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THE EFFECT OF DIFFERENT LEVELS OF THIAMIRE INTAKE 
m  THE UBIHARY EXCRETION OF THIMI1RE 

jfllstorlepl BackgrouQd 

Beri-beri, ©. disease common in the  Orient, bee been 

eiiown t© be eae©®<l by a laok of udOQisttte thtsaaiae in tb© 

aiet. fbe dtsess© VA* te&otm in ©bin© as early aa 2600 

9* C^ ®nd was first fiesonstratei t© b© of dietary origin 

by Tateatei, a bigb aeiioml tffleer in tbe Japanese navy. 

For several, years twrnfey to fop%y |»er eent of tb© aen in 

th© J©pan©ee navy wer© giote at ftome time faring tb© year 

with berl-bert. fska^l r-eceUreti peww&a&lon to change 

the diet on board ship. By deoreasinn tb© rice, increas- 

ing the barley, end adding vegetables, meat and fish, he 

practically ellninatea berl-beri among the men. 3© 

reported the results of this large-scale experiment in 

1882, attributing the eradloatlon of tb© dlsecae to the 

dietary changes, but falling to give eatisfectory 

reasons. The disease continued to be regarded as In- 

fectioup in origin, and taany people believed that Im- 

provement in sanitary conditions accounted for tb© de- 

crease in ©&<*©« of berl-beri which flatcatei bad reported. 

(25). 
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In 1897 Eijkman first produced polyneuritls in 

fcyls by limiting them to & diet of poliehed vice! and 

cured the Eymptoms by feeding rice polishing8. He 

reported hia work In  such a vay that tho 'aRtlneurltlc 

eubstence" which lie postulateti wee thought to be r 

medicine, and not a const!tuont of all noi'mtil diets. 

It remained for Gfrijaa (if01} to Q'^cnd them experi- 

ment e with fowl and advence a theory which, clecrly 

nutritionfel, attributes beri-beri to a leek of & &ab- 

stanoe needed bf the central nervous system, from the 

diet. 

Americftn end Britieh workers in the Orient at obout 

the Bcmo  time were cileooverlug the importance cf diet in 

the prevention and cure of fceri-bcri. r£he realisation 

of the iinpcrt£F.ce of certain foedetuffs etlMulated the 

ocai^ch for the onbatanoe In them that poeaeBEec. e.nt/i- 

meuritie prcpertiec, 1'he suhetanee was diecoverecl to be 

«ato»»aottibl0 and aon^pfoteia before ifiO,. and tfoaete e®n^ 

tiaued in mtny leberatcrles, in JGVG, MaylGjm, the Dutch 

Esct Indiec, the Philippiseo, and Jep&m, c.a veil ©e in 

EUTOXJO  and /une^iec, to isolate and Menttff it. 

Punk, in 1918, inttfoduoed tho "vitaoln© theepyj" 

after fee had ^orlred «ith eKtS'aots of rloe peliehiags,. and 

hau CGi'cfuIly studied the litepat^x*e available conces'idng 

aeurvyt pellagra, and rieket©.- it VBB not until if26 

th&t J&nsen and Donath isolated the eubstance, and another 
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ten yeRrs of research followed '&©£©#& '■Tilliamo had 

separated ^aott&h of the pme safefteBa© to ^©JPsait tbs- 

cloto^minntiott ©f the full moletmler struct;ui*e end 

chemical proper iies of thlamiae liyd^gciilori^o It a® If * 

The Dletributlon of Thlemlne in Foods 

Kiiaulne ocea:-^ iii eiaatll aaouutu 1ft aleo^t all' of 

tfe® 9lMBkt ojp aBiii&i t&e0«e9 irtildh ape m®& && foofis, 

Ko^© ©#■ fc&ft foods e^e blgliljr io^afef, attluMigii por^'-aiaaclej 

ttio gGrm ^E€ by&n of ceKjaio, aM fc'ie leguoea, fur'tilcfe 

o.^Gimte suiiieierit to be importesit In the humati diet cry. 

Yonat i® atdo •©» gooi aosa^o© ©f ttiifualt^y <tttd torn ht$& 

wltml® B-tto&Uvo toa-vo bo&u umfe i^o ettiMob ^iP©a4' o&tie f»oa 

FOflnei flootp.    Oalf feigMy fefim^dL foods r seoh to 

ooBBBOFOiial e^dts* fets« ©a6 e^^flofe©^ isj&it<a flonv ©F© 

ppaetlo&13.7 dovoid of ttolaalo®.    Vhen tb&Qe foods froevne 

am teata© lmf©i?%&»ee la tfeo diet*, imefe of aiet&ry tfeiamta© 

m&f beoono © ^©al SNPobloB*    f%eii fS'ttit.a eoA ^©getsl?l©0, 

luyvovey» a»o ofiten !« fue,istiti©© t»g© ©sao^gfe, to^ pro^riie 

cde^iifeto ooetinto of ottoip Alotcu^ oolidtlttteotB, tteBjr vtll 

©is© pjpo^ide ©aple tfelaaitto*    ftao videejnpo&d ehotoo of 

nholo^oi^ftt ©^ th® w>(s>®m%lw itttvodttood et»*lofee& breed, 

will ale© feelp to ©BBu^e adoftaate tfel©®iEi© im ttiedlet. 
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Chemical nature and Propertlea of Thlfmlne 
■ wi'i ■! 11 i">»i i> '■Mifi ■■**<M*^^»i>i*iWw<>*iiMi^»liwi^M^w^^i)l»f^iWw^iwwiw»'" 

The white cryBtels of thiamine hydrochloride are 

hygroscopic and readily cobble in water, ©lightly 

soluble in elcohol, and Insoluble In ether, chloroform 

and benzene. Thiamine hydrochlorlde is difillEablo, and 

will not precipitate with any of the salt© of heavy 

metals which precipitate protein. The  dry crystals are 

©table to both air and light, and heating at 100oC for 

twenty-four hours In air causes no loss In potency, (5l)« 

Acid solution© are stable for long periods, but the 

vitamin 16 sensitive to alkali, eepeclally when heated. 

Mild oxidation tilth alkaline ferrleyanide result© in a 

change to thlochrome, a yellow dye which emits a strong 

blue-violet fluorescence in ultra-violet light, and which 

la biologically inactive. The compound thiamine hydro- 

chloride has been assigned the following structural 

formula: 

C 
H=C - NBU • HC1 I 
II4 J3=C -GH* -CBUOH 

2 |     || * |^C—s 
H-OH ei 

Thiamine Hydrochlorlde 
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of TMeiaifie 

The longest-known functions of tMamlne are the 

promotion of growth and the prevention of polyneuritls 

(66). 

The leek of thiemine In the animal diet has been 

observed to cause a marked anorexia (63), which appears 

rather shortly after the vitamin is removed from the 

diet. Return of thiemine causes a return of normal 

appetite, even when it is given separately from the ?ood. 

Williams, Meson, Wilder and Smith (76) reported that the 

feeding of thlamine to women who had bean fed a diet 

very low in the vitemin for some time caused them to 

return willingly and even eagerly to food which they had 

formerly been unable to eat. 

The accumulation of intermediary products of ear- 

bolyfirete metabolism may account for the failure of 

appetite and the general decline in gastrointestinal 

activity which has been often observed In thiamine-defi- 

clent animals and in man (66). The nervous systemt  which 

can apparently use only energy derived from the burning 

of glucose, also shows early signs of thlamine deficiency. 

Symptoms of a uoricus thlamine deficiency, which was 

produced in normal women fed a diet almost devoid of 

thlamine, were reported by Williams, Mason, Wilder and 

Smith (76). They listed depressed mental states, general- 
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izod yookiieao, dl£El5ioes, bftolrache, ao^onees of muscles, 

palpitation, dyopnep, and percordial dlBtreos on exertion, 

Inaomnla, anovor.la, iicusoa, voiuitlag, loea of weight, 

o/i-oay of muscios, cmi oligbt rougfiaoac of tho skin,    ffoe 

aymptoms could be relieved by the pdmlniatration of 

thlejaiao, &M then produced again when it was witMiGld. 

I- miothe? otuciy froia the 6@a<& l&boratoi'y (74) a loss 

mar&^i aerieioncy yas produced by llaitiug thiomlQ© intake 

to 0#4$ lag/de^f, which 8$pfQktm&9i* that in th© M'p©orM 

Anerleoa diet.,   ilfter 8»lS veetei ®n th© restrieted 

thiauii.ij liitalco, ther© were t;g^oss ehangoc in behavior, 

nar'lsed changeo of attitude, diminlehed incilnation to 

pel-form accustomed teaks, and progressive aoc^esGe of 

ability to'stake social tcijuatsieuts within tho group." 

Goaplaijits, wecimeoo, & asoG, and periodic 5 nvolvementB 

of th© <Silgd9tlvo traot «er© ©Is© ntfteft* 

Hiis diet, which reprcoonted & sub-optIns 1 intake 

of tbHoaiKQ ov^r a long period, produced syiiptoiiQ which 

GVG ecmioiily ebse'^ved in imny groups.    During the study, 

th© eymptcao were removed hf the administration of 

thlamine, but much more elovly than those cauood by an 

esteem©' (ief icieacy vliidi had icsultod in oiore rapid 

appearf vice of the s^iaptoco. 

fhi&alne, therefore, appearG to he neeestar^ to the 

noriiial functioning of the body; it© lack ecu see symptoms 

of miftinetien, and tt@ return reGtores normal iunctiou. 
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fho es^pfeoas are varied m& vifteappeag becauee tfe© 

pvoduotlon of energTr from the net.abo?J.Bra of oarboh^dratss 

&& intimately aosociGted with life proceaees ip, every 

@@ll of fcti© feody. 

f^e i Mot® i of ghlaytaft r %to mtah^ltm 

tn t%e living 0t»^aa.to«i, thj.emine functions as t&e 

»iy?.'ophoephate, cplled oocarhoxylese (^l).    This substance 

r.cfes fte a eoe^Kyyie in cer^ohyd^cte ceoafcoliauo    l^e 

©xae! a©©to^i$m foi* thte ©otsfeoliea,, &©& tfe© rol© or 

i?oles vMea tliianino rmy po^.foi'ri, peuaia lan^no^a. 

leseftp©^, ^oti©voF,? &a& %te©v» ooswideratile ltg%% At 

AiffQTOtit ^oifit© iia the 0oapli«ftte# $©^i©s of s?#@etioas. 

glaeoe© to ^as'boti dioaf<lo m& «ates», ae^iviag' eaergsr 

fSPtra the ppecetis.    Giueoae is fii^fc piAe-apliOi^lated euci 

split fco ^os^eg^oerie e$i^ (li)i theft s^evi© ©eid 

10 fopfiie^ f^oa thtm pvo$a«t»    Several tMogA ma^ &©$$©& 

fe© th© pp'iiiyio ©old la awaal aetafeoliesa.    fto© ©©Beeat^a- 

tion of lactic aeid iw tho blooa during nmi follovirif^ 

st;s;'ei;vior.e exe^eiae v>rot3a{)ty iaSiOates %hat the I'efiuotiosi 

of ^f^^tric to laotiQ aei€ feates pise© irttttii wm®f p5?oime- 

tioki o'f eaoi'gy.    Tm py^tvie aeiti oMof" otk©£> coiidltlGns 

(5) totr© ^Qmoaet^atGd tlk© posaibility of ©©av©2,si©a of 
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pyEH^l© 6616 to gtrnvm in tfc© ^voddafte ©f adfiod thlamlae* 

fom, m® th© ^boe^^o e&a ^e ©aoilsr &pllt ©ff ©gala. 

PhoapherirXatioa takes piece at many points In the meto- 

bolic chBin of reactions, and there is evidence that 

thismlne, in Its active fo*m, cooarboxylsee, functions ae 

a phosfh&t© rnvxi®* {%, 3$).    Qtbdff «iMsp@Maia 'mi@h te^em 

f© b# m$'#©^ii®i»y fo* ettff^ates^&te matabdltaa my ale©' 

ftt!i*tl*a afe p%@8ptot© *&s»%9VQt «© ©4©aylie ®eld probably 

€©©$ O^}.    Otfeoa (5^) Me $4ig$®8fc©& m ©ya%©ia of vaaetioas 

dayiag ^hi^h pgwa&it mi& is ox&dl&ed, gimm&, pheaph* 

epytateiSf asai MeByli© ooid @,hamg©i to ftdsnodi^ t*l- 

phoa^sto eaa baek t@ sd©myil® mM.    Mptom ami 

ElvehJ©^ D3) baw otsggaotod tfest t&© a<i®m@8im© trl« 

phdifbat© may a@tat@ Its yiioegbov&o,. OP pa^t of i*, to 

thifeai©© fitt^a oodavikostsrlaoo i» iwodoood*. 

It to ©^Ident that py3?avate metafe^lis© stay prodeed 

is oovottai dlffos*oB^ ^tiy^.    fviaary» «o p^oawa^* «lll fe® 

tfe® di*e0ft Htpoftledovtt tfco oa^bott iiosi^e sad wates^j wa^k 

ppodaotion of o«e»gsr fo» K^© in f®^t^©«> ^hMphopylfttiott 

9fi»oooosodA for l©a%, or fofc OWIWP ^©aily fimotloBO. 

SeoeodASpy, hot aeaesaai'yi .^©©^ti^iaa ta©y b© %%& i?©8y»thoolo 

of ©arbo^ytoat© im the 11^©$** th© fo^iatioa of loeftio 

ooidt and the foJp©©ti©ia of the efet&lytic toi9&*co$'teM 

aeldo.    Fos? ©11 of thooo ^©a^tioas, it te© b©©«i 8h@wa 
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that thteniae, es cocGrboxyles©, Is needed (11, 5^, 33, 

71, 5). 

During the rapeated recctione ia whlcb thlemine takes 

pert, the molecule nicy tie split to Its component pyrlral- 

dlRG end thi«sole ringa. Shis rseotlon occurs roBdlly In 

the test tube and probably occurs readily In the body 

elec; the anlmtl body Is ansble to ate the fractions. 

Although only a small quantity of thlcmlne will catalyse 

mnf oxidation reactions, (55), there does seem to he & 

lose of the vltmnln sufficient to make & dally replenishing 

of the supply necessary. 

Bocouse the burning of fat yields energy, less 

eueygy vlll h®ve to be produced tvom the burning of e&a?- 

bohydrate In a high fat diet, therefore thlemine will 

te,lce part In fewer react Ions, end be destroyed less 

quickly then when carbohydrate alone is utlllBed. Cehlll 

(7), however, could find no change in thlamine excretion 

when $k!s>  fat content of the diet wes markedly Increased, 

on either adequate or inadequate levels of thiamlne 

intake. Wang and Yucikin (73) report a similar lock of 

urinary indication of thismine-sparing action when they 

added to the diet quentitiea of fat sufficient to markedly 

change the fat to csrbohydrcte ratio. 
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*• Biological. Several methods heve been proposed 

fox* the detennlnstlon of thlemlno In tissues and In food- 

etuffs. Biological methods have Included work with pigeons 

©ad more extensive work with *&%&. 

The rat-growth method has been need for the essay 

of many substances for thiemlne. It Involves feeding 

healthy young rats a diet devoid of thiaraine, but ede^uete 

in Bit  other dietary factors essential for growth, until 

the body stores of thiamine hnve been depleted* The 

anlciGle are then fed supplements of the unknown during 

a period of from ten days (65) to eight weeks. Several 

levels of the test food &*& fed, and supplements of 

crystalline thiamine are given to litter-mate rets which 

serve es controls. The growth responsee of animals on 

the various levels of the test food are oompared to those 

of the cnimals fed the standard thiamine solution for 

estimation of the thiamine content of the test food* 

Enott (%) has used this method for thiamine determina- 

tions on foods and excreta In a balance study with 

children* Adsorbates on acid clay were prepared for 

feeding to the animals. 

The disadvantages of the ret-growth method are the 

length of time involved, since a test period of three or 

four weeks is advlaable, and the large number of animals 
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needed to ensure precisIon, 

A shorter method has been adopted by the V. 3* 

Pfcarmecopoeia (56) fox* the assay of concentrctes contain- 

ing thiamine. This 1$ called the rat curative method, 

and was earlier need with pigeons* The animals are fed 

a diet low in tfelamine, but adequate in other dietary 

eesentiale. When the animals develop polyneuritio, they 

are cured with known doses of thiamlne, and the length 

of time before the onset of the next etteck of poly- 

neuritis noted. They are then cured by feeding a weighed 

amount of a test food, and the length of euro eoicpsr©S 

with the standard for estimation of thiemlne contmit ©f 

the food*. Hils method is sensitive, dipeetfl** ©®i aeenrate 

for determination of the thlamln© content of foode rieh 

in thlamine. 

A  third method ueinc rats 3&a* been widely eioployed 

in England (86, 79)*    Xt was first deaoribed in detail 

by Birch and Herris (6), and is ealled the rat brady* 

eardia method. Hate fed a diet low in thiamlne develop a 

slow heart rate, which may be mereured ueing the eleetro- 

oardiograph. When the rat has been depleted, the heart 

rate may fall as low as 300 beats per minute free & normal 

rate of 500 to 600 beats per air.ute. Betveen 300 ©nd 

400 beats per minute, &* determined by frequest tracings 

of the rat's heart beat, or 9le©trocardiograms, the ret 



Is fed pun*© tki0ffiim& or & test food.    The Heart rate 

InorepseE; at caoo; both the increase i® pate and the time 

b©f©x»© it y©fco*&8 to 'its former Iw 1©*©!, ay© propop- 

tlonel to the emoutat cf tbirmlre fed.    H&rrie end I^ong 

(^6) hav© ©iaspXeyed this aetfeoil fop assay <*f ttPia© tn aa 

©xpepimeiitax stedy of buncc thloalM d©f lel©»oy*   Bobert- 

oon (mCi IJoyle (60) report leek of succeeD with this method: 

tfe©y felled t© ©fetalu eofeelstent Peseits in. tfe© resporaees 

to grcded CiGceej and in fcbe respenso of the srae onlmal, 

o? 6iffe»ent fe.BlmalQ, t© tk© SSEI© dos^ of tfelaiala©.    ftetep© 

is eoe© ^tteatioa al&OBt t|b$ ability of a depleted pat to 

felly tttiilse tfeissiiii© ^fe©i& it is,ads^pfe©d ©a aoid ©lay* 

l&sppi©. m&<S toosig (S6), lioweyep, p@poPt:®d aa ©PPOP of 15 

to SO- £o* ©©at vltti tfe© bpadyoapiia aotlMd* 

MiePoblologioal methods have also been ppoposed fop 

%b® detomfttnattoa of tbissiin®'*   !i®i&l©J,0ha (4^) d©s©Pib©d 

a matfeod a3i«ng Pli^comyGos Slakes Iseanu n; a mold wMoh la 

0tta«ilat©d to proauce mop® sayaelia W th& addition of 

thifiiniRo to a mediun adoquete tn all- other eubstpeces 

necGBoa^y fop grcutfo.    1© ppopose.d tho (ieterfflinetiou of 

total tlal?>3ine In blcod by thle method, since tlie mold 

oonXC nae QooaPhoxylas© as well as thla^ine.    Sinclair 

and Sowcrkers epitloi£®d tho method PE Rop.-cpesiflc (68) 

a®d e^gg©8t©d aaoiifioatioiis (81 # 19)* 
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Yesets have been used for the determination of 

thlamin© in two vaya.    Goodhart and Sine lair (20), and 

Schultc, Atkln and Frey (64) used fermsntetion methodo 

which measure the carbon dioxide evolved by yeasts when 

stimulated by tblamine.    Modlficptlons to include aulfito 

cleaveg© of thlamine, to separate the effect of the 

tMemine alone from the effects of Its degradatiou 

prodKOts, 'Were adopted fey Sehaits* Atkis, frey* aad 

Williams (65).' 

Wllliems, McMahan, ai&d Etkin (78), introduced, in 

1941, a yeast growth aethod «hiaii is seaeitlv© for very 

emRll snmmte of thi^miae.    ^rbidlty of the yeast sus- 

peftslotkj detenaieed e^liorteet^ieally,. refle^to ^k© growth 

©f y©att whm differeiat ewoimts of tteiaalae in the ©rystal- 

llne f@m or im a saatural euastanoe, have ^eeti added to a 

evliahlo Kcc5,iuia inooulfctoa wifeh the c'oia p^ooees" strain 

of &-eeh&i->0Kyc6£; oerevislae. 

8. Oiiomic&l;    fd© ®©th©ds"h®v© heem saoat tiMeis' 

©<fi©pt©d for th© olie©i©al det^Sffiinstlom of thiaiai^. 

ftrobludo sad sieCoXItDi (58) di^ooverei' the faasti^a- 

tlvo «oairo»olo& of the thiasiae to a g®rpiish-^©d ooa* 

p®ead ^h©© it tar©,i& treated ^itli f^^sjin© aeotassilid ©r 

»©thyl«*p•asHtao^eiayl, &©t©®© with aitrot® acid.   Melaiek 

ahd Field (46) mtwj$ dlesotlsed p-arflno acetopher.one, have 
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©f f©©#B atiii «ii?ii© wMoh ig©©©^©.© t^© intefteifc; of the 

th® Qf* h&® been e§fe3ps©t@'€ vitfe st^l^a©.-    ^&i0. »tfeo^ is 

lamtitfaete^F test t®om -piali id ftbl6&lfi&, an^ f®y eoiMen* . 

Sfee 9©0©®a !satk©a. ^e fee «004 eitfeeiwivelir. f ei* efeea* 

leal, iofeeysjiiat-l©®© ir ©Eii@a, Zk® %%imWm® mtWk* 

Aft©*. J?etef»o (§5) aiaao^e^ed tie bltie»?lt*e9e8eiBg tblo* 

eteesi®, tte fltteves&tyie stethe^ m© -developed by 9am&m 

(31) i» 2.936* I© tSii© eotfeM,. tike blue flues^'eeeaee ot 

t&%wl&QB&,. ithitifa 90&IB1%& i%m .tb© ©tfelia© oxldfition of 

flaeseseenee @f ^usitie fiatfeteu   ®&m a©ilfi©Qti@B8 tetr© 

been pvepftdftd*   lasysfttia se^etetidB #f %bi®eiin®- fyem its 

^p©t#ia a^d tfe©6t&©&«ae eeaperade baso ^©©R need fey wmv 

jaWks?® (1, a» II, S&h.beo&ttM tbe tbioefttfoad detoMiitft* 

%i©a oefifita&ed otaty tHiaoitie io its fF©0 fossa* 

f^d^s of lot yo^eooy^ «ttd fib© ppeeeBoe of i«it©ri?oi»isg 

&bQ\\t i'e&Qii?<}h vlilvh lee to tbc simo«2&e©.&®At in i95S of 

a oese-exchange aethoa, by Heuuccay cna Ccs>ocGdo (28). 

"liio 6»tltloiftl aeoiito deualo© wac used to &€c0*b tho 
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The zeolite could be weshed with water to remove 

Interfering substancea, and th&n potassium chloride, when 

added in excess, eluted the vitamin in pure form. The 

purifio&tlon process may be omitted when foods are high 

In thiamine sad low in interfering sul^etanoee, but it 

bad been widely and succesefully ueed in determining the 

thinmine content of urine (16, 17, 18, 33, ^3, 50, 76)* 

Wang ©nd Harris (72) found that the disadvantagea of the 

beee-exchange purification outweighed its advantages, 

and they remove interfering materials from urine by a 

preliminary washing with ieobutanol. 

Several modifications of Henneesy and Cereeedo's 

method h&ve been suggested by Sgatla and Meiklojohn (l6), 

Perrebee and Cerden (18), Jowett (33), Bliom and co- 

workers (17), and others. Minor modifications as suggested 

by the laboratories of Merck and Company (50) were adopted 

as best salted to this laboratory, end are described In 

detail in Chapter III. Lane, Johnson, and Williams (37), 

using similar modifications of the thiochrome method, 

found that their cheoical daterminations checked closely 

with those by the rat curative method, for foods contain- 

ing i meg or more of thiamine per gram* Btoyer and 

Treasier (52)  found that the thiamine content of three 

vegetables—*spinach, corn, and asparagusr-agreed well 

vhen determined by the rat growth and thiochrome raethods, 
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but tii&t iiho VGIUOO for £,ivc--pGaa, ceuliflower, broccoli, 

lii^ii boaua, Gtid oaap boanc—waon dotos^inod by the thio- 

CJbroiiie inetjaoa wcro appreciably lever tboc value a devlved 

froa «»©^' gfoitt^ cta^i#a.    ffcoy also ^©gort tfiidt ttoe 

fGraont&kion uotboa, asicg auii'iie $loa?ag© (65} gl^ee 

^OQU'iiiG pgi'ooisig wlt^ tftoao aeitig tho t^locVii»OmO raetho^. 

Ir. uap^bliciioci work iS'&m this laboratory, it hac been 

fouud ts&at for moot of the vogotables atasayGti, tiie thlo- 

eu^omo mothm QCVQ lower thlaiaiae values tban ^id tlie 

Methods of Assessing the Level of Thlamlae Nutrition 

fho tilffoi^enec between v&ziiant tiealzh &M the 

p^oaenco of aymptoms lleteu in the dlecuesion of tlie 

physiology of tiiiaoinc can be eeailj detected by a 

physiclc!i, but during tUe ctete of Buboptirael Viealth 

when ao ellnicftl Gvidence of deficiency is seen, the 

doctor can only aucpoct e tM6ai&& deficiency.    The 

doctor nocdo ccno reliable test 00 aid let diegnoelng these 

aubclliiiet\l defieieneloD;  eome way of mee.Buring tissue 

state in regard to thiair.ine must be found. 

Several wsys are open: the tleeuea themselves, the 

blood or cny of its parts, or the fecee or urlue could 

be enalyzcd for thicfliine, or for aome othor eubetaaee 

related to it %u the body. 
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Tho thleralno content of tieauGs hso been doterrainod 

by Carloen (9), bat it Is toe nov to be a widely used 

method of proved merit. 

Covgill (14) states ttiat the thiamine of the feces, 

except during diarrhea. Is found in the bodies of the 

beeterift present in the large Intestine      Since thiamine 

is water-soluble, be suggests. It will be generally 

ebeorbed from the food, and excreted in the urine.    Knott 

06) RGGaye^ both uid'co aM f@@eo in c, bGlt.nco ututiy with 

chilia-ou.    Sue i'ouna %%&t the thiamine eemtemt of thQ 

lucoe did mot iaci--cr:.ue proporticmctoly to iKcroaacsiii 

food ifitckc, end that thevo wac coras tGrideiicy 'f©£> the 

fecss to be low 1m thlaiaisie labile w?im wae uigh, ciiti 

' fhlaaia© in the blood hfau pro^d difflottlt to 

<§©t©i?ffllB©,    Slao1.aIi» (6f) i>opo»tod that tho thiaaie© ia 

bloo^ Eaa^ '&ipoa» 'ia at' lo&st flv© diffey©at forest (i) 

as f£>Q@ tMaimic,  {2} sc f^oc QocurbQirylesc, (3) te a 

aompoaiid of pvotoln vlth fcbi&miao 'of (%) p^otoiu uit'ii 

eoeni-bsxyltooo; frozi tihioh the ^liieml^® or eoca^uosylcte 

eoisM he split by h$&&ifig at ^3 £» w (5) oe» ft thlealae* 

pi'otoi^ oo^omd wiiicli Gould bo split by peifetn ■but hot 

by heating.    Heiklejotm (^•!!-} pt>opos©d the method of 

detormlnlng the tMsniac found iu vlio fii'OC fow of the 

coypoiiUilG listed |>y SiaclGir, hut 3iiiclGii], l@ awothov 
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iGCkiRs eDscificitfo    Goodbcrt PWZ Bincleir's fo??merJfcA,fclon 

method (2i), lateip mo<SifIedl by Soodhart (19), deterwiEecl 

tb.Q blood COCPrboxyXnse, and "normal" vcluee for the eoear- 

bosyla^e content of %h® blood of mea aa^ feoys ^©»0 ^e- 

ported. 

Saving %bioiBltt^ dtefl^ieao^j. fen exse*& of pyfpmto 

rni<i other mot 3 boll tee is accumulated let the tissuos. 

I* (39) &F©i0fi©4 6 Bi0tbo4 fo? a@li©Sffiloiiio blo«4-9fVii^Atet 

biri^ajsome ef p^rpevie mM.    sbe ole© etitdldd feb© relation 

©f bto©^ pjn^uvet^ to fete,aye©Mi6 la sate (*0)» but foend 

feb©t i©f57€ls of bt©©i ityrtitratd ^QS*© ©asilf Isifteeaoei by 

©2s©pei©©, eafi difl ©o% ^©fl^ef JttBt tfe© ie^V.of. tb6 body's 

tfeittBiBs..bii^ltioB»   Sb* aefeb©€ of to eonld d9t9maiB0 aot 

tb® pff'tt^at© eoatoblb ®f tbe felooi. ©.Ho®© p bufe. ^©s»teiB 

©,©tefc&fc.e©£i ©a? B. Bo s. faf eilft eai Cook (10), vtas*   ■ 

tlon of -tbe A&toMalafttlea ©f. biisuifite-Mftfllas sttb&tetoeeB 

%U felo®# ism m8& by !©bim0©f&,. IS^lalete ©M F&&M.l&±y 

%m 19&©»    tb©y Boept •& oubjctot ote a i;i©% grossly dofl* 

oieffltt in ttileala^> fefe^ fotsmdi that m© elevetlott ©f the 

ft* t*. S* irelue ©0curp@i dm^lag tb© polledf '"iosplte a 

fall in orUu&ry tblea&tt eze^otloft to wyy IOIE? levoto 

vhiefe pewletod afto^ tbiaaia si&sploe^fitat&otte, ati6,.€©* 



19 

spite tfte devolopaeiit of early me.rilf ettatlcno cf s 

cllnic&l tiilpmln cieficleiicy.'1    Tfaey conclude6* that ttio 

value fcr bisulfite-binding substances in blood "lacked 

speolfieity and seiiSitivity ee & saecno of detecting 

Ifttect or slid cliioiiie fcim& of thisiuiii ciefIcleticy.,; 

DetermiiiatlonE ®f B. D.  S.  lit urine, ming ritv, 

(10) peve*::,oc] tliet u'&lle the excvetim of the B. B«. S. 

ref-elieu levels propcrtiotisl to the coritatt of tho vlt-sirs 

in the diet, it w&t) neoescary to ehoek &ico the uritie'c 

thiaKiiiQ content, to tictermine whether the ktmemGi sarbo- 

hyur-ate tolerano© wes a reeuit of specific ttiiBiuiiie 

The iiidieation ef thltiaiue nuti itieu @oat uideli' 

osed tociay is the exeretien of thlemlne in urine.    Both 

Melnick and I-ieM'ti celo*imetrie @@thoS (46) and ^he 

thiociu-cE.e methofi have been tJ'iaely UQOU.    r.eluie:: caci 

Field (%7) reporteu that thieaine in uilno lo ol'-tyj.' found 

iii tho free ioi'm, m©S Is oyparontly urifcifoeteti by the 

fiOiii-iniBtrGtion of mnf (irugE.    fh© exei-etaon of ^fciaiiine 

Vitifc beeii founc; in uiany labc^atcries (26, 32, 7^, 79) to 

be xeugiily propoi't,loix&i to tho intake of the vitnuiu, 

1111A99 tiomsasQi). «6Qditlea0 (H> *9).    In ©M©^ to ©0t©bli©h 

& noraal range to aid in intetpio'Clug routine elinicei 

anaiyees of ofige for thlamine» many laboratories (8., 7, 

39* 5?# 681 79, *S, ^9* 70, T8) have i?©poi?tQa tho v^ues 
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of the dally thiamine excretions of normal individuals. 

For exemple, Robinson, Melnick eud Flo14 (62) reported 

thet maloB with previously adequate dietary intake of 

thiamine excreted 90 meg or more per day, end females 

who hsd hed pdequate diets excreted 60 meg or more $ox» 

day, tip son and Williams (43) state thet excr ^ion of 

100 t   10 mog or more deily prcbebly l^Icetes adequate 

nutrition. The depressing effects of some pathologic©1 

states on the urinary excretion of thiamine heve boon 

reported by Machelle Bnd Elaom (kl),  and by Pollack and 

eo-worketfs (57). 

Measurement of tissue status using shorter periods 

then twenty-four hours for urine collection ere proposed 

by Smith, Burlinson end Spector (70), end by Holt and 

Efej|a* (30). 

The test dose of thiemine baa also been suggested 

as & means of detecting subclinicsl deficiencies or of 

confirming dicgnoses of deficiency, es veil as in attempts 

to determine human requirement for thieraine. Oral doses, 

usually of 5>.0 m of thiamine given with a meal (4f) have 

the adv&ntage of being subjected to the same aboorptlon 

proceesea as the thiamine of food; Melnick, Field end 

Robinson (49) report that test doses given in other trays 

nay mpsk the effect of deficiency by temporarily flooding 

the organism with thiamine. Injections of 1*0 or 0.5 jag 
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of thiemine Have been recoraniended ca test doses by 

Helnl.ck and Pleid (48), Wiiltsms, Cteson ©ad Wilder (75), 

and Cerden,  Province and Perrebee (8). An elaborate 

sebeme for eVAln^tlog t&e results by determining 24-hour 

excpotion and the test dose excretion of thiamlne bee been 

fomulpted by Melniolc, Field end Robinson (kg),    for 

InctGnce, 6o excretion by ©n ©delt femsle of 60^70 meg 

p®# dAjr* wltb 7 to 10 per eeat rotura of the test d©se? 

Is said to IndlcGte thet the subject is borderline In 

ihlemine stetue, bat consuming tm sdequpte diet at the . 

time of tbe teat. 

Responee to the test dose Indicating norm®! nutrition 

baa beeo said to be 7 to £0 3>@r oeat (49) of a 5.0 mg oral 

or 1#0 sag injected dose. Tern to hQ per cent of a 0*3 mg 

eubeuteueouo dose is reported for aormel meles by Garden, 

Province and Ferrebee (3). ^son end Willisras (43) 

reeonaeod a test dose of 1.0 m$ of thlanln© glvea latra- 

venousXy, with & diet containing ©bout 300 meg per &&y# 

and expect 20 ^ t per cent of this test dose to be excreted 

by l&divldtt&ls with ftensal tissue state* 8mltti# S^PHQSOB 

m& Speetor (70) report ttot exeretlon of 7 per ceat or 

move of a 5-0 isg oral test dose Indies toe good nutritional 

status tilth regard to thlamine. 
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Fiummi letuire&emt for ^hiccjlno 

A3 soon as It wfts realized that thiamine WPS a 

necessary factor In normal nutrition, the search tor 

fsets about htmah requirements began.    Gowgill (13) 

reported In 1938 & formula for calculating the vitcmin: 

calorie ratio, which he had developed efter experiment- 

ing with many species ©f anl;   le: 

Viteaaiii In Xatamstioas!. foits     «, nt\kia>6 «? vei^ht in 

'ihli, re tic hew been uzeu to doterstlne the minia-un 

reqtelpemeiit f©** the prevention of beri-beri.    Require- 

ment £CT thitmiue, since this vlt&alft functloriL' In e^rbo- 

hi/6:rtitc aefcf.bolisK, will he 5-ficreaoea In rmy cituatioti 

vhieh it.creaEes iaGteboliem in gerjeral, for eKfisple: 

daring gr#i»th# exerele© (2&)t feveris, hyperth^reidlfiB, 

pregncaey, &md Icctfiticii.    Diuresis ehd di&rrhea olac 

ItiGreGOc the &e$d (13)* 

©siiag th© tQehBi^Qec €ev© loped for mees^rl^g th© 

states of m^tritioE, e^perlmeBte Mve heeti car-r-J.ed on 

to Setermia® hamsn refc&iresieiits.    El tea and oc-workere 

(17) ttffifsg « plftn #iffliiar to th©s>e «i$@d lh neagr other 

latecrc.torieE, Vrcpt six appareritly aoraal woaea oa e 

«o&8taQt diot ^rspreeentativ©*5 of the ia&vUHm dietary 

bat low in thi©ial®e, for §8 to 18© days,    fhey report 

that three subjects receiving the smallest amount needed 
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©ccoPdlGg to Cowgill's forraule, began to show signs of 

deficiency before the end of the period*    They atete 

thefc 651 cicg per doj, with a thiemlne: celorie ratio 

of 0.35 probably met the minlmuni requirements of these 

women, but that this amount might prove inedequate over 

a longer period of time. 

Melnick (43) baft euniffiarlaeoi the results of many 

objective thiemine b^lfince etudlee carried on by aeverftl 

worfeor© ia bio liberatorie®«    ie vepe?^ Vb&% fc&iaml&t 

added oO 0 diet eoi:,te,iniug inaGGQuate thisralriG wilt mot 

imaedi^telf emm ©a iaeJ?©©©© 1& ariaai*^ ©xcFeti©!!, hut 

th&% B, mh$©e% triko bae pfeviomsl^ t@^®a da «4e^a&%® diet' 

*lll s^epond prosiptl^ to e&ai^©a to tb© Aoiouvt of dietary 

tfeiaatEio.   Hbon six giorsst. todl^Mtt&le w^re ^©pt 

©a 6 dl9t e©iataiiiisag i®TO »g of tfeissim® p©r day, tb© 

daily Qjte&$tio& of tfeiMain© afed lb© veopottse^ .to test 

doe© w©t© «©11 ^itbib aofasl ras^e.    probably it my tee 

oontliMted tstm tbio that ©a© ©illigrea per* fa$.pi.%X b© 

M©quat© for tb© mlttia©! deeisiid^ of tb© &d®lt,'   fb© 

ttdteqtt&osr of tbis iB%®fe© wm fe©st©d fas'tbor' by giving tb© 

&sm 0ttbi®et8 %'©& etitllg^sas of ©^tra .tblsislod daily.' 

&t%®p.om tteete, # ag of thisiaiiio w©r© belog ©aeretod is 

©seeas of tb© ©xeretlo® m tb© diet aloiMi tbis level 

r©maia©d until tb© ©M of th.Q Mgfe-tbi&eiim© period.    After 

eat^ratioistj, tb© mkfejft&t* «@re left oa tb© batst diet 
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alone Tor one week, during which t&o exci atlon dropped 

to a levol atili much abovo the baas.1 level ^3foi-e satura- 

tion. ' A t&st^ dose, ho^over, reaultod la Iccr-eaeea In 

oxcretioa, aS»©v© fell© went ba«al levol* t&ttt «©*© ftjp|WKBtai&te- 

ly tlie seiTie as Iftcro&cGs liotod when tho teet deso had 

boon giveaa beforo 80taxation.    This would teem to indicate, 

P5elnick i'oporta, tiiat the sub joe ts hed t)G©n la a etat® 

of adoqaate thlnailnG naffttlom before SBtaratlon, on 

ii70 aog: pe^ de.y.    P^ovieUw studio a iiau sliotiti 'ciio.^ m@m 

poGsiviug ®m mlllig^aa oiJ tMasal&o per daj ex©s?©t@d 'a^out 

gO0 aeg «r&ii«) woaea poeolviog TO© i&ttg' ©2©$?©i©i 9® aicg 

fially,    flla ie not a g^©gos?tl©8i©t© to@p it* ©so^©fci©©, 

so It aef i© e^duaefi tM% l^© ^©i|" t& ©©ligeipfing ililaala® 

&% this ?0@ s©g l©v©l, vliieb ao^ IMS) bo^toPlliBe fcfip a©s?saal 

i?©QMi^eia©afe,    f%© i^apomceQ to. ^eet d@s© iow hoth, men 

m& wmim tww?© 15 peff o©a* affe©*' %h%s Jtoeal 1©^©1| ift 

©a ©®e^ lot©!.,    ffeia latitte aaf Is© ®@llo€ ftfc© eoaeoff^» 

tlo«H©f*ftG©t«doe© lov©l, t?M©k is ellg^ly lilg^er f&a& 

Gevglllf9 6f©*9©@ sjog p©» 2t©©-3©0@ ©al©ria§, ^Saiefe 

e^otold .|©St prevent te©f*i-%©n, ©f ffaak Aefielettoy 

spiptoos.    ftm lev©! poetsltiiig IK eoaoervatloa of test 

dc&e Is about ^jG meg per ttcueaiid celories, or, adding 

5© p©r @©fit fw « EJiypgl© of sfefety* ©feo^at §©0 ®eg pe»- 

10©© ©alorle®. 
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The requirement of thlemlne for normal nutrition la 

probably higher than that oontaihed in the "average11 

diet before enriched flour was Introduced, which Lane, 

Johnaon and l/llliarae (37) reported to be 320 meg per 

10G0 cfilorlea. Many clinical obaorvetions, correlated 

by Melnick, Field and Robinson (49) with t4-hoor exere- 

tlon and response to teat doses of thlsmlne, showed that 

2? per cent of the subjects who had been elaesifled as 

normal by physlelans failed to meet previously formulated 

standards of normal thiemine excretion. 

Williams, Maeon, and Wilder (75) have aummariBed 

the findInge about thlamine requirement which result 

from etudiee carried on In their laboratories. 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 

biochemical defect In carbohydrate metabolism as the best 

measure of this minimum abnormality. Subjects should be 

kept on © known Intake of thiamine, they believe, for 

several months without the development of biochemical 

defect if the Intake tested shall be regarded as adequate, 

lievation of the blood lactic and pyruvlc acid levels, 

with decreased glucose tolerance, should indicate a 

fault in carbohycrate metabolism which should result from 

barely aub-optimal intakes of thlemlne. 
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Vvluai'y exaz^tlon of thiaiiiino, eriu rospouao ^o tlio 

teat aooe, ya^a corralatcd yliti blooa lo^tlc ana pyruvic 

Geld ^dvela, elnae thoae aay 'i>i3© f^oa COUSQE otho? (40) 

thai': the blQcUemicol decoct as sou la tod witli tuIaminQ 

aofloieaoy.    WiXliasis, Jtesoa sa<S WiM©* vopdrt (TS) 

taat @m iatftko of 0.^5 ia£ por 1000 caloriou was assoolated 

In thi'oc of five subjoota -with eoae dcplotion of tlssta® 

QQG^'bQivjl&so siorea, ciad "in fou'j? of me tit® vlth slow 

^Gvelopoont of a mild aogx^ce of biochoaical do foot.'1 

ilicy 8tGt.e thtt probably 0.45 tog per 1000 calories could 

be telceii cs a miniacl ^equirosioat, and tliGt oiaca prc- 

poi'tlom® of fat to ccv^shjdrato In aiots dsy vary, 

probably 0.6 ag pel1 1000 caloi'loe ic nor^o too high. 

TUG difforonce botuaon lupdcquatc and GdequetG 

thiamino nutritien has bocti hai-ti to do toe t, but the 

dlffc^QiiCc betveon cdeqaato ond optimal nut? It Ion may be 

even aei'doi'.    Loss work hac beoa doae to detoraine optimtil 

mofdsi, pfobpfcly becavioo of lack of erltcrta for judging 

vhtVi I a optluial.     w'illlsas. tie a en, Wildor arid Oaitb (76) 

p©p©i»to<l t^at, wtoi.10 0.:9S fflg felly p5F©veat©<! a#fieieB©y 

s^aptonic; 3 an. ititako of two railligraae of tbiemine dally 

rcGulted in tho best perforniences as lueseui'ed la terwc 

of physlc&l work done by formal voiaen.    Keya and Henschcl 

(35) b-r.ve reported that when ler-ge eupplemente of t&ia&l&e 
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were aadod to die^o eontaiaiug ^^0 meg of thiaiainG por 

thousand ef lo^iecj, uo i^provouon^ in ability to do   ' 

piiyaloal wos'k could be detect 3d. 
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CHAPTER 1| 

PURPOSE OF THIS INVESTIGATION 

Since thlamln© requirements vary from person to 

person, &n& mzy be Influenced by many different factors, 

extensive study vould have to be carried on to determine 

optimal requirements, which would meet the minin&l needo 

of the body, allow a margin of safety, end prevent waste 

through ©xceesive excretion. 

ffee 9ttPpo6$ of this staS^ 19 t© ^©t^fBiiie tie 

tfeiSBia© y©^Qiipesi©!ite' of tls^ee sufej^ts^ fey ise^saPlag 

dfilljr 9&1tta&»ir ®m'P®tl@n, ©miS tti© vrlttai^ JPespomi© to a 

teat dos© of tlita©tme, vttlk different- levels of ttelaiaiae 

eappleBienteitlon to a, coRotaat dlet« 
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Plaa of SsptflaQHt 

A consteut diet low in thlsmine was fed to two 

subjects for twenty-four days, ana to one for twenty- 

three days. Thie tits© was divided into three period© 

of eight days each, which differed only in the ©mount of 

thiamine given as & supplement to the diet* For the 

first seven days a aupplement of 1.0 mg thifimine ehtorlde 

wes given, and on the eighth a teat dose of 3*0 mg re* 

placed the supplement. The next level fed for seven 

deye ves 1.5 rag, daily, with a 5-0 mg test dose <>n the 

eighth day. the third supplement of thioiaine we.8 0.5 

mg dally,  followed by a teat dose of 5.0 mg for two 

subjects on the eighth day, and for the third (AG) on 

the seventh, twenty-four hour colleotion© of urine wer© 

made on the last five days of a supplement-level, and 

during the day of the test dose. I'hese were analysed 

for thlatnine. 

general., ©^tline,. pt, frooedttrp for, t^^petoriiinatlpn of 

ffeiemln^ 

Foods to be assayed were finely ground with acid, 

the material buffered to pi 4.5> which is optimal 
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for digestion with two essj/aec:  tcka-dlcstase, which 

splits cocerbox^'laee, lotvl^g fwm tliiemtne, and pepcln, 

which liberates thleralne from any of Its compounds which 

include protein.    Since the thiochpome method determines 

oaly fr©© thlaala©, th© ttogpeundft' tfhloli MM It mm% b@ 

cpllt.    ThicoiiRo in arlne ccoms to bo prosont only 1R 

fa?©© f©?*® (4?)■# so no digestion to »©©&©$* 

^4© tfoiemita© of wisio ja^st bo mp&P&t@& tp®m iotee?* 

feplissg flttoveseeiit netesiftto.    HiPia© wa,o boffefdd t© 

9B ^.5, anS f^sse^ tl5S»©ugli &a ortificlsl s©®lite* -i^oalso, 

whloti QtwhmgQd th® poteeeiom elilo^i^® yith vfcioti it 

kkad previously b©©ta aeti^ate^, fop tfeiemi®© as si odsw 

b©fe©.    Ifh^B a fttf»oog - 06lafelott ©f potasoima efelorite ^®s 

lat©2? iatfroAuGeti, tSi© tJaisiaim© was displ^^ft^ OP eluted, 

©ad p^aaod out with tho ©^e©se p@t©$siaffi efelo^idt-j, f^©© 

fs'oa if^ttritioo., 

Im tbfi thioetwo©© p^o©©^^©, tto© tfeiiemia© ^a,s 

©si#is©$ fe© thleetuPosKi by f©3ps?iey©©id© in ©a elk&llia© 

eolu'feio-a, atid this was o^trosted with isobiitasiol.    Wm 

$*mtmtfa of iluoroaeeiice from the thiochrome varies with 

its concentration in the itjobutanol.    fhis fluoreecenee 

was measured by the photofluorometer, which had been 

celibrpted age ins t the readings produced by soiiitions of 

known tbir-mine soimmtv&tlcm ox^dlEGd by the same procedure. 
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Determination of thlamlne la urine 

Urine wag collected from sbout 6:^5 A.M. to the 

seme time the next morning. The  24-hour collection was 

thorottgbly o&sod* the volume noted, and the pE deter- 

mined using brom orosol green as an outside indicator. 

Three 25 cc Gliquots were taken from each collection of 

urine, except on the d&y daring which the test dose wss 

given for the taut two levels, when 10 cc eliquote 

were taken. Baring the first two experimental periods, 

10 ce of Bodlma aoetate-aootle acid buffer at pH 4,5 

WRS added to each ftliauot, without a subeequent cheek of 

pH. Baring these periods the recoveries of added thlamlne 

averaged about 50 per cent, and variation between samples 

often resulted in the necessity for repeating. Baring 

the last period, the pH wes checked after addition of 

buffer. Buffer at pH 5.0 was 1 dded in varying amounts 

to insure a pH of ^.5, which Hennessy (27) reports 

optimum for adsorption of thiemine on deealso. Average 

recoveries of added thiamine for this period were much 

Mgl|er* 80 per cent or over for alX subjects. 

fu© of the buffered eliquots were allowed to pass 

through a deealso bed; to the third vas added one cc of 

a solution containing 5-0 meg of thiamine per cc, to 

test the recovery of added thiamine from the deealso; 

when the level of liquid was from one inch to one-fourth 
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l&eh ©b^v® th© teeale®^ 10 ©e ©f «&tep buffered to pH 

4.5 wan added. Two more weehInge followed, end when the 

leat waehlng wee nearly through, & graduated cylinder 

was pieced under the capillary opening, and about 15 cc 

of a solution 25 per cent KC1 in .1 II HCl wca added, 

to the exehange tube. Thie solution eluted the adsorbed 

thiamine. Eel was poured into the tube until the collected 

eluate reached the 25 cc merk. This  eluate oontained» 

theoreticelly, all of the thlemlne which was present in 

the original buffered urine  The elustea were assayed 

by the thlochrome method. 

Determination of thlamlne in foods 

<■«,■ 

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

of thlas&ine was placed in the Waring Blender with 90 cc . 

of 2 per cent acetic acid, and ground for one minute*  - 

Then 10 oo of acid were used to weeh the aidoo of the 

Blender, and the grinding continued for one or two minutes* 

Immediately after grinding, one half of the material was 

measured in & graduated cylinder, and poured into a 

125 eo erlenraeyer flask. Five cc of each of the enzymes, 

takadlastase and papain, in the buffer at pR ^.5 were 

added to wash the material from the cylinder. Three or 

four samples were treated in this Way. One of these was 

used to test the recovery of added thlamine: 2 cc of a 



of tUo 2 pof cent ecctlc aoid, o'.id the cater la 1 tclron 

ew&oifted 5 ®^f ©^ t^iesim© liQei^l© %%® tMGmtm 'of tfe$ 

Aft©F aAAlt&oft of tl)& feuffe^e^ taspsse, tfta f!|Aa%c<ii 

tt©r© i5l@tib6%0d f«p %«0 feours at &&o*lfc lO^Gj to all©« 

tilge.Btton of tit© thismirie-coiitBlP.iRg coKpoundo.    Wicn 

the imtoFiLl was brought to & boll, ccoleti undo^ ^imii^g 

©©IS tJ&t©!', en^ fllt^yod ^tooug^ toy tyiollfc&ttive gi'M© 

filter p©p©^ Into dipy tj^ekere,    Aliquota of th© fittv&tee 

were paased through deoalso, following the procedure 

described for urine, If the residual or "blank" fluoree- 

cenc3 gatro e reGdir^ of above 'iwcr.'iy divinioua, or if 

the eolutien uce<iefi to bo coiioentrcted lu oi»dcr to 

aor^u^e t^e fchicuine^    ilioe filtretec?, yoi^e aubjocted 

tc thic p^ocodiire bO@&@a@ of t^eIF low thicaiiie coutcnt; 

an eliQuot takea fos^ $6&6*ptl<»& m& gs?©st0? tlum th© 

volui^e of eluate collecte'r.    AliquotB of the filtrates 

^©p© asfeiisred 41&eefeX7 ^y ttie tltioeteOHi© ©©t&oi if the 

^hUuafc11 f|p©F©8O0iio© tjao l.o\r, aM tho thiasi^© eoatte&tre* 

ttota &§ least 0«1 ©eg in !> oe.    %e ppeeeAv^e otttllKdd 

absve -VKIS -uced for all of tho foods in the diet c::0Gpt 

ailfe ^^i gpeipefpttit ia&Q$«    Th© &ilb was iaoahatei «ith 

@B&|iso$ i% v&ter, e>vnl Ijiafferet?. cfter IriCusatlon, as 

Biiggested by Halliday $.&& Deuel (23).    Grapefruit Juice 
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was Incubated with takadlaBtase alone, and treated with 

doesloo, aa suggested by Bailey and Thomae (2). Recovery 
t 

of thiamine added to foods ranged around 100 pep cent, 

with leas variation than with urines. Site recovery 

percentages were not uaed to correct the values for 

thiamine content, as they were all within the limits of 

the error for the method. 

fli^'gMoeh^aQ Btofthofi of AQ&m tm fhi&Eat&a 

Aa sl'c'uot of the solution to be asaayed which 

would contain 0.S-1.0 meg of thiaraino was made up to 5 ce 

with buffered wat©*, in a gF&duated oyiinder equipped 

with a ground glass stopper. Three drops of i per eetafc 

&»Fe(Clf)g were added, and them 3 do of 15 ]?er oeat HaOH, 

followed lirojediately by 13 00 of iaobuta»ol delivered 

from a frst-flowing pipette. This mixture was shaken 

vigorously for one and one-half minutes, and the layers 

allowed to separate in a separatory funnel,, with or 

without previous centrifuging. Aqueous solutlone of 

thiamine, or ©luates, treated with isobutanol# usually 

separated quiekly without oonirifugiag,, fhe ©fueous 

lay©£cwas drawn off and discarded, and the Isobutanol 
■ " K/ 

layer poured into a ©eutrigus© tube. Proa 1 to 4 grams 

©f anhydrous sodium sulfat© wer© added, with stirring or 

shaking» until there was a elearing of the cloudy liquid. 
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Hie %mb® was ttem. &8m in ® ©eat^if ag© t© t1a&m <aowa th© 

particles 0f eodtum $ttlffet©j vitk tha «fftt©i> nh±ch thof 

haA v&m&m& fj?oia the solaiioti,   f&© ^?tillanti^ oldfi^ 

isotmtanol wm %h®n pQm®$ into a 4i?f covette* sad its 

fluorescenec i.io.isuped,    & blan?c, which dttplidated the 

®©)pi?©0fe the. roadiag ©f tlae flaoiPoae%©a? tf«* aob-t^iooh^OMe 

feMings f9<HB 6.0 to 8,5 dlvtaldiid ©a tfee gatvaMaftte* 

scale,    '.'"he bl^nk Tf^.s sabtrRCted from the detcrminatiori 

reading, end tlo thinmine content read from a eh^rt upon 

wl3S.oU GQWOQUGG ^eaaiti'js fop kn^wa thlatui^ solutionn 

^ef© ptot^ei-.    9ke thisatiae eoatoat ©f %li@ aliquot used 

8Q$ ttoa e-ttlaetcxl* ©M tho de^d ©se^otloa ©f tli.lesaia©, 

©s* tfes tliiett&«a ©oateat ©f tfe© f©©d«p dftldnlated. 

A, Stsnd&vd 8©tmti©aa 

1.. taiaia® fl©J.f®%0 eototioa & 

Q,@0$4 gfttwi ©f qaiaia© &aM©t© ia ©a® 
iitoi? or O'ci SJ S^SOJI* 

So QsjiaiE© aalfais© ^©ipfeiag art@aisi?<i 

Dltution of etiiitlOB A> ©eisg ©a© v©l.ttme 
©f ik aad 39 votisaei ©f 0.1 I? EaSO*,,    HOm 
fluorometer we8 aet to 70.0 with this 
aolatioa ia a l©stai @©^©^t© bof©{^ o^oh 
reeding of sn unknowti. 
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2» Thlmlne solution A 

25.0 milligrams of thlamlne hydrochloride 
oryatels (Merck Betablon) dissolved In 500 cc 
20 per cent ethenol, adjusted to pH sbout 
4.0 tiith 0,1 H HOI. 

k.  Thiamlne intermedlfite solution 

5.0 cc Solution A dilated to 50 cc with 
water adjusted to pH 4.5 with acetate 
buffer. 1 eczOrS meg thlemlne. 

B. Reagents 

1. 15 per cent sodium hydroxide 

2. 1 per cent potassium ferrlcyenlde 

3*  Isobutyl alcohol (isobutanol). Distilled 
before uelng, to insure fluorescence of 5.0 
to 6.0 divisions, equivalent to the fluores- 
cence of distilled water. 

4. Anhydrous sodium sulfate. Used to remove 
water from, and clear, the Isobutanol phase 
before fluorometrlc measurements. 

5. $5 !>or cent potassium chloride in 0.1 N 
hydrochloric acid. 

6. Decflso (Zeolite, Permutit). Ho. SO mesh 
obtained from the Permutit Company* 330 IT. 
42nd St., How York, N. Y. 

Prepared by soaking with several successive 
portions of 8 per cent acetic acid, then 
twenty minutes with 25 per cent KC1 in 0.1 
K HCl followed by tub washings with 2 per 
cent acetic acid, and three washings with 
distilled water before drying. One gram was 
introduced into the exchange tube. 

7. pH Indicator. Brora cresol green, pH 3.8- 
$.4, for use with a spot^plate. 

8. Enzyme solutions for food analyses. 

a. 5 per cent Taka-dlastase made up Just 
before use, in acetate buffer at pfi 4.5. 
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b. 5 Per cent papaln made tip freefely with 
buffer at pH *«5. 

9. 20 pev cent acetic acid, diluted as needed 
to 2 per eeat acetic acid for food ftnalyeee. 

10. Buffers. 

a. pH 4.5 : 55 cc glacial acetic acid and 
110.5 grame NaCgH^Og • 3HgO 
made up to one liter with dis- 
tilled water, according to 
directions of Conner and 
Straub (12). 

b. pH 5-0 s Used for adjusting pH of urine 
during last experimental levels 
50 cc glacial acetic acid and 
163 grams IfeCgH^Og • ^HgO made 
•tp to on© liter with distilled 
v#ter* 

C. Fqulpmont 

!« Coloman electronic photo?luororaeter with 
filters for determination of vitamin B1, 
The thiochrome eolutioua are exposed to 
ultra-violet light from a mercury vapor lamp; 
the i'luoreaconee which reaults is amplified, 
and measured by ft photoelectric cell equipped 
with a galvanometer. Sensitivity of the 
instrument was checked before each reading 
with the standard quinine sulfate solution. 

2. Exchange tubes. 

Described by Merck and Company (50). A 
tube of one Gentiaetcr dl&meter is widened 
at one end to hold about 23 cc liquid* &&& & 
oaplllary tube at the other regulates flow 
to about i oc per minute. A plug of glass 
wool supports the bed of one gram of deoalso 
for base exchange. 

3. centrifuge 

Accommodeting 50 cc centrifuge tubes* 

%. Incubator oven, maintained at about ^0 degrees 
centigrade. 



Note: Ho rubber or cork was allowed to come in 
contact with the ieobutenol used in the 
procedure» &s they ceused the formation of 
interfering fluorescent aeteriela. No 
lubricants except glycerol for the eepars- 
tory funnela were used* All joints were 
ground glass except for foil-covered rubber 
stoppers used in the isobutanol distillation 
appsretuo. 

Description of SahJeots (AQt Jp*  a^d Jff) 

Three women served BB  aubjecte. Two were graduate 

stadents ©nd tho third © staff ©©ab©^. Th©gr r©o®rdei 

their w®ight0 deily b©for® luneh. &Q mrie^ between 

138 1/2 and XH pounds, JP between 103 l/2 and 1©^ 1/2, 

and JF weighed 15^ at the beginning and 151 at the end of 

tlio expcriment.Gl periodj thooo wore ©Ktremes In her weight 

variations.. Heights mr® S*5n, 5,J*,, and S'T" respeotive* 

ly. All subject.^ w©r© apparently normal, Kcderp.tol^ 

ective, and in good health. 

The diet given below (fable I), believed to be 

adequate excopt in thionine, riboflavin., and. iron. wa$ fed.. 

Esperimental ^upplemorita of thiaaln®, end of ^.0 mg Iron 

and 1.0 rag riboflavln, we^e given to eaoh sub|eot with.the 

morning meal. Baoh food was analyzed for thiemine; 

three determinations, including & test for recovery of 

added thiemine, were considered sufficient unless the 
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results varied coneido^Gbly.    At least -fchree O&R« of 

evd?y food w©J?© «sei fOF aampllikgj etoh of tbo foa* toto 

of cheese usoti wrs sampled, cuO. o^se and blscuitf? .fx'oo 

three diff©»©®t l©ti}*.   Ml 6©tee8 m& blfteolt* ^©i1© sia4© 

fyom ©a© lot of niJLeiaipie&ei »Mfee ttwte stt^pli©^ tto#ug% 

the courtesy of Crown Mills.    Meat taken from each lot 

purchE-sed vac raixGci cad ucuaploa before cooking.    Analyses 

for thipmine were Sup© OH the cooked moftt ppttlep, 

Ssmpl©s. for anftl^ltt tje>© tafeen tspm two 41ff©jr©at 

©ook©^ p®ttl©s,.    0©1©?^ froa ttrQ stalfe© «6s a»alf£©du 

Tt® tfel^lmo ^oateatp ©*py©sg©€ ao tfe© i?,?©rag© of tbe 

seireipal deterrainstIons on ©ACII food, le p^©8©ijt©d In 

fsfel© :i. 

To etieofe th© ©d!0^!i®8:sr ©f tte €li©t in vitfiaiia (?> tfe© 

pl@i8aiE» asoovblo aoii l©y©l0 9eve detesmlno^ tn t^lt 

labop&toj'ir.    Aft©«» foa? 4®^© on tb© ©xpe^lraentfti 4i©ts 

s-abj©et JP bag « lov©! of 0.68 ag, of sioofbl© aeld I*!* 

100 eo of blood plcsaa.    Tested again on the twelfth 

day of th@ 4l&ett bor leTr&l was 0.^69 ag por 1©0 co of 

plasma*    ^ianir int^etigatopa <ion$i40v tkbat a plasma 

aeeotfbto a«5i<a 1©V©1 of ©bo^t 9*6 m$ paf 10@ eo. Inileat©© 

an adeoufite ststo of asoorblo acid nutrition.    Subjects 

JF and Ad, perhaps boceueo ZIIQV yoro undor eomewhet less 

nervous tension, after- 6 deya on tb© diet showed levels 

of 0»9@ ana 1.2 mg per 100 ec of plftaiaa, which are 

accepted ee liidioating a state of tieeue satnration. 



f&hle I 

The ExperiaetitaX DIot 

40 

Pood Calories 
Non-fat 
Calories 

Thiemine 
Present 

fr'iiii*ii in "nTT-B-M-rn-Tr 

Rice 
Ground round 
steak, beef 

Oelery 
Cheddar cheese 

Evaporatod mttk 
Cannad 5t;'in:; boaris 

Canwod earaota 

Cannod peacUer. 
Jaloe froa pQaohea 

Oaasei gv^iiofcult 

1O01 

1©0 

2$ 
6© 
60 
SO 

95 

6 

8$ 
3^ 

. 6a 

=0=1 egg vhite, nfeoat 56     %k9 

'lUSA Jf 1 621 

80 

B©klng powei' bic- 

biacuite 
50   {A< 

arid JF 
TQ&t t& 'lib; 

Gookia^ fftfc^ 1 t&p« 

Totals« 

) 430 
5 »it 

±36 
50 

<AO> §138 
aiad Jf) tl66 

93 

85 
6 

61 
40 
33 

62 

391 

a. 

100 

l48t 

8.3 

81,0 
S.0 

24.3 
88.3 
31.8 

13*0 

62.8 

3.6 

37.2 

9.0 

388.0 

Ratios: A0 Xbianltoe ife 1.0.8 ealorles « .46 
JF &&& Jf HilaoiiEa© its J»tM «al©j?lei-= .4^ 

Tiiienino: &oii«fet oaloyles «• *6< 
JF £.1*0 JP 'ji-i-iieiiiine: aon-feu caloriee » .6c 

ijwWygirni^tMMiWWWuiMl 1> Ill   ».'1— 
fenpiwowtfei^ri »n4^jii.l*f*l>flii.'pWitJ|i.Hj .' ■m 

uvM^^m^'ummii'^ 
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These to eta seeaod to Indicate tu&t th<& exparimeutal 

diet fujpniehed adequate apdorblo acid for these sobjleoti* 

Caloric Record 

The numbor of biscuits, of Ci'ftckera, end the number 

of grama of butter which eech oubje«fe mo wei-e raforaed 

dally.    With the exception of tha first dfty, tihe eelorlc 

latako of eabjoot AG veriod only vlth the oelofio ooniont 

QS blaoul^d f»««i 41f?9^At lots,    Th® m®m% of floup £a 

fcfoe let df ^4-89 ^iaeaits, s?as?i<i>a b0tw@©a 320 aai ^@© 

gpeas; ©B atra^age it t©^ea f©i? <3alaal©%i0a ©f •aloriea 

aai thianlTO doato^tt.    1 .aii^t lnov^ftd^ la ©alori© &m~ 

taE@ @v©^ tls® tUftit poviod ^^^ aotoi la ^h© last t^r© 

pe^toAo top W &M 2f, %^ thta t^aa a©% ©$ g^ea-t a* ttoa 

variation fjpoEi 4ay t$ «la^, ao the total ©^©^sga ^aioi?!© 

iaoa'IiG is yfiei im salaulBbioa.    Table a ia Shei'tmn and 

£aiiferdtd'B$tt9tttial& of Ehit^ltioa (67) ?&»feiaii$d fi©ta 

for celeulatiou of total and noa-fat c©lorlee, ad SUOWQ 

ia Tafel© If tfea s»ainiyod total tMasaia© ooataat ot tlj© 

f@od0 la tft© giat 9ad 0.338 ng fft» alt 0u&jo9t@«.   SifeJ©©t 

10 t©o^ alig&tly favo? melerlaa tbaa €M tl»® ot^ei4 tw®, 

«lu>90 iatek© mo atmoat I4^8»tia©l t^oagbeat t^© isvea* 
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GmPTER  XV 

RESULTS AND DISCUSSION 

Bate collocted during the Investigation from deter- 

mine t lone of thiamine In urine are presented la Table II. 

As 9111 be eeen la this table, the daily excretion of 

thiamine, even with a constant Intake of the vitamin, 

end relatively constant caloric intake, varies somewhat. 

Boring the first tvo periods reported in this table, the 

recoverios of ©ddofl thiamine were low, and themselves 

varied greatly. Buring these tiro periods, cheeks on the 

pH of the nfrin© after buffering were omitted. Buring 

the last period, when the pK of the uriniferous solution 

was more carefully adjusted, with the addition of buffer 

at pH §.0, and pH determined with brom creool green, the 

percentages of recovery of added thiamine increased. 

Chart A represents the average excretion during each 

period for each subject, corrected by the average per 

cent of recovery of added thiamine for that period. 

Percentage of recovery of added thiamine has been used to 

check the thioehreme method in several laboratories. 

Jowett (33) reports a constant recovery of 68 per cent. 

Sgatta and Melklejobh (16) found that 75 per cent of 

thiamine added to the urines of deficient subjects could 

be recovered from those of normal subjects. Eleom and 
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co-workero (17) and Heu-.edey &ni Cereoedo (28) report 

recoverieo of added thiamlne near the tiiooretical VBIUGS. 

Widely vfirying cxcrstions of thieiaiae on a oonstarat 

diet have been reported by Jolliffe sud co-workerc (32): 

variations of several hundred per cent were noted in the 

aeme subject on the eeme diet* Wang and Yudkln (73) 

dec!-op3cd tho dally variation by limiting theli* subjects 

to highly refined foods* which were not only lower in 

total thlamin© bat probably varied less In thlemlne eon* 

tent f3»®m one day to the next. When the intake of thla* 

mine was incroaeed, the variations in excretion were 

fSie diet need in this Investigation, and In that of 

Jolliffe and his co-workers (32) aimed to follow the 

American dietary pattern, to Include two fruits, two 

vegetables* milk or its equivalent, and meat, as suggested 

by the Bureau of Home Ecoaomlce. Soaae variations in the 

food eourees are unavoidable, even when conditions are 

earefully controlled. Variation In activity of the 

subjects from day to day, and In caloric intake, may 

account for some of the fluctuations in excretion. 

It will be seen in T&ble IX that on the supplement- 

level of 1.0 mg per day, the excretions during the last 

three days for all subjects fall close to each other, with 
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no definite trend toward higher or lower excretion. During 

the supplement-level of 1*5 sag daily, excretione start 

at the final point of the former period, or above, and 

show a marked trend toward higher excretion, but recoveries 

of added thiamine for the period show no eirailer trend. 

Table tit and Chart A show the average recovery 

of added thiemine for th&t period, to make clear the 

general differences in excretion on the three levels 

of thiamine intake* No average excretion fell below 

100 meg per day, while AQ,  on the highest Intake level, 

averaged over 400 meg per day* Since excretion of 100 

meg of thiamine or more per day probably Indicates ade- 

quate nutrition (49, 43)* all three of the levels of 

intake seem to have been adequate for these subjects* 

Adding to the supplement the thiamine content of the food, 

which, allowing for the error of the chemieal method as 

compered to the biologicel, probably was about 0*5 rag 

per dsy, the total intake of thiamine on each of the 

three levels wast 1.0 mg, 1.5 mg* and 2*0 rag. Tais 

represents an intake of 0.5 mg, 0.75 mg* and i.O mg per 

1000 calories. 

While excretions of all subjects increased with 

increased intake of thiamine, the increase was less for 

JP than for JF or AO. The curves plotted in Chert A 

make a sherper slope between supplement-levels of 1*0 &nd 
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$&hle 11% 

Average tmttf l&eipetiona tt fhtmtne 
on Different Levels of Intake 

Mj1»i.iim*iHmiHiiliit>.THWi'!irii»n»   niir»aiij< UWIWII.»IIIUIIU (jwJijJmi'^DM .»<rt i.pii ilin qn.iifriitm 

Subject 
©ally 

TillainiLie 
Supplement 

Average  Average 
Excretion Beeovery 

of    ef Added 
TtiiamlGe  fhiamltte 

Corrected 
Values 

for 
Excretion 

mg mcg/dsy       per cent meg 
■i^n'ii^nw.i.ni um ■iii*niipti'<M*W!' iumitir'titfU\mtmkm''titmMiHmni^mi^i»mii im iw>ii*m)mK***lkp wnwniimnJn 

m               03 90 82 
1.0 -ids' ■ 46 gat 

'1.5 IT? ■ U         ■■  ^3© 

JF        0.5 84 83 101 
1.0 T4 46 161 
1.5 1.37- 59 550 

4*                   0.5 9a 80 115 
•1.0 74 %1 14S 

■■ 1*5 ■ 126 .54- SB 
^P^WW^WIWMW^FMI^BWWWWWMWH^ 

1.5 lag than they do between 0.5 and 1.0 tug. This may he 

important in evaluating the resulto of the Investigation, 

and gives some indioatlon of the thlamlne requirement 

of these eubjects. Melnlck and Field (48) had found that 

men and women given comparable diets excreted comperabl© 

amounts of thlamlne. When men were given 1.0 mg of thlamlne 

daily, they excreted 200 meg, and women on 0.7 mg dally 

excreted 90 meg per day. Melnlck (45) reported these 
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yesalfce* ©nd stetefi thtxt sitis© thio is not a ^poportlOEat© 

cH'op tn ©S0*€>ti©ii, fee '&n6vtt»6 tSfet -th© feoiy is eeoeo^iag 

thipminc at the 0.7 is level.    Both levelc of Int&ke 
:w®r@ follouefi hy a 13 fQt ®@.ut ^fte^o&ee to test 6iBD6* #© 

both gfoap^ wero G&Ewmod to he maiptal^img body $&o?e@ 

©f thieialn©, htit $im&© th© fe©<isr «a6 e©mie»t?iiig. thtiaita© 

on th© i©ti©y i©^©i, th&t aa^ fe© on th© fe@j?a©^ii®© foe 

fsfel© TV tehme the fesfons©© t® test (lo©©^ ®ft©i» 

diiff©&©iit t©i?©l© of tht^siih© Itttftk^*.   ®@ ©©^^©latioa eaa 

be seess. betwoea ©xspetiojs &ft©& th© t©st (|o@© ©nfi th© 

I©^©1 whiefe pj?©e@d©«l th© test ^os©*    fh© ©oj?y@et©ift 

©2sei»©tioR5 ©i?© all n&o&t? 1© per ©efct of th© t@©t a©se, 

©i? a®i?e,. «hieh 2»©0|)oms© Is aeaftidfr&ed la^featiOE of no 

Mo^uat© etat© of tiitJ?iti©a with VQt&ett |# thlfisiia© 

(^5, 70),   Ae a Si©®hu of 4i£f©f©iitt&ti&g bettmea th© 

ad©Qm©i©8 of th© siapplL©ffi©Bt-l©iEr©l8j th© t©st $©»© la 

this c^perlnent ^d little value*   -It m&f have beon so 

t@fg©,thst Mffcrences la th© fettbuo atst© with vo^poot 

to thieaiti©^ erAztlng before th© dose, were masked, 

or- th© pocponsea my mean that all levels were suffi- 

cient tOP th©, Eubjcct, Gtid that similar fractiens of. the 

toct aoce wcro exc?etod bocGuso &o ficficionsioa ©xifltod 

before &M oseesa of thiamlno ';GC glvon. 
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l 
lgfi$lot»fr< 0.$*i«0 ©g 0f tiblfiml80» prd^ab-ly Wfi aie^^^ 

for ZU®m mto^&Hi. «liitte at i©@$t- 10© ia©g 9990' feoimg 

faetoff,    fsstsate© twtefelf tee; feeiag e<»u{6»«»d fer tbe 

'te@% ©i thid lev©!*, mi &%m at til© l.® sag jft$pldjii&ftt< ©^ 

1*3*1*5 ajg le'ml of totftt lttta££».    ffe© ti^feln&i l^©i 

^Eileh chotaia ^© ea^gM its ttm dally diet wiald ^o^lde 

tMaial^© adoqwate to met t%© dally needs fas5 tbd a^bjeot, 

E^d ealataife tldtao eto^©5, MS ao% «^sfe© ft&d vitoetla 

tferoog^ ©KO©^©!^© aE«s>otlott*    fhd levdl of 1.3-1*5 ffig 

of total' tftloeiloe pg>3? d©y ebould pJ?ovia@ & iuupgia of 

safety ov^ tfce lo«0»- le^ol, aad f®% tte UMi^atEie 0O®a.8 

to tiavd teeft dffloiootly utllieod^ alnee tlt$ itabj^ete 

s»©©<?k@^ ©E ©tijiliteli®.    ©a tfta lilg^at level of totafee, 

the esEtii^etloiA valves mm still l&&*o&&ltt$ vhm tti$ teat 

dos© ^as giv#as tfe© tfeioisliae imtste jwotfefely ®m®®&0@ 

tteo optisal lotml*   B®m iBtafe© bot«ooft i»S and 8-.0 m 

mf nave-^oett ^loettr to ■ ^ptteal • tban o&tlte* ©f ttosm 

tested I©vela. 

ffeor© la ae©d to ©steai %hu tm*&tt8Bk%lo&, by 

ie»gtb©Bi!sg the oxpeysiBafttaV-pevlodd* fejr tryieg. othov 

lovola. of aopg&Gia&Bfc&tlofe, ©sd- by lno^eeGlfig th© t^tiiai^s? 

of sijbjeots atodlod.    tor© %s also tho eovo g©t&©i*at aoed 
for education la nutrition, to brin^ the average Inteke of 
thiemlne closer to the optimal for health and efficiency. 
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SOMMiiRY Jm COKCLUSIOKS 

T'bije© aubjecfes wcfe given a ccuotan'o diet oo&fain* 

Ing 0«>»0»$ lag of thlaalm®.    1!te©© dif£©$?©&£ itappl©ia©at© 

of thi^Jale© «©?©■ giv©B t^itli this €l©t, la 61£fd#a&t 7*^y 

p©s»l©i^»    A '8i2ppl©ffi©at ©f ©..5 fflg Pt'siiltecl iia ifeversg© 

@xes*©ti©»s of 100 isog %bi&ttlQ6 or impQ p®& 4sy.    4 sappl©- 

©©ofe ©f 1.0 lag 2>©gult©4 1© 4ir©3P®g© ©secretIons of aboat 

150 taeg fos5 two aubjectc' ©aa ©v®ff 200 meg for tke third. 

The 1*5 ag dail^T •ttpptsBftttt resulted ia ©©a$id©PQblf 

hig^©^ average ©xepetion® f«p »ll ti»h4«et9* with a tr©ad 

tovtf^d high©* daily ©«er©ti©h» foj? all 8abJ©et.S' at th© 

©ad of this Mcpeflaent&l period.    Th©- wtmvy ^o$pome$ 

to ami tost d©)?©^ fev ell sableftta aft** ^11 ©xpa^ineatal 

petlode W^M. aea^lf 10 p©!? teat* o* ae^e, of th© ^.O'lag 

of thiaaia© glvoa.    fhie ^©©poas© to test d©s© ladiis^t©& 

ada^u&te tissue $t©*©8 of thi^aia©^ aad dally osovetloa 

©f 1C>0 meg ©f thiamia©, of nor©, lad teat© s &d6$nat# 

dietai1^ iatatto.   411 thvoo iovela @©©©©d to b© adeqaat© 

for theao embjeeta* but th©.,.«ufpl©®©nt ©f 1.0 ng, 0* th© 

total iatafe© of i.J-t.S mg woald p2?ovid© a i&&#gl& of 

Safetsr, without th© wast© of vitenim vhioh a^areatljr 

occurred shsa th© 1.5 mg aapplonont ^as given,    fh© 

optimal lovol found ia this study io consl&Qve.ble high©* 

than the amount of thiariine found by Lane, Johnson end 
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WiUlamB iyt)  la.the av^fage iuaerioam aiot, bttt 1# 

equal to the Btandari proposed by the Batlonai Research 

Council for moderstely active womea. 



BIBLIOGRAPHY 

1. JUi6Pe9ft» Jolm 8., m& lerigreu, Eobeft.    Th© ctppller- 
e^tioti of tie thlcctocme aisthcd to the thlsaiina 
CE&lyeiG of eerefrls scid. cepeal promise to,    Ceroal 

2, Bailey, tt.l., arid l^cmae, Arthur y.    xhe thiaclao and 
rlboflAvtn Mmte&ts of oityus f^alfec.    Jow?. 

tolsraB^fteet f©f> vltsmiB Si* 1. tetjpe^tBioftt* 
tfith ^ft%0.    Bloebe©. ^ott». 33sl$*6*l355» 1939. 

©sitoti©^' 1ft toaift.    VX. fb£ aetiv© form ©f 
vitcsalb B^ ^Ja^ ttoo r©ie of 6^ iie^rboE^llf 
^dldft.    Il@@fe0©. Jo«-P. 33 s 1109-1131* 1939 • 

5. BaJ>£>®i^ S.. S.Q,, ^nd Lyraan, CM      StwdieQ on biological 
o^i^atiotaB,    XI. ^b© metmbolleB of pT^nvle a©i4 
bf sctlmt tli'«tt9s ami bfieterlA*    Jo^r. Bloi* 

■   Ch^m. lST:i*3-l6i# 1959. 

6. Bl90h. Vbflai&i WlHleai, «BA isrrlS', Leslie J.. 
ipsiyoar^l© in tM vifceain B^-dtf ioient ^at sad 
its use lu vltaailii B^  detGraincitioiiu.    Btc^hen. 
JOBS?. a8s60t*62l, 1^3*» 

7. C&MXls, Vllllaai ^*    Urinaj?^ egegetlw of tbiaajin© ©a 
bigb fot ani 'felgto cafbobirdtat© di-ete»   J-OBJP, 
tetritiob $lt4ll-*l8p 19*1. 

8. Qmp&m, @e©rg0 A., F^oiriiio©, TfltliaB &»* and Fe!pJ?©b@®, 
Joaoph if*    Clinical expevlettoes tiitli tb© aeaawe* 
aent of tb© uriasyjr ©3toiP€.tlo& of vit>a®ta 8^. 
FPOO.  806« S3t|>. Biol, M»d» 45*1-5» 19^0,    *_ 

9. 0a*»l©®B, Mildred a., Welseinaii, Nofn&n, ©«©»« Pbilip 
S. j, feai F©jp|»©b©©?, Jo$©pb V.    gtibeltei<5al ^Itsasia 
def 16ioi^y.    9616X106 '9T:*7*49# 1943* 

10.. Olift^ Ftaaeie Pa^l^ ^ad 0©ok,. Bobert F*    A ii©tb®d 
©f det@jmiai3.%10E. of «(£WE© biologlCRllsr lopovtaftt 
'&ld©bf<S©.8 m& ke%®m&* witih 0:p©el@l refevenoo 
to pjvavlo ©old attd ia©tbylg1:?oxaX:..    Biochen. 
J®tt^.. ^6:l?i8-i?99fr 1953. 



11. QolmtGte, S.  *., KaletoF, a. M., Mutl poi»l, 0. F. 
Olucoee phoaphorylation and oxidetlon in coll- 
ff©© tiseu© ©xtraote*    Joar. Blol* Chea. 13?: 

■   3^3-556, 19^1. 

12. Comi©^,; »*?,> and its'au'b, !©.^.    S0to»iii»atien ,©f 
t'hiarair. by the thioyiirome reset ion.   - Ind. Sng. 

'Jour* M©^. m&cmm®*-111:1009-1016, 193®-.   . 

1%. 'cwgiii* «l©0i?ia .B.   ®s<3 'P%si©i©iF ©^ vitewin B^'. 

15. Dftttsoiif B.B«, SM H^tlSj, Q.tf»    flt^ain B..    Ssttgm- 
Zion In ^«ast asid b^ead and stability ciGi'lng, 
^i>©iaS-iialimg. JCUJ?, S06. 0U«m. Inaub-tpy 60: 
241-8*5» i9%* 

16. Igaae,, BwPlQMy «>tad MalklejoUn, ^p©©ld P.    ffe© eetl* 
©stioa. ©f tfiiaaliie ta B»1B».    Jdttr* Blol.. Obea. 
1%1:S59-S70, 19*1. 

Chcrnciik, Oiicpiotue.    ^tadiea of the B vitemlne 
la the ltttEia& ottfejeot.    V. Hie .luomaftl ip©^ali?©si©at 
for tteisaiae? ■&©«$ faeto^ iaf|ii©a®iKig Its 
utilization and exorstion.    ^\me?, Jou?, Mad. 
S©i. a033369«f77« 19*$* 

18.' Poi^euoe, Joseitfi W., an^ Ciir-den, If.A.    A. pi^cedui^e 
■ ■ £OP %fe© rotttlae dotdeitoiaQittQtt of trttcanlti B^ In 

iivittA«   Jdw. Zafe.'Gila* s©d. 25:1320-13^* 
19*0* 

19. 0oQdb)bXli# E©fe<is8t<1    A VdVftltt&tiOQi 6? tfee ©©tliod ' 
dodbffibod fe? OooSluupt aad Slmoisli*, f©?1' t^© ' 
dete&tBlQ&ttoa of bl^od ooeia»l»Q»ylaoo vetVist* 

*< M&%* G%®m, 135877*8*, 19*d* 

g®, Ooo^utvt, SobQ^t. aad Sta^laii?, B* SI.    Bofielenojr 
o£ vltaaiiti i^ i® aan as detenoittefi by ^tj@ Wood 
eaeavbogylase. ^OISF. Blol. Cfe©©. I38tli*dl; 

3$* OofMUiavt, Hobes't,, md 3ii!i@iaiJPs, I. St.    !n>d ^stlEmliloa 
©f atMcupbosylftB* (^Itaaia B^ difkosp^a.^ ©fltep) 
ta bloot.    Bio'^Jissa. J"©^?.  33:1099*1108,, 1939. 



SS. Gtt©3PJ?aat, H* B.., aa<4 Dateher, t. Adaae.    Jh© iaflttea®© 
of ©xepoie© oa thB g2»©wife@ pat la th© ppeaeace 
aiid absence of vltamla B4.    Jotar. BatPltioa 30: 

d3. laXlldar^ S., aad peaol* H.^.j JP.    Tfe© preaaaa© ©f 
ivm sm^ @©abi©©d fcM&iaia© la mills.    3w&» Biol. 
titoa. i40s$5$-96l» 19^1* 

§4. H®t»p0p, HapolS A., aad I>©a©l, B. J<* Jp9    ffe© ajplaapf 
pypuvat© la i&i&sai&e ddfleidnoy.    JOBJP. Siol. 
Oh©®,  137»&KHS38, 19^1* 

S5* HaPFla* Leall© *r*   Vitamias aad vitaala aeflstaaeies. 
Voluiae i.    Lctidcn, «?. aad A.  CViUi'-eMll, I»M,, 
193®. 

26, Herrle, L. J. aad Lecng, P,C.    Vltamlaa la human 
aot^itiQEi tlie yxa^o'bioii c-f ^Itsmia S^ la h^iaaa 
ms?!®© m®. Its Ae$6ndte»d9 ^a tfe© ^i©tair^ imtal©,. 
Laaoet 19^6 Isr** 

37. Kennessy, C. J.    Chemical methods for th© determinQ- 
tioa of viteffitui. S4.    XeA* lag. Ghdat., Aaal, 
14. I3:2l6-$l8, 1941- 

28. Hennessy, D. J. aad Corecedo, L. B.    ¥h© determination 
of !¥©© aM phosphos»^Mt©d. thiamisa hf ©■ modified 
thlochrome essay.    Jour, ilmer. Chera.  Soe. 6l: 
179-183^ 1939- 

29- Htlle, <l©©fg@ {8*    ffe© tkloo^Qeo test for ^ae«ia»ln© 
(vitemin B1) la u^la© aa aa lades of nutritional 
l©v@l.    BioehM, jToia^. 35« 1966»1979# 1939^» 

30. aolfe, L.. Sae^tt, JP.J aad i&JJ&f1, ifletop A.    A sirapi© 
mofchod foi- tho iG'iiOi'atoFy diegnocle of sub- 
#liale©I d©fi^t©ai©t<S'© of tklaatla©, 9lhofidVliit 
aad nieotivilo a#ld.    Bull.  Jotmo riopkiac Hoopltal 
70 J 329-330,. 19^2. 

3i« 3®m®nt B. 0.  P.    A QXio&lcol dotQiYaiaatioti of aneurin 
(vitamin B^) hy th© thioclircas reaction.    E©e. 
1?*e*. <?hla'. 5$«1046*10S9» 1936. 

3a. Jolt iff©,, Bonastt^ ©oodh^pt,, H©l>0pt, Oo^aals, Jo'ssph, 
. aad Glia©, J» K     fh© ©^©.tliaeatai. ppodaetioa of 
vitasaia S^ d©fleioa0'y in aopaal sahjoeta.    fh© 
d@p©ad©Bt© ©f th© apiaa^y $x^©tioa ©f thlamla© oa 
th© dietary intake of vloftrain B,.    /iraor. Jour. 
Mad Sei. 198*198-211, 1939. 



33* Jovett, Mfiurice. The ( atimetlon of vitamin B^ in 

urine. Biochem. £©«*. 3J*8l3*S-i353, 19*0* 

formed In kidney extracts. Bieebem. Jour. 33t 
1   • .63i^6%i# if3p.: •■: ■ '• • 

35. Beyo*' Mc©l, ©ad lomea^et, Adftfela F.    Vitmaifk- ©ttpplo- 
mentation of U. B* Army rations in relation to 

■ fatiga©'"&&£ tS^'&bliltjr to (io ^uscialQ^ wo'^Ii. 
Jour.  Nutrition 23:259-269, 1942, 

36. Knott, Elizabeth M.    A quantitative study of the 
satliiaatlom &Bd' Mtetttliab of vitaaia B bf 
young ohlld^en*    Jour. iStotrltion 12:597*oll» 

■ 1936. 

37. l&tm, M®fa®v%'h.,. ■ Jote^oti, Siifc&betb* attA Wiliiaas, 
E. H.    §tmdl©& of the average Amei-icaii Slot 

• 1,- 9hlaaleis ttotttettt*'  Jotifr.1 Iiitfitioli 233615- 
62%, 1^2. 

38. Lipton, H   A., and Elvehjci-i, Oons?M A., EldClianlem 
of tbe a^^aati© pfebsgiiBOpyi&fclon of t&laatltt* 
Hatujpo 145:226*22?» I9fe0# 

39 * ku, 0, D.    Studies on the tietaboli.QQ of p^a^ie 
• aoM is fiefsal-9fid ■e'ifcaain'B-^ieflolQmt states. 

X. A i»a$t€, spsolftOj ami gonsitlfo aethod fo^ 
the est-'metioii of blood pyrnvcte.    Biochem. 

. JOB*, JJiS^SS** 1939« 

40. I<!as #<, ©<».    Stedlet on tlie ia©MboXi» of p^^vio 
aeld la normal anS vitasin' B^-do.f ielezit states. 
II* Blood pymvate levels' i© t^© Sfat^- pigeoa, 
rabbit, and taaiu    III* The ^olatioii of bloed 
PS^at^at^ to ee^dl^o oliaasgos^   Bioeliofiu Swat* 
33:774-?i6, 1939. 

4i. ISacfcolt&> Tiioaiae E., and Slsoia, II.  0,    Studioe of 
th® B vltmlna itt the latsiaaa $Ubi@ot.    11. 
Us'icapy oxeretlon of Inge a ted thifMlu &% patients 
«ith ofo?©aio'la&vMb disease.    Aaos8'. Joa^. ^ed. 
Sol. 202j5i2-5l6, it4i. 

42. Pfoaon, l. L., and Williams, iley D.    fli© of foot of 
iflgedticfe of niootlnie acid, oa tbo <l©totN9iaa* 
tlo& of fcMasilBe in uriae by the thiecbroiae 
aet&od.    $<s>m. ©loX.- Ctea. i40j4tT-4220 19^1. 



43* tteoon, K» h ,  pnd Uilllaas, H. D. Ths urinary 
excretion of tbiamino ee an index of the nutri- 
tional level: Aasetament of the value of a test 
dose. Jour. Clin. Investigation 21:247-255, 

44. Meiklejolin, Arnold P. The eatimation of vitamin !L 
in blood by a modification of Sohopfer's   i 

■ test.    Bie0b«B* Jow* 5i!i44i-i45l, if>?.: ■• 

45* Me In 1 ok, Dr^iiiel.    ^ifeeniti' %* {thiGElno) requiroaont - 
of mn.   Joar* Utttrifeion 24:139-152 > 1942* 

46, Mdlmleki • Daniel^ Am F:l©id.# S©i»jr» Jfr*   '0h©ia.ltaX 
(Sdie-mniafttlLoiii of ■fi%®ialB Bu*.-   S.X* He-thod £©* 
©ettiBBtloja of %&# tMaaisa© oo&fcoafc @i blologleal 

ptedttoii» 3?Q©g©tit.    ievto. iiOl. OlBidfi* 12? *515* 
540, 193&*   . 

4?. SbXttlcfei* Bagiel* ami Ft©tip, Hesstf» Jf**    Oli©ai#a.l 
dtdtoraiiistioB, ^t&fellitif., a®d fowi of tiit®Mlti© ■ 
la W&B&*,   (|o<s?. Bioi* €^©®«- 13Q; 97-107, ±939* 

48. Q&lnlelE, Saat©!^ .aad Field* H<Wf # *P.    fhlaatJl© 
^ie&i>a&@Q sis em iiid©js of nutritiomvl Btstne. 
J©Wa $8tt«riti«w ■8*'»i51«i3&* 1942. 

49, mini&'ki Bsat&l, Fi©Mj isss?^^ <jhp. f. ©a^l loblas©©, 
WilXiMi ©»   A qn&fitltAtive <aBiealQ(Sii .ss^Sf ©f 
tte mpiaaz^ dae^votlon of iM@siia@. W M@wmt 
iadividaale,   Joa^. Hutritioa l8s&93-6l©, 1939* 

50:, j|©j?oliE. sad Co. t ftskNt&f, H* <J*    Se%©»a.lBa^ioa of 
tklaaia elKio$*ld6 by flUx^ofaoteic tqethod^ $941. 

51. l©Mk S^ftrie© Bolletlfi, ^Iteaisi B± $&&&, 1940. 
Merck and CoiapBny, x 

52» ISoyoy* laaos 0«* 'And 'fp©8.Plei»# ©. S*   .©©tewalsfetlom 

Ausl* id* i4i788-79&fl 1942. 

53- Munsell, H&sel B.    Vltemln B^.    i!fath®&& of assay &sd 
food GOu^CGLi.    v'oui3. AjuiGi'. itow. Aaaoo.  ill: 
9a?*934* 1938* 

54,  oebea^ B^    lat^© of osidaftlve stee#p'hG^2rlatloii In. 
W&lto tittattO.    Hatas1© i46«86?y 1940. 



55* Peters, ft. A.    ■C'oe.a^boxi-i^s®.    8ttttt*e 1^6j387-391 *■■ 
19^t. 

56. Pbermacopoela @f the UaiSed Statea of teerlca, 
tweirth revision, Eeeton, ?e.,, Macte Pointing; 
Coaipeny, by authority of the if.  3.  Pharm^ceutleal 
ConvoQtion, 1940. 

17. folls^t* aerfe©'5?t., Beiges?, Bewpsr^ gllemtoorg, 'iax, 
end Cohen, S«nford.    A test proposed to measure 
viteaii?, i4 sstm-'stloix In ?iumaiiE.    Proc,  Soo. 

vitasala B^.    Seleaeo Slt^'SS* if36* 

§9» ftfte, feg;aao*    S^'^istribatloa of vitooiltt M^ in 

JOWP* Sw* C&&8U ladneti^' 5©:33S*3%^> 1939» 

Mtfimttt®® in tli# m@ of the i»»a©ti|rea,Fdia 

Biol. ife4. 3fsl39*l^0.> 107* 

61* Hobiaeoa* Illlliaa B. t MQIM®^* Mni®l.» aad Fl^Mj 
H©m?y> Jr.   Oo^rala^iotk iKit^d^a tli» ©weatrn* 
tioa of bisiaiflt© biafiii^ guftstanees in tto 

Cilia. Ism©M§aM©ia iPs^B^-lSS, lf#©. 

62. BoblAdon, ¥». B., M©iai«k,, Baolal^ sad Fi^liL Bdsr^# 
Js».   irtaari' 9X0?ottoii of tltlaialik $& olisiioal 
©as©.@ an<5 tfei© 'Value of miofc mtxalys©^ la the 
dia^tto^ti of tMaaia 4of ioieftoy^   Joiir* ciltu 
tmm§±%Q,%lm I9:399^^t8» 1$^©* 

63. 3o]i»liitd» Prodorle ^a> anfl laott, EHgaBotfo 1*    SS&o 
■up©' of a 10-ia^ »9»ioa for tfea aooegr of titeaia 
B' % 'rat g^cmfa fealmics*.   Joa^. Btit^ltlosi -tStt 
585*5d$* 1956 «- 

64. soBDiite, Mfrei s*4 Atkl«, £iQi«roao0# m& Frsf y Ctevloe 
B.    A fovttd&t&tlon teat for ^iiaaia B.    Jou^. 
itei©r.- Cfe©a. 9oo.    59*8457»8*60, 1957* 

6$. sobiiit^, Alfred B«» Atlsltt, |»&«fresae©# Fror* Charleo H., 
aai Mli.lias.s# B. 1.    ik$p1l6&tS.o& of tBo mlttte 
cloc.vago of thiouliie to tuo yeaot femeftt&tlott 
method,    lour. Ataosr. O^ea. 9oe* 63s633-6?3» 19^1* 



66, Sherman, Henry C, Chemletry of food and nutrition. 
KQW York, $he Mecmillen Co.t  1941« 

67. Shermsn, Henry G., and Lanford, Cerollne Sherman. 
Essentiela of nutrition, second edition. Hew 
York, ffee iteoinllXfes Co** 19^3* 

63. Sinclair, H. M. The estimation of vitamin B1 In 

blood. Bioohoai. Sow,  3g:2l85-ai99» 1938. 

6$.  Sinolat*, H. M, MotateoUsm of vttmim Mv lea*,  of 
Pfcjnaiel. 96t53P-$6?, 1939* 

70, Smith, M. C., Buxlinson, li. 0., anci Spec tor, H. 
The eignifioance of thiamln exoretion levels eftor 
a teat dose. Jour. Home Econ. 33:601-602, 19^1. 

7i. Say&l> p. A.    fHie  oxidation of pyruvate by heert 
iau$ele* Bioobem. Jour. 3411046*1656, 1940. 

78. Wong, Y. L,, and Harris, Leslie J. Methods for 
asseesing the level of nutrition of the human 
subject. Esticiatlon of vitaaln B1 in urine by 
the thiochrome test. Biochem. Jour. 33s 
1356.1369* 1939. 

73* Wang, 7. L., and Yudkin, John. Assessment of the 
level of nutrition. Urinary excretion of 
aneurin at varying lovela of intake. Biochem. 
Jour. 3*:343-352, 1940. 

74. Williams, Hay D., Mason, H. L., Smith, Benjamin P., 
and Wilder, Russell M. Induced thinailne (vita- 
min &x)  deficiency and the thiamlne requirement 
of man. Further observations. Arch, internal. 
Mod. 69i7&l>73@, 1942. 

75* Williams, R. D , Mason, U. L., and Wilder, Russell M. 
The minimum dally requirement of thiemine of 
man. Joar. Nutrition 25:71-97, 1943* 

76. Williams, R. D., Meson, E. %., Wilder, R. M., and 
Smith, ©. F. Observations on induced thiamine 
(vitamin B.) deficiency in man. Arch. Internal 
Had. 66:785-799, 1940. 

77. Williams, Robert H., and Spies, ?.  p. Vitamin M^ 
and its use in medicine. Hew York, The Mac- 
millan Company, 1933. 



RobdVt E.    Assey method for thl,<?mlne.    The 
VBiv. of t©3S6« PUD, Ho. H37i li-B* t9<H» 

Hygten© 39t638*642:, 1930.* 


