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DAILY THIAMINE EXCRETIONS ARD THEIR
RELATIONSHIP TO CREATININE EXCRETIONS IN
FOUR ADULTS ON CONTROLLED DIBTS

INTRODUCTION

This study of urinary thismine and oreatinine exzeretions of
four adult women on controlled diot formed a part of a larger study
made in the Mutrition Research Laboratory, School of Home Economies,
Oregon State College. The purpose of the whole investigeation was
to study the effcct of two different levels of thiamine intake on
the nutritional status of four apparently normal adult women on
constant dicts The nutritional status was ovalusted by the follow=
ing daily determinations: concentration of thiamine in whole bdlood,
sorum total and freo riboflavin, blood hematocrit, and total daily
urinary exeretion of riboflavin, thiemine and creatinine,

The determination of daily urinary thiamino exeretion is used
in many laboratories in assessing the thiamine nutrition of man
since the picture it gives is fairly reliable, It has boen noticed,
however, that the exoreted amount of thiaminé varies between differ=
ent individuals on similar intakes. Also, in & given individusal,
there may be merked variation in thiamine oxcretions from time to
time. Some causcs for these variations have boen detected by
several investigators, but more experimentel work is needed to find
the complete explanation for them.

To determine the total daily excretion of thiamine, a 2l=hour

urine collection of the subject is neededs Since this i3 a time



consuming procedure, it would be desirable to find some shorter way
to ostimate the value of the total daily thiemine exorotion. Ademson
and co~workers (1, p025) indicated that the exeretion of thiamine ie
related to the excretion of creatinine, that it may be caloulated in
moge. per gme of orcatinine, and that this ratio is fairly constant
from voiding to voiding in & givon individual., This would mean that
to assess the thiomine nutrition of an individual, only ono voiding
of urine would nced to be collected and analyszed for thiemine end
croatinine. The amount of thiamine in moge. per gm. of oreatinine

in this voiding would then indicate the thiamine nutrition of the.
individuale Io furthor informetion concerning this method of
thiamine estimation is given in tho literature.

The purpose of this study was to add more data to previous
studies on daily thiamine excretions of subjects on controlled
intake and to study individual variations in the relationship of
thiamine excretions to creatinine exoretions of these subjects on
the controlled diet. In addition a very brief study was condueted
to assess the validity of estimating the total daily thiamine
exoretion by the thiamine por gm. of creatinine ratio in single

voidings.



REVIEW OF LITERATURE

METHODS OF ASSESSING THE LEVEL OF THIAMINE 1IN NUTRITION

The difforonce botween radiant health and the prescncs of
synptoms of real thiamine deficiency can be ensily deteeteds During
the state of suboptimal health whenm no clinieal cvidonce of thiamine
defiociency is seen, -objecti‘ve tosts to dotormine the lovel of thiamine
nutrition are needed. The measurements of the thiamine contsnt of
the tissues, feces, blood, and urine by biochemical tosts have all
been uscd,

Carleen, ot al. (6, pp.L4i7-L9) introduced a method for measuring
the thiamino content of tissuocs, but it has not boen widely used,
Concerning the thieminc content of foces, Cowgill (10, pp.805~812)
stated that tho thiamine in feces, exeopt during diarrhes, is found
in the bodies of the baoteria present in the intestino and does not
originate from the ingesfad food, Since thiamine is water soluble,
it will bo absorbed from the food and the excess exereted in urine.
When assaying both urine end feces in a balance study with children
in 1936, Inott (34, pp.597-611) found that the thiamine content of
fecoes did not increase proportionately to increases in dietary
thianino intake. As these and sevoral other studies indicate, the
thiamine content of focecs does not have any direet rolationship to
the thiamine nutrition of the individual and, honce, oannot be used
in assossing the thiamine level.

The thiamine contont of blood, however, is found to vary with
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the intake of thiemine. Chemical methods have been used to dotermine
the thiamine level of theo blood and a miorobiologlcal tost has been
proposed (20, ppe372=381). The faot that comparatively large amounts
of blood arc noeded for thede methods, however, makes their froquent
use difficult. A mioromethod for dotormining thiamine in blood has
been reported by Burch, but 6o far no method has been published.
During thiemine deficiocnoy, an oxdéess of pyruvate and other
metabolitos is ascumulated 4n the %issues, Lu (35, pp.2Lo=254)
| proposed a method to determine the blood pyruvateo conscentration as
an indieation of thiamine nutrition. However, the blood pyruwmts
concentration was found to vary also for roasons other than thiamine
intake. Urino also may be analyzed for pyruvic acid., A disadvantage
of this proccdurc, as well oo for tho measurcment of blood pyruvate,
is that in mild cases of doficiency little pyruvic acid oan dbe

detected,
METEODS OF DETERMIFNING THIAMINE NUTRITION BY URINARY TESTS

The excretion of thiamine in urine is the most widely used
indication of thiemine nutrition of the individual., The presence
of thiamine in human urine wes first demonstrated by Muckenfuss in
1918 (42, p.%95), and this finding was subsequently confirmed by
van der Walle in 1922, Investigations of the factors influeneing
the urinery excrotion of thiamine were neoessary before significance
could be attached to the valuos obtained. Helnick and Field (4O,

PP«97=107) reported im 1939 that thiamine in urine is in the free



form whioh makes the quantitative chemical measurement feirly simple.
The exoretion of thiamine of & given individual has been found in
many leboratories to be roughly proportionanl to the intake of the
vitamin . under normal conditioms. (2, pp.8686~80L, 63, pp.638-6L42,
30, pp.198-211, 39, pp.139~151) lony difforent ways of measuring
thiamine nutrition by nccas of urinary analysis have boen suggested

and used in differcnt laboratorios.

One~Hour Fasting Sample
Tho emount of thiamine in a one~houpy fasting specimen has boen
considercd by a numbor of investigators as an indioation of thiamine
nutrition. The eritical lovel in a defioienoy ease was stated to
be zero by Holt and MNajjer in 1042 (29, pp.329-330). By Johnson it
was said to bo 6 mog. (31, p.128). and by Papageorge and Lewis

(L8, p.301), L.mng. . These invostigators do not agroe whether or not
" the fastipéﬂhour tost gtves.an& reliable indieation of the thiamine

nutrition of the subject.

Four~Hour Load Tests

There is cven more disagrecmont in regerd to the interpretation
of load tests. It ie agreed thet in pe§ple on oontrolled intakes,
the exeretion foliowing the administration of a thiamine test dose
decresses es the general inteke level of thiemine is reduced.
According to Melniock's findings (42, pp.593+610), in 1939, most of
a parenteral test dose of thiamine is recovered in the urine during

the £irst L hours after the administration. MNajjer and Holt (31, p.



128) have found that the thiamine oxeretion after the intravenous
administration of 1 mg. of the vitamin drops to less than 50 mog.

in 44 hours whon symptoms of deficiency are apparent. Williamé and
Yason (60, pp.71-97), making the same type of o study in 1943, stated
that an oxoretion of less than 100 mog. of & 1 mg. tost dose indicatos
doficiency., ' Johnson (31, p.128) used an oral test dose of 5 mg. and
concluded that a L=hour output of less than 20 mog. was subnormal,
Goldsmith and Sarctt found that 7 persons on normal diets exeretod
about 150 mog. in L4 hours after the seme oral test dose. Oldham,
Davis and Roberts (47, p.163) concluded that load tost exoretions
gavc & better idea of tissue stores than did tho output of one~hour
fasting or oven 2l~hour urine collections. Robinson, Melnick and
Field (50, p«399) and Vanz end Harris (57, p.1356) also suggested
tho detection of thiamine deficiency by means of oral and parenteral
tost doses. In 1939, lelnick, Field and Robinson (42, pp.593-610)
stated that variations in test dosc recovery values of different
individuals are not related to differemces in urine volume, in
netabolioc rate, or vitamin to calorie; or thiamine to non-fat calorie
ratio in the diet. "The response of the subjeot to the oral test
dosc of extra thiamine is governed by the nutritional status of the
individual and is independent of the adoquaoy of the diet consumed
at the time of the test," (L2, p.608). The percentage of tho availe
able vitamin which is8 excreted is a funotion of how great an excoess
is presont. lMelniok end Field (41, pp.131-138) in 1942 studied the

offects of an intramuscular test dose the amount of which depended
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on the surface area of the subjoct's body, being 350 meg. per square
netor of the body area, A l=hour collection was taken efter the |
administrotion of thiamine, Thoy suggested that 6% or less of thé
test dose exorected indicated deficiency, 9% being a safety bordorline,
They alse considored that the subjeots which oxereted loss tham T

of & 5 mg. oral test dose in 4 hours were deficient. In the same
study, L~hour fasting urinary doterminations were ﬁone » the fasting
starting 12 hours after tho last meal, It was ooncluded that 10 meg.
or less of thiamine in e l~hour fasting specimem of urine indicates

doficicncy. The minimal normal level should be 15 meg.

Bxprossion in Torms of Percentage

Some investigators state the amount of excreotod thismine in
torns of percentage of the intake., Jelliffe end others (36, @p.l%-
211) in 1930 shewed that their subjeots oxcreted thiemmine in the
range of 7-25% of intake during the cntire study. Changes in intake
caused corresponding changes in output. During the high thiamino
period, the subjeots exoroted 13-257 of the intake, During the
following deficicncy period, the excretion dropped to 7«23% of the
intake. After tho depletion period, a recovery period followed,
and the exeretion during that timo was 11.7-21% of the intake. In
1942, Melniek (39, pp.139~151) studicd a group of adult men and
wonen on controlled thiamine intakes, The men were given 1 mg. of
thiomine daily, and they oxcreted a mesn of 200 meg. a dey. The
womon on & 700 meg. intako excreted 90 meg. daily. On this level

the rosponse of both men and vomen to the test dosc was 13%., It



may be assumed thet adequate storage had been obtained on both intake.
lovelse Gifft and Hauck (18, pp.635-645), in 1946, had their subjeo‘tsA
in the stage of saturation bvefore starting the experiment. The
experimontal dict contained 600 mog. thiamine per 1000 celorics.

The oxcretion of thiamine vms 9-1T% of tho intake. A 5 mg. oral tost
dosc was given to tho subjects, end the response to it in a 2h=hour
collection was 15«22% of the dose. The response of the subjects

to & 1 mg. intremusoular test dose was 15=2% at the begimning of

the study and 8-21% at the cnd of it. In 1042, lMelnick and Field
(41, pp+131-138) obscrved that 23 normel adults with good stores of
thianine oxoroted 7-30% of a teost dose, and 1l normal adults with
poor stores exoreted l=7% of the same test dose. Six othor adults
studied by Melnick (39, pp.139~151) exereted 13-20.8% of a test dose

of 10 mg. daily given for one weok.

Twenty=four~Hour Urine Collections

The most commonly used method to determine the thiamine nutri-
tion of a porson is the determination of thiamine excretion in a
2ii=hour urine collection. lelnicle, Ficld and Robinson (42, pp.593-
610), $n 1939, stated that the volume of urine in 24 hours appearcd
to be an insignificant faeotor governing the urinary output of thia-
mine., Deum, et sl. (13, p.1049), in 1048, had a group of young |
women on L, aifferent levels of thiamine intake. The subjects
receiving 140 meg. thiamine daily excreted about 20 meg. They devel=
oped deficioncy symptoma, Another group received 200 mog. thiemine

daily. Thoir excretion dimimished progreésively for 19 weeks. On
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625 mog. daily thiemine intake level, tho exereted amount @iminished
for 3 months, then there was a slight inereasc during the next two |
months, The thiamine excrotion of subjecots ingesting 1340 mog. a day
increased noticeably. The group on the lowest level was later
transferred to tho highost inteke, but their thiamine excretion did
not increasc until the third month of the diet. In 1042, Mason and
Villiems (36, pp.247-255) had 15 fomale subjects on controlled diets.
Their lowost thismine intake lovel was 150 meg. daily. The output
on that lovel was 11-26 moge In their rcport, they stated that if
the intake of thiaminc was 1006 mege and the output 100210 meog. and
the recovory after a 1 mg. test dose 20+2%, the nutrition with
respect to thiemine vms sufficiont for minimal needs, They also
indicated thet 0O meg. per 1000 ¢alorics wne the minimel daily
requirencont for the 5 adult women in their cxperiment. The thiamine
‘excretion lgvels of individuals on varied intake levels wes alse
studied by lMdeokelsen and co-workers (Ll, pp.254=258) in 19L46. Before
starting the study the subjects wore given thiamine supploments to
reach the eaturation level. On & 1 mg. lovel of daily intake, the
output was 32-91 mog. and on a 2 mg. level of inteke, it was 86=

310 meg. daily. HNo apparent explanation was found for the rela=
tionship between the individual end his level of thiamine excrotion.
There was no correlétion botween ﬂxé body weight and the amount of
thiemine exoreted, nor did the fooal excretion or physical sctivity
seem to influence the thiamine output of the individual,

Ag already indioated in the study of !ason and Williams, a test
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doso is often givon to the subjoots after they have boen on constant
thiomine intake over e certain period of time. The 2j=hour recovery
after the test dose is used as en indication of thiamine nutrition

of the person,
ESTIVATES OF NORVAL THIAMINE NEEDS

As oarly as 1920 it was realiczed that thiemine was a necossary
factor in normal nutrition. The search for faots about human
requirements had begun, although the pure vitamin had not yoct been
isolateds The first attcmpt to oxpress tho thiamine requirement in
tho form of a mathematical formule wes mede by Cowgill in 1934 (9,
Ppe73=78). It was based on calorie inteke end body woight, His
formula wase

K (constant) x wt. in pounds x c¢alorie intake,
with the K value for man as developed after isolation of pure thiae-
mine being .00213 (1L, p.10L). This formula does not provide any
safety feotore. Applied to a 150 1b, man who consumes 24,00 celories
daily, it ealls for 767 mog. thiemine daily. After that several
invostigators etudied the daily thiamine requirements of human
subjects with variable results. In 1938, Harris (23, pp.67=69)
recommended thiamine intakes of 300-600 I.U. daily which equals
approximately 0.9~1.8 mg. According to Wilbur's estimation in 1039
(59, ppe246=253) tho daily thiemine requirement of msn was about
500 XI.U. which equals 1.5 mg. He also stated that the requirement

varies with body weight and total metabolisme The next yoar
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¥illiems and co-workers (61, pp.7685-799) reported that 950 meg. of
thiamine daily prevented deficiecncy symptoms, but 2 mg. resultod in
the best porformance as measured in torms of physical work done dy
normzl women. In contradiction, Keys and Honschel (32, pp.259-269)
stated that when large supplemeonts of thiamine wore added to diots
containing 430 meg. thiamino por 1000 calories, no improvement in
ability to do physical work could bo detoctsd in adult subjects,

The subjests of Blson and others (15, 569-577) ingosted 651 mog.
thismine daily for 120 days. Their minimum requircmonts soemed to
bo mots Tho authors, however, suggested that this emount might
prove inedequate if consumed over a longer pericd of time. To
determine the thiamine moceds of normal adults, lelniek (39, pp.139-
151) made sevoral studics. According to his results 350 mog, per
1000 ocalorises is an adult requirement, but he.raeommended a safety
guide of 500 moge. per 1000 calories daily. The recommendetion of
Williems, Mason, and Wilder (60, 71=97) in 1943 was a little higher.
Their subjects were kopt on & thiamine intake of 450 meg. per 1000
calories daily and slight deficiency symptoms devoloped. Therefore,
in tho opinion of these investigators, 600 mcg. per 1000 calorics is
nono too high an allowance. After a study of different thismine
intake lovels of adults, Hathawny and Strom (25, pp.1-8) stated that
0.84=1.0 mg. thiemine per day appears to be sufficient for a normsl
adulte The recormended daily allowance by the Food and Nutrition
Board of tho Hational Research Council was baged on theso and several

other studies. The National Rescarch Council recommended daily
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allowance of 500 meg. por 1000 eclories which was suggested in 1048

(16, p.16) wae used as a basis in this study.
CREATINIINE BXCREIION

Undor normal conditions, the deily exeretion of creatinine by an
edult ranges from l.0-1.8 gn. per day. %he oxact amount varies
somewhat with the diet beoause the ereatinine contained by the diet
18 excroted in the uriné, It was showm by Folin and Myers (56, pp.6c5-
699) that the daily exorotion of ereatinine on a moatefreoe diet is
constant in a given individual, Often the cxeroted amount of
oroatinine is oxpressed as a creatinine coefficient whieh means the
2i=hour oxorotion in milligrems per kilogrem of body weight. The
normal rangc of tho oreatininoe coefficiont is 19-30 (26, p.842). I'aw
(37, pp-LB2-486), in 1947, reported that the deily exoretion of
oroatinino may vary up to 300 mge from day to day, and thet thero is
& signifiocant corra).ation betweoen the level of oreatinine excrotion
and the day of the week, preosumably due to the influence of & weekly

“routine common to all subjectss 7The next year Friedemann and others
(17, pp.117-136) studied the cffect on the creatinine coefficient of
diets restricted in protein and the vitamin B-oomplex. Tho diet
wae 860 low in those nutrients that deficiency symptoms appeared
which W‘eré reflected in motabolic changes assosiated with tho forma=
tion and exoretion of ersatinine. It was concluded that the éreatin-
ine exoretion paralleled the rise and fall of body weight. The

creatinine cocofficients of the subjects deoreased gradually on the
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deficienoy dict. During the seoond period, thiemine was supplemented
to the diet, but the coefficients did not increase. Fricdemamn
states that the administration of thiamine to 2 subjcots did not
increase their creatinine coeffiocients in 2 months. The rescovery
was very slow even when other restricteod nutrients were supplemented.

In their report on a medical survey of nutrition in Newfoundland
in 1045, Adamson and his assooiates (1, pp.25-26) express tho
urinery .thiamine valucs as meg, por gme of oreatinine in a given
voiding. The normal wvalues for urinary thiemine excretion according
to their report range between 150-300 meg. per gm. of oreatinine,
It is assumed by them that an excretion of less than 50 meg, thiamine
per gme. of creatinine represents an inédequat‘e thiamine intake end
that well=nourished individuals exorcte more than 150 mog. thiamine
per gme of creatinine.s It was also stated in their report that the
amount of urinary thiamine per gme. of oreatinine may be considered
roughly as tho amount of the vitamin cxereted per day by a small
adult,

The same way of measuring fhiamine nutrition was used by Burch
and co-workers (5, pp.9=30) when surveying the nutritional status
of the population in Bataan, Philippines, in 1950, The literature
does not yield any further information about this method of estimat=

ing the thiamine nutrition of man,



BEXPERIVENTAL PROCEDURE

This study was started Januory 19, 1951. The previous day
gserved as a proliminary day in which the determinations were made,
but the diet was not controlled. Tho study lasted for 30 days,
February 17 being the last, and was divided into two periods of
15 days ocach. During tho first period, the subjeots roccived 628
mog. thiamine daily, furnished by the diet, plus an additional
amount of 40O meg. of thiamine hydrochloride given orally in wmter
solution before breoakfast. This way the total ingosted thiamine
daily during the first peried was 1028 meg. per 2000 oalorics which
approximately follows the recommended daily ellowance of tho Hational
Reseaych Council, 1000 mog. per 2000 calories (16, p.16). During
the second peried, no thiemine supplement was given to the subjects.
Honce, the thiamine intake was the 628 mog. furnished by the daily

dict.
EXPERIMENTAL DIER

The subjeets were mnintained on a constent daily diet whioh
provided approximately 2000 calories. The foods were selected to
meet the Iational Research Council recommended daily allowances
for all nutrients except thiamine. The caloric, thiemine, ridoflavin,
protein, fat, and carbohydraete valuecs bf the foods contained in the
diet are given in Table 1s These food values were calculated from
the food composition tables by Watt and llerrill, U.S. Department of

Agriculture (58, pp.10~-147) cxcept for thiamine and riboflavin values



FABLE 1.
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AMOUNZS AMD NUTRETIVE VALUES OF FOODS OF TEE DATLY DIET

Carbohy=

Pood. Amoun® Calories :1::?;2- Riboflavid Protein Fat drate
: e __mog.  W0Qe Do [Me  fle

i)k, .

ovaporated 100 139 75 375 T  Te9 99
Carrots, cemned 100 30 18 22 5 6.
Beef, round © 100 77 ' 77 27 19.5 11.0 e
Vhoat gorm 6 24 129 20 1.5 6 B
Peors, canned 100 15 10 12 L.2 1 18.4
Peaches, camnod 100 75 11 18 hd 3 18.2
Green ‘baans,‘

oanned 100 . 22 Ls 67 1.0 o L2
Orange juieo 166 80 127 68 1.0 3 18.4
Croam of vheat 30 108 19 - 363 2 23.2
Bgg, BoPo- 5y g% 51 26l 78  Te0 ol
Cheeso, Ameﬂoan

Cheddar 30 120 i 181 7e5 9.7 %
Biscuits 10 372 28 15 9.0 11.8 ST.4
Cookies 96  h22 2 101 5.8 12,2 52,0
Butteyr - 3 220 - 9 2 2Dy ==
Sugar 20 80 - - - - 20,0

Potal 2040 628 11770¢ 72,7 85.8

231.9

“ Riboflavin valuos wero detormined by Moil=ling Wu.
#% The riboflavin intake was lees than the National Resecarch Councilte
recozmended daily allowance of 1500 mog.
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which were determined in this laboratory. The individually determined

values for the thiamine content of the foods are given in Teble 5,
DESCRIPTION OF SUBJECTS

Four apparently normal adult women served as subjeccts of this
studye One of thom was a faculty member, threo others were graduete
students.  Their activities during tho study werec quite similers All
of them wore working in the laboratory doing chemisal determinations.
1IW, BAL, and CAS were in good health throughout tho ontire period.
RED had some nausea on 3 individual days. Any deviations which seemed
to have affected the results of the determina*.‘tions arc indicated in
the table of daily values and were considered in theo statistical
treatment of data, Table 6. A desoription of the subjects in teorms
of age, height, weight, end weight variations during the study is

givon in Table 2.

" TABLE 2.
AGE, HEIGHT, AID WEIGHT OF THE SUBJECTS

Subjeet Age Height lNean Weight Weight Range Weight Variation

in, b, kg __ibe 1b,
i 47 35  65.5 122.0 55.5 121.0 = 123.5 2.5
HAL 31 68.0 140.3 63.8 138.5 - 142,0 35
CAS Lly 68.5 152,6 68.5 151.0 = 15440 3.0
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URINE COLLECTION AND PRESERVATION

The collection of urine wme started the first day of the
oxporiment aftor the first voiding before breskfast was discarded.
The first voiding of the next day was always inoluded in tho previous
day's ocollection, Immediately after each volding the volume of the
urine was measured and recordeds A preservative, glecial acetio
acid, in the amount of 2% of the voiding was addeds The pool of
preserved voidings was stored in a brown bottle under refrigeration.
When it was completed, the total volume wes agaim measured. In
oaloulations for the different analyses, the total volume, the
calculated sum of individual voidings, was used unless there was an

obvious error in measurement detected by the total measuring.
ANALYTICAL PROCIEDURE

To determine the thiamine content of the foods and urine, the
thiochrome mothod was usede This method was first proposed by
Jansen in 1936, and later modified by Karrer and Kubli (7, ppe380-
384). It was further modified by Hemnessy and Cerscedo in 1939 (28,
pp«179-183) vho introduced the use of synthetic zeolite, ocalled
Deoalso, for adsorbing the thiamine and thereby separating it from
interfering substances. They also were the first ones to employ a
sensitive photoelsctric instrument to measure fluorescence. The
thioohrome method 18 based on 1) oxidation of thiamine to thiochroms
by potassium forricyanide in an alkaline medium, 2) extraction of

thiochrome with isobutanol whieh has been redistilled to free it
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from fluorcsocent material, and 3) estimation of tho intensity of the
violet=blue fluorecscence in ultra-violet light, [fickelsen, Condiff
end Koys (45, pp+361-370), in 1947, suggestod an additional adjustment
of pE bofore the extraction step to minimize interference of other
fluorcscont substances often present in the samplos. The procedure

as followed in this study includes all theose modifiecations and has
been previcusly used in this laboratory with satisfactory results

(unpublished data),

Reagents and Equipment Uscd
During the procedurs for detormination of thiamine in the foods
and urine, the following reagents and cquipment were used,
Standard Solutions

-1. Quinine Sulfatec Stock Solution A: 0,0108 gms of U.S.P, quinine

oulfate wes dissolved in 0.1 N Hasq‘und diluted to 1 litor with
the same solvente I% was stored in a brown, glass-stoppered
bottle under refrigoration.

2, SQuinine Sulfete Working Standard Solutiont 5 mls of tho stock

" solution A wan pipetted to a 200 ml., volumetrie flask and
diluted to volume with C.l ¥ HaB0}. The solution was stored
a8 explained above, and it wae used to set the fluorometor
reading at 70 before reading of unknown,

3. Thiamine Stock Solution A3 25.0 mg. of Merck's corystalline

thiamine hydrochloride, kept dry over conocentrated HpS0),, wus
dissolved with 207 ethanol of pH l; and made up to 500 ml. in

a volumetrio flaske
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L. 207 Bthenol of pH Lt 120 ml. of 957 othyl aleochol wao- added to
1,50 ml. distilled wntor. The pH of the solution waé' measured
with & Beclmsn pH meter and adjusted to pH L by adding 0.1
I HEC1 drop by drop.

5. Thiamine Intermediate Solutiont 5 ml., of thiamine stock solution

A wes diluted to 50 ml. with buffered water pH L.5. One ml. of
this solution wes equivalont to 5 meg. of thiemine hydroohlorides

6. Thiamine Working Solutions 10 ml. of thiamine intermediate

solution was pipetted into a 250 ml. volumetric flask and diluted

to volume with buffered water, pH L.5. Thus, 1 ml. of this

solution was cquivalent to 0.2 meg. of thiemine hydrochloridec.

Other Reagonts
T. Buffers

a. pH k.51 55 ml. glecial acetic acid and 66.6 gm. anhydrous
sodiun aceotate were made up to 1 liter with distilled water,
The pH was measured with Beclkman pH moter and adjusted if
necessary.

b, pH 5,65 to 6,681 Anhydrous sodium acetate wes dissolved in
full strength glacial acetic acid to tho point of saturation,

8. Buffored water, pH 4.5+ Distillod water was edjusted to pH L.5

1ittle by little by adding the buffer pH L.5 to it and testing
the pH with Beclman pH moter. The approximate concentration of
the solution was 5:100,

Qe _]_-_:9_535!_0_{: 83 ml. of concontrated C.P. HC1l was diluted to 1

liter with distilled water,
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0.l 2{ gglz 10 ml. of oopeentrated HC)1 was diluted to 1200 ml.
with distilled watere

Dl X Hgsoh: 5 ml. of concentrated Hgsq_‘was diluted to 1800 ml.

I WD St

with distilled water.

Silvor Nitrate Solutiont 25 ml. of 5% silver nitrate solution

in dletilléd wator and 25 ml. of concentrated HNO3 were mixed
togethere The sclution was used to test whether Decalso was
weshed free from chlorides.

E‘ZM‘.‘.’. hoide LO ml. of glacial aoetic acid wes diluted to
2 liters with distilled weter,

1% Potassium Forricyenide: 1.0 gm. of orystalline potassium

ferrioyanide wes dissolved in 100 ml, of distilled wafer‘. It
was stored in a dark bottle.

Anhydrous Sodium Sulfate: Preparation of liallinokrodt Chemical

Vorks.

Isobutanols Isobutyl aleohol was redistilled before usinge The
portion only which distilled between temperatures of 106=-1089C,
was used as & reagente The fluorescence of the distillate was

tested to bo the same or loss than that of distilled water.

}27_’?_ Sodium Hydroxide Solutiom: 25 liters of distilled water
were boiled for 10 minut‘e’s to get rid of COp and cooled to
room temperature. 300 gm. of NaOH pellets were disolved in
1.5 1litors of this water which was thon cooled again to room
temperature. The solution was diluted to 2000 ml. with the

samo COp=frec water. 20 gm. of C.P. Ba(OH)p wmis aedded to this
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solution, stirred well, and allowed to atand in a dark place until
tﬁe next daye The clear liquid was then decanted and the residuc
disoarded. |

25% XCL in 0.1 ¥ HCL: 800 mle of 0.1 N HC1 was heated to boiliag.

250 gme of C.Pe X1 were dissolved in it, and the solution wms
cooled to room temperaturc. It wac made up to 1 liter with 0.1
XN HCl.

Acid Solutions 507 concentrated HCY and 50% concentrabted HB?OI-&

for adjusting the pH of the sample before adding isobutanol.

Ensymo Solubions for Food Analyses: 5% tokadiectase solution

was made up by weighing 2.5 gm. takadisstose which wes dissolved
in 50 ml. of buffor, pE L.5.

5% pepain wes preparcd the some way using papein.

Both emazyme solutions woro prepared fresh just beforc using them.

Docalso, Synthetic Zcolite. Activations About 1 kg. of Decalso,

50«80 mosh, obtained frém Permutit Co., was soaked inm 2 liters

of hot 27 aesctie acid end stirred well several timese The liquid
with floating debris was docanted. The Decalso was soaked egain
with three successivo portions eof hot acetic acid. Then the last
emount of acid was poured off, tho Decalso wns dralned as dry as
possibles Thon it was soaked for 20 mimutes in boiling 25% kCil
end stirred wells The KC1 was decanted. Two washings with

hot 2% scetie acid followed and then at least three washings
with hot distilled waﬁer.‘ The last washing wvater wes tested

with silver’ nitrate solution ‘o &e‘kemi‘ne whether it wes freec
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from chlorides and also with litmus paper as to whether neutral,
If oithor test was positive, Docalso was washed morc with hot
distilled water, Finally it was drained well and spread on
trays te dr}} in air,

Equipment

Beckman pH Meter, laboratory model G, National Technical Laboratories.

Coleman Elec‘l_‘.ron_ic Ehotoi‘luoromeber , model 12,

International Centrifuge, size I, type 5B, series no. 0601,

Base Exchange Tubos, called Decalso columns, When prepared for use,

a smell plugz of gless wool was first placed into the bottom
opening. The tubo wos filled with distilled water. Deocalso
whioh had been soaked in distilled wator previously was
introduced with & spoon into the funnel part of the tube and
allowod to sattle down by gravity while the column was slowly
rotated. Air bubbles in the tube were avoideds Decalso was
added until the level of it wae 2-3 mn. ebove the opening teo
the fuimele Water was allowed to drain just bofore introduc-
ing the sample into the tube.

Renction Tubes. Glass-stoppered, conical iaizel=Gerson reaction

vessels were usede Vooden racks were prepered to support the
vessels,

Matehed Cuvettes were used for fluofometer readings.

I_nodbator QOven for food samples was maintained et the temperature

of 3700 .
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Syringe Pigetﬁas
20 ml. syringe, BsD Yele, was used for isobutanol

Eypo-myrin_@g, Chieftain, 5 ml., was used for NeOH

Hy_poderxnio tuberculin syringe, B~D Yale

Syringe Pipette Holders were of suitable size for each pipettes

Determination of Thiamine Standard Curve

To caloulate the thiemine values of unknown samples, a thiamine
standard curve was detormined by using known amounts of thiamine
hydrochloride. Different volumes of the thiamine working solution,
containing 0.2 meg. thiamine hydroshloride per ml., were pipetted
into 25 ml. glass=-stoppered gradurted ¢ylinders end diluted to volume
with buffered water, pH L4.5. The following amounts of thiemine
wore useds 0.05 023 Oudys 063 0.85 105 1.2; 1.3 1.63 1.8 2.0;
2.43 2.83 3.2; 3.63 and L0 mog. Each 25 ml, sample was run through
e Decalso column. Three washings, 10 ml. each, of buffered water,
pH L.5, followed to rinse the graduated oylinder and the sides of
the column, Activated Deoalso during this process adsorbs thiamine
from tho solution. After the last washing tms through, the washinge
were disoarded and a now 25 ml, gradunted oyimder was placed under
the oolumn for colleoting tho thiemine whioh is eluted with hot 25%
KCl solution. Enough KC1 was added to make the elunte exactly up
to volume,

Two 10 ml. portions of the oluate were pipetted into the reaction
vossels. Into each aliquot, 3 drops oi‘ 1% potassium ferricyanide

wore added followed by 3 ml. of 15% NaOH solution. The pH of the
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aliquot was meoasured and adjusted to a range betwoen pH B.5-0.8 with
en acid solution containing équql amounts of concentratsd HC1 and
concentratod HBPOA’ 13 ml. of redistilled isobutarol wos then added
and the vossels wore shaken vigorously for 1.5 minutes. Thoy were
ecntrifuged for 2 minutes. The bottom aqueous layer was removed

by cuction with o eapillary tubs. 2-3 gme of anhydrous ‘Z@@.QSOh were
added to the extrast to remove the lasttraeces of wmter. The

vessecls wore shaken to mix and cemtrifuged for l.5 minutes, The‘
clear oxtrast was poured into dry fluorometer cuvettes and the
fluorescence was measured in a Coloman Elsetronic Photofluorometer
set et 70 with tho quinine sulfate refeorence solution. A blank
reading, blank ccntaining no thiaminc but all the roagonts, wes
subtracted from each sample reading to corroct for any preformed
fluorescence prosont in the rcagents. The data eollected in at
loast three trials of each amount of thiaminc are showm in Tablo 3.
Thoy were treated statictically by the method of loast squares sug~
gosted by Coward (8, pp.20-2%) to obtain a theorecticel curve. The
statistical data are summerized in Table lis The caloulated curve
was plotted (Figure l.) and used for thiemine ecaleulations in food

and urine semples.

Dotermination of Thiamine in Foods
Lohmenn end Schustor {7, pp.382) have shown that a grecat part
of the naturally occurring thiamine may be present in foodec in the

form of its pyrophosphoric ester kmowm as cocarboxylase. This is



: SUITARY OF RESULTS IN DETERMINATION OF
B ' THIAMINE STANDARD CURVE
@e.ch number is the mean value of two corrected readings (reading - ‘blank]

i Zs thiamine

in aliquet 042 O.}.& 0.6 0.8 1,0 1.2 101‘ 1.6 1.8 2.0 2.}4 2.8 502 306
Lie5 945 13,0 18.5 2he5 25.5 32.0 36,0 LTe5 LheT5 59425 68,0 78425 88475
5¢0 10.5 1645 19425 22,0 3340 3340 37¢5 38.75 455 575 6345 7T8.5 82,0
5.0 940 13475 17.0 240 31425 35.0 37e5 35.75 LL25 61475 69.0 77.25 81.0
- 140 . 21.0 25.5 1),.25 5545 57¢5 770 79.5
Corraoted 26.5 57.25 5640 80.5
fluorometer 61.5
readinge T2e5
59.0
80.0
- 81.0
785
. 68,0

G



DETERIIMATION OF THEORETICAL THIAMINE STANDARD

TABLE Lo

* CURVE BY METHOD OF LBAST SQUARES

Squares of Corrcoted Y

Conocntration Obsorved Doviation Produo®
of thiam‘ine){ " readings from mcan of deviation
from moan

X ¥ e ¥Yx-F @x=-X2 T «Bx=K)
Q.2 Lto9a -} 0&63 - T 0996 2.,0822 Llc 57
0.4 1E.é? «1.243 = 12,0198 1.5450 9.31
0.6 ‘ 031 ‘100&3 - 1)4092 3 1.0@78 ].L.Ob,
0.8 18,25 «0.843 = 15,3 0.7106 18.78
1.0 22,88 «0.643 - 14,7128 0.4L13L 23.51
1.2 28435 = «0.L43 - 12,5501 0.1962 28.25
1.L} 33033 '002}-}3 - 800992 000990 32099
1.6 37.00 «0.,043 = 1,5910 0.,0018 37.72
1.8 L1.56 0,157 + 6.529 0.0246 .
2,0 LL.83 +0.357 + 16,0043 0.127% 47019
2u 58425 40,757  + Lk.0953 0.5730 5667
2.8 67.92 +1.157  + 78.583L 1.3386 66,14
342 115 +1.,557  +121,0568. 2.42L2 75.61
346 82435 +1.957 +161.1590 3.8298 85.08

The walue of corrceted ¥, the theoretical reading, is obtaincd by

the oguation ¥ 2 Y = B(X » X)

s

X = mean valuc of X

Y = corrected fluorometor reading (reading = blank)

¥ = moan valuo of ¥

-X
B S slope of tho curve, obltaincd by ecquation éxxx- :

X - 106L$3
Y = 38.67

B:*-i

3’-3-1 «03531
I L3

3 < 23,68
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converted to the pyrophosphorie estor of thioohrome by potassium
ferrieyanide, but Kinnersloy and Peters (33, p.697) havo shown that
this oompound is not extractable with isobutanol and must be broken
down to obtain correct thianmine values in analysis. Therefors, the
cooarboxylass has to be hydrolyzed prior to oxidation with potessium
forrisyanide. Ensymatic action for hydreclysis has been used by
several investigators. Homnessy and Cerocedo (28, p.179-163) used
& liver preparation, Tauber and Lohmemn end Schuster (20, p.93)
tried stereh-splitting enzymes like mylase, clarase, taka&iastaae.
Conner and Straub mede an extensive atudy to detesrmine the effective=~
ness of these different onzymes, They came to the conclusion that
5% takadiastese or 5% clarase are the most effective ones, and
similar in their action in hydrolysis of starches., Hallidey end
Deuel, in 1941, (21, p.555) proposed & mixturs of 5% papain and

5% takadiastase to freo thiamine from its protein complex. To
determine tho thiemine values of the foods used in the experimental
diet of this study, the following procedure was used,

Four samples of each kind of food were weighed out==the size of
the sample depending on the estimated thismine content of the food,
The sample was mixed in a Waring blendor with 75 ml. of 2% scetic
acid for 2 minutes; 25 ml. of acid wore added rinsing the 1;£d end
sides of the blondor and mixing was continued for one more minute, '
The total volume of the mixzture was then measured, one half of it
wag poursd into an Erlemmeyer flask, and the other half was dieoa?ded'

5 ml. of 5% papain end 5 ml. of 57 takndiastase were used to rinse



tho sides of the measuring cylinder end then added to the semple.
The semple was incubated at 379C, over night, at least 1 hours.
After this digestion perlod the mixture was brought to boil to
inactivate tho ensymes, It was ocooled under running water and
centrifuged for 10 minutes. The supernatent liquid was filtered
through a sharkskin filter péper. 5 to 25 ml, aliquots of the fil=-
trate wore used aooording to the estimated thiamine content. The

pH of the aliquot was adjusted to L5 and the volume was made up to
25 ml, with buffered water, pH L5, The procedure after that was
the seme &8 in the determining of the thiemine standard curve,
desoribed above, One sample of each kind of food was used for a
blank detormination to detect any other fluoresoent materiel present
in the foods The blank was run as the othor samples except that the
oxidation with potassium ferricyanide was omitteds The blank reading
was then subtracted from the readings of the other samples to

obtain the value of fluorcscence caused by thiamine in the samples
To the fourth sample of each food, a cortain amount of thiamine
hydroohloride was added for a recovery tests The valuesobtained 4in

food doterminations are shown in Table 5,

Dotermination of Thismine in Urine

To determine the thiamine content of preserved urine, a 100 ml.
sample of seoh collection was measured. The pH of the preserved
urine was determined and adjusted to pH 4.5 with saturated sodium
acotate buffer, The volume of the added buffer was measured

carofully and edded to the volume of the 100 ml, sample for later



TABLE 5.
DETERMIFATION OF THIAMINE IN FOODS OP THE DAILY DIET

Food Amount Weight of Thiamine Average thismine Thiamine per Thiemine in
sample in ssmple in semple 100 gme food deily amount
Ele e IMCTe L :{ e _ . 1)

Milk, evaporated® 100 2 147
1.51
.51 1.50 5 75

Carrots, canned 100 30 5.68
5640
Seh0 549 18 18

Beef, round 100 10 9.92 -
6.0
6.26
8.16
7431
8016 7‘70 ?7 77

Vheat gern é6 1 23,89
22,08
19.11
22.5,
20,30
22,06
20453 21.50 150 129

* The enzyme solutions used for determining thiamine in milk were made up in distilled water
instead of buffer.



TABLE 5.

DETERIIMATION OF THIAIMINE IN FOODS OF THE DAILY DIET
(Continued)

Food

Amount Welight of Thianine Average thiemine Thiamine per Thiamine in
sample in sample in sample 100 gme food daily emount
Pfe e ECZe _ nOZe mege i)

Pears, camned

Pcaches, canned

Green beans,
canned

Orange juice

100 100 9.51
9.98
9.51
L 1202‘2
10.53 10.10 10 10

100 50 5¢39
539
599
5.67 5.61 11 11

100 20 8.31
8.82
9.52
10.08
8.82 9.11 k5 L5

166 10 8.52
8.04
7.08
840L
Telihy
Tohhy
Tolis 772 . 7 127

1€



TARLE 5,

DETERITHATION OF THIAMINE IN FOORS OF THE PAILY DIET
{Continued)

Food Amount Welight of Thismine Averago thiamine Thiemins per Thiamine in
semple in semple in sample 160 gm. focd daily amount
B gme  mORe _moZe moge . TOme

Cream of wheat 20 845 551
5¢13
513 5¢26 59 i

Fgg, BoPet sl 10 9.79
9.16 ’ )
.89 9e55 955 51

Chease, American 30 5 2,12
Cheddar 2.55 | :
2.5L6 2438 Le 1

Bigouits 1_ia 20 533
L.87
H5e21 L1911 26 28

Cookics o6 10 2:30
2:68
255 251 25 2,

* Tho average weight of the cdible portion of the cggs wasm wsed in caleulations,.
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thiamine ealculation, Aliquots of 2 to 15 ml. in volume were taken
of the buffered urine, the volume of the aliquot depending on the
expested thiamine content of the urine, The aliquot was made up to
25 ml. volume with buffered water, pH L5, Three aliquote of cach
semple were taken and to one of them & lnovn smount of thianine
hydroshloride was added for a recovery ‘hést. The rest of tho pro-
cedure wes ossentially the seme as in tho detormination of tho
thismine steandard curve, differing only in theo blank determinntion.
When the two 10 ml. portions of the 25 ml. EC1 cluate woro pipetted
into 2 reaction vessels, one of them was used as & blank by cmitting
the addition of potassium ferrioyanide. This blenk reading was
subtracted from the aliquot reading. For tho recovery, both portions
wero oxidized and the averago of the dblank readings of both other

aliquots was subtracted from the reedings of the recovery aliquots.

Deteﬁninatlon of Creatinine in Urine

The oreatinine content of preserved urine was detormined with
Folin's mothod (26, p.6839) which is based upon the property of
creatinine to yield a definite color roaotion in the presence of

pioric eoid in an alkaline m@di\nn.l

1, The creatinine determinations were made by Betty E. Hawthorne,



RESULTS AND DISCUSSION

The daily date of thiamine and oreoatinine exorotion waluses are
summarized in Table 6, and in Figure 2, In the statistical treatment
of date, for the first period of the study the walues of the last
10 days were used. Tho first 5 deys were considered as an adjust=
ment period. For the second period when the thiamine intake was
lowered, the first /4 days sorved as en adjustment period, end only
the values of following 10 days wero used in the statisticel treat-
ment of the deta., On the last day of the study a 5 mg. oral test

dose of thiemine hydrochloride was given to each subject,
TWENTY-FOUR-HOUR EXCRETIONS OF THIAMINB

As showm in Table 6., the mecan values of the daily thiamine

excrotions of the four subjcots ranged from 100.5 to 275.6 meg.

for the first period and from 35.6 to 8.5 moge for the last period
of the study. The variation in day=to-day values of each subjeot
' is more noticeable on the highor intake level. It is especially
groat for the subjeet RBD who oither had big enmough stores of
thiamine becéuse she had been taking browers' yoast ‘preﬂ.ous to

the study or besauss her requirement ﬁas smaller than that of the
others due to her emaller body size, indicated in Table 2. and also
indicated by her oreatinine excretion value, Table 6. The f£irst
roason may be closer to the truth since her thiamine excretion was
constantly diminishing throughout the first period. Ilickelsen,

Caster, and Keys (L4, pp.254=258) showed that variations in thiamine
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DAILY BXCREPIONS OF THIANING, CREATINIIEG, ARD TEIANIVE PER GRAM OF OREATININD FOR FOUR SUBJEGTS OF CONTROLLED DIET
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| SABLE 6, (Continued)

1) %he standard deviation of the mean in each ¢ase has been calou=

¥ g2

m Wh@?@ S.Domn. & the

standard deviat&on of the meen and d 2 the deviation from the actual

lated by uging the formula: $.D.m =t

[

MOBNe

2) %he stendard deviation of tho difforence between two means has

been éaloulate& by using the formulas Eﬁml - my* tV .D.ml"2 + 8.D. mea
in which Dmy - mp & difforence between i’n'st and seoond meens ,
3) i‘or the purposes of this study, a dif‘f’erence between the two
means wmeh is two ‘himes the standard deviation of‘ the differenee
boﬁr@@n means is considere& sigmii‘ioan‘b. '

L) subj@et vomited ai‘t@r having ingested the thiamine supplement;
end part of her br@akf&st.

5) Subjeot forgot to eat 10 cookics and ate them the mext morning.
6) Subjeet was nauseatod end hed diarrhea, vomitod lunch and
skipped diumners

7) Subjoct did not sat hér cookiess
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FIGURE 2.

DAILY URINARY EXCRETIONS OF THIAMINE AND CREATININE
OF FOUR ADULTS ON CONTROLLED DIET
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oxorctions of individuals arc considerable on intake lovels of 0.6
t0 2.0 mg. of thiamine daily. The seme euthors (43, p.415) stated
that variability in data became more marked when thiamino inteke
was increaseod. Concerning individunl variation in cxoretion of
thiamine, Daum, Tuttle, and Wilson (12, pp.398-403) roported that
- on any sonstant daily lovel of thiamino intake an individual
.éhowed day~to~dey variation in urinary oxcretion of thiamine, the
more so as the intake and oxoretion of thiamine insreased.”

There is also a marked differenco in the thiamine exsretion
levels betwesn the two larger subje;:ts, CAS and HAL, and the two
smaller subjects, MW and RBD, Figure 2, That body size is a
faotor in thiemine requirement of man has boen reported by soveral
investigators., Jolliffe and co-workers (30, pp.198-211) found
indications that smaller subjeots excreted more thiamine than larger
onss when maintained on the same intake level, Daum, Tutti_e, and
Wilson (12, pp.398-403) statod that "there is remson to surmise
that difforences in the mass of active metabolizing tissue would
be reflected in differences in the thiamino requircment of indivi-
dunlSe.ess Increased body sizeo, espeoially in msss of active,
metabolizing tissue, would oall for inercasing absolujto amounts of
thismine in man." In contradiction to these statements is the
finding of Elsom, et al. (15, pp.569-577) that the ocutput of thiamine
wos independont of the body waight of the subjects on their study.

The thiamine excretion valucs of these subjeots can be eompared

to the walues obtained in other experiments. MNason and Williams
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(36, ppe2i7=255), having their subjects on 1000 moge. deily thiamine
intake lovel, statod that if the output was 100% 10 meg., the
thiamine inteke was sufficient for minimal needs. lelnick, Field,
and Robinson (42, pp.593-610) maintained their subjects on the same
intake level of 1000 mege daily and obtained excrotion wvaluos from
237 to 28 mog. which compare with the highor veluss of this studys
Gifft and Hauok (18, pp.635-6Li5) gave vitamin B-complox tablets to

. their subjects for 6 days prior to the study. The subjeots were then
meintained on intake of 600 mege per 1000 calories which ie higher
then the intake for the firgt period of this study. Their exoretion
values ranging from 195 to 210 mog. wore no higher than the moon
values of the two smaller subjecte of this study during the first
period. Hatheway and Strom (25, pp.1=8) fed 3 normal adult women

e synthetio dist with a daily thiemine intake of 1000 mege The
average exoretions were 113, 116, end 14T mog. daily. These are
lower valucs than most roported in literature for subjects on
comparable intake levels. Jolliffe and co=workers (30, pp.198-211)
reported daily thismine output values of 319-676 mege. when the intake
level of the subjects was 56l mog. per 1000 calories. ' They also
stated that the deficiency symptoms did not appear dbefore the output
was below 100 meg. daily. The intake level on Jolliffe's study
sorresponds approximately with the intake during the first per_iod of
this study, whoreas the excretion range is considerably highere
However, the subjects of Jolliffe had prior to the study had a

"eontrol period” during which they received large amounts of thiemine,
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so that they were in a stage of saturation when the experiment was
astarted,

As indicated in the oase of RBD, tissue stores of thiamine
cause variation in the excretion and higher levels of output. The
low exoretion wvalues of HAL may be éaused by poor thiamine nutrie
tion previously., That tho previous ﬁietary intake of thiamine 16
an inportant faotor in thiemine excrotion on controlled diet has
been shown frequently in literature. lason end Williams (36,
ppe2li7-255) came to the conclusion that evidemce of tissue storage
of thiemine may be found in exorction as long as four wesks after
restriction of the inteke to L00=600 mog. deily. Daum, and
co-workers (13, p.1049) had a group of subjcots on 140 mog. deily
thiamine intake lovel until they were depleteds When transforred to
a level of 1340 mog. thiemine deily, their exeretion did not increese |
until the third month, NMelniock (39, pp.139-151) compared tho urinary
thiemine exoretion before and after tissue saturation of 6 normal
adults maintained on 1000 meg. daily inteke. The daily excretion
was 145 meg. before and 317 meg. after saturation on the same intake.
0ldham, .Davis and Roberts (47, pp.163-180) had young women on
different thiamine intake ievels. TWhen the inteke was 510 mog. per
1000 calories, the averago exéretion was 107 mog. before and 196 meg.
efter saturation., Robinson, lelniok, and Field (50, pp.399-408)
observed 2 groups of hospital patients, males end females, divided
according to their estimetod previous thiemine nutrition. The daily

excretion of the group considered to be on normal levels was 90 mege.



a

or more for males and 60 mog. or more for femeles, the corresponding
valuee being 66 meg. or less and L43 or less, respectively, for the
group which had had poor thiamine nutrition.

The deily thiamine intake during the lact period of this study
compares approximately with the intako of 625 mog. daily, recoived
by the subjects of Daum, Tuttle, Wilson, snd Rhodes (13, pp.1049).
These authors roported that the daily thiemine eoxcretion of the
subjeots on this lovel diminished for the three first months of the
study averaging 31 mege which suggested that this intake was not
sufficient. 0ldham, et al. (47, pp.163-180) meintained their
subjoets on the inteke level of 360 mog. per 1000 oalories which io
somowhat higher than the level of the last part of this study. Their
exoretion values averaged 107 ;mcg. daily which is considerably highoer
than the average values obtained in this study. leson and Williams
(26, pp.2L7-255) roported that when their subjects wore maintained
on 600 mog. daily thiemine intakes, the exerotion of those with good
storees of thiamine ranged from 196 to 233 meg. and of thoss with
poor stores from 52 to 71 mege. daily, Tho first wvalues ere high on
this intake level if compared with éthers on comparable intake,

According to the investigations reviewed above, it may be
assumed that 90 to 100 meg. is tho critieal level of daily urinary
exoeretion of thiamine. S8inceo the average output of the four sudbjeots
on this study wes cbove this level dur.tﬁg the first half of the
exporiment, it indicates that the intake of 0,5 mg. per 1000 ealories

was enocugh to meet thoe requircment of those subjects, although the



L2

larger subjeots, CAS and HAL, might have needed higher intakés for
optimal thiemine nutrition. The average exoretions during the last
period of the study feoll below the critical level of 90 meg. showing
that tho intake level of 0,3 mg/1000 calories deily was not adequate
to meet tho thiamine requirement of any of theose subjeets, It should
also be noticed that during this low thiamine period the thiamine

exorotion of sach subject was constantly diminishing.
DAILY THIAMINE EXCRETIONS IN PERCENTAGE OF INTAKE

As shown in Teble 7, the daily thiamino oxercetion in peroentage
of the intake ranged f:"om:9.8 to 26.8 per cent for the first period
and from 5.7 to 12.5 per é}on‘t for the seoond period of the study.
These figures may be compared to similer values in the literature.
Tho subjeots of Gifft and ‘Hauck (18, pp.635-845) were in o state of
seturation when the study was started. They received 600 mog. of
thiamine per 1000 calor:_l-e€ and the excretion wvalues in peroentage of
intéke were from 9 to 17 ;er cent which is surprisingly low if ‘
compared to values obtained in this study on a lower thiamine intoke,
Their subjects were stated to have sufficient thiamine nutrition.
Melniek, Field, and Robinson (42, pp.593-610) reported higher
exoretion lovols, Their subjects on 600 meg. daily intake exoreted
0«17 per cent of tho intake, and whon the inteke was inoreased to
1000 meg., tho exoretion also inorcased, ranging from 21 to 25 per
cent of the intake. Tho subjects of Jolliffe and cosworkers (30,

Pp.198~211), on an inteke levol of 56l mog. of thiamine per 1000
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calories which approximately compares with tho intake level of the
first pert of this oxperimont, excreted 13.1 to 25.7 por cent of
the intake.

When considered in comparison to the reviewed results above,
the exorction values of this study seem to fall wifhin the same
range if the first period of the study is considereds. Bven tho
lowost peroentago, that of HAL, compares with those stated as normal
by Gifft and Hauck. %he range of the porcentage om the low intake
lovel is markedly bolow that of Melmick's subjeots on a comparable
lovel of inteake, and way bo considered as subnormal. Henece,
according to these cvaluations of thiamine nutrition by dotermining
the exorotion in percentago of the intake, the intake of thiamine
during the first period of the study was sufficient, but during the

socond period it was inedequate for all of the subjcots.

TABLE Te

MBAN THIAMINE EXCRETIONS IN MCG, AND IN PERCENTAGE
OF INTAKE FOR BOTH PERIODS OF STUDY

Subjoeet Intake Output

omoge . mogs ¢
1028 268.0 2641
ML 628 7845 12.5
1028 100,.5 9.8
HAL 628 356 SeT
1028 : 132,5 12,9
CAS 628 8.5 Te7
1028 275.6 26,8

RED 628 | .5 11




RECOVERY OF THE TEST DOSE

A 5 mge. orel test doso was gliven to the subjects the last day
of the study. The recovery in the 2i~hour urinary exoretion was
determined, The percentage of the recovery was calculated in

relation to the total deay's intelke., Tabls 8, shows the recovery

values,
TABLE 8,

RECOVERY OF A 5 MG. ORAL TEST DOSB

IN MCG, AND 1IN PERCENTAGE OF INTAR®
Subject Total Intake Recovory in 2l Hours

— nog. _ _moge -

VLW 5628 ioh.7 345
HAL 5628 130.8 2.3
CAS 5628 Ua.5 245

RED 5628 3157 6.7

The subjects whose thiamins excretion hed been lowest during
the study also had the lowest recovery values showing that they
were more depleted in thiamine than the others. These results may
be compared te results of similar experiments as stated in theo
literature. Robinson, lelniok and Field (50, pp.%9-408) gave a
5 mg. oral test dose of thiamine to two groups of subjects. The
first group who had adoquateo thiamine intake previcusly excreted
more than 7.5 per cent of the test dose during 2l hours, and the

seocond group whose thiamine intake previously had been inadequate
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exerotod less than 7 per cent of tho tost dose. lelnick and Field
(41, pp«131-138) also comsidored that an individual who oxereted
leas than T per cent of & 5 mz. oral test dosec of thiamine was
deficient im the vitamin. Goldsmith and Sarett (31, p.129) gave

_tho same %test dose to 7 subjosts on adequato thiamimo imtake, 150
neg, was oxorsted during the £ivet L houwrs. Gifft aud Hauck (18,
ppe635=6115) obtained recoveries of 15 %0 22 por eent of the same
xtest dose in 2l hource They stated that the subjoets had adeguats
thianineg nutrition. A4 comparison with these findiﬁg& shbﬁs that all
thé.subjects of this study had inedequate thiamine leovels. Even
the highest wvaluo, 6.7, is bolow the critical level of 7 per cent.
Henceo, the rocovery of the test doso indicates that tho intake of
03 mze por 100C calories which was consumed during the last half
_of the study was not &dequ@%e for theso subjects.
DAYLY THIAIINE EXCRETIONS IN RELATIONSHIP
70 CREATININE EXCRETIONS

The deily thiamine excretion values were also calculated in meg.
per gram of creatinine. The.values-are-shown in Toble 6. Adamson, ot
ale {1, pe25) uscd this mothod of oxpression ﬁhen surveying the nntfi-
- tiopal status of a population in Nowfoundland. Aecording to their
statement, 150 meg. exersetion of thiemine per gram of creatinino indi-
cates normal thismine nutrition, while 50 meg. or less of thiamine per
gran §f creatinine indi#ates o state of deficiency; The mean thiamine
exeretion por gram of creat&mime of the subjects inm this study ranged
from 80.2 to 249.9 meg. for tho first and frem 27.5 to Tl.0 meg. for

the second poriod of the studys These figures, according to the
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statemont of Ademson end co=-workers, show that the subjeets during
the first poriod of the study had adegquato lovels of thiamine, at
least even the lower values were above the 50 meg. excration level.
During the second period, two of the subjects dropped below the 50
moge level and the other two ceme quite close to it, This indicates
that the thiemine intake during tho sccond poriecd was not adeguate
for the subjeocts. Thoso indications of thiamine nutrition of the
subjects cheock approximately with those obtained by total daily
thiemine exoretion values. Thore are only slight variations as the
above montioned fact that only two subjects during tho second peried
dropped below the oritical excrotion level vhereas,when considered
in rolation to the ‘total meg. of thiamine %xcreted in 2} hours, all
the subjeects §howed inadequate thiamine nutrition. This variation
in result, ho’%rever , mey be just a matter of interpretation, and it
seems to be q{lite valid to express the thiémine exorotion in mog.

per gme of créatinine.

)
1

1f body éize or the emount of muscle tissue, as indieated on
page 33, was ‘i'he detemining factor in thiamine requircment of en
individual i#. should follow the rulo that a subject with higher.
oreatinine ex‘;retion should roquire more thiamine than & subject
with lower creatinine oxcretion, and hence, exoretec less on the
-sam‘o intakes This was truo in this cxperiment with the exception
of thiemine excretion values of HAL. The smellest subject, RBD,
exereted the least creatinine and the most thiamine, The next vos

MM, but in case of CAS and HAL the order was roversed., CAS wus
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larger and exeroted more creatinine, but her thiamine exerotion also
was highor than that of HAL, although the difference was never very
bige Henece, some other factors must be involved besides the amount
of puscular tissue in detormining thc thiamine requirement of an
individual, One of them, as montioned before, may well be theo
previous dietary history, but other factors might well also be
involved, Between the daily excretion values of thiemino and
oreatinine for & given subject, thore did not seem to be any dotoo=
table roleationship according to the walucs obtained in this study.
An inoresse in oreatinine oxeretion did not necossarily eause a
decrease in thiamine exoretion or vico vorsa. (Figure 2.) The
creatinine coefficients which were calculated for this étudy, valuecs
given in Table 9, do not seem to have eny dircet reletionship to
the amount of thiamine exercted by these subjectse
DETERIIRATION OF THIAMINE PER GRAI OF
CREATININE IN SEPARATE VOIDINGS
When the study was over, the subjeets were asked to prescrve
ono normal day's voidings separatoly for thiamine and ereatinine
detorminations. The dist of that dey was not controlled. The purpose
of this procedure was to gain more information as to whother the
rolationeship of thianine excretion to creatinine oxeretion is constant
in diffeorent voidings of the day. Aecording to the report of
Adamson, ot al. (1, p.25), as montioned previously, it was assumed to
be fairly constant since they expressed thiamine exoretion per granm

of croatinine by analysing an individual voiding of urine.



CREATININE COEFFICIENTS OF FOUR SUBJECTS ON CONIROLLED DIER

TABLE 9.

Lo

Day ef

experiment MLW BAL CAS RED
Preliminery 19.82 18.50 2. 22.7h
. 18.92 18.97 22,37 22.53
2 20.36 9.4 22,22 22,32
3 18.55 20.06 22,22 23,79
L 18.20 20.06 21.65 - 21,26
5 20,00 19.55 ® 23%.16
é 20.18 ® 21.9% 23,16
7 20.18 18.81 20.49 23437
8 20,18 19,75 20.92 22.95
9 20.18 19.28 21.07 23,16
10 20,36 18.97 20.92 22,95
11 20,54 20,06 21.21 22.74
ie 21.80 20.06 22,08 2hi2
13 20.72 19.75 22,08 2Lh.8L
i 20.90 19,59 21.P 22.95
15 - 21.26 20.22 21.65 21.89
16 20,72 9.9 21.%6 26411
17 21,08 20.22 21.79 22.7
18 20436 20.22 22,66 22.74
19 19.82 19.91 22, 91; 23.58
20 19.82 19.91 22,66 22,7,
21 19.28 20,06 22,51 22.7

23 20.36 19.91 22,51
2l 19,64 21.16 22.37 23.37
25 2045 20.69 2%.38 23458
26 20436 19.75 22.00 22,7
27 19.6l; 20.53 22.22 22,53
28 20,36 21.16 2251 23,16
29 19.28 20.06 22.08 21.89
30 20,00 20,69 21,36 22.32

Avorage for

30 days 22,01 23.07

20,13

19.96

% Value missing because of some loss of the urine.
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The primary reason why these soparate voidings of ono dey were
analyzed was that, as shown in Table 6. and Figure 2., therc was
some loss of urinc on eortain days. The part of the urine preserved
those days was analyszed for thiamince and creatinine and an attempt
wes nade to estimate the day's thiamine oxeretion by caleulating it
in reclation to the average creatinine oxeretion of the subjeote. The
cnlculated values were as follows: HAL, the 6th day of ¢the study,
117 megsp CAS, the 5th day of the otudy, 176 mege.s and RED, the 23rd
day of the study, 101 mege Theae results do not seem to differ very
nueh from the thiamine cxeretion values obtained in the days elesoc to
thess particular ones oxcopt that they aro somcwhat higher, that of
RBD being considerably highor than tho values for the other days
during the same period of the study. Toblo 6.)

The walues obtained in this oxperiment are showm im Table 10.
They show considerablc variation from voiding toe voiding in the
ratio of meg. of thiamino per grem of creatinine. And a8 an indica-
tion of the total deily output the separate valuea vory greatly.

. Hoirever, any velding of o giveor asubject could give an approximate
jlluctration of the thiemine lovel of the subjecte Tho first value
of RBD is on exccption being unduly high in comparison with her
other values and tho deily total oxcrotion of thiamine, The results
of this particular oxperiment seecm to indicate that on lower oxere=
tion levels, there is less variation from voiding to voiding in

thiemine exeretion values per gram of ercatinine oxereted in the same
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TABLE 10,

THIAMINE, CREATINING, AUD THIAMINE PER GRAM OF CREATININE
IN SEPARATE vommas oF 2l4=-HOUR PERIOD

Subject Time Volumo of Thiamine Creéatinine Thiemine Mean thiamine

preseyved per gram' per granm
urine aroatinine creatinine
— i » mle ) ,mog. DhZe . mogm. moge
MR 12:00 A.M, 9%k 51,5 17 302.9
6425 P.l, 22l 6949 21 332.9
8345 P 178 51.9 o1 37047
7t00 A.M. 423 Vo9 29  275.5 3205
Toted 1019 = 253.2 +81
BAE, 12100 AN, 275 22.3 22 101.4
‘ 5500 Polle 186 ' 23.7 22 10707
11830 PJM. 247 31.2 30 104.0
6150 Aste 536 37,1 35  106,0 _ 104.8
Total - nh.;L 109 »
CAS 9310 AT, 337 57.6 23 250.4
1200 P,1M, 3&2 5101& .2)4. 2114.2
6aii5 Poe 211 50444 35 k.0
7:00 A0, 845 129.6 oI5 1728 195.4
Total 135 2600 .57 .
RBD 113100 AJM. 219 76.2 .15 508.0
5315 Polls 562 37.2 019 19508
11:15 Pl ’ 212 6549 036 - 183.1
7500 A, 1)1 63.3 29 2183 2755

Total sk oo 1a7




voiding. lore data would be needed bofore making eany conclusions

in this ficld.
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SUITTARY AND CONCLUSION

Four normal adult women were m&inté.ined for 30 d&yﬁ on &
controlled diet which furnished 2000 calories per days. Por thé
first period of 15 days, 0.5 mg. of thiaminc por 1000 ealories
was given to the subjects, Fgr the last pgriod of 15 days,
thiemine inteke was reducod to 0.3 mege. per 1000 ealories.

The average values for %—hour urinary excretion of thiamimo |
for the first period ranged from 100.5 to 275.6 mc.g. or from 9.8 |
to 26.8 per cent of the intako, and for tho last poriod from 35,6
to T8e5 mege or 5.7 to 12,5 por cent of @e intake, |

The 2h=hour response to o 5 mg. oral test dose of thiémine
given the last day of the study ronged from 130.8 to 375.7 mege
or 2.3 %o 6.7 per cent of the total intake of tho day.

Thore seemed to be evidence that, im general, thiomine ezere=
tion was related to ereatinine excrotion. The subjects with lower
excrotion levels of ereatinime had highor ~‘hhia§ﬂm@ excretion levels
end vice vorsa when the imtake was the scemo. |

The daily %iaminel exemtion values as celeulatsd per gram of
oreatinine averaged from 80o2‘ to 2&9.9 mege pér’ gram of oréatinine
for the first poriod and from 27.5 to 71,0 mege pér' gram of créatinine
for the last period of the study. |

The values for excration of thiamine per grem of creé.-tin@ne in
2h=hour separate voidings wore dotermined for ome day; The vaii&-:
tion of this ratio from voiding to voiding was consideorable for cach

subject, but each value might still give o very approximate estimntion
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of daily thismine ocxerotion of the subjeet. The data obtained in
this short study do hot give suffiocient materiel for any ooﬂclusion.
The Food and Nutrition Beard of the Wational Research Council's
recammonded daily allowance of 0.5 mg, of thiamine per 1000 calories
proved to m@@t the needs of these four swbjoets as measured by usunl
criteria, It was hone too high an intake for the subjeets with
larger amounts of muscular tissuc. The intske of 0.3 mg. per 1000
calories wag mé‘t adequate for any of these subjeets. The bedy size
and the previcus thiamine- nutrition of the individual scemed té be
dotermining factors in thiamine requirement, but other factors may

be involvede
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