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THE EFPECT OF DIFFERENT LEVELS OF THIAMINE INTAKE
ON THE URIRARY EXCRETION OF THIAMINE

CHAPTER X
INTRODUCTION

Historiesl Background

Beri-bori, & discase common in the Orient, has been
shown to be ecaused by a i&@k of adequate thiamine in the
dlet. The disesse was known in China as early as 2600
B. C., end was first demonstrated %o be of dietary origin
by Takaki, 8 high medicel off'icer in the Jepanese navy.
For seversl years tventy to Lforty per cont of the men in
the Japanese navy were giclk at some time during the year
with beri-beri. Tekaki received permission to change
the diet on boerd ship, By decreasing the rice, increas-
ing the barley, and adding vegetebles, meat asnd fish, he
practically elinmineted beri-beri smong the men. He
reported the results of this large-scels experiment in
1882, attributing the eradication of the disesse to the
dletary-changes, but falling to give satisfactory
reasons. Tho disease continued to be regarded es 1#-
fectious in origin, and meny people believed that im-
provoment in senitary conditions sccounted for the dse-~
erosso in cases of beri-beri which Takeki had reported.
(25). |



In 1897 Bijkman first prodneea.polyneuritis in
fowls by limiting them to & diet of polished rice, and
eured the symptoms by feeding rice polishings. He
reported his work in such a vay that the "asntimeuritic
substance” which he peostulated wes thought to be &
medicine, and not a c¢onstituent of &)l normel diets.

It rensined for Grijus (1901) to oxtend these experi-
ments with fovwl and advence & theory which, clearly
nutritional, attributes deri-beri to a lack of & sub-
stance needed by the central nervous system, from the
diet.

American &nd Eritish workers im the Oriemt at about
the seame time verc Giccovering the importence of diet in
the preventien end oure of berdi-beri. The reaslization
of the importence of certaia féo&aﬁuffa stimulated the
geareh for the oubstence {n them that possessed énti-
neuritic propertics, The substence was dlecoversd to be
water-soluble and non-proteim before 1910, and vork con-
tinued im mony leboratories, in Jeve, Maylaya, the Duteh
Bact Indiecs, the Philippines, eaud Jepan, a8 well ae im
Europe and Amevica, to isolatc and identify it.

Fualk, in 1912, introduced the "vitawime theory,”
after be had worked with oxtraects of rice poliskings, and
hizd carefully studied the literature aveileble comncerning
seurvy, pellagre, and riekets. It wap not uatil 1926

that Joncen and Dometh isolsted the substence, and another



ten yoars of researeh followed befeore Williams had
geparatod enongh of the pure substance to perait the
detorminntion of the full molesular structure end
chemical proporiies of thiamine hydrechloride itoelf.

The Distribution of Thismine in Foods

Talemine oceurs im smell cmounts im almost all of
the plant or cnimald tigsues which are uwsed as foodd.
None of the foods ere highly potent, although pork muscle,
the germ oHnd bren of @@ﬁ@ale; end the logumes, furnish
enounte sufficient to be importent in the humen dietary.
Yeast 48 also & good source of thiemine, end somec high
vitemin straine havo been wésd 6o enpich broad medo from
refined flour. Only highly vefined feods, such &0
Qammerciai swoets, fets, and unenriched wvhite Llour are
practicelly devoid of thiemino. Whon these foods acsume
an undue iupeortence in the diet, lack of dietary thiamine
Bay beceme & real pﬁ@blem1 then frults end vegeteblogo,
hovever, are eaton i quentities large cnough to provide
edequate snounts of other dietory eonstituents, they will
slse provide cmple thiemime. The wideopread chelco of
vholo~ulicat or the rocemntly imtroduced cmriched breed,
will also help to empure adeguate thiamime im the diet.



Chemicel Nature aud,Pfogertiee of Thiemine

The white orystals of thiamime hydrochloride are
hygroscopic and readily coléble in water, slightly
soluble 1in aleohol, and 1neolub1e‘1n.ezher, c¢hloroform
and banzené. Thiemine hydrochloride is dializable, and
w11l not precipitate with any of the salts of heavy
metals which precipitate protein. The dry erystals are
atable to both air and light, and heating at 100°C for
tventy-four hours in air csuses no loss in poteney, (51).
Acid solutions are stable for long periods, but the
vitamin 18 sensitive to alkeli, especially when heated.
M11d oxidation with alksline forricyanide results in &
change to thiochrome, & yellow dye which eémits a nerongl
bluc-violet fluorescence imn ultra-violet light, and vhich
18 blologically insctive. The compound thiamine hydro-
chloride has been assigned the following structural

formulas
Ry
N=¢ HC1 ?
P Sl SR
0 e INC—s§
N—CH c1

Thiamine Hydroehloride



Physiology of Tnlemime

The 16ngeae-known functions of thiamine sre the
promotxon of gravth and the praveation of polyneuritia
(66).
" The leck of thiamine in the animsl dlet has been
observed to cause & maﬁked aenorexia (63), which appears
rathét shoftly'afteé the vitamin 1& removed from the
dtet. Return of thiamine causes & weturn of normal
appetite, even vhen it 1s given aeparately from the fooa.
w1111ams, Meson, Wilder and Smith (76) reported thet the
feedtng of thiamine to vomen vho haé been fod a diet
very low in the vitemin for some time canaed them to
return villingly end even eagerly to foéd'ghzeh‘they bed
femmeriy been unable to eat. |

The accumulation of intermediary products of ca#-
bohyﬁrate&metaboltsm may acecount for the feilure of
appetite and the generel declins. in gastrointestinal
activity wvhich has been often observed in thiamine-defi-
cient animals snd 1o man (66). The nervous system, which
can apperently use only conergy derived from the burning
of glucose, also shows early signs of thiamine deficiemey.

Symptoms of a verious thismine deficiency, which was
produced in normel women fed a diet almost devold of
thiamine, were reported by Williams, Mason, Wilder end
Smith (76). They listed depressed mental states, generasl-



izod wookness, dizginess, backache, soreness of muscles,
palpitation, dyspnea, and percordial distress of exertion,
insomnia, cnorexie, nausca,_vomiting, lo8s of weight,
atony of muscices, omd slight roughucss of the skin. The
symptoms could be velieved by the sdministration of
thiemine, and then preduced sgoin whon it was withhold.
In cnother study from the sames leboratory (74) a loss
morked deoficiensy was produced by iimiting thiamime intake
%0 0.45 ng/doy, vhich epproxiaates that iu the “poor"
American dlot. After B-12 wooks on the restricted
thiemine intalte, there werc “gross changes in behavior,
magked ohangos of attitude, diminished imclimationm to
perform asccustomed tasks, ond progreseive deorcsase of
ability to moko social sdjustmonts within tho group.”
Complaints, veokboss, acusoh, and periodie imvolvements
of the digostive tract werc zlao noted. )

This diet, vhich vepreosonted & sudb-optimal fntake
of thismime over & long poried, prodused symptoms which
are comaonly obsorved in meny groups. Durisg thoe study,
the oymptems vere romoved by the administration of
thiamine, dut much more slowly thom thoso csused by en
extreme deficicancy which hed rosulted in more rapid
appearsnce of the aymptoms.

Thismino, thereforc, appears to be necessary to the
normal functioning of the body; ite lack ceuses symptoms

of welfunction, and its return reostores normal fumction.



The symptoms are veried end widespreed because the

production of energy from the metabolism of sarbohydrates
is intimetely assoclated with life processes in every
cell of the body. .

The Role of Thiemime in Hetabolism

In the living organiom, thiemine functions es the
pyrophosphate, called cocarhoxylase (4). This subetance
aets 86 & coenzyme in carbohydrate uelabolism. The
exaet mochanism for this metebolism, and the role or
roles vhich thienine nay porform, remain unkpown.
Researeh, hovever, hes thrown cousiderable light et
difforont points in the compliceted sepies of reactiouns.

The mormally functioning body can completely bresk
glucose teo eavbon dioxide and weter, derivimg energy
from the procedss. Glucose i8 first phosphorylated and
split to phosphoglysoric eeid (11); them pyvuvic seid
18 formed from this product., SJeveral things mey heppen
to the pyruviec acid in normal metsbolicm. The coneentra-
tion of lectie¢ aeid in the blood during and folloviag
stvonuous exereive probsbiy ladicates that ﬁhe reduction
of pyruvic to lactic aeid tales plece with ready produc-
tion of emergy. Whe pyruvic aeid under other conditicns
may be oxidlzod, dismuted, or comndemsed. Barrom snd Lymen
{(3) have domonstratod the possiblility of couversion of
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pyruvie ecid %te glucose in the presence of added thiamine.
Thiamine ean.be reéﬂi&y converted te the phosphorylated
forn, and the phosphato can be easlly split off again.
Phosphorylation takes place at many points in the meta-

. bolic ehain of rosctions, and there is evidence that
thismine, in its active form, cooavboxylaae; functions as
& phosphate carrier (5, 38). Other compounds whieh seem
to be uceesary for carbohydrate motabolism wmay glce
function s phosphate carrlers, ap adenylic aeid probably
docs (34%). Ochoa (54) hes suggested o system of rosctions
during which pyravie oeid is oxidized, glucoss. phosph-
orylated, and edenylic ecild chemged to adenosine tri-
phoagphate and baeck to adenylie ceid. Lipton amd
Elvehjenm (38) have suggested that tho sdenesino tri-
phosphate mey denate 1%8 phosphorus, oF pert of 1%, to
thiamine when Gocarboxylase i p@a@u@é@,

x@iis evident that pyruvate metebodlism may procced
in soveral different waysg. Primcry, we procume, will be
the direct breakdown $o carbon dioxide snd veter, vith
pﬁo@u@@ieﬁ of eonergy fov use im further phosphorylation
procosses, for heat, o for obthey bodily funetions.
Secondary, but nscogsary, recctions ney be the resyuthesis
of carbohydrate in the liver, the forantion of lactie
oeid, and the formation of the catalytie Pour-carbon
aeldg. For sll of theose reaciions, 1t has boon shown
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that thiemime, se cocerboxylase, is needed (11, 54, 38,
71, 5).

During the repeated recctions in vhich thiamine tekes
part, the molecule may be split to its component pyrimi-
dine and thiagole rings. This resction oceurs readily in
the test tube and probsbly oceurs readily in the body
alsec; the animal body is unsble to use the fractions.
Although only & small guantity of thismine will eatalyze
meny oxidetion rosotions, (55), there does seem to be &
loss of the witamin sufficlaht to meke & daily replenishing
of the supply nocesssry.

Bocouse the burning of fat ylelds energj, less
energy vill have to be produced from the burning of ear-
bohydrate in a high fat diet, therefore thiamine will
take part in fewer reections, and be destroyed less
quickly then when carbohydrate alone 1s utiliged. Cehill
(7), however, eould find no change in thiamine excretion
when Sho fat content of the diet wes merkedly ineressed,
on either adequate or inadequate levels of thiamine
intake. Weng and Yudkin (73) report o similar lack of
urinayry indication of thismine-sparing sction when they
added to the diet quantities of fat sufficiemnt to markedly
change the fet to esrbohydrate ratio.
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Mothods of Thiemino Assay

1. Biological. Several methods heve been proposed
for the determination of thiemine in tissues and in food-
stuffs. Biological methods have ineluded work with pigeons
and more extensive werk with rats.

The rat-grovth method hae been used for the assay
of many,subétanoes for thiamine. It involves feeding
hoslthy young rats o diet devoid of thismine, but sdequste
in all other dietary factors essentisl for grovth, until
the body stores of thiamine have been depleted. The
auimala ere then fed supplements of the(ﬁnknawn.daring
a pericd of from ten days (63) to eight weeks. Several
levels of the test food ere fed, and supplements of
erystalline thiamino sre given to litter-mate rate which
sorve a8 controls. The grovwth responses of animals onm
the various levels of the test food are compared to those
of the enimels fed the stendard thiemine solution for
estimation of the thiamime content of the test food.
Knott (36) hes used this method for thiamine determina-
tions on foods end excrets in & balance study with
children. Adsorbates on acid ¢ley vere prepared for
feeding to the animals,

The disadvanteges of the ret-growth method are the
length of time involved, since a test periecd of three or
four weeks is esdvisable, and the large number of animals
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noeded to ensure precision.

A shorter method has been adopted by the U. 8.
Phermacopoeia (56) for the assay of concentrstes contain-
ing thiemine. This is called the ret curative method,
end vas earlier used with pigeons. The animels are fed
‘& diet lov in thiamine, but adequate in other dletary
essentials. Whon the enimals develop polynouritis, they
gre cured with knova doses of thiamine, snd the length
of time before the onset of the next attack of poly-
nouritie noted. They are then cured by feeding & weighed
amnnﬁt of & test food, and the length of curc couwpsred
with the stenderd for estimation of thiemine content of
the foeé; This method is aénaitive. specifie, and accurate
for detormination of the thiemine contont of foodo rich
in thiamine.,

A third mothod using rete bes beeﬁ\aiaely enployed
in Englend (26, 79). It vas first doseribed in deteil
by Bireh end Harrie (6), and is called the rat brady-
eardia meﬁhed. Rasé fed & diet lov in thiamine deveolop &
#lov heart raté, vhich mey be meesured using the eleétro-
eardiograph, When the rat hss been depleted, the heart
rate may foll as lovw as 300 beoats por mibute from & normal
rato of 500 to 600 beats pev-minnte.' 8@tveén 300 and
4300 veats por minute, a8 determined by frequent t?ae&ngs
of the rat's heart beat; or olectrocardiograms, the rat
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is fod pure thicmine or e teat food. The heart rate
inocreases &t ounce; both the inoreacse im rate and the time
before it roturns to ite former lov level, ere propor-
tionel to the amount of thiemine fed. Rerris end Leong
(26) heve empleoyed this methed for sssay of urine in an
experimental study of humor thiamire deficlency. Robert-
con ené Doyle (60) roport leck of success with this method:
they falled to obtain soncistent results in the responses
to graded dogses, and in the respoense of the seme &nimal,
or different animals, to the same dosc of thiemine. There
18 come guestion about the abilisy of & depleted rat to
fully utilize thismine vhon 1t is adsorbed on &cid elay.
Herris and lLoong (26), however, reported an error of 15
$6 20 per cont with tho bradycardis moethod.

HMierobiological methods have also been proposed for
the detormination of thicmine. Meiklejohn (44) deseribed
a method using Phyeomyses Blakeeleeanns; a mold which fe
stinylated to produece nore nyeelia by the addition of
thiamine to & medium adequate in 31l other substances
aésasaaay for grewth. He proposed tho dotermimstion of
total thiaomine im bleod by thie method, since the mold
could nse cocerboxylase as well as thismine. Sineleir
and Goworkers crpiticized tho method ac non-specific (68)
apd suggosted modificaticns (21, 19).
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Yossts heve been used for the etermination of
thienine in two vays. Goodhart end Sinclair (20), and
Schultz, Atkin and Frey {64) used fermentation methods
vhich measure the carbon dioxide evolved by yeasts when
stimulated by thismine. Modificetions to include sulfite
eleaéége'bf'thiamiﬂe. to separate.che effect'éf the
thiemine slone from the effects of its degradetion
preoducts, vere aﬂepﬁéa by 3chulss, Atkin, Prey, @aa' |
Willteme (65). - o

Williems, MeMshan, and Bekin (78), introdaced, in
1941, o yoeast growth m@ﬁﬁﬁéJWhieh is pensitive foé very
pmell emounte of thiamime. Turbidity of tho yeast sus-
pension, determiered ¢olorimetrieelly, reflectt the grovih
of yeest whom different emounts of %h&amiﬁe in the crystale
line form or in & netupel substance, heve been &ééed to &
suitable modium {noculetod with the "old prosess” strein
ef'SQaaha?emyaee corevisieo.

2. Chomical. Two methods have been most widely
adoptod for the chomicsl dotorminstion of thismine.

Problude snd HeCollum (58) dlscovered the guentite-
tive sonvorsion of the thiamine to & purpiish-red ¢ome
pound when 4% wae $rosted uwith pe-amine ascotenilid eor
mothyl-p-oninophenyl kotome with nitrous acid. Melniek
and Field (46) using dlezotiged p-amino scetopherone, have
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dovelopod a quentitodive technigue for thiamine sssay
of foodo and urise vhich measures the intemsity of the
red golor formed by thiemino end the ecetophencune, whon
the dye hae beem oxtroeted with Ryleme. This mothed is
satisfactory for foods rieh in thiemime, and for comcon~
tratel prepares by adsorption techniques.

The socond methed £o be used extensively for chem-
ieal doteorminations is called the thioohrome method.
Aftor Petowrs (55) discovered the biue-fivorescing thio-
chrome, tho fluoromotric method wae Goveloped by Jeusenm
(31) im 1936. In this mothed, the blue fluoreseence of
thiochromo, which Popelts frem the elkeline oxidetien of
thiamine, 1o measured, and chocked againct the stondard
fluoroocense of quinine sulfefe. MHeny modifieotionc hove
boen propoced. Rusynmtic separetion of thisnine frem its
protein and pheuphorus eoiwpounds hes~ boon uped by meny
vorkers (1, 2, 15, 28), because the thiocchore detormins-
t4ion measure?® only thisninme in its frec fora. |

The weed for comcemtrating thiemine ointractod from
foods of icy poﬁemey,'amﬁ the prescnee of imteorforing
fluoreseeont materieis in many ?oeds;'am@ in mviﬁé,'hv@nght
abouﬁ'?esearem-wh&@h led to the ennouncement im 1938 of
& base-exchenge method, by Hemneoey &nd Ccrecedo (28).
The ertificial zeolite decaleo wes used to adoorb the
thienino.
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The zeolite could be washed with water to remove
interfering substances, and themn potassium chloride, when
edded in excess, eluted the vitamin in pure form. The
_purifieatlon process may be omitted when foods ere high
in thismine a&nd lov im interfering subetanses, but 4t
hes been widely and succeesfully used in determining the
thismine content of urime (16, 17, 18, 33, 43, 50, 76).
Vang end Harris (72) found that the disadventages of the
base-exchange purification outweighed its advantages,
end they remove interfering materiele from urine by e
preliminery washing with isobutanol.

Several modifications of Henneeéy end Cerecedo's
method have been suggested by Egste and Meiklojohm (16),
Ferrebee and Cerden (18), Jowett (335), Elsom aund co-
vorkers (17), and others. Minor meodifications as suggested
by the laboratories of Merck and Company (50) vere edopted
as best suited to this laboratory, and are described in
deteil in Chepter IIX. Lane, Johmson, and Willsams (37),
using similer modifications of the thiochrome method,
found that their cheilcal determinatione checked closely
with those by the ret curative methed, for foods contein-
ing 1 meg or more of thiamine per grem. Moysr and
Tregsler (52) found that the thiamine content of three
vegetobles~--spinach, corn, and espsragus-~agreed well
vhen determined by the rat growth and thiechrome mebho&a,
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but that ¢tho velues for £ivo-spoas, caaiiflover, broceoll,
1iue beans, and snsp beans--whon dotormined by the thio-
ehrome method were cppreciably lover then values derived
from pat growth otudles. Thoy @lso voport that the
formentation mothod, usimg sulfite cicavage (65) glues
rooulte egrooing with thoso using tho thiochrowe meothod.
In snpubliched work from this laboratory, it has beon
Tound that for most of tho vogotables adsayed, the thio-
chirome mothod gave lowor thiamine values than @id the
rot ecurative toohmiguo.

Methods of Assessing the Level of Thiemine Nutritiocn

The difforence betweon rediant heslth and the
presonco of symptows listed in the discussion of the
physiology of thiamiune can be eesily detected by &
physicten, but during the state of suboptimel health
when uo ¢linicel evidence of Geficlemey is seen, the
doctor cam ouly suspoct a thilamime deficiency. The
doctor ncocods some relisble test to aid in dlagnosing these
subelinicel deficienchos; gome vay of messuring tissue
state in regerd to thiamine mtist be found. M

Soveral weys are open: the tiseuss themselves, the
blood or any of its parta, or the feces or urime could
be analyzed for thiemine, oy foyr some othey substance
reolated ¢o 1t in the bdbody.
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The thiamine content of tissues hes been dotermined
by Cerlecn (9), but i1t 1s too nov to be 2 widely used
nbthod of proved wmerit.

Cowglill (14) stetes that the thiamine of the feces,
except during diavrhea; is found in the bodies of the
bactoris prosent in the large intestine. Since thiemine
18 weter-soluble, he suggesats, it will be generslly
absorbed from the food, 8nd exereted in the urine. Knott
{36) sosayed both urine and foces im & bolenco study with
ehildron. Bhe found thet the thismine coutemt of the
focen 414 not imeoroate prowartﬁenaealy to increcadosin
food intake, end that thero wap soms tondeney for the
feces to bo lov im thismiuve while arimo wag high, end
vice verss.

' Thiamime in the blood hav proved diffiecult to
deteormine. Stnolaeir (69) reported that tho thiamine in
blood may appear in et loast £ive differcnt forms: (1)
o5 free thiemine, (2) as free cocarboxylase, (3) &s a
compound of protein with thiemime or (1) protein vwith
eccarboxyloese, fron vhich the Jhismisme oF cocarboxylave
could be split by hoating ot pH 2, or (5) ac a ¢thicnine-
protoin compound Vhich could bo split by pepeim but not
dy heating. Meiklejohn (%4) proposed the method oé
dotorminiang the thianmine found in the first four of the
compounds 1isted by Sinelair, but Simeleir, in snothor
publication (68) eritieized Meoikilejohn's method as’
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lacking specifieity. Goodhart and Sinmelair's fermentetion
mothod (21), later modifled by Goodhart (19), determined
the blood cocarboxylase, and "normel® velues for the cocaer-
boxylase contont of the blood of men and boye were re-
ported, |

During thiamine deofliciency, an excess of pyravate
ond othor metasbholitee is secumulated in the tissues.
Lu (39) proposed & method for determining blood pyruvete,
voing the color devoloped by the 2:4-dinitropheonyl.
hydragone of pyruvie acid. She sloe studled tho relation
of bloecd pyruvate to brodycardin in rots (ﬂ@); but found
thet lowols of blood pyruvate vere casily imnfluonced by
exercise, end d4id not refleect Just the 1evglggﬁ.tae.body's
thiemine nutrition. The method of Lu eould determine not
the pyruvate contont of the bloed alome, but certain
other substances, vhich ere called bisulfite-binding
substances or B. B. 8. by C1ift snd Cook (10), vhe
propoted & m@%h@@_for determining then. A leter ovaluee
tion of the doterminntion of blsulfite~-binding osubsteonces
in blood vas mide by Robipsom, Melniek ond Field (61)
in 1920. They kept & subject om ¢ dlet greosly dofi-
clent in thiamine, ond fourd that no clevation of the
B. B. 8. velue occurred éuring the peri@@, Tdospite &
£2ll in urinory thiemin excretion to very lov levels
vhich persioted after thiamin supplementations, and de-
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epite the dovelopment of early maniféstationa of &
elinical thiemin deficlency.® They concluded that tho
value for bisulfitc-binding substances in blood "lacked
specificity aud sensitivity a8 & mozne of detecting
latent or mild chronic forms of thiamin deficiemcy.”

Determinations of B. B. 8. in urime, using rats,
(40) revenlod thet vhilo the excretion of the B. B. 8.
roeched 1lovels proportiomel to the eontent of tho vitamin
in the diet, it was neeescery te cheek also %he urine’s
thisnine combent, to determime vhethey zhé abm@ﬁmai'earbo-
hydrate toleramce vas & regult of specific thiemime
defisiency.

The indication ¢f thismine nutrition moot vwidely
used teday 1s'tha exeye%ie@ of thiemime imn urime. Both
Melnick &nd Field's eolorimetric mothed (46) and the
thicehrone method bave been videly uced. leluielk and
Pleid (47) reported that thiamino ik urine 1o clveys found
in the free form, pné ic opperently uneffoeted by the
sdministrotion of many drugs. The oxeretion of thiesiine
has been found im meny lsboratorics (26, 32, 73, 79) te
be roughly proportiousl to the intako of the vitsmis,
under worinl comditionms (441, ¥9). In order to enteblish
& normal vange te s8id im interproting routime e¢linical
suslyses of urine for thiamime, meuy laboratorvies (8, 7,
29, 33, 62, 79, 48, %9, 70, T2) have reported the vsilues
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of the dsily thiemine excretions of normsl inmdividuels.
For oxemple, Robinson, Melnick and Pileld {(62) reported
thae males with previously adequate dletary intake of
thiamine excreted 90 meg or more per day, and females
who had had sdequate diets excreted 60 meg or more per
day. HMeoson end Willilame (33) state that excnution eof
100 ¥ 10 meg or more daily probebly indicates sdequeto
nutrition. The depressing offects of some pathological
gtates on the urinery excvetion of thiemine have boon
reported by Mschells and Elsom (41), and by Pollack and
co-vorkers (57). :

Measurement of tissue status using shorter periocds
then twenty-four hours for urine collection éra proposed
by Smith, Burlinson and Spector (7@); end by Holt and
Najjar (30),

The test dose of thismine has also been suggested
es & mesns of deteoting subclinical deficiencies or of
confirming diagnoses of deficiency, as well as in attempts
to determine humen requirement for thiemine. Oral doses,
usuelly of 5.0 mg of thiamine glven with & meel (4S) have
the advantage of being subjected to the same absorption
processes a8 the thiemine of food; Melnick, Pield end
Robinson (49) report that test doeses given in other ways
nay nask the effeot of deficiency by temporarily fioodtng
the organism with thiemine. Injections of 1.0 or 0.5 mg



21
of thiemine have been reconmended o9 test doses by
Melunick and Field (48), Williems, Mason and Wilder (75),
and Carden, Province and Ferrebse (8). An elaborate
scheme for evaluating the regults by determining 24-hour
excretion end the test dose excretion of thiamine has been
formulated by Melnick, Piold and Robinson (49). For
instance, an exeretion by en edult femsle of 60-T70 meg
per day, with 7 to 10 per cemt roturn of the test dose,
i3 said to indicate thet the subject 18 borderline in
thismine status, but consuming en adequate diet at the
time of the test.

Response to the teost dose indiceting normsl nutrition
has boen seld to be 7 to 20 per cent (49) of & 5.0 mg oral
or 1.0 mg injocted dose. Ten to 40 per cent of & 0.5 mg
subcutencous dose 18 reported for normel meles by Cerden,
Province and Ferrebee (8). Meson and Williems (43)
recommend a test dose of 1.0 mg of thienine given intra-
venously, with & diet containing about 800 meg per day,
and expect 20 £ £ per cent of this teat dose to be excreted
by individuels with normal tissue state. " Bmith, Buﬁiinaon
enQJSpeater (70) report that exeretion of 7 per cent or
more of & 5.0 mg oral test dose indicates good nutritiomal
gtatus with regerd to thiamine.



22

Humen Reguirement for Thismino

As soon as it was realized that thiamine wes &
necossary faeﬁer in normal nutrition, the search for
faets about humen requirements bogan. Cowgill {13)
reported in 1938 & formule for celculating the éitemin:
ealorie ratio; which he had devélopea'éfter experiment-
ing with maﬁy specles of anlnsls: |

Vitenin in Internstional Units _ | "y veight in
Calories kilograms

Thio retic hao been used to dotermine the minimum

-roguirement for the prevention of beri-beri. Require-
ment for thiemine, sipce this vitamin funetions in cerbo-
hydrste motabolism, will be imcreesed in eny situstion
vhich increasce motaboliem in gemeral, for oxemple:
during growth, cxercise (22); fevers, hyperthyroidism,
pregnency, and lectation. Dluresis and diarrhes alse
tncresse the moed (13).

Using the techniguse devsloped for measuring the
stotus of nutrition, experiments have been ¢erried on
to dotermine Zumsm reguirecments. _Eleom angd co-workers
(27) using & plan similsr to those ueed in mony other
labopatéries, kopt six epparently normel women om &
constont diet "ropresentative® of the Amoricen dietary
but lov in thiamine, for 28 to 120 days. They report
that three subjects receiving the smellest emount noeded
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according to Cowgill's formule, begen to show signs of
deficiency before the end of the peoriod. They state
thet 651 meg per dey, with a thiamine: cslorie ratio
of 0.35 probably met the minimum requirements of these
wonmen, but that this amount might prove inedeguate over
& longer periocd of time.

Melnick (45) has summerized the results of many
objective thilemine bslence studies carried on by severel
vorkers im hio laboratories. He reports that thicmine
&dded to a diet conteining inadequate thiamino will mot
immediately couse an fmeronge in arinory excretion, bub
that o subject who hep previcusly telken an adeguate diet
%will reogpond promptly to chamges 1n the emovwnt of dlectary
thicmise. Whem oix mormnl fndividusls were kept
on & diet containing 1070 mes of thismine por day, the
daily excrotion of thismine and the rosponses to test
dose vore woll within nofmal ramge. Probably 1t may be
coneluded from thio that ohe milligrem pey dsy will be
adogquate for tho niminel demonds of the adult. Tho
edequacy of this Intalte wag testod further by giving the
cene gubjects ten milligrems of extra thlemine deily.
Aftey one week, 8§ mg of thieming were being exersted in
excess of the coxecretion on the diet &lone; this level
remained until} the end of tho high-thiemine poriod. After

saturation, the subjects wewe left on the bassl dilet
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alone for one weel, during which the exevetion dropped
to a level #%111 much above the basal Ievel_bef@re'Satura-
tion. A test dose, however, retulted im incroamses in
oxeretion, above the new basal level, that were approximste-
ly the game &2 incresscs noted when the test dose had
been given boefore saturation. This would seem to imdicate,
Melnick veports, that the subjocte hed besn in & state
of sdoguate thismime nutrition before eaturation, on
1070 mog per day. Provicus studics had shown thet men
receiving one nmilligram of thiemino per day excreted about
200 meg while women woceiviag 700 meg excreted 90 meg
daily. Thic is not a proportionate drop in excretion,
00 1t may be edsumed Shat the body 1o conservimg thiemine
et this 700 meg level, which woy be borderline for normal
reguircuont. The reoponses to test dose for both mem
and wonen vere 17 per comnt aftop this bacel level; it
pey bo acguned thot adoquate storeo bed beet meimBeined
on eaek lovel. This inteke mey bo salled the consvrvo-
tion-of-tost-dose lovel, whieh i Glightly higher then
Cougillte 600-000 mog pey 20003000 eelorics, vhieh
shoulg Just provent b@?i-be?i; or frauk deficilency
symptons. The level rosulting in consorvation of tast
dose 1is about 350 meg por th@usana calories, or, adding
50 por cent for a margim of sefety, about 500 wmeg per
1000 calories.
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The requirement of thiaemine for normel nutrition is
probably higher than that contained in the "aversge”
dist before enriched flour was introduced, which Lane,
Johnson and Williasms (37) reported to be 320 mog per
1000 celoriea. Many clinical observastions, correlated
by Melmick, F1eld end Robimson (49) with 24-hour exere-
tion end response to test doses of thiamine, showed that
27 per cent of the subjecte who had been classified as
normal by physiciens failed to meet previously formulsted
stendsrds of normal thiemine exocretion.

‘Williems, Meson, and Wilder (75) have summarized
the findings about thiamine requirement which result
from studies carried on in their leboratories. They
state that minimum requirement figures should be based
on the prevention of minimum abnormality, as determined
by long-time studies, and recommend the detection of a
bilochemical defeet in carbohydrate metadbolism as the best
measure of this mirimum abnormelity. Subjects should be
kept on & known intaske of thiesmine, they bdelieve, for
geveral months without the development of biochemicel
defect 1f the intake tested shall be regarded as adequate.
Elevation of the blood lactic and pyruvic seid levels,
with decreased glucose tolerance, should indicate e
fault in carbohyerate metabolism which should result from
berely sub-optimal intakes of thiamiue. |
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Brinary exeretion of thiocwmince, and regpouso o the
test dose, Vere correlatod with bloed losctie and pyruvie
acld levele, ©ince thove mey Plse from causes othor (40)
than the blochemical defeet associatod with thiamine
doficiensy. Williams, Heoon end Wilder roport (75)
that em intake of 0.85 mg por 1000 calorics vas associated
in theee of five saubjodts with some doplotion of tissue
cocarboxylago stores, snd "im four of the five with slow
development of o mild degroe of biochomical defect.”

Thoy state that probably 0.45 mg per 1000 calories could
be taken a3 ¢ minimal reguirement, end that sinee pyro-
portiony of fat to carbshydrate inm diocts may vary,
probebly 0.6 mg per 1000 calorics ic nono too high.

The difforcunce beotvoon inadequate and adequete
thiamine nutrition has boon hard te dotoet, but the
difforence betveen adoquate and optimal nutrition mey be
even hardor. Loss work hat beeun doné to deteormine optimsld
noeds, probably becsuso of lack of eriteria for judging
vhat ia optimal. VWilllems, Heson, Wilder and Smith (76)
roported thet, while 0.95 mg daily prevented déficieuney
syuptome, en intalke of two milligroms of thiamine deily
regulted 1nvthe beot performsncec 85 messured in terms
of physical work done by normsl vomen. Keys and Henschel
(35) have reported thet when lerge supplements of thiamine
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were addod to dieto containing 530 meg of thisminme per
thousaend celories, o iuprovement in abiiity to de
physical work could be detectod.
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CHAPTER 11 '
PURPOSE OF THIS INVESTIGATION

Since thiamine reguirements vary from person to
person, &nd mey be influenced by many different factors,
oxtensive study would have to be éarried on to determine
~ optimal requirements, which would meet the minimal needs
of the body, sllow & margin of safety, &nd preveat waste
through oxceesive excretion.

The purposc of this study is to determine the
thiemino reguirements of throe subjests, by measuvying
daily uvrinsry oxerpetion, amd the urinary response %o o
test dosc of thiamime, with different levels of thismine
supplementation to a constant 4iet.
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CHAPTER IIX
EXPERINENTAL

Plan_of Experiumont

A‘cbnataut diet lov in thiamine vas fed to two
subjeeta for tventy-four days, and to one for twenty-
three d&ys. Thie time was divided inte three periods
of eigbt:aaya each, whiah differed only im the smount of
thiaﬁ:ne given &8 & supplement to the diet. For the
firet seven daye a supplement of 1.0 mg thiamine ¢hloride
vas given, énd on the eighth a test dose of 5.0 mg re;
placed the supplement. The next level fed for seven
deys wes 1.5 mg, deily, vith e 5.@ mg test dose 6m the
- eighth day. The third shpplement of thismine wapr 0.5
ng daily, followed by & test dose of 5.0 mg for two
subjects on the eighth day, and for the third (AG) on
the séventh. Twenty-four hour eollections ef urine wvere
made on the last five days of o supplement-level, and
during the day of the test dose. These were analyzed

for thiemine.

General Outline of Procedurc for the Detcrmination of

Thismine

Poods to be assayed vwere finely ground with ecid,
end the material buffered to pE 4.5, which {s optimel
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for digestion with two enzymes: teke-dlsstase, vhich
splits cocerboxylese, loeving frec thiemime, end papein,
vhich liberstes thismine from any of 1ts compounds which
include protéin. Since the thiochrome method determines
only froe thismine, the compounds vhieh bind 1t must be
split. Thiomime in urine ceoms to be prescnt omly in
frco form (47), so nuo digestion ¢ nooded.

Tae thiemime of urine must be asoporsted from inter-
fering fluorescont matoriale. Urine weos buffered to
PR 5.5, end possed through san ortificisl zcolite, decalso,
vhich cxzchanged tho potassium chlopide with whieh 4t
had previously boon cetivated, for thiemine as oh adsore
bate. UYhon e strong colution of potessium chloride was
later introduced, the thiasmine was displaced, or eluted,
end poosed out with tho oxeoss petassium chloride, free
from ifmpuritieos.

In the thiochrome proccdure, the thicmine was
oxidized to thloechrome by ferviscysnide im an alkeline
golution, and this ves coxtractod with isobustanol. The
strength of fluorescenee from the thiochrome varies with
its ecncentration in the isobuﬁanol; This fiuorescence
vas measured by the photofluorometer, which had been
ealibrated ageinst the readings produced by sciutions of

k¥nown thiecmine concontration oxi@&sed by the cams proocsdure.
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Determination of thiamine im urine

Urine wes collécted from sbout 6:45 A.M. to the
| sems time the next morning. The 24-hour collection was
thoroughly nixod, the volume noted, and the pH deter-
mined uéing brom cresol green a8 an outside indicator.
Three 25 c¢ sliquots were teken from each collection of
urine, except on the dey dnriné_which the teat dose was
given for the lest tvwo levels, vhen 10 ¢c aliguots
vere taken. During the first tvo experimentel periocds,
10 ¢ce of sodium ascctete-scetic acid buffer &t pH 4.5
vas added to each sliquot, witheut & subsequent cheeck of
pH. During these periods the recoveries of edded thiamine
averaged about 50 per cent, and variation between semples
often resulted iun the necessity for repesting. During
the last period, the pH vas checked after edditiom of
buffer. Buffer at pH 5.0 was cdded in verying amounts
' to insure & pH of 4.5, which Hennessy (27) reports
optimum for edsorption of thiamine on deeslso. Averege
recoveries of sdded thiamine for this period were much
higher: 80 per cent or over for all subjects.

Two of the buffered aliquots were allowed to pess
through a decalso bed; to the third wee added one c¢ of
a solution conteining 5.0 meg of thismine per c¢c, to
test the recovery of addsd thiesmine from the decalso;
when the level of 1liquid wes from ome inch to one«fourth
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1nch'ab®ve the @eealso, 10 ce of water buffered to pH
4.5 vas added. Two more weshinge followed, end when the
lest weshing wa$ nearly through, & graduated cyliader
was pleesd under tho capillery opening, and about 15 ec¢
of & solution 2% per cent KC1l in .1 K HC1l wap added.
to the exchange tube. This solution eluted the adsorbed
thiamine. KCl was poured into the tube until the collected
eluste reached the 25 e¢e mark. This sluate conteined,
theoretically, ell of the thiamine which vas preseat in
the original buffered urine. The elustes vere assayed
by the thioechrome method.

Daeegmiuataon of‘thiamiae in goo&a

A sample of the food which would contain 14-16 meg

of thiamine was placed in the Waring Blendor with 90 c¢ ﬂf‘fw ;j

/ ot

of 2 per cent ncetic acid, emd ground for one mimute. C

Tacn 10 ce of acid were used to wash the sitos of the
Blendor, end the grinding ¢ontinued for one or tvo minutes.
Imuedletely after grinding, ome half of the materisl vas
measured in & graduated cylinder, amd poured iato s

125 ec erlommoyer flask. Five ¢¢ of each of the enzymes,
takadiastase and papain, in the buffer at pH 4.5 were
édded to wash the matorial from the c¢ylinder. Three or
four samples were treated in thia way. One‘of these vas
used te teat the recovery of sdded thiamine; 2 ¢e¢ of a
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solution eontiining B meg thiamine per cc replaced 2 ¢o
of the 2 por cent ccotic ceid, and the material talem
from tho Blondor wos tosted to @eterminc whother 1%
contoined 5 meg of thiemine beside tho thismine of the
food.

After adéition of tho buffered enzymos, the flsoks
wore incubatod for two hours ot about 40°C, to ellow
digestion of the thiamine-containing compounds. Then
the mobteriol wes brought to & boil, cooled under vunning
cold vator, end filtercd through dry qualitetivo grade
£ilter paper iute dry Loakers, Aliquots of the filtrates
vere paesed through decalso, following the procedure
deaeéibed for urine, if the residual or "blank” fluorecs-
eenge gave & reading of above twomty diviclouns, or 1f
the colutien mceded to be comcentrated in ordor. to
moesure the thicmime. Rice filtvetes weve gubjocted
to this procedure boceuse of thelyr lov thismine content;
en oliquoet talren for adoerption was greator than the
volume of eluate collected. Allquots of the filtrates
wore aae&y@a dircetly by the thiiochrome mothod if the
"blaak" flucrescenece ves low, and the thismine concentro-
.tio@ £% lecst 0.1 meg in 5 ¢e. The procedure outlined
above wes used fer all of the foods im the dlet except
nilk and grepefrult julco. The milk vas incubated with
ehgymes ia ﬂaﬁeﬁ, and burffered after incubation, e
suggested by Hallidey snd Deuel (23). Grapefruit juiee
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was incubated with takadisstase alone, and troated with
decalso, as suggested by Beiley and Thomes (2). Recovery
of thiamine &dded to foods ranged around 100 per cent,
with less variastion then with urines. The recovery
percentages were not used to correct the values for
thiamine content, a8 they vere all within the limits of
the error for the method. |

Thg-Thiochrone lHethed of Agsgy for Thismine

4n sltquot of the solution to be sssayed which
would'contain 0.2-1.0 meg of thiamine vas méde ap to'ﬁ (-]
vith buffered water, ian & gredusted eylinder e@uipped
with a gréund zlass stopper. Three drops of i per cent
Kﬁ?e(CN)é vere added; and then 3 c¢ of 15 per eénﬁ Né@ﬁ,
folloved immedistely by 13 ¢c¢ of isobutanol delivered
from a fast-flowing piyette.' This mixture wes shaken
vigorously for one and one-half mingeee, and the lgyera
alloved to sepsrate in a geparatory fuanel, with oﬁ
without previous centrifuging. Agqueous solutions of
thiamine, or eluatem; treatad with isobutencl, usually
separated quickly without contyifuging. Tae a@aebua
layor:was drawn off and discarded, andnﬁpe dgebutanol
leyer poured into & centrifuge tube. 'F;ém 1 to &4 gréma
of enhydrous sodium sulfete were added, with sﬁirriﬁé'or
shaking, until there wes 2 clearing of the eleudi_liguid.
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Tue tube was theom dpum in & coutyrifuge to throw down the
perticles of sodism sulfete, with the wetor whieh they
had removed from the salution. The brilliantly ¢lesar
isobutenol was thon poured into a dry cuvetlo, and its
fluoresconce moasured. A blank, which duplicated the
procedure with the omission of ferv;cyauiﬂe, served to
goproct the rosding of the fluorometer for non-thioochrome
fluoresceonss.

Distilled water amd blsnk KOl eluates ususlly pave
readings from 6.0 to 8.5 divisions on the gélvaaometem
sesle. The blank was subtracted from the determinstion
reading, and tho thiamine content read from & chart upon
vhich cerrocted readinge for kuova thiamine solutions
veye plotiéed. The thiomino conitent of ¢the aliquet used
vas thus estimated, ond the dey's exeretion of thiamime,
or the thismine content of tho foods, coleulated.

Solutions and Equipment Used

A. Btendard solutions
1. Guinine sulfete solution A

0.0054 gpams of quinine sulfsto 4in one
liter of 0.1 B H,30,.

2, Cuinine suifate workimg atandard
Pilution of solutien A, using one volume
of A and 39 volunes of 0,1 R Hy80 . Tho

filuorometer was set to 70.0 with this-
golution im a tooted euwvetic before cach
reading of en unknown.
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3., Thianmine solution A

25.0 milligrems of thiamine hydrochloride
orystals (Mercek Betabion) d1ssolved im 500 cc
20 per cent ethenol, adjusted to pH sbout
4.0 with 0.1 N HC1.

4. Thiamine intermediate solution

5.0 ec Solution A diluted to 50 oc with
vater adjusted to pH 4.5 with scetate
buffer, 1 ¢c>-5 meg thiamine.

B. Reagents
1. 1% per cent sodium hydroxide
2. 1 per cont potassium ferricyanide

3. Isobutyl alochol (isobutenol). Distilled
before using, to insure fluorescence of 5.0
to 6.0 divisions, eguivalent to the fluores-
cence of distilled wvater,

4. Anhydrous sodium sulfate. Used to remove
vater frem, and ¢lear, the lsobutasnol phase
before fluorcmetric measurements.

5. 25 per cent potassium ¢hloride im 0.1 N
hydrochloriec ac¢id.

6. Deciilso (Zeolite, Permutit). No. 80 mesh
obtained frem the Permutit Compeny, 330 W.
42nd4 8t., New York, N. Y. ’

Prepared oy sosking with several successive
portions of 2 per cent acetic acid, then
tventy minutes with 2% per cent KCl1 in 0.1
N HC1 followed dy two washinge with 2 per
cent acetic acid, and three vashings with
distilled veter before drying. One gram was
introduced into the exchange tube.

7. pE Indleator. Brom cresol green, pH 3.8-
5.4, for use with a spot-plate.

8. Inzyme solutions for food enalyses.

a. 5 per cent Teka~dlastase made up Just
before use, in ascetate buffer at pH 4.5.
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b. 5 per cent papaip made up freshly with
buffer at pH 4.5.

20 per cent acetic meid, diluted as needed
to 2 per cent acotic ecid for food anelyees.

Buffers.

a. PR 4.5 : 55 ceo glacial acetic acid and
110.5 greme N&GQHBOQ + 3By0
made up to ome liter with dis-
tilled vater, according to
directions of Conner snd
8traud (12).

b. pH 5.0 : Used for adjusting pH of urine-
during lest experimentsl level:
30 c¢ glacial acetic acld and
168 grams maea}oe * JH,0-made

up to one liter vith distilled
voter,

c. Equim@ng

1.

Coleoman clectronic photofluorometer with
filters for deternminotion of vitamin 31@

The thiochrome 8olutions are exposed to
ultra-violet iight from a mercury vaepor lamp;
the fluorescence which results 1s amplified,
and measured by a photoelectric¢ cell squipped
with & galvanometer. ©Sensitivity of the
instrument wes c¢hecked before each roading
vith the standard quinine sulfate solution.

. Exchange tubes.

Deseribed by Merck and Company (50). A

tube of ono cemtimetor dlameteor is widened
at one end to hold about 25 c¢e liquid, end &
eapillary tube at the other regulates flov
to about 1 c¢¢ per minute. A plug of glese
vool supporta the bed of one gram of decalso
for bate exchange.

Centrifuge
Accommodsting 50 ce cemtrifuge tubes.

Incubator oven, maintained at about 40 degrees
centigrade.
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Note: No rubber or cork was slloved to come in
contact with the lsobutanol used in the
procedure, as they ceused the formetion of
interforing fluorescent meterials. No
lubricants except glycerol for the separa-
tory funnels were used. All joints were
‘ground glass except for foil-covered rubber
stoppers used in the isobutanol dietillation
apparatus. ,

Description of Subjects (AG, JP, and JF)

Three vwomen served ss subjecte. Two were graduate
otudents and the third a staff m@mﬁeé. Thoyg r@e@?ded
their weights deily before lunch. AG veried betwéea
138 1/2 snd 144 pounds, JP between 103 1/2 end 104 1/2,
and JF weighed 154 et tho beginning and 151 at the end of
tho exporimental period; those wore eoxtromes in her welight
varictions. Heights wore 5'5", 5'4" and 5'7" respective-
1y. A1l subjectc vwere apperently normal, moderetely
ective, and in good health. o

Tho Experimental Dict

The diet given below (Table I), believed to be
adequate exadpt in thiamine, riboflavin, end iron was fed.
Experimental supplements of thiemige, end of Q;o Bg iron
end 1.0 mg ribeflavin, wero given ﬁo each subject with the
moraing mesl. Zsch food was analyzed for thiemine;
three determinations, including a test for recovery of

added thiemine, vere coneidered sufficient unless the
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results varied considerably. At loast three cans of
every food were used for sampling; esch of the four lots
of cheese uscd was sampled, and cake and bigcuite from
three different lots. All cekes and biscuits webe made
from one lot of uncnriched white £1our supplied ﬁhr@u@m
the courtesy of Crown Mills. Mest taken from each lot
purchased vac mixed and samplod boforc cooking. Analyses
for thlemine were dunme on the cooked mest pattlies.
Sauples for analysis vere tolen from twe dAifferent
eooked patties. Oelery from %wo stalke was analyzed.
The thieminc contont, oxprosged as the average of the
geVeral detorminations on each food, 1ip presented in
Table I.

To checlt the adequascy of the &lct in vitemim €, the
plasma oscorbic acid lovels werc dotormined in this
laboratory. After four days on the experimental diet,
subjeet JP had a lovel of 0.68 mg of ascorbie aeid per
100 ec ¢f blood plasma. Tested ageifi on the twelifth
day of the 4iet, hor level was 0.69 mg per 100 cc of
plesma. Many investigators consider that a plasme
ascorbic acld level of about 0.6 mg per 100 c¢ indicates
an adequste state of ascorbic acid nutrition. Subjeects
JP and AG, porhaps because they wore under GOmewha§ less
nervous teunsion, after 6 deys on the dlet showed levels
of 0.98 snd 1.2 mg per 100 c¢ of plesma, vhich ere
accepted a8 indicating & stote of tissue saturation.



Table X

The Bxperimental Diet
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Quantity Total  Non-fat Thiamine

Food gus Calories Calories P?gggnﬁ
Rice . 100 93 93 8.3
Ground round _ .
stesk, boef 100 156 85 81.0
Celery 25 6 6 5.0
Chedder checwe 60 a7 61 28.3
Bvaporated millk 66 85 40 28.3
Canned string boons 80 35 33 31.8
Canncd sarrots 100 45 &4 22.7
Csnned peashed 80 . -
Juice from poashes 20 62 62 13.0
Catned grapofruit . 3 -
juice 140 59 58 62.8
Angel food ceke _ . 3
=1 egg vhite, about 56 ik9 149 3.6
Beliing pover bioe (AG; 584 368 e
cuits, abeut 8 {JF end JP) 621 594 1.2
bigcuits _
Butter, about 50 (&@3 ngo 5 .
{IP smd JP) U441 g
Tos, ad 1ib. ' .
Bode creckors, ave. 8 136 100 9.0
Cooking fat, 4 top. 30 | - -
Totals: | (Aeg'é13e 1822 328.0
(5F and JP) 2166 1445
Retios: AG Thiemine in 1.U.: calories = .40
JF end JP Thismime in 1.U.: calories = .4b

AG Thiemino: non-fat calories

JF end JP Thiemime: non-fat calopies

i

D8
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These tcets seoemed ¢o indicate that the experimemtal
diet furnished adequate ascorbic acid for these subjscts.

Celoric Record

The numbey of biscuite, of orackers, end the number
of grame of butter vhich cach subjest ate were rocorded
daily. With the exception of the first day, the ealoric
intake of subjoet AG waeriod onl# yith the caloric content
of biseuits from differeont lots. Tho amoumnt of flour im
the 1ot of 24-29 Discuits, varied botveen 320 and 400
arems; en average s taken for caloulstion of ealorice
and thiamine contont. A slight imeresse im calorie tns=-
éa&@ over the first poriod wag noted in the last two
perioda for JP and IP, bud this was not as great as the
variation from day te day, 30 the total average ¢alorie
iatake 1s used fopr calculation. Tables iu Shernen end
Lenford'c Bsgontialo of Hugrition (67) furnished dote
for calouletion of total end non-fat celories, ss shown
in Table I; the mnessured total thiamine content of'th@
foods in the dAlet vas 0.328 mg for all pubjests. Subjoet
AG took alightly fowor eplerices than 414 tho other twe,
vhose inteko wao almoot jdonticel througheut the invese

tigation.
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CHAPTER IV
RESULTS AND DISCUSSION

Data collected during the inveatigetion from deter-
minations of thiamime in urine are preseated im Tadble II.
As 911l be seen in this tadble, the delly excretion of
thiemine, even with a constant intake of the vitamin,
and relatively constent caloric intake, varies somevhat.
During the £irst two periods reported in this table, the
recoverins of added thiamine were low, and themselves
veried grestly. During these two periocds, checks on the
pH of the urine after buffering were omitted. During
the last period, when the pH of the uriniferous solution
vas more care?ully adjusted, with the addition of buffer
et pH 5.0, and pH determineé vith dbrom ocresol green, the
percentages of reeovery of added thiemine increasged.
Chart A reprosents the average excretion during each
pericd for each subject, corrected by the average per
cent of recovery of added thiamine for that period.
Percentage of recovery of added thiamine has boon used to
check the thiochrome method in several laboratories.
Jovett (33) reports a constant recovery of 68 per cent,
Egefie and Meiklejohn (16) found thet 75 per cent of
thiemine added to the urines of deficient subjects eould

be recovered from those of normal subjecte. Elsom snd



Table IX

Daily E#@?eﬁi@g of Thicmine During a Censtent Dict
Supplemented With Different Amounts of Thiemine

Subject ' AG JF JP

Date Thismine Reeovery Thicmine  Beeove2y Thiemine Recovery
Supplerent 1942 exereted of added oxereted of gﬂded excreted of added
o _ _ meg €h1%mlne  meg chi%mime meg thi%mine
1.0 mg thiemine 10/1 115.0 52 65.0 B 59.7 29
e 10/1 118.3 ge §§38 34 48.8 50
10/20 7T2.9 4y 97.9 59 »7§. 66
10/21 105.6 41 91.5 39 9 2 61
5.0 mg test Goss  10/22 206.3 60 208.1 hT 204 .1 -~
1.5 - thiamine 10/25 158.7 15 192.86 34 104.0 54
e s lo7se  1ho.8 43 118.3 25 97.8 39
10/27 147.0 66 136.6 27 123.2 T2
10/28 160.8 20 152.7 39 i47.2 52
» 10/29 273.6 59 183.0 71 157.4 51
5.0 mg test Gose  10/30 545.6 89 §32.9 81 &36.2 84
0.5 mg thiemine 14/1 121.2 93 _
0.5 mg thiemine 11/2 116. 63 67.8 81 104.0 g
117 50" 7 69.6 oh §6.0 Z
11 73.8 g 92.9 96 110.2 5
11/° 77.6 10 al.6 81 85.3 . 93
, _ 11/6 7?9-3 i?ﬁ . 97.4 9% 80.2 - 74
5.0 mg test dose 11/7 test dose 4o2.8 101 -655.7 91
e S
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co-wvorkors (17) and Hepnessy and Cerecedo (28) report
recoveries of added thiamine near the thooretical velues.

Widely varying excrstions of thiemine on & constant
diet have been ﬁepyrted by Jolliffe amd co-workers (32):
variations of several hundred por cent were noted in the
seme subject on the same dlet. Weng and Yudkin (73)
decronsed the daily veristion by limiting their subjects
to highly refined foods, which were not only lower in
totel thismine but probgbly varied less in thiemine con-
tent Crom one‘d&y to the noxt. Whon the intake of thiec-
nine wag inecreased, the variations in excretion vere
groeator. A

The dlet used in this investigetion, end in that of
Jolliffe and his co-workers (32) aimed to follew the
Ameriecan diotary pattern, to include tve fruits, two
vegetables,; milk or its equivelent, and meat, &8s suggested
by the Buresu of Home Economics. Some varietions im the
food sources are unavoidabie, even when conditions are
carefully controlled. Veriation in ectivity of the
subjects firom day to déy, and in caloric intake, mey
account for some of the fluctuations in exdretion.

It will be seen in Table IX that on the supplement-
level of 1.0 mg per day, the excretions during the last
three days for all subjectes fall close to sach other, with
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no definite trend towverd higher or lower exdretion. During
the supplement-level of 1.5 mg dsily, excretions start
at ths finel point of the former peviod; or above, and
shov a marked trend toward higher excretion, but recoveries
of added thiamine for the pericd shov no similar trend.

Table IXI and Chart A shov the average recovery
of added thiemine for that period, to make clear the
genorel differénces in excretion om the three levels
of thiamine intake. No average excretion fell balow
100 meg per day, while AG, on the highest inteke level,
averaged over 400 meg per day. Since excretion of 100
meg of thiamine or more per day probably indicstes ado-
quate nutrition (49, 43), all three of the leveles of
inteke seem to have been adeguate for theee subjlects.
Adding to the supplement the thiamine content of the food,
which, alloving for the srror of the chemieal method ssg
compsred to the blologlical, probably wae about 0.5 mg
per day, the total intake of thiamine ofi each of the
three levels was: 1.0 mg, 1.5 mg, and 2.0 mg. Tals .
ropresents an inteke of 0.5 mg, 0.75 mg, and 1.0 mg per
1000 ecalories.

While exereotions of all subjeete inoreased with
increased intske of thiamine, the increase waes less for
JP then for JP or AG. The ecurves plotted in Chart A
meke a sharper slope between supplement-levels of 1.0 and
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Tabdble IIX

Average Daily Exeretions of Thismine
on Different Levels of Intake

o Daily Average Average Corrected
Subject Thlemine  Exeretion Recovery =~ Values
Supplement . of of Adde@ = for
Thiemine Thiamine Exeretion
g meg/dey  per cent  meg
0.8 90 82 110
o 1.0 402 0 4e | 222
4.5 177 - by - W32
w 0.5 TS 83 101
o 1.0 74 86 161
1.5 137 30 350
P 0.5 92 80 115
o 1.0 74 51 148
4.5 426 ‘ 54 233

1.5 mg than they do between 0.5 and 1.0 mg. This may be
important in evaluating the results of the lavestigetion,
and gives some indication of the thiamine requiremhnt

of these subjects. Molanick and Field (48) had found thst
men and women given comparable diets exereted comperable
smounte of thiamime. When mem were givem 1.0 mg of thismine
daily, they excreted 200 meg, and women on 0.7 mg daily
exoreted 90 mog per dey. Molnick (48) reported these
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resglts, and ateted that since this is not & proportionste
drop in ezaratio@;lhs ascumes thet the body is oconserving
thiemine at the 0.7 &g level. Both levels of intake
were followed by 8 13 per cent responce to teot @@ae, 8o
both groups were agsumed to be maintaining @oéy stores
of thismine, but sinée the body wos econserving thiamine
on the lower lovel, that may be on the b@éaeﬁlane foy
normal requirement. _

Table IV shows the reaponses to test doges sfter
different levels of thismine inteke. No correlation can
be geen between excretion after the test dose end the
level which preceded the test dose. The correeted
oxcretions are sll nesrly 10 per cent of the teot dese,
or nore, which Pecponse is eonsidered indication of am
edoquate state of nutrition with rospeet 56 thicmine
(43, 70). A&v o mesng of differaﬁti&ting betveon the
'adeqmaoiea of tho auppl&ment-levela, zhe tost dose 1n |
this enperiment had 1&@&13 raluo. I% may have beem ao
large thot aifferences in the tilssuc otate with peapeec
to thiamine, exictimg be?e@e the dose, were msake@,
éw tho recpomses mey mean that all levels were suffi-
elent for the subjoet, &nd fhat aimﬁlér fractions of the
tept dose veoro exeretod botouse no doficionsics oxisted

bofore en exeess of thiamine wao given.



Tsble IV

- Bxerstion of Thiamire in Rosponse to Test Dose
Aftey Differeat Ievels of Intake

Subjoct TAG o T w IP

5.0 mg ' lieass- Reebvéry Cerf'eéo- :;ﬁsaa- Reeovery Correc- | fd_easé Reeovéry Correc;
thismine arod of added ted - gred€ of adde@ ted arecd of cdded = ted
given afcer thiamine thiaminc _ thismine

the supple- e e o o s i - -~
m?ms -level meg ] meg neg % meg meg % meg
of: : ,

O.5ms 750 qo4 721 B93 101 488 656 95 T2
e 206 60 343 208 87 BB3  20% - -
%ﬁaﬁgm $46 89 613 433 8¢ 534 836 84 519

Ly
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) The lovent totel intalo of thienino in thiy invest.
égaﬁiom;-0,8~1¢® ng of thiomine, probably wep cdeguato
for these subjoets, since at least 100 meg were boing
exoreted da&zy; end the test. doso redpoundes wore sotle~
foetory. Tuilciiino probably wes deing conserved by the
‘body ot this level; and also at the 1.0 mg supplemont or
1.3-1.8% mg levol of total intake. The optimal level
which ochounld bo sought 4n the deily dlet would provide
thiamine adequateo to moet the Aelly wmevds for tho subject,
end paintain tioswe otores, but aot vante the vitemin
throvsh execosive exoretion. The levol of 1.3-1.5 mg
of total thiaminc per day chould provide & margin of
safety over the lower level, amd yet the thienine sceme
to have been officiently utilized, since the subjects
reached an oguilibriwm. On the highoot level of intale,
the excretion values wepe s%ill inecrensing vhem the test
dose was given; the thiomime imteke probably exeecded
the ocptimnl level, Some intake botween 1.5 and 2.0 nmg
may have boon ¢loser to optimal thon either of these
tosted lovels. |

:whera 1t need %o coxtend this investigotion, by
lengthening the oxporimentel periods, by trying other
levele of supplomontation, ond by incroaping the numbor
of subjects studied. Thore 15 eldo tho wmore gonorel need

for education in nutrition, to bring the average intzke of
thiamine closer to the optimal for heslth and efficienecy.
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CHAPTER V
SUMMARY AND CONCLUSIORS

Throo subjects were given o constant diet coutain-
ing 0.3-0.5 mg of thiamine. Three different supplemonts
of thigmine were given with this diet, im Qifferent 7-day
periodg. A supplement of 0.5 mg resulted in everage
excretions of 100 weg thiemine or moyre per Gay. A supple-
ment of 1.0 mg resulted in average e%cret&ens of about
150 meg for two subjects end over 200 meg for the third.
The 1.5 mg deily supploment ?aaalt@a.ia songiderably
higher everage excretions for sll subjeects, with & trend
tovard higher daily exeretions for ell subjeets at the
end of thic oxperimental periocd. The urinery reosponsey
to oral toot doses for all subjects after all cxperimentsel
periodo were nearly 410 per cent, or more, of the 5.0 mg
of thiasmine given. This response to test dose indiesates
adequate tigsuo stores of thiamine, ond daily excretion
of 100 meg of thiamine, or more, indicates adequate
dietary intake. A}l throe levels sesmed to be sdeguate
for thege subjoots, but thgmsupplemaﬁz of 1.0 mg, or the
total intake of 1.3-1.5 mé would provide e mergin of
sefety, without the waste of viteminm which appereontly
occurred wvhen the 1.% mg supplement wes given. The
optimel level found in this study 15 considorabdle highor
than the amount of thiemine found by Lans, Johnson and



Williems (57} in. the averege Amsvicen diet, but is
equel to the standard proposed by the Nationsl Research

Council for moderately active women.

50
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