.

With few exceptions, th e rats wer e of the black strain of our
Line 3. Towards the end of pregnancy, each animal was
housed separately and her young, when r equired, were r e­
moved soon after birth before they had obtained mille.

A nalytical. The liv er s wer e r emoved from the decapitated
r ats; adhe ring blood was r emoved by blotting and th e ti ssue
was weighed, dried at 70°C. for 48 hours, and weighed again.
The liver thus dried had a r esidual moisture content of 3%
and this was taken into accoun t in the calculations . Dried
livers f rom individual rats were transferred to a 25 X 200 mm
test tube, crushed to a powder and r efluxed for one hour with
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10 ml of a mixture of 95% ethanol-acetone (2 : 1 vI v ). The ex­
tract was decan ted into a beaker and the ext raction with
ethanol-acetone r epeated three times. The combined extr acts
were evaporated to dryn ess, the lipid r esidu e extracted ex­
haustively with petroleum ether , and the la tter extr act was
filt ered and washed throug h glass wool into a tared via l.
The petroleum ether was evaporated to dryness and the r esi­
due weigh ed. Control analyses demonstrated : (1) that further
extraction of the liver r esidue with 10 ml portions of carbon

TABLE 1

Fact ors aff ect ing live!" lip ids

).( AT ERXAL EXPERI}[EXTAL
XO .O F

AGE OF
LIV ER LI PIDS ,

GROUP 1
DI ET COK DIT I OX S rxnr-

YO UXG % OIl'DRY
V ID U A L :;'; ' VEI GHT

ho ur s

1 Stock ration Young not nursed 6 0 10.1 z

2 Stock ra ti on Young nursed 7 36 18.4 z

3 es-t Youn g not nursed 16 0 15.7 ± 0.8 3

4 cs-i Young nursed 18 36 42.4 ± 2.7
5 cs-i Young not nursed 10 0 17 .5 ± 1.3
6 cs.i Young not nursed 13 24 17.8 ± 1.9
7 csi Young nu rs ed 16 24 40.2 ± 1.0•8 oe, Youn g not nursed 13 0 15.4 ± 0.8
9 oe, Young not nursed 27 24 18.4 ± 1.2

1 Anima ls of groups 1 a nt] 2 ; 3 and 4 j 5, 6 and 7 ; 8 and 9 resp ect ively wer e
llt t crmates.

Z Analyses performed on po oled livers.
3 Standa rd error of the mean.

tetrachloride , methanol, benzene and ethanol-acetone (2: 1
v/ v ) in turn failed to r emove any petroleum ethe r -soluble
compounds; (2) that amo unts of dry liver ranging from 25 to
150 mg yield ed the same percentage of lipids ; (3 ) that lipids
added to pre-extracted ground liver could be quantitatively
recovered . The re sults were calculated on a dry weight ba si s.

RESULT S AND DISCU SS IO N

Fa ctors affecting liv er lipids. As shown in table 1, the lipid
conte nt of the liver of very young rats, under the conditions
of this expe r iment , is aff ected by at lea st three conditions: (1)
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the maternal di et befo re parturition ; (2) the age of the
young; (3) the avail ability of milk to th e young. Thus, in
liv er s remov ed immediately after the young were born to
mothers fe d the stock ra tion (g roup 1), the lipid concentr ation
was lower than in those removed from youn g born to mothers
fed th e CS-l or the OCl ration s (g roups 3, 5 and ~). A sub­
sequent increa se in liver lipids occurred only when the young
were nursed (compare group 5 with 6 and 7) , but the magni­
tude of this increa se was affected by the mate rnal diet and
through it, presumably by the composition of th e milk (com­
pare group 2 and 4). While in older animal s of var ious
spec ies including the rat (see Harrison, '53 for discus sion
and bibliography) sta rv ation induces a rapid increase in liver
lipids, 'with newborn rats only a small (group 9) or no (group
6) increase wa s observed in these exper iments .

To determine th e effect of lipotropi c compounds added to a
maternal ration of poor nutritional quality, weanling female
rats from the stock colony wer e raised to a weight of about
150 gm with ration CS-l and then bred. At that time they were
divided into 4 groups and their rations were supplemented
during the last 10 days of pregnan cy as shown in table 2.
Assuming that publi shed analyses for choline (McE lroy et
al. , '48) and methionine (Block and Bolling, '43 ; Sheldon
et al., '48) in the yellow corn, soybean oil meal and alf alfa
apply approximately to the specimens of th ese feeds used
in this work, the choline and methionine content of the sup­
plemented rations wer e about 100% and 6770 respectively
higher than in the un supplemented rations. Included in table
2 are the r esults obtained with young born to mothers that
had been fed the roll ed oats-casein ration since weaning.
After bir th of the young, lit termates wer e used randomly at
di ffer ent time interval s for lipid analys is.

According to the data summar ized in table 2, there wa s,
aft er bi rth, in all gr oups a rapid increase in the percentage
of liv er lipids. In some cases this r eached within 15 hours
double the concentra tion at bir th. The maximum concentr a­
ti on was reached some time during th e second and third day
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of life and thereafter it decrea sed gr adua lly . Of the lipo­
tropic compounds added as supplements to th e maternal ra­
tio n, only vitamin B 12 was effective in decreasing the magni­
tude of the ri se in liver lipids (g roup 2). The lower
concentra tion of liver lipids attained by rats in group 5 is
p resumably al so a r eflecti on of the vit amin B 12 content of
the maternal ration.

TABLE 2

Effect of age and mat erna l ra tion on liv er lip id s of young rats

GROUP

2 3 4 5

AGE OF RAT S ~[ ATERNAL RATIO N AN D ADDITIONS

Cg·1 + 40 p.g CS·1 + 0.335% CS·1 + 0.1%
CS·1

B'2/ k g DL· ~lethionine
Choline OC,'
chloride

LIVER LIPIDS , % OF DRY WEI GHT

ohour s 15.7 = 0.8 2 12.3 ± 1.0 2 14.4 ± 0.7 2 13.2 ± 0.9 2 13.0 ± 0.7 2

6 to 15 hours 25.4 ± 1.9 22.1 ± 1.0 27.2 ± 1.8 29.2 ± 1.4 19.6 ± 1.8
16 to 25 hours 39.8 ± 1.7 28.3 ± 1.6 37.2 ± 1.4 37.7 ± 2.0 32.4 ± 1.2
26 to 40 hours 41.4 ± 1.1 30.2 ± 1.8 40.6 ± 1.3 39.5 ± 1.5 28.3 ± 1.9
41 to 72 hours 41.9 ± 2.1 32.4 ± 1.5 34.3 ± 1.7 33.2 ± 2.0 30.3 ± 1.4
73 t o 96 hours 26.5 ± 1.8 37.1 ± 2.0 36.4 22.8 ± 1.9
97 to 144 hours 27.2 ± 2.1 29.0 ± 2.2 35.2 23.0 ± 1.8

6 to 15 days 20.8 ± 1.2 28.6 ± 1.3 38.8 21.5 ± 1.2
21 days 23.1 ± 1.5 24.2 ± 2.3 23.5 ± 1.1

'Ration OC, conta in ed 40 p.g vi tamin B, ,, 3.3 gm DL-methionine and 1.0 gm
choline chloride added per kilogram of ra ti on .

2 The number of specimens f rom wh ich th e means and standard er ro rs were
calculate d ranged f rom 9 to 21 in group 1 ; f rom 10 to 14 in group 2 ; f rom 10
to 19 in group 3; from 10 to 17 through 40 hours and 6,3,3,2 respecti vely fo r
the later inter val s in group 4; from 10 t o 23 for group 5. H igh mor tality of th e
young lef t no survivors in g roup 1 after 72 hours and only the numbers indica ted
in group 4 after 40 hours.

In another exper iment, 4 gr oups of r ats were fed the r ations
shown for groups 1 to 4 in table 2 f rom weaning. The liver s
of their young, 36 hours after birth, had a mean concentr ation
of liver lipids of 42.40/0 (18 rats) , 27.3% (20 rats ), 34.6%
(19 rats) and 35.0% (29 rats) , r espectively. In this instance,
when the supplements to the 0 8-1 ration were fed through out
the life of the mothe r, in stead of only during the last phase of
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pregnancy, choline, methionine and, particula rly vitamin B 12,

had a definite effect in preventing a max imum ri se in liver
lipids. The probability, P, that the difference between the
un supplemented group and those fed choline or methionine
was du e to chance was 0.04, for the group fed vitamin B 12 , the
P value wa s 0.008. The effects of including methionine and
choline at high er levels in the ma ternal ration wer e not in­
vestigated.

Si nce in all inst ances where the young had access to milk,
there was a postnatal r ise in the concentra tion of liver lipids
this ap pears to be a " no rma l" occurrence. Cer tainly, there
is no evidence that the ri se of lipids in th e liver to a concen­
tration of about 30 ro is harmful becau se the early growt h and
survival of the young from mothers fed th e rolled oats-casein
ration has, in many instances, been very satisfactory
(Schultze, '54) . There is al so no evidence that the high con­
centration of liv er lipids in the yo ung from mothers fe d
vitamin B l 2-deficien t CS-l ration is r esp onsible fo r the hi gh
incidence of acute uremia of the newborn encounte re d among
such animals.

P renat al and postnatal eff ects. The data in table 3 show
that the effect of vitamin B 12 administered to the moth er s in
r educing postnatal increases in the concentrati on of liv er
lipids was exerted mainly before birth of the young. These
r esults were obtained by th e following t echnique : at birth,
the young of the mothers f ed the vitamin B I 2-c1eficient ration
CS-l were allotted to three groups ; one group was killed im­
mediat ely for analysis of th e liv ers ; the young of the second
group wer e permi tted to nurse their own mothers, and those
of th e third gr oup wer e placed with mother s f ed the vitamin
B l 2-supplemented r ation OCI and had cast litters at about
th e same time. The young from these mothers were, before
they had suckled, lik ewise allotted to three groups, one of
whi ch wa s placed with la ctating mothers fed the CS-l r a tion,
those in one group were permitted to nurse their own mothers
and the third group was kill ed at bi rth. Afte r 24 hours the
surviving young were killed for analysi s. The young born to
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mothers fed the GC l ration had apparently store d enough
vitamin B 12 in utero or wer e otherwise abl e to prevent a
maximum ri se in th e liv er lipid concent ra tion in 24 hours
in spite of cons uming milk from mother s whose own young
develop ed a much greate r fa tty infiltration of th e liv er. The
young born to mothers f ed the vita min B 12-deficient CS-1
ration, how ever, had essentially th e same concentration of
liv er lipids whether f ed by their own mother s or by foster
mother s that cons umed th e vitamin B 12-supplement ed ration.

T AB L E :1

L iv er lipids of yOUII,q ra ts nursed by f os te r mothers fo r 24 hours

TREAT~[EXT

Killed a t bi r t h
Nursed by own moth er s

Nursed by foster mothers
f ed rn t ion GC,

Killed at bir th
Nursed by own mothers

Xursed by f oster mot her s
f ed ra t ion CS-1

1 St anda rd error of th e mean.

XU~IH}:R OF
IXDI VID U .-\L S

11

25

23

11

30

:11

)U;.-\X LIVER LI PID S,
% O F DR Y W EI GH T

Ra ts born to mothers
fed ration e S- l

16.2 ± 0.8 1

39.2 ± 1.8

37.0 ± 1.9

Rats born to mothers
fed r a ti on 0 0,

13.0 ± 0.7
31.2 ± 1.1

29.4 ± 1.4

Granting that cons umpt ion of milk is a prerequisite to the
establishment of fatty liv er s in th e very young rat, our data
show that prenatal effects can det ermine th e extent to which
thi s tak es plac e. 'When 0.06 Ilg of vitamin 13 12 (in a mannitol
solution ) wa s inject ed subcutaneously short ly after birth into
rat s born to mothers fed ration CS-l, th ese an imals had a
significantly smalle r liv er lipid concent ra t ion after 24 hours
(mean of 32.7 -+- 1.20/0 for 24 rat s) than th eir littermat es
which were injected with th e same volume of a mannitol solu­
tion f r ee of vitamin B 12 (36.2 -+- 1.5% fo r 24 ra ts ). This
observat ion suggests that young which nursed moth er s fed
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th e OCI ration did not obtain an effective qua ntity of vitamin
B12 through th e milk. However, non e of th ese young rats de­
velop ed symptoms of acute ur emia of th e newborn whereas
their lit termates did so while suckling their own mothers fed
the C8-1 ration.

Changes in oth er components of th e liver . The increase in
liver lipids in the newborn rat r eferred to above could be th e
r esult of a cor responding decr ease in non-lipid components of
the dry liver. In a separate exper iment with rats born to

TAB L E 4

Ab sol Hte. con tents of water, lipid , • •crude protein" (lnd ot her eo mponents
in th e liver of newborn ra ts 1

W I.;rGHT
AGE I N WI<~IGHT WIU G H T W EI GHT WJo;IGHT OF OF' OTHER DRY
HOURS OF I. r VER OF W AT ER O fl'L IPI D PROTEI X CO) I - L IVER

PO:s'I':XT5 '.!

1119 1IIU m g m g my mg

0 258 :±: 15.2 3 202 8 41 6 55
6 to 15 219 :±: 12.1 I G6 ](i 32 5 53

] 6 to 25 204 :±: ] 9,4 ] 50 19 30 6 55
26 to 40 226 :±: 25.2 166 20 33 7 60
41 to 72 269 :±: 20.9 197 24 39 9 -"1-

73 to 96 299 :±: ] 8.5 222 23 43 I~ 77
97 to 144 35 1 :±: 29.2 248 32 58 12 102

I Born to mothers f ed ra t ion CS -l with or wit hout supplements shown in table 2.
'Calculated as : Dr)' weight - ( Lip id + X X 6.25 ).
3 Mean :±: standard er ro r of mean . Th e va lues in eac h of th e firs t 5 lines a re

mean s of 40 determinations, those in t he last tw o lines of 20 det crminntions.

moth er s fed th e C8 -1 ration it was established th at during
th e first 40 hours after birth th ere was a decrease in moisture
content from 76 to 73% and a decrease from 74 to 55% in
"crude protein " concentrat ion (N X 6.25), if th e latter is
express ed in terms of dry weight. From these an d other avail­
abl e data collected during thi s study an estimate was made,
as shown in table 4, of th e absolute amounts of moisture,
lipids, "crude protein " and " othe r components " in th e livers
of young rats. The figures for th e last term were obta ined by
SUbtracting the sum of the weights of the lipids plus" crude
protein " from th e dry weight of the liver. It includ es as h, ca r­
bohydrates, as well as oth er components not a nalye cd for, and
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th e er rors inherent in the methods used. Although th e data in
table 4 are admittedly approximations th ey indicate that dur­
ing th e fir st day of life of young rats born to mothers fed the
CS-1 ration (including th e var ious supplements shown in table
2), there was a decrease in the f res h weigh t of the liver du e
to a loss of mois ture and prot ein. This decr ease was about
compens ated by an increase in the am ount of liver lipids. The
"other components " and th e dry weight of th e liver remained
about th e same during this period. Afte rwards, as would be
expected from the growth of the young, including th e liv er ,
th ere wa s an increase in the absolute quantity of all com­
ponents. As a result of the early shr inkage of th e liver an d
the incr ease in the amount of liver lipids, th e fatty infilt ration
of the liver of the very young rats beca me accentua ted.

SUMMARY

1. Within 6 hours after birth of rats, th ere was an incr ease
in th e ab solute amount and in th e concent rat ion of lipids in
th e liver. This increase continued until in about 40 hours it
r eached a -level of about 4070 of the dry weight, compared to
about 1570 at birth.

2. The incr ease in liver lipids wa s cont ingent up on con­
sumption of milk by the young . The inclusion of vitamin
B 12 in th e maternal ration and to a lesser extent of choline
and .of methionine decr eased the extent of th e r ise in liv er
lipids significantly but did not prevent it.

3. During th e first 24 hours after bir th, th erc was a de­
crease in the fresh weight of the liver du e to a loss of moisture
and of crude protein , but a simultaneous increase in the ab­
solute amount of liver lipids.
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In the early literature on protein metabolism there are a
number of papers showing that nitrogen balance is adversely
affected when fat is substituted isocalorically for the carbo­
hydrate of the diet (see review by Munro, '51) . More rece ntly,
it has been observed that the carbohydrate need not be r e­
moved from th e diet. Mer e separation in the time of eating
the protein and carbohydr ate is sufficient to cause a deteriora­
tion in nitrogen ba lance (Cuthbertson and Munro, '39; Cuth­
bertson, McCutcheon and Munro, '40; Munro, '49 ; Geiger,
Bancr of t and Hagerty, '50) and the que stion arises whether
the disturbance in protein metabolism produced by subs ti­
tuting fat for dietary carbohydrate is due solely to lack of
carbohydrate in the protein-containing meals. It wa s con­
venient to use rats in order to study thi s que stion but a survey
of th e literatur e (Munro, '51) r evealed that, although there
wa s convincing evidence in th e case of man and th e dog that
subs titution of fat for dietary carbohydr ate causes a de­
terioration in nitrogen balance, the evidence in the case of
the rat was contr adictory. It wa s th er efore necessary to de­
termine the conditions under which subs titution of fat for
carbohydr ate affects th e nitrogen balance of th e rat before

139



140 w, s. T. THOMSON AKD H. N. M UNRO

proceeding to compare the effect of substitution with th e
effect of eating carbohydrate separ ately f rom the dietary
protein.

E X PER I ME N T AL

A nimals and diets . In each exper iment young adult male
albino rats of about 200 gm body weight wer e distributed
between th e various treatments, using th e randomized block
technique to diminish the sta tis tical effect s of differ ences in
body weight (Snedecor , '46) . They wer e hou sed individually
under thermostatic conditions in gla ss containers and fed
th e exper imental diet twice daily. In order to prevent scat­
te ring, all food wa s moistened before feeding. Th e first meal,
containing minerals, vi tamins and roughage in the quantities
previously described (Munro, '49), was given at 10 A.M . and
the dishes wer e removed at 1 P.M. Th e second meal , given at
5 P .M., provided all th e pr otein of th e diet, namely 2.5 gm of
casein made into a pa ste as described previous ly (Munro, '49).
This meal wa s eagerly consumed. In additi on to these fixed
constituents of th e diet , carbohy dra te (glucose) and fat (olive
oil ) were added to one meal or the othe r accordtng to th e
purpose of the experiment. During each experi ment, cha nges
were brought about eithe r by substituting isocaloric amounts
of olive oil for glucose or by transferring glucose from"one
meal to the other without altering th e total amount given per
day.

In th e exp eriments invo lving isocaloric substitution of olive
oil for glucose, physiological fuel valu es wer e taken to be
3.75 Cal. per gram for glucose an d 9.0 Cal. per gram for olive
oil. Subsequently it was found by direct determination in a
bomb calorimeter that the heats of combu stion of th e glucose
and olive oil used were 3.75 and 9.56 Cal. per gr am r espec­
tively and, furthermore, that isocaloric exchange of olive oil
for glucose in th e diet of th e rat cause d no appreciab le change
in fecal energy loss. Conse quently, th e use of the fa ctors
3.75 and 9.0 Cal. per gram for th e ph ysiol ogical fu el values
of glucose and olive oil resulted in a slightly higher energy
intake during the period of fat admini stra tion. However, th e



PROTEIN-SPARING BY CARBOH YDRATE 141

difference in energy intake does not exceed 1 Cal. in any of
our experiments. Such a change in energy intake would alter
the nitrogen balanc e of the rat by only 3 to 4 mg per da y
(Munro, '51) , which is in significant in comparison with the.
changes flroduced in th e exper iments reported here.

Collection and analysis of exc re ta. Wide-mouthed glass
bottles were used to house the rats du ring the experiment.
The bottom of each bottle was r emov ed. It was th en inverted.
The rat wa s then plac ed in the bottle on top of a wire mesh .
The urine and feces falling from the neck of the bottle were
caught in a large glass funnel, the feces being separated by
a fine wire mesh placed in such a way that th ey r olled to one
side and were not contaminated by the urine. The urine wa s
passed directly into bottles containing 20 ml of 6 N H CI and
the glass and metal parts of th e cages and feces separators
wer e washed down daily with 250 ml of water into the urine
bottles. A recovery exper iment in whi ch a urea solution wa s
spr ayed inside the cages on 4 success ive days gave an average
recovery in 8 exper iments of 99.6%, with a range of 99.2 to
100.310 fd'r individual cages. Since th e urine passed during
the expe riments contained about 300 mg nitrogen per da y,
this would introduce an error of only from - 2 to + 1 mg
in th e r ecoveries from individual animals. The feces were
marked every 4 days by giving ferric oxide in the food. Be­
fore sampling fo r analysis, th ey wer e homo genized with water
in a blendor. The diet, feces and urine wer e analyzed for
nitrogen by micr o-Kjeldahl es timation, using mercury as the
catalyst.

RESULTS

The effec t of substituting fat for carbohydrate in the diet
of the rat. Tw o groups of 7 rats each wer e fed initially on
the same diet which provided 40 Cal. per rat per day (1310
Cal. per square meter of body sur face area calculated ac­
cording to th e formula of Lee, '29). The morning meal con­
tained 1 ml of olive oil in addition to vitamins , minerals and
roughage; 5 gm of glucose wer e given together with the
ca sein of th e evening meal. In this exper iment the starch
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normally used in making up the vitamin-miner aI-r oughage
mixture (Munr o, '49) was omitted, so that the 5 gm of glucose
fed in th e evening meal provided all of the carbohydr ate in
the diet. This diet was given for one week befo r e excreta
were collected. During the fir st 4 days of collection, both
groups continued to ea t the same diet and excreted essen­
tially the same amount of nitrogen (table 1). During the
r emaining 8 days of th e exper iment, one (control) group r e­
mained on this diet wher eas the other (experimental) group

TABLE 1

Chang es in nitrogen excret ion prodllced by exchangi ng f at f or carbo hyd ra t e in
the di et . ( During per iod I both expe rimenta l and cont rol g roups received the
sa me di et ; during p eri ods II and III all the di etary carbohydrate of the expe ri­
ment al group was repl aced by fat . Each figure is the mean resul t obtained with
7 rats. )

MEAN DAILY ::\I EA K DAI LY }.lEAN DA ILY
U RI N ARY N ITROGEN FE CAL NITROGE N SITROGE S lJAL A NCE

PERIOD
Exper imental Con t ro l Exper-ime ntal Control Ex perime ntal Con tro l

group group group grou p gro up gro up

mg mg >ng >ng mg m g

I 296 295 23 22 + 28 + 29
II 323 290 25 21 - 1 + 36

III 299 293 24 19 + 23 + 34

Analysis of va ria nce demonst ra tes a significant differ ence ( P < 0.01 ) between
th e ni trogen bal an ces of th e experimenta l and control groups during period II.
This was du e to a sig nificant di fference ( P < 0.01 ) in uri nary nit rogen output
limited t o p er iod II. Ther e was no significant effect of di et on f ecal nitrogen
output.

r eceived 2.32 ml (2.09 gm ) of olive oil given as an isocaloric
substitute for the 5 gm of glucose fed in th e evening meal.

Daily analyses of th e ur ines r evealed that the complete
substitu tion of fat for th e car bohydr ate of th e diet caus ed
an immediate ri se in urinary nitrogen output whi ch per sisted
for 4 to 5 days and then r eturned to th e level of output of the
contr ol gr oup. Tabl e 1 provides a summary of th e uri nary
outputs over 4-day periods togeth er with sta tistical analysi s
of th e data. This picture is confirmed by sta tis tical an alysis
of th e nitrogen bal an ces (table 1) whi ch demonstra tes a sig­
nificant difference between the exper imental and contr ol
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gr oups only during th e fir st 4-day period after substi tution
of fa t for carbohydra te. In conse quence of this finding sub­
sequent expe r iments wer e limited to the fir st 4 da ys after
effec ting a change in diet. There was no significant chang q,
in fecal J.lit r ogen output (table 1) .

Com paris on of th e effec t of su bs ti tu ti ng fa t fo r car bohy ­
dra te giv en alo ng with or a part fro m the protein of the diet.
In this experiment 4 groups, of 14 rats eac h, were given a
di et providing 35 Cal. pe r rat per day (1290 Cal. per square
met er body surface area). All groups r eceived the vitamins,

TABLE 2

T he effect on nitrogen balance of subst itut ing t at isocoloricaliu t or carbohydrat e
in a protein -cont aininq meal or in a protein -t ree meal
( E ach fig ure is th e mean result ob t ained with 14 rats )

SU BST I'I"UTIO::-;
~[ E A~

NITROGE N DIFFEREN CEI N I T I A L
GROU P OF FAT )'OR

BODY BALANCE I N NITROGE X
CARB OH YD RATE

W EI GHT ( 4 -day period ) BALA~CE

g n< -mg tug

l. In protein -con t ainin g
meal 179 -158 }2. Contro l g roup 177 - 35 -123

3. In protein-free meal 178 -127 }4. Contro l group 180 75 - 52-

An a lysi s of varia nce show s that SUbstitution of fat fOI' ca rbohy d ra te ad verse ly
affected ni trogen balance, t he effeet bein g significa ntl y g reater wh en substi t ut ion
was carried out in t he meal con taining protein (P < 0.05 f or in t er action ). Differ­
ences in ni t rog en balance exceedi ng 50 mg bet ween groups a re sig ni fica nt ( t< 0.05 ) .

minerals and r ough age together with 1 ml of olive oil in th e
morning meal an d casein in the evening meal. In addition,
groups 1 and 2 wer e given 3 gm of glucose in th e evening
(protein-containing) meal and gr oups 3 and 4 received 3 gm
of glucose in the morning (pr otein-f ree ) meal. Afte r th e
rats had eaten th ese di ets for a week, 1.4 ml (1.26 grn ) of olive
oil was given as an isoca lori c substit ute fo r the glucose fed
to gro ups 1 an d 3, the other two gro ups continuing on the
previous diets as contro is.

Excr eta collect ed over the next :4 days showed that all
groups wer e in negative ni tr ogen ba lance (table 2). The
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nitrogen balances of both groups 1 and 3 were adver sely af­
fected by isocaloric sub stitution of fat for carbohydrate, but
th e effect in th e case of group 1 (sub stitution in th e protein ­
conta ining meal) wa s significantly greater than in the case
of group 3 (subs titu tion in th e protein-free meal) . Although
subs titu tion in group 3 led to a gre ate r nitrogen output than
in th e case of its control gr oup, th e change wa s st a tis tically
the borderline of significance (P = 0.05). From th e much
greater effect in the case of group 1 than in th e case of group
3, it may be conclud ed that subs titu tion of fat for carbohy­
drate causes a deterioration in nitrogen ba lance principally
by aff ecting th e utilization of dietary protein.

Th e effec t of partial substitu tion of fat for carbohydrate .
The obj ect of th is exper iment wa s to determine whether
nitrogen balance in the rat is aff ected by partial substitution
of fat for carbohydrate in protein-containing meals, and also
whether r emoval of carbohydrate is th e sole cau se of the
change in nitrogen output or whether th e introduction of fat
into the protein-containing meal plays a part.

Four gro up s of rats wer e star ted on the same -diet which
cons is ted of vitamins, minerals, roughage and 1 ml of olive
oil as th e morning meal and casein with 3 gm of glucose as the
evening meal. This provided 35 Cal. per rat per day (1100
Cal. per square meter of body surface area) . After a pre­
liminary week on this diet, each gro up received a different
treatment and excre ta wer e collected over a 4-day period.
Group 1 (controls) continued to r eceive 3 gm of glucose in
the evening meal. Group 2 wer e giv en only 1 gm of glucose,
and an amo unt of oliv e oil isoca loric with 2 gm of glucose
wa s added to this meal. Group 3 r eceived th e same diet as
group 2, except that the oliv e oil wa s fed in th e morning
(pro tein-f ree ) meal. In gro up 4 fa t was substituted completely
for the carbohydrate of th e evening meal. Nitrogen balance
determinati ons mad e during th e fir st 4 days of feeding of
these diet s (tab le 3) show a significant deterioration in gr oup
2 as compare d with the contr ol gr oup 1 ; this indicates that
protein utilization is aff ect ed by partial subs titu tion of fat
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for carbohydrate. The effect of complete substitut ion (group
4) was not significantly gr eater than partial substitution.
Compar ison of th e nitrogen balances for groups 2 and 3 shows
that it is immaterial whether th e fat replacing the carbohy­
drate is ~iven with the di etary protein or at another time of
day. It may accordingly be concluded that th e effect of sub­
stitut ing fat for car bohydr ate is essentially du e to removal
of ca rbohydrate from the protein -containing meal and not to
an adverse effect of feeding fat with protein.

TABLE 3

Comparis on of chan qe« in nitrogen balance: follo wing part ial or complet e subs ti ­
tu tion of f at fo r di etary carbohy drat e

(Each figure is th e mean result. obtained wi th 6 ra ts )

'MEAN CO ~( POSITIOX
N I T ROGEN

GROUP I ~ITIA IJ OF EVEN I :s'G ~{ EAL BA LANCE
OF RATS BO DY (4 -day perio d)

W E IG H T Cas ein Glucose Olive oil

grn gn! grn grn mg

1. 219 2.5 3 0 - 69
2. 219 2.5 1 0.83 -152
3. 217 2.5 1 0 -131
4. 217 2.5 0 1.26 -179

Analysis of variance shows that. th e differ ent t reatments had a signifieant effec t
on nitrogen balan ce ( P < 0.01). This is du e to a significant differ ence betw een
group 1 and all th e other groups, which do not di ffer signi ficantly amo ng th em­
selves.

Nitrogen balance in relat ion to th e amo unt of carbohydrate
fed with protein. Since th e most important factor in causing
nitrogen balance to det eriorate when fat is substitu ted
for carbohydrate appears to be the removal of carbohydrate
from the protein-containing meal, it was of interest to deter­
mine the r elationship between th e amount of carbohydrate
in the protein-containing meal and th e nitrogen balance. For
this purpose rats wer e fed in the morning meal with the vita­
mins, minerals and rou gh age togeth er with 3 gm of glucose
and 1 ml of oliv e oil; th e casein was given alone in the evening
meal. This di et pr ovided 35 Cal. per rat (1170 Cal. pe r square
met er of body surface area). After th ey had been on this
diet for a week, diff erent amounts of glucose wer e transferred
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from the morning to the evening meal and th e excreta collected
during the succeeding 4 days.

The r esults (fig. 1 ) indicate that the pre sence of small
amounts of carbohydrate in the p rotein meal was insufficient
to produce maximum improvement in th e nitrogen ba lance.
On the contrary, th e improvement in nitrogen balance was
related linear ly to the amo unt of glucose added (P < 0.01) .
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F ig . 1 Th e rela t ionsh ip bet ween nitrogen bal an ce and th e amount of di et a ry
ca rb ohyd ra te f ed with pro tein . All anima ls received th e same total amount of
foo d, bu t th e quantit y of g lucose given along with the di et ary prot ein was va ried.

The re lationsh ip is exp re ssed by the equation Y = 23.2X - 81,
where X is th e amo unt of glucose in grams given along with
the di etary protein and Y is th e nitrogen ba lance in milligrams
per 4-day period. Analysis of variance revea led no significant
devia tion from lin earity of r esponse.

DISC("SS IOX

Our observations show a significant det erioration in ni tro­
gen balance when carbohydrate is wholly or partly replaced



PH OTEIN-SPARIXG BY GARBOH YDHATE 147

by fat in th e di et of th e rat. Data publish ed by other authors
fail to agree on this point. Some (Desgrez and Bierry, '20,
'21; Lathe and P eters, '49) al so obtained evidence of the
superiority of ca r bohyd ra te . On th e other hand no beneficial
effect was observed by Maignon ( '34) in hi s nu merous partial
and complete subs titu tion expe r ime nts . In an expe r iment r e­
ported by Samuels, Gilmore and Reinecke ( '48) th e nitrogen
output wa s not sig nificantly greater on a protein-fat di et
than on an isocaloric protein- carbohydrate diet. Similarly,
in th e extens ive studies of F orbes and his associates (F or bes,
Swift, Elliott and James, '46 ; Forbes, Swift, Thacker, Smi th
and French, '46) th ere wa s no evidence of an incr ea sed ni tro­
gen output wh en fat was exchanged for part of th e ca r bo­
hydrate at a maintenance level of ene rgy intake and in only
one of th e two expe r ime nts at a higher plane of energy intake.

In cons ide r ing th ese expe r ime nts as a whole, it is significant
that th e investigators who observed a favourable effec t of
ca r bohydra te on nitrogen balance had collec ted the excre ta
immediately after changing th e amount of carbohydrate in
th e di et, wherea s all th e negati ve findings were obtained in
expe r imen ts in whi ch th e rats had been on th e high-fat intake
for a number of days before th e study of nitrogen output
wa s made. , Ve hav e observed (table 1) that the increa se in
nitrogen output whi ch follows subs titution of fat for ca r bo­
hydrate is quite tr ansitory. It is thus not surpr is ing that
th e r esult obtained by different investigators should be de­
pendent on the length of time elaps ing between subs titu tion
of fat for carbohydrate and th e collect ion of excre ta for nitro­
ge n balance de te r mina tions .

Th e shor t duration of th e di sturbance in protein metabo­
lism caused by subs titut ing fat for ca r bohydra te i s similar
to th e transitory in cr ea se in nitrogen output observed after
ca r bohydra te ha s been transfer-red from a protein- containing
meal to a protein-free meal (Munro, '49 ). Both types of ex­
periment involve r emoval of ca rbohydr ate fed along with th e
dietary protein, in one case by subs tituting fat for it, in th e
other case by feeding th e carbohydrate separ a tely from th e
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protein of the di et. In the case of exchange of fat for carbo­
hydrate, the importance of the presence of protein in the same
meal is shown by the finding that subs titut ion has very li ttle
effect on nitrogen balance if carried out apart from the pro­
tein -containing meals of the diet (table 2) . The increased
ni tr ogen output following substitution is thus mai nly depend­
ent on an in teraction between th e protein of the di et and the
other nu trients fed in th e same meal. The presence and amount
of fat in the pro tein-containing meal plays no part in the
change in nitrogen ba lance, since it is immaterial whether
fat ea ten in place of car bohydr ate is taken along with the
dietary protein or separ a tely from it (ta ble 3) . This finding
is in agr eemen t with a pr evious observation (Munr o, '49)
that nitrogen balance is una ffected by the transf er of fat from
protein-containing to protein- fr ee meals in the same di et. In
consequence, th e incr eased ni trogen output whi ch follows
substitution of fat for carbo hydr ate in a protein-containing
meal can be attributed solely to withdrawal of carbohydrate
from th e meal. 'I'he ma gnitude of the effect of carbohydrate
withdrawal is proportional to th e amount of carbohydrate
involved (fig. 1) . The significan ce of this action of carbohy­
drate in protein-containing meals has been di scussed else ­
where (.Munro, '51) .

On the qu estion of wheth er ni trogen bal an ce is in any way
influ enced by subs titut ing fat for carbohydr ate in protein­
free meals, our exp er imental findings are equivoca l (table 2).
It is, however, well known tha t carbohydr ate is super ior to fat
as a spare r of endogenous protein metabolism, since the feed­
ing of an exclus ively fat diet doe s not lower nitrogen output
below the fasting level, wherea s the feeding of carbohydr ate
does so (see r eview by Munro, '51). It would therefore seem
probable that both" endogenous " and" exogenous " protein
metabolism are affect ed by subs titu ting fat for carbohydr a te,
but that th e effect is much mor e pronoun ced in th e latter
case and is th en depend ent on the ca rbohvdrate heinz fed. ""'
with th e dietary protein .
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SUMMARY

1. Wh en fa t is exchanged isocalorically for car bohydrate
in th e diet of the rat, urinary nitrogen output incr eases for a
few days and then returns to its former level. The transitors
nature of th e response may account for th e failur e of some
investigators to observe any diff er ence in nitrogen balance
betw een gr oups of rats receiving equicalor ic diets of differing
fat and carbohydrate content.

2. Exchange of fat for carbohydrate in protein-containing
meals leads to a much greater incr ease in nitr ogen output
than occurs after a similar exchange in meal s devoid of pro­
tein . Thus the main consequence of r eplacing the carbohy­
drate of a mixed diet by fat is a deterioration in th e utilization
of dietary protein.

3. The change in ni trogen ba lance r esulting from substi­
tution of fat for carbohydrate is of similar ma gni tude, whether
th e fat is fed with th e pro tein of the diet or apart fr om it.
This indicates tha t the phenomenon is essentially du e to
removal of carbohydrate from the protein-containing meal
and not te an ad verse effect of feeding fat with protein .

4. 'I'here is a linea r re lationship between the amount of
carbohydra te fed along with the protein of th e diet and th e
nitrogen balance of the rat.
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That the administration of antibiotic prophylaxis during
periods of epidemic streptococcal infections markedly reduces
the number of infections, complications, and sequelae in the
population has been clea rly demonstrated (Gezon et al. , '53 ;
Naval Medical Research Unit No.4, '53 - '54 ; Seal et al., '54;
Wannamaker et al., '53). Little information is available,
however, on other less specific effects of such wid espread
antibiotic administration to large groups of peopl e. In the
course of a study in this laboratory on the effects of antibiotic
prophylaxis on the immune response in humans (Haight et al.,
in preparation) , it was r ecognized that there was a unique
opportunity to obs erve the influ ence of prolonged antibiotic
administration on th e weight behavior of healthy young males.
Definite nutritional effects of the antibiotics have been noted
for some time (Jukes and Williams, '53) and indeed this
information has been applied practically in the feeding of
livestock. To date there have been few studies of th e nuti-i­
tionaI effects in humans, and what little evidence is available
is largely concerned with young childre n. The present r eport

1 Research Project NM 005 051. 23, th e Bureau of Medicin e and Surgery, Nay)'
Department, W ashington, D. C.

2 Present addre ss : Department of Medi cin e, Univers ity Hospital s and Univer ­
sity of Oklahoma School of Medicin e, 800 Northeas t 13th Street, Oklahoma City,
Oklahoma.
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seems of interest, therefore, because of the results obtained in
a controlled observation of several hundred young American
males.

POPUL ATIONS, MATERIAL S AN D METHODS.

Initially th e height and weight of the Navy recruits wer e
recorded only as corollary observations in the overall study in
progress. When it became apparent that cer tain r esults were
of significance, a second study wa s instituted as a further
control on the first experiment. The details of these two
experiments follow. The first group consist ed of 6 companies
of Navy r ecruits, of 55 men each, who were selected im­
mediately upon th eir arrival and formation on the s tation.
These 330 r ecruits "were interviewed for details relative to a
history of infection by or immunization for diphtheria and
typhoid fever. Each company was th en divid ed at random
into three treatment groups, so that each gr oup contained
approximately th e same proportion of men with a presumptive
positive or negative history for past exposure to th ese two an­
tigens. At r eveill e each morning for 7 weeks every recruit
received one yellow capsule which contained one of the fol­
lowing preparations: (1) 250 mg of chlor tetr acycline (Aureo­
mycin) , (2) 100,000 uni ts of buffered procaine penicillin, or
(3) a placebo (calc ium carb ona te ). These wer e specially
prepared to appear identical and were supplied by Dr. Stanton
M. Hardy of Lederle Laboratories, P earl River, New York.
The various caps ules were additionally coded by labeling th e
supply bottles for each company with th e letter s A, B, or C.
For example, preparation A in a third of one of th e companies
might thus be th e same as preparation B or C in another
company. Although each man r eceived th e same preparation
for th e 7 weeks of administration, it was thus impossible for
th e observers to sus pect th e contents of any cap sul e by
similar ities in group behavior or untoward reactions in th e
same third of th e various companies. Only when all the data
had been tabulated was the code removed from the safe .
Complete data were available on 310 men at the completion
of this fir st exp eriment.
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Following the initial interview, the nude weight in pounds
and the height in inches to the nearest quarter pound or inch
were recorded for all subjects. Capsule administration was
instituted the following morning at reveille, and the test
antigens were given one week later. These antigens wer e the
purified 0 and Vi antigens of S . typhosa and combined alum­
precipitated diphtheria and tetanus toxoid. Blood specimens
were obtained at the time of th e initial interview and also
when subsequent measurements of th e weight and height wer e
made after 4 weeks and 7 weeks of "treatment." Care was
exe rcised to make all measurements under identi cal conditions
and at the same time of day. From th e age, height and
weight, the relative body weight (RBvV) could be calculated,
this being defined as the actual weight expressed as a percent­
age of the Medico-actuarial standard weight for th e age and
height (As sociation of Life Insurance Medical Directors and
Actuarial Soci ety of America, '12). Following compl etion
of the study th e individual and group changes in actual
and r elative body weights were tabulated and subjected to
statistical analysis. Only a representative portion of these
calculations will be presented here.

When it was noted that there were some group to group
differences in weight behavior in this fir st study, and before
the capsule code was known to th e authors, a second experiment
was instituted. The selection of subjects was th e same as
before, as were th e interview and random assignment to
one of three" treatment" groups. These men did not, however ,
receive any capsules or any test antigens. As before, th e
weight and height wer e recorded initially and again 4 and 7
weeks later, using th e same precautions to maintain nearly
identical conditions and timing of these measurement s. Cal­
culations were made for th e r elative body weights of these
recruits, and th e data wer e analyzed for stat istical signi­
ficance. Complete information was available on 242 subjects
in this simulated exp eriment.
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RESULTS

Some of th e pertinent observations made du ring th e per iod
of antibiotic p rophylaxis are re corded in table 1. Although
minor group to gr oup variations occurred, it will be noted
that th e average age, heigh t, and weight on entry in fo training
were essentially the same for all treatment groups. After 4
weeks of capsule administration there wa s an aver age gain

TABLE 1

E ff ect of daily an ti biotic prophylaxi s on we.i gh t of N av y j'ecr llit s

tlnring a r -uieei: per iod

TREAT~fENT GRO U P 1
OBSER '~ATIO:N

Au reom yci n P eni cillin P la cebo

N umber of men 102 105 103
Av erage age, years 18.5 18.6 18.4
Av erage height, inche s 68.8 68.3 68.7
Av erage first weight, lbs." 149 .8 147.1 151 .6
Av erage second weight, lb s, 153.4 150 .2 153.6
Av erage third weight, lb s, 154 .6 151.2 154 .3
Av er age total gain , lb s. 4.8 4.1 2.7
Av er age firs t RBW, % a 103.6 103.2 105.3
Av erage second RBW, % 106.1 105.4 106 .7
Aver age third RBW, % 10 7.0 106.1 107.3
Av erage total gain RBW, % 3.4 2.9 2.0
Poor appeti te , number of men 3 5 5
Lower intestinal compla ints,

number 2 3

TOTAL
£tROUP

310
18.5
68.6

149 .5
152.4
153.4

3.9
104 .0
106.1
106.8

2.8
13

6

' See text for detai ls of ca ps ule ad minist rat ion.
2 Weights wer e obta ine d initially a nd again 4 weeks a nd 7 weeks la t er.
3 RBW = R elativ e body weight : Actual weight ex pressed as a pe rcentage of

191 2 Medi co-actuarial sta nda rd weight f or age and height.

in weight in all group s, but those subjects who had received
either of the antibiotic-containing capsules had abo ut equal
but greater gains than thos e 'who received the plac ebos. The
same t rend was evident in the total change observed after
7 weeks (Aureomycin group, 4.8 pounds; penicillin group, 4.1
pounds; placebo group, 2.7 pounds) . The ca lculations of re la­
tive body weight (RBW) are similarly r ecorded in table 1. It
will be recalled that this computation is the actual weight ex-
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pressed as a percentage of the 1912 Medico-actuarial standard
weight for the age and height. Essentially the same degree
of change is observed with the per cent gain in RBW as with
the actual "weight gain in pounds. Although all "treatment"
groups showed an av erage gain in RBW du ring the 7 weeks
of capsule administration, there wa s again a distinct difference
between the re sults in th e groups receiving either Aureomycin
(3.470) or peni cillin (2.970) and the group r eceiving the

;\, \, ,
, I "

I_ANTIBIOTICS,
I,,,,

I
I,,

\

\ P<0.05

\
\
\

,,,
PLACEBO_ ,,,

I
I

I
I

I
I

I
I

30

5

25

!5
~20
\!)

IJ..o
~ 15
w
o
a:
It 10

~ ~ 9 6 303 6 9 ~ ~
I--LOSS--I--GAIN--I

PERCENT CHANGE IN RELATIVE BODY WEIGHT

Fig. 1 Comparison of losses and gains in relative body weight in Navy recruits
receiving antibiotics (Aureomycin or penicill in ) or placebos f or 7 weeks.

placebos (2.070). Th e differences between chlor tetracycline
and penicillin in either actual or RBW weight changes are
not statistically significant , but the differ ence between these
two groups singly or combined and the placebo group appears
quite significant by the Chi-square test (p <0.05).

It is not f easible to include in the present report all the
observations and calculations that wer e made, for example,
the distribution of the individual weight gains or losses of
these 310 enen. In figure 1, however, are plotted the percentage
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of men in the two antibiotic groups combined and in the
placebo group who gained or lost in r elative body weight, and
the percentage of this change. The antibiotic groups are
combined here for purposes of easy visualization of the graph.
Separate plotting of these data would not be particularly dif­
ferent. The distribution curve for the placebo group is con­
sistently to the left, indicating more losses and fewer gains
in RB,V, and the peak is lower for the percentage of men in
the placebo group who gained. On statistical analysis these
differences appear to be significant and would be attributable
to chance alone less than 5% of the time (p <O.05). The mean
differences for all companies are implicit in table 1, but it
should be pointed out that the group differences were con­
sistent from company to company.

To determine if the observed differences were possibly
due to other factors, each man was carefully interviewed at
the conclusion of the study concerning his dietary habits
before coming to this station, his current dietary habits,
appetite, and any gastrointestinal complaints. Because volun­
tary dieting, for example, when coupled with the process
of recruit basic training, might alter the calculations, this
factor had to be excluded as a cause of the differences. Few
subjects admitted to having tried purposely to lose weight,
whereas most had either made no particular efforts or had
tried to gain weight. Furthermore, as seen in table 1, very
few of these men complained of poor appetites, and the
number of lower gastrointestinal complaints was small, "with
no marked group to group differences. Because illness also is
an important factor in weight behavior, this was carefully
checked. The numbers of complaints, types of complaints, sick
call visits, and hospitalizations were roughly the same in all
three groups.

The second experiment was conducted along similar lines,
and the major observations are shown in table 2. The two
populations involved in these two studies were quite com­
parable, as judged by the same criteria on which the individual
sub-groups were compared, namely, age, height, and weight
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on ent ry into training. The three randomized groups in the
simulated "anti biotic p rop hylax is " p rograms were likewise
composed of approximately equal elements. The initial gain
in weight, as well as th e total gain, whether actual or relative
body weight, wa s somewhat less than in the fir st expe r iment.
E ven at a glance, however , it can be seen tha t th ere are no
major differences between the three groups by eithe r meth od
of compar ison. Th e notion was entertained that the dif-

T ABL E 2

Ob ser vations 011 w eigh t bchacior of N avy recru its i ll a sim ula te d an t ib io ti c

p rop hylaxis program

S I MU LAT ED GR.OliP 1
TOT .-\I.

OBSERVATIO~
n ROFPII III

Nu mb er of men 84 77 8 1 242
Aver ag e age, yea rs 18.6 18.8 18. 7 18.7
Aver age heigh t , inches 68 .9 68 .6 68. 3 68.6
Averag-e first weight , lbs.' 152.7 151.1 146.(; 150.1
Avera ge second weight, lbs. 153 .6 150.7 146.7 150.3
Average third weight , lhs. 153.4 150.9 14 7.8 150 .7
Average total ~'lin , lbs. 0.7 - 0.2 1.2 0.6
Average firs t RBW, % 3 105 .0 104.8 102.6 104 .1
Averag e second RB W, % 105.7 104.4 102.7 104 .3
Aver age third RBW, % 105.6 104.7 103.5 104.6
Averag e tot al gain RE W, % 0.6 - 0.1 0.9 0.5

1 No antibiot ics were giv en , hut recruits wer e ran domi zed into three g ro ups as
in previous st udy ( table 1 ) .

' Weights wer e obtai ned init ia lly a nd again 4 weeks and 7 weeks la te r .
3 RBW = Relat ive body weigh t: Actu al weight expressed as a perce ntage of

1912 Medico-act ua ria l standa rd weight for age and height.

ference between - 0.2 pounds in gr oup II an d + 1.2 pounds
in group III might be significant and in the opposi te dir ect ion
of th e results in the first expe r iment. On analysis this did
not appear to he significant in gr oups of this size and dis­
tr ibut ion. Th e other min or gr oup to group diff erences were
similarly found to be insignifi cant (group I, 0.7 lb. or 0.6% ;
group II, -0.2 lb. or - 0.1%; gro up III, 1.2 lb. or 0.9% ).

Although th e de tailed results of th e corollary study on th e
effect of the period of antibiotic prophylaxis on the immune
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re sponse will be presented elsewhere, it is perhaps germane
to this r eport to mention th em here briefly. With each" treat­
ment" group containing roughly the same number of men with
some degree of antibody titer to these antigens and others
with no antibody, it was possible to compare the r esnlts fairly
well. It appears that whether one considers the primary im­
mune r esponse or the secondary immune responses, such as
from a booster dose of diphtheria toxoid, there is no appreci­
able difference in the antibody titers obtained whether the sub­
jects are receiving an antibiotic or a placebo. These data
can probably be interpreted as representative of the whole
general pattern of antibody response, since the antigens used
were selected as prototypes of the three main antigenic types,
namely, an acidic polymer, a lipopolysa ccharide, and a pro­
tein antigen.

DISCUSSION

The unexpected finding of significant differences in weight
gain in groups of Navy recruits during a period of 7 weeks
of antibiotic prophylaxis is extremely interesting- in view of
the well documented specific nutritional effects of small doses
of antibiotics in livestock and in certain instances in PI'&­
mature infants and undernourished children (Jukes and Wil­
liams, '53). Although the first exper iment contained a means
for estimating potential error, it seemed worth repeating.
It was for this purpose that a second group of r ecruits was
studied in a simulated program, to determine the amount of
group to group variation by chance alone.

The failure of the entire population in th e second experi­
ment to gain as much as the placebo group in the first experi­
ment is not surprising and should not invalidate these data.
It has been pointed out previously that Navy re cruits tend
to gain more during the winter than during the spring and
summer (Gibbons et al., '53). The first study wa s conducted
during the winter and the second during th e late spring and
early summer. It would, therefore, appear that the additional
controlled experiment has fail ed to provide ev~lence that a
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natural group to group variation in weight gain would alone
account for the observed differences. Moreover , such factors
as dietary habits, appetite, illnesses, and living habits wer e
investigated and could not he related to th ese ohservations.

If the findings are valid, then one is entitle d to some specula­
tion. It is interesting to wonder about th e mechanism whereby
small doses of either a hroad-spectrum antihioti c (Aure o­
mycin) or peni cillin might affect the growth of healthy young
American males who are presumably in a slow final phase of
maturation. The theories which have been advanced for
children and animals would not necessarily apply in this
instance. Perhaps the ohservation of the marked metabolic
effects of larg e doses of an antibiotic (Gabuzda et al. , '52)
may by deducti on offer some suppor t to the notion that very
small doses cr itica lly up set certain delicate balances of home­
ostasi s just as much, but with the r ever se end r esults. No
data are availahle, hut further expe r imenta tion along these
lines is certainly needed. It would be interesting, for example,
to study a large, stahle population as in the present study but
over a prolonged period of administration rather than only
7 weeks. This approach would compensate for the cyclic
changes in weight behavior that are at tributed to th e seas ons.

The concept of r elative body weigh t was introduced into
the manipulation of these weights to reduce to a minimum the
influ ence on th e average changes that would be brought about,
for example, by an obese recruit who purposely lost weight.
The loss in pounds would he far greater than the percentage
of his RB'V. In fact, however, the changes were so definite
that the computation of RB"Wdid not alter the interpreta tions.
When separa te calcula tions wer e made for th e individual
changes in each group in both exper iments, g rouping those
with an initial RB,V of less than 9570, tho se between 95 and
115%, and those greate r than 11570, the results were not
materially different. The heavier men , of course, tended to
gain less as an overall av erage, but there were no important
group to group diff erences.
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SUMMARY

Six companies of Navy r ecruits were di stributed at random
into one of three" treatment " groups, and all subjec ts r eceiv ed
once daily for 7 weeks one of the following identical-appearing
preparati ons: (1) Aureomycin, 250 mg ~ (2 ) penicillin, buf­
fered, oral, procai ne, 100,000 units ; or (3) a placebo (calcium
carbonate ) . Observations on th e nude weigh t and height were
made initially and again 4 and 7 weeks later. The individual
and gr oup weight changes were then calculated, both in pounds
and in relative body weight (actual weight expressed as a
per cent of th e standard weight for age and height). Final
data were av ailable on 310 men.

Bo th th e initial changes after 4 weeks and the total changes
after 7 weeks r evealed a di stinct difference between the placebo
group and the antibiotic group s. 'I'he Aureomycin and penici l­
lin groups were not significantly different. This difference in
weigh t gain between th e placebo group (2.7 pounds) and th e
antibiotic groups (ave r age 4.5 pounds) wa s r eflected in roughly
an equal degree of difference in re lative body weight gain, and
this would be expected due to chance alone less than 570 of th e
time (p <0.05).

A similar study wa s cond ucted but without administering
any capsul es to determine normal group to group variation
in this population. No significant differences were encounte re d
in this simulated exp eriment. These studies wer e exploratory
and suggest further ave nues of approach in evaluating the
specific nutritiona l effects of antibiotics in humans.

ACKNOWLEDGMENTS

Th e authors are indebted to Commander John R. Seal ,
Medical Corps , U. S. Navy, formerly Medical Officer in Charge,
Naval Medical Research Unit No.4 for helpful advice in this
study. Thanks are also due HM3 W. P. H eber t for faithful
assistance in the prophylaxis program.



EFFEC T OF ANTIBIOTICS ON WEIGHT

LITERATURE CI T E D

161

ASSOCIATION OF LI FE INSURANCE MEDICAL DIRECTORS AND ACTUARIAL SOCIETY
OF AMERICA 1912 Medico-actuarial Mortality I nvestigation , volume
1, New York, N. Y.

GAFUZDA, G. J ., G. G. JACKSON, M. E. GRIGSBY AND M. FIN LAND 1952 Effect,
~f aureomycin upon nitrogen bal an ce and urinary r iboflavi n excretion
in undernourished men . J. CHn. Invest ., 31: 631.

GEZON, H. M., J. S. COOK, R. L . MAGOFFIN AND C. H. MILLER 1953 Th e use
of penicillin and sulfadiaz ine as prophylactic agents against st rep­
tococcal and non-specific respira tory in f ect ion s among recruits a t a
Naval Training Cente r . Am. J . H yg., 57: 71.

GIBBONS, T. B., 1. A. PHILLIPS AND J. R. GILBERTSON Changes in th e height
and weight of Navy rec ru its und ergoing basic t raining. Research
Project Report NM 003 044.02 .01, 22 June 1953, Bureau of Medi cin e
and Su rg ery, Navy Department, W ashington, D. C.

H AIGHT, T. H ., M. LA~DY, S. GAINES AND W. E. PIERCE Effect of ant ibiot ic
prophylaxis on th e immune response in hu man s ( in preparation ) .

JUKES, T. II., AND W. L . WILLIAMS 1953 Nutritional effects of antibiotics .
Pharm, Rev., 5 : 381.

PE RSONNEL OF N AVAL MEDICAL RESEARCH U NIT No. 4 Antibiotics A nnual of
1953-54. Medical E ncyc lopedia, Inc. , New York , N . Y., p . 123.

SEAL, J . R., W. J . MOGABGAB, G. J . F RIOU AND J. E. BANTA F ur ther Studi es on
penicillin prop hylax is of st re ptococcal infec t ions. Research P r oject
Report NM 005 051.108.01 , 15 June 1954, Bur eau of Med icine and
Surger y, Navy Dep ar tm ent, W ashington , D . C.

WANNAMAKE~, L. W., F . W. DENNY, IV. D. PERRY, C. H . RUIMELKAMP, G. C.
E CKHARDT, H . B. HOUSER AND E . O. HAHN 1953 Th e effect of
penicillin prophylaxi s on st rep tococcal di sease rat es and the carrier
st ate. N ew England J . Med. , 249 : 1.



METABOLISM OF FOLIC ACID AND CI TROVORUM
FACTOR BY HUMAN SUBJECTS 1

ROBERTA E . BLEI L E R,' DORIS JOHN SON 3

AND H ELEN T. PARSONS

Departm ent of Foods and Nutri tion, Sch ool of H ome Economics,
Univ ersity of Wis consin , Ma dison

ONE FIGURE

(Rece ived fo r publication Decemb er 4, 1954 )

I NTROD UCTION

From the evidence of various 'in vitro and in viv o exper i­
ments, foli c acid is generally r egarded as a pro-vitamin and
cit r ovorum fa ctor its active form, possibly the predominant
form in all living tiss ue.' Since th e urinary excre tion of
cit r ovorum fa ctor ha s been shown to be influenced by th e
ingestion both of pteroylglutamic acid and of ascorbic acid,
the levels of intake of th ese two fa ctors wer e varied for
human subjects in th e present expe riments, in th e expectation
that patterns of excr etion might suggest significant relation­
ships between folic acid and citrovorum fa ctor in metabolism.

1 Published with th e approval of th e Di rect or of th e Wisconsin Agricul tural
E xp eriment Station.
. Supported in pa rt by gran ts f'rom th e Research Conuni ttee of the Graduate

School from funds supplied by th e Wi sconsin Alumni Research F oundation. Pre­
liminary reports have been presented at sessions of th e F ederation of American
Societies for Experimental Biolo gy (Federat ion P roc., 10: 385, 1951, and 13 :
525, 1954 ).

2 Taken ill part from a th esis offer ed by Rob erta Bleil er in partial fulfillment
of th e requirements f or th e degree of Master of Science, University of Wi sconsin,
1954. Present address : F oods and Nutrition Department, Michigan State College ,
E as t L ansing.

3 Taken in part from a th esis offered by Doris J ohn son in partial fulfillment
of th e requirements f or th e deg ree of Doct or of Philosoph y, 1951. Present ad­
dress : Yale Medi cal School, 1\ ew Haven , Conn.

• Recent reviews include Baumann ( '53) ; Bessey et al. ('53 ) ; E di to rial Staff
and Advisory Board , N ntri t ion Revi ews ( '53).
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E XPERIMENTAL

Modifi cations of publi shed turbidimetric microbiological
methods (Luckey et al., '45; Sauberlich and Baumann, '49)
were u sed to det ermine urinary folic acid activity (FA)
measured against a pure pteroylglutamic acid (PG~) stand­
ard, and citrovorum factor activity (OF) against r eticulogen
(study I) and leucovorin (study II); the resp ective test or­
gani sms were S treptococcus [aecolis and L euconostoc citro­
uorum: In study I, commercially prepared acid-hydrolyzed
casein was used in the culture medium for th e foli c acid
as say, laboratory-prepared hydrolysate, for citrovorum fac­
tor; in study II, commer cial media (Difco) wer e used for the
two assays.

Aliquots of 24-hour urinary collections , adjusted to pH 6.8,
were frozen until assayed in study I, while the samples from
study II were assayed at once. The food compo site (study
II) wa s incubated with hog kidney extract, prepared and
frozen within a few hours after removal of th e or gan from
the animal.

Details of study I 5

Five women and 10 men, gr adua te students, served as
subjects. The diets, self-adminis ter ed, wer e qualitatively r e­
stricted in r egard both to the exclusion of rich sources of
folic acid and to the use of 8 oz. of orange juice as the only
important sour ce of ascorbic acid throughout the various
periods. Urinary excr etions of total folic acid and citro­
vorum factor were determined at dietary levels of folic acid
and on supplementa tion with 1 mg and 5 mg, respectively ,
of PGA.

Detaiis of study II G

Four young women, graduate students, served as subjects
for the 22 consecutive days of the study. The constant weighed
diet comprised the following foods with portions li st ed in
grams : apple juice, 100; canned peaches, 117; canned pears.

5 See footnote 3, pa ge 163.
• See footnote 2, page 163.
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117; canned beets, 103; canned carrots, 117; processed cheese,
25; ground beef, 135; vitamin D-enriched milk, 732; butter ,
35 ; enriched white bread, 70; cornmeal mu sh, 240; steamed
ric e, 135; rice flakes, 30; brown sugar , 28; and syrup, 40.
Individual caloric needs were met by additions of butter and
sucr ose. Thiamine hydrochloride, 0.6 mg, and nicotinic acid,
2 mg, were included as part of th e basal diet to bring its
contents to the level of th e r ecommended allowances of th e
Food and Nutrition Board of the National Research Council
('48) except for th e test substances. The assayed content 7

of folic acid, 65 IJg, fell well within the calculated range
(Toepfer et al. , '51 ; Tepley et al. , '53) of the cons tituent
food s. The ascorbic acid content of the diet was r estricted
to roughly 25 mg, a level which, though low, was nevertheless
in excess of the 20 mg intake found by a committee of th e
British Medical Research Council (Peters, '48) to be ad e­
quate for curing scurvy and permitting some ti ssue stor age.
The sequence of periods and dosages is giv en in the legend
of figure 1.

RESULTS

Studies I and II wer e in agreement with published reports S

tha t citrovorum fa ctor accounts for a minor part of the total
urinary folic acid activity for human subjects on various
diets. The ratio of the former factor to the latter averaged
1: 4 for th e 4 subjec ts on a quantitativ e weighed diet (study
II) as well as for th e 15 subjects on restricted self -admin­
istered diets (s tudy I) and th e 14 subjects of Register and
Sarett ('51) on self-selected diets." This agreement among

7 This va lue obtaine d on a com pos ite of fo ods f rom th e sa me sources as t hose
in study II, in a comparab le experiment , replaces the prelimin ary fo od assay in
F ed. Proc., 13 : 525 ( 1954 ) . F rom a thes is offer ed by Marth a 1Ic lllillan in partia l
f ulfillment of th e requiremen ts for th e degree of Mast er of Sci ence, University
of Wi scon sin , 1954. Presen t add ress : Nutrition Research Lnboratory, Univers ity
of Illinois, U rbana .

8 See f ootnote 4, page 163.
9 Th e ave ra ge va lue given for ci trovorum facto r by Regi ster and Sarett wa s

multiplied by the p resently accepted facto r 0.5 to compensa te for th e racemization
of th e commercia l synthe t ic standard, leucovor-in.
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the three studies strengthens th e suggestion of R egister an d
Sarett ( '51) that another folic acid metabolite is implied by
the low ratio.

'When graded doses of P GA wer e administ er ed (study J)
the excre tion of citrovoru m fac tor on th e first day Qf dosage
increased r oughl y in proportion to the increments in intake,
in agreement with an earl ier obser va tion (Sauberlich, '49) .
Th e augmentati on in th e excre tion of foli c acid, however ,
progressed at a greate r rate than thi s, th e gap widening be­
tween the two urinary product s a t th e high er intakes of PGA.
Li st ed below is a series of three average values representing
the following exper imental per iods in th e same order: diet
without supplement; dose of 1 mg PGA; and dose of 5 mg
P GA. F or th e 5 subjects for whom these data were available,
the total folic acid excre tions averaged ; 3.9 ilg, 61 ug, and
1915 ilg; citr ovorum factor 10 excr etions, 0.7 pg, 1.5 ilg, and
5.0 ilg ; and OF : F A ratio, 1: 5, 1 : 40, and 1: 380, r espectively.

'When a 1 mg dose of PGA was administered (study II)
the aver age folic acid excretion rose sharply from it s ba se
line of 1.7 [Jg on the weigh ed diet alone, to a maximum of
89 ug in 4 days (fig. l a ) . After this , the excre tion values for
th e individual subjects fluctua ted ra ther widely thro ughout
the succeeding 16 days of th e P GA supp lementation without
clear r elationship to the varying intakes of ascorbic acid;
the sha rp drop in the terminal period for one subjec t is
unexplained. In a 9-day period on daily doses of 2 mg PGA ,
the maximum difference in urinary folic acid between any
two consecutive clays after the initial augm entation ranged

Fig. 1A a nd 1B Individu al a nt] a verage urina ry excre t ions of FA a nd CF
pl otted on two di ffer cnt sca les for subj ects : RB, 0; DJ, 6. ; K C, 0 ; a nd nUl ,
X . On d ay 13, F A va lues f or ~IM and DJ were pl ot t ed as a n a ve rage , du e to
mixture of urines . S upplements of weighed diet : period L, none ; perio d 2, ] mg
PGA ; periods 3 a nd 5, ] mg PGA plus 80 mg ascorbic ac id ; period 4, 1mg P GA
plus 750 mg ascorbic acid. On days 17 throug h 20 (omit te d ) diet was not weighed
but contained sim ila r a moun ts of supplements as in period 3 a nd the two da ys
of per iod 5 on weighed di et.

t o Th ese values were calc ula te d from th e convr rsion figures th en a vail able .
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f rom 200 to 370 [lg fo r the 4 subjects of Murphy 11; the dail y
av erage excre tion for the gro up and per iod was 540 [lg. Th e
self -administer ed diets of her study wer e qualitatively con­
tro lled in r egard to the avoidance of ri ch sources of foli c
acid an d the maintenance of ascorbic acid from food close
to a 100 mg level.

In contrast to folic acid, th e values for urinary cit ro vorum
fa ctor (study II) showed a general uniformity f r om subject
to subject, and formed a pattern of excr et ion for the diff er ent
periods not r eported previou sly, to th e knowledge of th e
authors. Most no table wa s th e fact th at the ma ximum peak
of excre t ion of citro vorum factor was r eached in two days
inst ead of the 4 required for folic acid so that, in the following
two days, the level of cit r ovorum fa ctor in the urine was falling
off sharply at a time when the average folic acid excretion
was doubling. Th ese r elationships wer e subs tantially con­
firm ed in a somewhat similar study in th is labor atory.!"

In study II, the declin e in th e output of th e citr ovorum
factor continued for 4 to 6 days, li ttle influenced if at all, by
the addit ion of 80 mg of ascorbic acid, but wa s sharply r e­
ver sed when an unphysiologically large dose (750 mg ) of
ascorbic acid replaced this ; each subject at least doubl ed her
output of citrovorum fa ctor in th e 4 da ys on the higher dose
of ascorbic acid. By th e 6th da y after th e termination of this
high dose and th e r esumption of th e 80 mg dose, th e excre tion
of citrovo rum facto r had returned to th e level previous ly
noted on th e la tter dose (p eriods 3 and 5, fig. IE).

DISCUSSION

The r ela tionships betw een folic acid, cit rovorum factor and
ascorbic acid are obvious ly complex. Th e r eason for the
tran sitory nature of th e au gmentation in urinary output of
citrovorum factor when 1 mg of PGA supplement ed th e ba sal
diet in per iod 2 (study II) is obscure. A tenable hypothesis

11 Unpublished data from resea rch carried out by J ud ith Mur phy in 1952 in t his
labora t or v.

" See footnote 5, page] 64.
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might be that something favoring the initial high rate of
conversion of PGA to citrovorum factor wa s rather rapidly
diminished by the accelerated reaction; this may have been
the ti ssue supply of r educing sub stances. The declin e in
urinary cjtr ovorum factor in periods 2 and 3 of study II may
even have been an indication of a partial shif t in the con­
version of PGA away from citrovorum factor to some other
metabolite. However , the known role of ascorbic acid in th e
convers ion ha s some limitations; a gre ate r average urinary
excre tion of citrovorum factor than that noted in study II
on doses of 1 mg of PGA and 750 mg of ascorbic acid wa s
elicited in study I on an ordinary intake of ascorbic acid
(about 80 mg ) when the dose of PGA wa s rai sed to 5 mg.
Stimulation of th e F A to OF conversion mechanism by large
intakes of ascorbic acid appears to have been demon strated
when the lev el of PGA supplementation has been high, but
similar intakes of this r edu cing agent have not been shown
to be effective in increasin g th e excre tion of citr ovorum factor
when th e dosage of PGA ha s been 0.5 mg or less (Welch, '50).

Th e forma tion of a folic acid metabolite oth er th an citr o­
vorum factor has been postulated by Dietrich et a1. ('52) to
account for th e effec tiveness of injected foli c acid for th e
methylation of nicotinamide in th e rat in contr as t to th e
lack of effec t of injected leucovorin, under th e conditions of
their exper iment. It is notable that Silverman and K eresztesy
('53) have r eported th e presence of a metabolite of foli c
acid in a liver autolysate, whi ch they have shown is not meas­
ured by the assay for citr ovorum factor; it appears to be an
intermediate in th e conversion of th e bound form of foli c acid
to cit r ovorum fa ctor. On th e other hand, th e folic acid-like
substances (FS) r eported to be present in human blood by
To ennies et a1. ('54) and Usdin ('54) are stated by them to
be characteristic of individuals and not responsive to th e
intake of food. It has not been determined whether or not
th ese subs tances ar e present in the urine.P

13 Statement -JUsdin ' ( ' 54) in discussion of his paper .
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SU~n.IARY

Citr ovo rum fa ct or, on th e av erage, accounted for only one­
fourth of the total folic acid activity in th e urines of 4 human
subjects on a weigh ed di et contain ing approximately 25 mg
of ascorbic acid and of 15 subjects on restricted s~lf- admin­

ist er cd diet s con ta ining approximately 100 mg of ascorbic
acid. 'When fo lic acid had reac hed it s maximum excretion
4- days after the in itia ti on of a 1 mg daily dose of pteroylglu­
tamic acid , cit rovo rum factor accoun ted for only one thirty­
second of th e folic acid act iv ity of th e urine.

Cit rovor um fa cto r showed a pr onounced bu t transitory
increa se in the uri ne in r esponse to th e dose of pteroylglutamic
acid; a shar p declin e star te d before fo lic acid had r eached
its maximum level of excretion. An excessive daily dose of
ascorbi c acid (750 mg) super imposed on th e dose of pteroyl­
glutamic ac id r estored th e excretion of citro vorum fa cto r to
it s previo us high level. Va rious hypotheses to expla in th ese
relationshi ps are discussed. The production of a folic acid
metabolite not mea sured by L eucono st oc cit rooorum may po s­
sibly hav e been ' favored in metabolism at th e expense of
citrovo r um fa ctor during certain period s of th e study.
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