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INTROTUCTION

The development of the Thiochrome Method for determining
thiamin by Jansen (5) gave rise to & number of investigations
of the ggntenﬁ of thiamin in different organs and in body fluids
of bathﬁhumans and snimals, and both on normal and on thiamin
deficient diets (See Westenbrink =nd Goudsmit, 15). Another me-
thod for determining thiamin, the Phycomyces method of Schepfer
and Jung (9), also contributed considerably to the progress of
similer work {See Sinelar, 10 and Meiklejohn, 7).

A series of investigablions of the thiamin content of differ-
ent organe by application of the welllmown curvative pigeon test,
had already been garried out before the above two methods were
developed; due, however, to the unsystematic nature of these in-
vostigations the results must be taken with considerable resere
vation (See Williame and Spies, 16).

The present work was an attempt to investigate the relation
hebwoen thiamin intake snd ite urinary exeretion in normal men.
The method applied 1s the Thiochrome Method modified by Westen-
brink and Goudsmit (14) for aspplication to determination in urine.
From the experimentzl data an abtempt will be made to deduce
some information concerning the storage and destruction of thias-
min in the normal human body. It ig %o be hoped, that thie
knowledge mey be helpful in later studies of the metsbolism of
thianmin in pathological cases.

The Thiochrone Method depends on the fnet that thismin cen

be oxidized with ferricyanide in alkaline solution to a



e

strongly fluorescent substance, thiochrome. This substence can
be extracted with isobutancl from the agueous oxzidation mixture,
and its fluorescence mzy be obgerved and guantitavely deternined
with ultreviolet light,

This method has already been worked out in great detail hy
Jansen and Westenbrink as mentioned above, and it was not cone-
sidered necesgary to try to improve their method, but it was
necessary to adapt the method to the limited facilities of this

laboratory.



EXPERIMUNTAL PART:

1. Methods:

Adentation of the Thioehrome Method to the facilities of the

iaboratory.

The Thiochrome Method as described by Jansen (5) and in 1ts
modification by Westenbrink and Goudsmit (14), could not be ap-
plied without modification, since no photoslectric fluorometer
wos available, Karrer (6) hes reported the application of the
Thiochrome Method without such a photoeleectric fluorometer. He
determined the relative fluorescence of thiochrome solutions by
direct visual observation. %This simplification hog certain ade
ventages because it omits the use of an expensive and sensitive
galvanoneber.

As a source of ulitraviolet light Karver used a Hansuer
Analyse Qpartz Lamp. This expensive instrument not being aveil-
able, a satisfactory source of ultraviclet light was found in
the "Argon Bulb' menufactured by the General Electric Vaporlamp
Corpany. This lamp emits some visible light in the violet as
well as ultravioclet and to obtain purs uliraviolet light it was
necessary to transmit the light from the bulb through No. 597
Corning filter. The lamp and filter was buillt into a prectical
unit by mounting them in & wooden box, which is pictured on
next vage.

The main difficulty in applying the Thiochreme Method to
urinis, as Westenbrink and Goudsnmit already have observed, that
urine contains a considerable amount of fluorescent material
which tends to produce & very high blank value for the determine

ation, and thereby decreases thk accuracy of the determination,
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particularly when only small amounts of thiznin are present.
To diminish this source of uncertainty in the determination,
the method of Westenbrink and Goudsmit (14) was adopted, after
other methods had been tried unsuceeeafiili&f"’ In particular it
was attempled to sxtract the disturbing fluorescent substances
with different solvents, and by adsorbing with activated chape
coal, but in bobth ecases only negative results were obiained.

Wleatenbrink and Goudsmit used the following technigue to
male a preliminary separation of the thismin from disturbing
fluorescent substances:

"Wrine was diluted with 3 to 10 times its volume of water
and brought to pH= gbout 3 by adding hydrochloric acid. 100 mg.
Franconite KL per 30 ml. urine are added and the mixture is
- stirred for 3 minutes. The Franconite is then separated from
the liguid by centrifuging washing successively with acidulated
water pH=3 and 96% alcohol and dried at 100° C.M

The adsorption of thiamin on framconite is so strong that it
can be accomplished even if the urine is first diluted 10 times,
but the disburbing substances are not absorbed nearly as well
under the conditions deseribed. This vesults in a quite effective
quantitative separation of the thiamin present in the urine from
the disturbing substences.

Yhen the investigetion was started no Franconite Kl was availe
able, and before it could be obtained from Germeny, another applice
able adsorption material was cobtained. It was found that Fuller's
earth could be used, and it was applied throughout the investi-
gation. With this material a pH of U was better than a pH of 3,
and instead of 100 meg. per 30 ml. urine (as with Franconite), B

grams of Yuller's sarth per total individual daily excretion of
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urine was used.

The use of so large an amount of urine as the total daily
excretion of a» men was due te the fact thet in cases of very low
thiamin excretion, it was necessary to have all the excreted
urine to be able to determine the thiamin, BSince it was desirsd
to standardize the methed throughout, the same technique was ap-
plied for urine with high thiamin content. The fact that the
experimental persons excreted abomt 1000-1500 ml. urine in 24
hours, and that this urine had to be diluted %o 10 times its own
volume, gave rise to difficulties concerning the centrifugation
of the Puller's earth from the dilute urine. It was undesirable
to leave the urine and Fuller's earth in contact with each other
more than a short time, partly because this would proleong the
procedure, and also beceanse it would interfere with the results
gince the disturbing substances are aflsorbed if given a suffica
iently long time. A Sharples centrifuge was found very us;;dl
for the purpose of separating Fuller's earth from the dilute up-
ine after adsorption. The centrifuge was equipped with two 20
Liters jars (see p. 6).

With the method of Jansen (5) it is possidle to stendardize
the galvenomster readings szgaingt known ameunis of thismin, and
is unnecessary %o compare the unlnown solutions with fresh stane-
dards as described by Karrer. The fact that the thiochrome solus
tions did not seem to be stable (if not made up by dissolving
pure thiochrome, which was not available at %his tine) mede it ime
possible to meke up 2 known series of standards with which the
unimown thiochrome sclutions could be compared. To avoid the re-
peated maling of standards an attempt was made to find a compound

other than thiochrome poseessing a similar fluorescence, but



-8

RELATION BETWEEN FLUORESENCE OF QUININE STANDARDS AND
THTIOCHRQME SOLUTIQNS.
microgram thiochrom/15 ml isobutanol

AL

1 2 3 4 5 o

microgram Quinine sulfate
pr. 10 nl 0.2N sulfuric acic
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stable in solution for = considersble length of time. Such & sube
stance was found in @uinine suifate. An sgnecus acild selution
of this compound has a bluish-green fluorescence, thel resembles
closely that of thiochrome. A series of standar& solutions of
quinine sulfate in 0.21 HpSOy were mede up, snd their "thiochrome
values® determined by comparing thenm under ultraviolet light with
known smounts of oxidized thismin., The concentrations of the
stendards compared with their "$hlochrome values" asre shown on
page 10. It wes found that the relative change in fluorescence
with change in conecentration was the game for thiochrome and qui-
ning sulfate solubions withih cerdain concentration limits, In
other words, if the concentration 1s plotisd against fluorescence
as on page &, we find that within the concentration limits ape
plied, the relation ls a2 straight line. The concentration of the
guinine stendards were chosen by finding the smallest possible
difference in concenbtration it was possible to recognize with
certainty by the fluorescence method. A test for the usefulness
of the concentration range of the standards was to arrange the
standards in the darl: by their fluorescence., This was possidle
with the chosen econcentrations., Fuarthermore, the difference in
concentration between the stendards were purposely chosen so that
a given standard was exaetly 10% higher than the preceding shtane
dard, In this way the difference betwe-n the standards increase
with inereasing nunber of the standards, dut the maximmm uneer-
tainty on the determinabion is constantly 104. (The standards
below Wo. 7}§;;-15% difference in concentration).

AMfver the method had been aprlied for some time it was pos-
2ible %o debermine not onl§f§§3%;e uwnknown tube had o fluorescence

g by

which loy bestween twe standards, but also te detarminewkf it was
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"Thiochrome values” of Quinine Standards.

Standard v Guinine sulfate o Thismin pey
number per 10 ml. 0.2 HpS0y, ml. i-BuOH
1 0.95 microg. 0.082
2 1,08 " 0.093
3 1.24 0 0.107
L 1.h2 @ | 0.125
5 1.68 | 0.1
6 1.95 * 0.166
7 2.30 * | 0,189
8 2.50 * . . 0.206
9 2.71 * 0.223
10 2.96 ¥ L 0.24%0
11 3.22 * L 0.265
12 3.51 ¥ SRV 0.289
13 3.84 ¢ 0.315
1 4,20 | 0.345
15 L.60 ¥ - 0.378
16 5.04 ® : 0.415
17 5.5% * o 0.455



eoually far from both standards or nearer to ons of the twe shanw
dards., Thus it was possible to increase the cortainty of the stane
dard determination to 5% of the measured smount.

Finally one more question has to be discussed, namely, the
amount of ferricyenide applied in the oxidation of the thiasmin,
Both Jansen and Earror found that if the asmount of ferricyanids
used to oxidize a given amount of thiamin was varied, the fluores-
cence of the resuliing thiochrome solutions would alse vary Somee
what. This led each of them tod debterminations with a series of
different amounts of ferricrenide, and then select the thiochrome
solution with the largest fluorescence as the one with the correct
amount of ferricysnide. This method was quite laborious and it
was abtempted to aveid malting mere them one oxidation for each
analysis. This was possible because Jansen (5) had found, that
the 2ddition of methyl sleohel o the oxidatlion mizturs would esuse
the decresse in fluorescence with sufficient excess of fervicyvanide
to be almost zero. By alwsys using =z rvather lorge exeess of ferri-
cysnide 1% was'possible to reduce o 2 minimum the fluetuation of
fluorescence. The fact that the standards were determined with a
ginilar excess of ferricyanide made the results comparsble, even
if the maximun fluorvescence was not odbiained by this methoed. Fury-
thermore, when such an excess of fervicrsnide used, no effect of
using alr as a2 stirring sgent in tho extrection with isobutanol of
the ozidized thiemin solutions could be observed. BSuch an effect
was observed by Vestenbrink and Goddemit and led them to nse Hitro-
gen o8 o stirring asgent.

With these preliminary remarks, 1% will now be possible to

describe the complete method of analysis, as applied to all the



deterninations in the invesitigation:

The volume of the specimen of urine %o be used Ffor thismin
determination, consisting of the total exeretion in 24 hours by
one of the persons cooperating in the experiment, vas first meage
ured. The pH was then determined with = Beckman PH-meter, snd the
urine adjusted to pH b by adding 2¥ sulfuric acid. The urine
wes poured into the top jar (sec pege 6) and tap water was adfed
until the botal volume was 18 liters, as deternined by & mark ine
side the jar. Four grams of Fuller's earth were then added, and
the slectric stirrer started. After five minutes the Sharples
gentrifuge was started, and the suspension run throvgh ths centrie
fuge by opening valve A {sec page 6). The centrifugation took
aghbout 10 minutes. The roltor in the ecenirifuge was then boken
apart and the Puller's earth seroped out and suspended in a 1lite
tle acidulated water, filtered on a Bichner funmel, washed with
96% =2leohol snd finally dried at 100° G,

One gram of the dry Fuller's earth was nq;ﬁ vlaced in eagch of
two cend$rifuge tubes., To each was added 2 ml. 109 NaOH and 1 mi.
methyl 2loohol., After » gentle shelring, 1 ml. 1% ferricyanide
solution was now added to one of the tubes and 1 ml., distilled
water to the other. To both was added 15 ml. isobutanol (Rast-
man) from a burette and a stream of alr passed through the tubes
for § minubtes. This caunsed & $horough mizing of the ¢wo phases.
The tubes were finally centrifuged to separate the two layers
clearly, and the isobutanol layer was flltered into a test tube.

We have novw two test fubes, one conbalning the oxidized thia-
min plus the remesining small amounds of interfering fluorescentd
substences which we shall designate 28 the analytleal tube, the

other with the wnoxidized thianmin (non-fluorescent) but with the
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gsame amount of interfering substances. This we shall designste ss
the blank tube. The two tubes were now compared with the quinine
standards in the box (vec page 4) until twe stendards were found
betwesn which lay the fluvoreseence of the unimown tube. If the
concentr-tion of the thicchrome molution in the analytical tube
wag too great to it with the standards, the thiochroms solution
wag diluted with isobubamol wntil a satisfactory concentration vas
obtalned. ¥he sppr. "Thiochrome value" of the unimown tubes ecould
now be found from the graph on pege 8. 3By subbractiog the value
of the blenk, from that of the anslyticel tube, and taking inte
consideration the amount of esrth used for the adsorption and ana-
lysis, and the velume of isgobutanel of the thiochrome solutions,
the thiamin content of the urine could be computed. However, it
is nacessary bo extrzct the water layer again with ischatanoel if
large amounts of thiamin are present in the urine, because in this
csse the frasction of thiamin left behind after the first sxtrac
tion is considerable. If this was the case bokh the analytical
tube and the Blank tube were sxtracted repestedly with 15 ml. iso-
butanol and thelr thiochrome values determined as sbove. The sunm
of the thiochrome walues for the annlytical dtubes minus the sum
of the walues from the blank tubes gives the thiamin content.

On the next page is given a data sheet ag used during the
work. This contains in 2 convenient way sll the necessary data
for later refereunce.

Ag a ebeck on the method it was tried to ascertain if it is
possible to recover to 100% thiamin mdded to urine. The followe
ing eﬁg_)eriment shows that this is possible’

In person A's vrins from the tenth day of the second period

of the orsl experiments, was found 345 miecrogram thiamin in the
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- analytical tube. To half of the urine, before adsorption, was
added 0.&5 mz. thiamin, and the snalytiesl tube contained U50
mierogram thiamin., The blenk dubes were the same in both cases.
The difference is 105 microgram thiamin. To half of the urine
was added 50 microgran, and 52 nicrogram was recovered, which
is inside the emperimental error.

¥his same type of experiment was repeated once in 2 while

to check the nethed, sand dbmy always come oub ite satisfootory.



VITAMIN By DETERMINATION

ies no: Analysis no: Date: 7 - 193

ject:

al amount of fullers earth: g. Used for analysis: Jo 3

ume of urine: CC. DPg: Added HoS0y, CC. Dy

uted to: liter. Total time for adsorbtion: min,

Ayelss

rac- Volume Quinine By per cc. micropg
M NO., cc standarad i ~BuOH By

1

2

Total: mmg

inks:

;rac= | Volume Quinine Bl per cc. microfg
m Nno., ge standard i-BUOH B,

Total: mmg

fer, mmg = I,Us per day
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The Phycomyvess MHethod:

Skock enltures of Phycomyces Blokesleesnus were meintained
on mall sgar. The experimental enltures were made up with med-

ivm contzining:

MESOL, M0, » o v . . . . . . . 05 gran
BaPOh. « « o o 5 2 0 . ... . 1,8"0
Asparagin « . . . . . . .. . B0
Dextrose . . . . . . . .. .k0.0"

Hade uwp to 1 liter with distilled water. To 10 ml. of this med-
jom was added the desired amount of urine to be tested for thia-
min., The experinental mediz were then euboclaved for 15 minutes
at 15 pounds pressurs, and inoculabed with with equal volumes of
a sberile spore suspension. All euliures wers allowed to remain
10 days at  25° C., the mycelium then Filtered off, dried and
weighed, All experiments were carried out in triplicate. The
weights of the mycelium is proportional te the amount of thiamin
present in the sample. if the weight of the mycelium is not more
than HO mg. Thus by knowing the weight of the nyecelium growm on
a known asmount of thismin (0.1 microgram thiamin gives 30 mg.
mycelium) it is possible to eovaluate the amount of thiamin pree
sent in the sampls.

The method is not as specific ss the thiochrome method, be-
cause Phycomyess is able to uwiilize 2lso cocarboxylase and free
pyrimidine + thiazel. However, this is what in particular makes
it useful for the purpose of determining free pyrimidine or thise
zol, beecsuse if urine conltalns one of the twe, and the other is
added, sn inecrsased growth of the myeelium will be observed. The
response of Phycomyces to cocarboxylase is probably not of any

importance in the case of urine, sinece the latter iz reported to
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contain no coearboxyliase.

1% was attempbed to utilize Fullerts earth adsorbates as
source of thismin for Phycomyces, bubt the mould seens not to be
able to utilize 211 of the thiamin present, vhen i% is adsorbed
on Fullerts earth., Urine wag, therefore, used divectly in the

tegbs.

2. Materials:

Since it was desired to approach as closely as possible to
& natural diet, folen B a concentrate of rice bran  containing
150 micrograms thiamin per ml., was used instead of synthetic
“thiamin for the oral experiments.

Thiamin-hydrochloride was used for the intramiseular in-

Jectiong., It was obtained in sberile solution at = concenira-
tion of 10 mg. per ml. The thiamin was synthesiged by the
HereK & Co., Rahwey, ¥, Y.

Both preparstions were kindly supplied by the Galen Company,

Borkeley, California.

3. Individuals Partieipating in the Exmoriments:

The three persons, designated as 4, B and € in the report,
wvere all males snd in normal bealth., They had the following ages
and body welghiel
A 26 years old Yeight 177 1bs.

o8 i f 160 [

{§]

25 H it n 155 @

ica
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L. Bmperiments with Oral Intake of Thiamin in Form of Galen B.

The persons 4 and B pertieipsied in the exporiment which
lasted 48 days. The experiment consisted of six periods with
different intske of Galen B. The perioeds followed imuediately
after each other. The diet was what could be designnted as a
normal diet, probasbly containing aboub 1 mg. thiamin per day.
However, the diet was selected with specisl attention to uwni-
formity from day to day, by aveiding any food nartieularly hig
in thiamin. The Galen B wocs token in one dose on the days
when o dose was given. With the high doses of U0 and 60 ml.,
this caused s pronouncad feeling of hunger and some disconm-
Tord.

The urine was collected in bobtles from 8 A.M, of one §ay
until the same time the next day. Temperature changes in the
atmosphere had 2 proncuncad effect on the volums of urine exw
ereted. The pH of the urine was quite coustant a¥ about 6.2.

Deternination of the thismin content were made deaily as
far as possible, and in practleally all cases the adsorption
on Puller's sarth was done the day after the urize had been

collscted.



Pirgt Period:

Intaker Wormal Diet. Fo Extra Galen B.

Excretsiom
Day Person & Person B
1 210 -~ 150 = 60 microg. Bj 190 - 140 = 50 microg, By
2 225 - 150 = 75 © ® 240 - 160 =80 "
3 210 - 150 = 6o ¥ " 210 - 150 = 60 ¥ "
4 215 - 150 = &5 # » 200 - 150 = 50 * @
5 275 - 150 =125 *® " 20¢ -~ 150 = 50 ¥ #
& 208 - 10 =65 0 " 175 -'115 = 60 * "
7 200 - 150 = 50 ® " 180 - 140 = hpo @ #
& 220 - 150 = 70 " B 185 - 125 = 60 # #
9 215 - 10 = 75 * 2 175 - 100 = 75 ¢ “
10 220 - 150 = 70 " " 170 - 130 = hg ® L
Averege =71 " Aversge = BH ¥ "
Second Period:
Intake: Tormel Dlet, plus 10 ml. Galen B daily.
Day Pegraon A Pergon B
1 220 - 140 = 80 miecrog. By 370 ~ 180 = 190 microgz.Ba
2 380 - 160 = 220 "V # 420 -~ 150 = 270 * "
3 360 - 150 = 200 " J o5 - 200 = 205 ® "
i 370 - 130 = 2ho ¥ " 480 - 200 = 250 "
5 360 - 160 = 200 * L O - 200 = 2hO ¥ "
6 170 - 150 = 200 " ¥i0 - 200 = 210 "
7 Wio - 150 = 290 ¢ " 585 ~ 200 = 355 # "
8 380 - 150 = 230 * " 545 - 200 = 345 ® "
9 - - - 385 - 200 = 185 # "
10 345 - 100 = 2uf ® " 625 - 200 = hom # .
Average = 191 % ® lverage = 255 ¥ "



Third period:

Intake: Hormal Diet, plus 20 nl. Galen B daily.

Bxeretions
Day Person 4 Person B
1 600 ~ 160 = BLO miereg. By 1010 - 200 = 810 microg. B3
2 570 - 150 = hop ® ¥ 680 - 200 = hgo * “
3 580 - 175 = ko5 W : 695 - 200 = hgs * *
b 630 - 195 = U35 " 685 - 200 = hgg * "
] 561 - 150 = hig # " 715 - 200 = 515 ® "
6 690 -~ 200 = hgo v - 700 - 200 = BOo ¢ p
7 - - - 1000 - 200 = 800 ¥ o
8 | 740 - 200 = Bho ©
9 975 = 200 = 675 * "
fverage = Y35 @ # Average = B9o " U

Fourth period:

Intake: Hormal Diet, plus 40 mi. Galen B daily.

Day Person & Ferson B

1 1215 - 340 = B8O microg. B 645 - 210 = 435 microg. By
2 1510 - 340 =1170 ¢ 9 1075 - 275 = 800 "
3% 1310 ~ 330 = 980 ® 8 1150 - 260 = oo ¢ #
4 805 - 250 = 555 ¢ ¥ 985 ~ 210 = 775 * B
5 1035 - 220 = §1%5 * # - - -

6 1008 - 150 = 850 * " 1020 - 195 = g25 #
7 1040 -~ 210 = 830 ® " 1305 - 195 =1110 * "
g8 1530 - 250 =1280 ¥ #

Averape = 870 ® 8 Average = g75 "
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Pifth periods

Intake: Normal Diet, plus 60 ml. Jalen B daily

Bxeretions
Day Person A Person 3
1 100 - 215 = 1185 microg. By 1600 - 225 = 1375 mierog. By
2 1550 - 315 = 1225 " NEC - 235 = 1225 0 o
3 1680 - 290 = 1390 " " 1900 - 2U5 = 1655 ® '
4 - " - 2105 ~ 235 = 1870 ¥ L
5 1830 - 285 = 1545 ¢ # 2010 « 320 = 1690 " #
6 1185 - 315 = g70 ¢ "
7 150 - 235 = 1215 ¥ "
8 1440 ~ 350 = 1090 " "

Aversge = 1215 ¥ # Aversge = 1RG5 # “
Sixth periods
Intake: YNormal Diet. Ho extre Galen 3.
Exeretiont
Day Person 4 Person B
1 695 - 300 = 395 microg. Ba 585 - 188 = LOO Microg. B3
2 350 - 190 = 160 * " 505 -~ 205 « 300 * Y
3 250 - 140 = 105 * " 2h5 - 210 = 35 * "
4 %20 - 210 = 110 " " 255 - 135 = 120 ¥ "
5 235 - 175 = 60 ¥ " 210 = 165 = U5 "
6 260 - 210 = 50 ¥ " 160 =180 = O " L
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RELATION BETWEEN ORAL INTAKE AND URINARY EXCRETION OF THIAMIN.
(Person A)
microgram B)

1600

1400

1200 ]
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800
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RELATION BETWEEN QRAL INTAKE AND URINARY EXCRETION OF THIAMIN.

microgram B (Person B)
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RELATION BETWEEN ORAL INTAKE AND URINARY EXCRETION OF THIAMIN.

(Averages of A and B)
wmicrogram By
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1400
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1200 \ g

7 %
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800 /

600y // A

400 g
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ml Galen B
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5. Experiments with Intrasmusecular Injections.

The persons A and C participated in the experiment
which lasbted for 30 days. The experiment consisted of Four
periods with different amounts of thiamin injected intramuscularly
in the uwpper half of the left arm. The perioeds followed immediate~
ly after each other. A diet similar to that used during the oral
experivent was maintained. Injection of a high dose of thiamin
intramusculor was not followed by any discomfort. The injected
thismin seemed to have a good influence on the general well being
of the persons & and G, during the experiment. The urine was col-
lected as for the orrl experiments.

The first period consisted of 10 days where only a normal

dlet was given, the excrstion in this neriod averaged 60 microgran

of thiamin per day for both persons.

Second period:

Intake: Normal Diet, plus 3 mg. thiamin intramuscularly.

Exeretion:

Day Peraon 4 Person €

1 0.680 mg. thismin 0.730 mg. thiamin
2 1.200 % # 0.930 ®

3 1:3%0 ¢ & 0.940 # @

3 1.200 ¢ ¢ 1,110 % ¥

5 1.270 © " 0,900 #.

6 1.000 % 0.630 0 o

Average = 1,090 % ¥ 0.860 4 0#



Third period:

Intake: Normal Dlet, plus 10 mg. thiamin intramisculariy.

fxeretion:

Day Person A Person £

1 4.26 mg. thismin 3,15 mg. thi=nin

2 e 0L ® *

3 St 5.03 " 8

b g.60 " 5.33 % ®

5 11,95 & #o 6. 3u w0

6 8.3 " " H.lg & *®
Average = T.28 " " h.gg n oo

Fourth period:

Intskes Normal Dist. Yo injections,

dxcretion:

Day Ferson & Person (
1 2.4 mg. thismin 1.99 mg. thismin
2 1.02 ® 0.63 ¥ f
3 o.80 " ¥ 0.34 ¥ .
b D5 # N 0.30 ® %
5 g.82 * @ o,u2 ® W
& .21 " ® 0.20 " “
7 g.lg ® ® 0,01 ¥ »
g .11 ® * 0.05 ¥ *
9 o.09 * # 0
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6. Determination of Pyrimidine in Urine.

The samples of urine was from persons & a2nd €, both from
the second periocds second day in the injectlon exporiment series.

Person A: exereted 670 ml., of urine containing 1.2 mg. thiae
min or 1.79 microgran por ml. |

Person B: excreted 490 ml. urine containing 0.937 mg. thiamin
or 1.90 microgram per ml.

Ag found by the thiochrome assey {ce- page 24)

W o N
The contents of the flasks anéd the average welights of the

mycelium has besn stated below:

Plagk Mo, Gontent Weleht of myeeliunm
3
2 0.05 ml. of A's urine 31 ng.
3
aiff. 17 me.
b
r; 0.05 pl. of A's urine
3 + 10™2mol. thiagzol 4 me.
7
8 0.05 ml. of 8's urine 29 mg.
9
dif:ﬁ . 13 Yl@o
33:? 0.05 ml. of C's urine

g + 1079mol. thiazol Wi ng,

Controls = 0 0.1 microgram thiamin = 30 mg. mycel.



The difference between flask No. M-8 and flask No. 13 was
17 mz. This wes due to the presence of free pyrimidine in the
urine. The emeunt of pyrimidine in 4's urine was 35% of the pye
rimidine found bound in thiomin, The mmount found in C's urine
wags equivalent to 29% of the pyrimidine found Yound in thiamin

in C's urine.



The results of the experiments with orel administration of
thismin heve beon plotbed on pogell andz2.. It iz o be noted
that there is a consider&bie varistion in each period both for
persons A and B. Thies can be explained partly by experimental
ercvors in the analysis, but the main reason for the variation is
probably %o be found in the physiological conditions of the per-
sons participating in the experiment. TFor example, aungmented
exercise on cerbain days give rise to an increased requirement
for thiamin due to an incressed carbohydrateo metabolism. Fartherw
more, in the fourth snd £ifth periods, where the intake of Galen
B was very high, the laxative effect of the thismin caused in some
cases Diarrhes which might have prevented the thiamin from being
completely absorbed by the intestine.

On page 23 the averasge velues ior each period have been plob-
ted against the intake of thiamin in the form of Calen B. The
four points on the curve it a straight line going through the ori-
gin ressonably well in beth cases. This indicatesz that under the
conditions of the experiment a constant proportion of the oraly
administered thismin is exereted in the urine, even when the intake
is varied over very broad limits. However, the experiment does
noet permit of generalizing on this observation, because the pre-
ceding neriods might heve had an effect on the fellowing perieds.
It is reasonable to agsume that the bodles raletive saburation
with thiamin in the beginning of the experiment mey also be a fac-
tor in the provortion of thismin exereted in the urine,

The difference in the slopes of the lines for persons A and

B, ecan possibly be sccounted for by the difference in body weights



of the individusls 4 and B, since it is known that thiamin require~
ment is dependent on hody weight. Person B weighed 104 lees than
_.l};.

The resulds of the ezperiments wilth intramuscularly injected
thiamin heave been plotteé on pages 26 and 27. fThe experiments were
started by first exrmining the thiamin exeretion in the urine for
10 days on a normal diet. %The excrebion in this period sveraged
shout 60 gomoa daily for both persons. In the next period 3 me.
thiamin were given dally intramuscularly, snd it will be noted that
on the first day only 20% of the injected wers excreted. After this
first doy the excrebion assumed & relatively constant level with
approximately %07 of the dailly injected thiamin excreted in the ur~
ine. In ths next neriod where 10 mg, thiamin wers gilven dally intra-
mascularly, the same phenomenon was observed. After a perioed of in-
creasing urinary thianin cutput (Pirst day -42%, second day -4E%,
third day -57%), a relatively constent lsvel was resched., In the
case of A practicelly all of the thiamin given is excreted (aver~
age of fourth, £ifth aad sixth day for A was 98%). ¥or C the aver-
sge was only 58% during the same days. A and ( seems to behave .
differently in this respect. On the twenty-second day of the experi~
ment the injections were stopped, and the urinary output of thismin
decreaased daiiy, until it regained the originsl level. This period
lasted 9 days.

In totally 78 mg. thiamin were injeched. A excreted a %otal
of 5O mg. of thiamin or 659 of the administered smonnt during the
period of injection. € excreted in the same period 34 mg. or WS
of that administered.

In the after-period of nine days A exwcreted 2 total of 5.7 mg.
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and § 2 total of 4.0 mg.

Comparing the results of the injection experiments with
those where an oral dose of the same mognitude was given, we find
that the excretion in the case of injeeted thiamin is much higher.
This may possidbly bs dus %o an incomplete absorption of thiamin in
ne intestine. In $his case vitonin should be found in the feces.
There 1 evidence Tor the occurence of large amounts of thiamin in
fecos. DPub even if the fecal thiamin is taken into consideration,
it is not possidble to account for all of that administered.

Purthermore, in the case of injected thiamin, it is unlikely
that fecal axeretion cen account for the amount not excreted in the
urine. Hatcher and Borsook (2) hasﬂfound only very emall amounts
of thismin in the feces when the thiamin vas adwinistered by injec-
tion.

The foet that 1t is impossible to account for the total amount
of thismin administered by urinery =nd feenl exeretion, suggest that

the body moy be able %o destroy thiamin, enzyvmatiecally or otherwise.

demonstrated in memmalian tissues. Hewever, the clinical and theo-
retical importance which might be connected with the elucidation of
the properties of sueh an enzmyme should be expected o be consider-
able, so that further vork along this line should bYe worth while.

In this connection the work of Bonner and Buchmen (1) on the
degtruction of thiamin by the movld Fhycomyess Blakeslessmus
should be mentioned. DBonner and Buchman found, that the thiazol
part of the thiamin meolecule is broken down by an enzymatic reac-
tion in the myeelium, They were able to ghow that free prrimidine

is & result of this breakdown.
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?z'“°””5T“““GEH5QH The reaction products of the breakdown of
. }w""mj the thiazol part are not yet hknown ’bﬁt

their expsrm&ents suggest that the initial
rupture of the thiaszol ring ocours in the 2=3-pnosition. They found
that the vitamin anu}.ob; which has a m§3—grom in the 2-position of
the thiazol ring ;;Anot ’;az‘ol.en down enzymatically. The Z—Cﬁis—group
is ebls %0 protect the vitamin against dsstruction and 1% ean,
therefore, be assumed that the destruction of the thiazol ring be-
glns with the double bond bebuween nifrogen and earbon.

A preliminary axperiment to find if urine containe any une-
combined vitamin-cyrimidine has been roported on page . It was 7
found that the twe sampies of urine ezamined contained sn amount of
fres pyrimidine equal to a%;outl 30% of the pyrimidine combined with
thiasgol. %his might, however, be due to the presence of free
nyrimidine in the basic diet rathey than to the destruction of ine
Jected vitnmin, since it is Imown that many plants contain up to
five times as much free as combined pyyrimidine, I% is, therefore,
necessary to perform similar experiments with a dlet known to be
free of uncombined pyrimidine,

The injection experiments show thet there ig » maximum limit
to the amount of thiamin which the body will sbsorb. ¥hen the body
(in the case of A) has been "loaded up" by injection of large doses
of thismin over some time, further adminisvration of thiemin leads
to approximately 100% m;inary exceretion. CThis gaturation sen only
be established if the blood is constantly londed with thiamin by
injection, a2nd as goon as the injection stops, the body starts dis-

charging thiamin in the urine, and returns to its old condition

after spproximately aine days.
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The reason for this rejection of excesa thiamin by the body
is not knewn, and the mechanism will probably be difficult to eluei~
date, By taking into consideration, however, sone of the facts
moum about the resction of the vitanin in certain microorganisms,
as for example yeast, it is possidble to offer a partial explanation
of the reason for and the meqh@nism of this rejection.,

From the equilibrium céggtént of the oxidative pyruvic acid
decarboxylation 1% is kmown that this process favors the breskdowm
products to sueh 20 extent that the reaction can be considered as
irraversible, in the body. The fact that 21l the other reactions
invelved in the carbohwdrate motabolism are reversible, mokes it
pogsillie that if no other limiting factor stops tgg reaction, &
algh concentraiion of carboxylase would tend %o mé&a the body de-
plete itself renidly of carbohydrates. In this connection should be
mentioned thet an increased smount of thiamin in the bedy really ine
ecranses the carbohydrate metsbolism to a marked &egrae (ses Hecht
snd Weese, 3).

It is, therefore, understandesble that the body should have a
protective mechanism against excescive deses of thismin,

It 18 well tnown thet thiamin does not act in the body as
such, but that it must first be pyrophosphorylated to cocarboxylase.
The mechsnism of this phosphorylation in mommalian tissues has not
vet been clearly established. Rxperiments of Tauber (11) in whieh
it was reported that acetone dried intestinal mcosa tigsue is
able to phosphorylate th:ismin have not besn verifled by other
workers (see Ochoa, 8).

However, Weil-Malherbe (12) demonstrated that washed yeast

plus adenylpyrophosphate in the presence of magmesium was able %o
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pyrophosphorylate thianin, and a similar mechanism might very well
be pessible in mammalian tissues. It ie known that brein tissues
can pyrophosphorylate thiamin.

Westenbrink (13) found that washed yeast can also dephosphorye
late cocarboxylage, bud that large anounts of Ffree thianin are able

to retard this reaction, possibly by 2 mass action effect. The
£ o
f _,;"f.-':?,a,w wu.:;;‘{

same dephosphorylation of cocarboxylase was obserwed by Horowitsz
and Heegaard (M) in an enzyme preparation of pea roots.

From a large muvber of determinations on the proportion be~
tween frec =ud pyrophosphorylated thiamin in different tissues,
Ochoa (8) coneluded ihat an equilibrium must exist betweon the two

compounds in Lhe tissues, and this can only be explained by the

presencef’of similar-enzymes {n the tissuesi to those found by Well-

Malherbe =nd %estenbriﬁg;'MWM

Finally the presence of the phosphate group in the cocarboxye
lagse prebably enebles this compound fo emmbine much more firmly
with the tissus proteins then does free thismin, ané_iﬁ geens,
therefore, justified to assume that this phosphorylation is ine
volved in the bodyts mechanism to absorb or rsject thiamin.

Mme fact which emerges clesrly from the present experimenis
ig: +that 1t is not possible to protect the body against future
thismin deficlent periocds, by filling 1t wp with thismin, because
the body automatically will deplete itsell rapidly. This béhaviar
of thismin is different from the behevier of some of the other
vitemins, in particunlar from the behavior of the fat-goluble vitow
mins, which can be stored in the body for fubure use. This i¢ not
surprising considering the different chemical natures of these vitew
ming, but it congtitutes an imcortent focet in relation %o the elini~

cal use Of_ﬁhiamih.
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