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THIAMINE STUDIES

Attached is an abstract that was recently

presented at the Federation of American Soclieties

for Experimental Biology vhich summarizes the studies

that have been carried out to date,

Current work is now in progress tr attempt to
identify the 27 labeled metabolites found in the
urine. Future studies will include at least one
more human study using the pyrinidlno-lkc labeled

thiamine to determine if the metabolic pattern is

similar to that eeen in the thiazole~labeled thiamine

studies in man,
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ABSTRACT CF PATER FOR PRESENTATION AT AMERICAN INSTITUTE OF NUTRITION,
FEDERATION OF AMERICAN SOCILTIES FOR EXPERIMENNTAL BIOLOGY,
50TH ANNUAL MEETING, 11-16 APRIL 196¢, / TLANTIC CITY, NEW JERSEY

———- -

METABOLISM OF 2-'C-THIAZ OLE LABELED THIAMINE IN MAN
£. M. Baler, M. Balaghi, R 5. Pardini gnd H. E. Sauberlich
U. 5. Army Nedical Resocrch und Nutiition Laboratory, Denver, Colo..do
In order 15 study the metobalisn of 'Z-MC -thiazole labeled thiamine in man, a
Uiemt was fod o contralled diet providing about 1.4 mg thiamine per

young male s bje
t, he retoived an oral dose of 0.592 mg ?-MC-

day. After thrac days on this dic
thiazole labeled thiamine (4C.9 pe). The subject consumed the same diet for
seventeen duys after the administration of radioactive thiamine, ond the excretion

of the radisactivity in urine, fecos and respiiatory Gir was studied. The daily
urinary cxcretion of radioactivity for the ten days following the dose was: 9.7, 6.7,
2.9, 2.5, 2.2, 20, V.4, 1.5, 1.3 o 1 £ of the dose, respectively. The total
radioactivity excroted in feces during the three days cfter the iﬁgestion of the
“C-thiamim:, maasured by combustion method, accouniad for 3.8% of the dose .
No macsurable amount of radiccctive CO,, could be detected in respiratory air. '
The biolagical half=life of the vitamin, os caleulated from t'he rate of excretion,
wee estimated 1o be about cighteen days. Fractionation of the desalted urine on

an Amberlite CG-50 column gave a pettern similor to that obtained by Balaghi and

Pearson for cimilarly lubeled thiamine in the rut.
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PYRIDOX(NE STUDIES

An article which was published in the Journal
of Clinical Nutrition in April 1966 summarizes the
results of the pyridoxine studies to that time.

Since then, the methodology has been worked out
for the isolation and characterfization of the
metabolites excreted in the urine from the lac-labelod
pyridoxine, Future studies will be required to
determinv whether the pyridcsic acid is the chief
metaboliie and what changes in specific activity

14

would be seen in subjects who were labeled with =~ 'C-

labeled pyridoxine in terms of dietary and stress

situations.
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. USE OF CARBON- M LABELED VITAMINS IN HUMAN NUTRITION STUDIES
PYRIDOXINE AND L-ASCORBIC ACID ;

E. M. Boker, H, E. Sauberlich, W. H. Amos and J. A. Tillotson

U. 5. Amy Medical Research and Nutrition Laboratory

Fitzsimons General Hospital
Denver, Colorado 80240 |,

Young, normal adult male human subjects received orally 30 pc of 2-'4C

labeled pyridoxine. One subiect received a constant intake of vitamin B6 ip :
the diet (1.5 mg/day) throughout the study; the other recoivéc! an ad hb diet.
Over 97% of the orally ingested labeled pyridoxine was absorbed, with no’
conversion to carbon dioxide, as noted by rﬁoniforing the rad ioactbivhy of the
expired air. The -_.ults of these experiments indicated that the half-life of
Ohe C-pyndoxme was 15 days in the subject who received the ad lib diet,

and 20 days in the subject who received the controlled 1.5 mg of vitomin B

per day. The urinary metabolites of the ingested pyridoxine were seporoted by
column and thin=layer chromatography and speaific activities determined.
Metabolites isolated and containing rodioactivity included pyridoxal,
pyridoxine, pyridoxamine and pyridoxic acid. Other radioactive ,compobnds
were noted but, thus far, have not been identified. Chongés were noted with
experimental time in the specific activity of the various metabolites, in&lcaﬁng
the existence of several pools of pyridoxine. The best estimate of the total body
pool of vitamin B (expressed as pyridoxine) in the young odult is opproximately
16=25 mg. ;

In a related study, the influence of o 30-day period of high pyridoxim
hydrochloride supplen 2ntation (300 mg /day) on ascorbic acid pool size and
utilization was investigated in two human wbiects. L-ascorbif:.- IH-MC acid was
employed to label the total body ascorbic acid pool. The reiults of this study
indicated that although there was no change in the body ascorbic acid pooi

size, the doily utilization was markedly increased os o result of the high

vitamin 86 supplementation,
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ASCORBIC ACID STUDIES

The current status of the ascorbic acid studies
is summarized in the attached two articles. The first
article concerning studies with l"C-Cl labeled ascorbic
acid has been accepted for future publication by the
Journal of Clinical Nutrition. The second article
discusses the metabolism of L-nlcotbic-6-3ﬂ acid and
will soon be published in the Biochemical and Biophysical
Research Communications.

It is obvious from the results obtained from the
14c_cl and the ascorbate-4-7H that future experiments
must be performed using the 1“0-06 labeled L~ascorbic
acid, It would be anticipated that one would see the
same results as were seen from the tritium-labeled expevi-
ments, The synthesis of the 1“0-06 L-ascorbic acid is
almost completed and, upon purification and characteri=

zation, this material will be used for future animal

and human studies.




ASCORBIC ACID METADOLISM IN MAN

E. M. Baker, J. C. Scarl and B. M. Telbert

U. S. Amy Medical Resecrch and Nutrition Laberatory
Fitzsimons General Hospital
Denver, Celureda

cnd

Universtty cf Colomdo
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The catabollc fate of L-ascorble acld In man has been studled uing
Leascorblc acld labeled with elther carbon=14 or carbon=13 In *he number 1
position (1«3). On Ingestion, ascorble acld enters tha body pool of ascorblc
acld and Is excreted In the form of urinary ascorbie acid Wﬂz), dehydroascorblc
acld (dAs) and urlnary oxalate. The cxalle acld contalns the number 1 carbon of
macorbic acld and is therefore presumed formed by C2-<Z3 carbon cleavags.
Whether glyaxalic acld is an intermediate In this process Is unknown, on the
site, function, machanlsm and Immediate precursor of this catabollc proces
are unknown. The comparative excretion of ascorblc and dehydrooscorbic acld
in the urine has been studied (4), but the origin of dAs is uncertaln, since It
could arise by chemlcal oxidation of A;Hz in the urine.

A current question In the catabellim of excorble acld, which we bslieve
to have an important bearing In future work on the role of ascorbic acld In
biologlcal systems, is whather “COz Is o mnobdlc product of Its dagrodation.
Hellman and Burns' (1) study In 1953 showed that less than 5% of the number 1
carbon wos converted tc.COZ. Dakar et af. (2), In o_m;dy In 1962, showed o
conversion of @ maximum of about 1%. Abt and cowworkers (5), In 1963, showod
a conversion of soma 53 to 66% of the number | cwbon'oCOz. In a study of
the kinetlcs of ascorbate catabolism end turnover by Atkine (3) In 1964, the
conclusion was made In the analysls of the data that 44 to 57% of the ascorbate
was ' catabolized by pathways competible with the production of CO2 from the
numbar 1 carbon.' An explanation for the discrepancy between the work of
Baker or Hellman and Burms on one hand, and of Abt on the other, wes proposed
by Baker (6) In a paper published In 1963, In this study, It was shown that
ascorbie acid rapldly decomposes In aquoows solution, and that the large
conversion of ascorblc acid to CO2 obgarved by some workem was probably
due to impurlties in the materlal used. In fact, the published rodicautogram
of the materlai used by Abt (5) showed an appreclable contamination of the



reduced ascorbate by an cutelud product, probably dAs. It Is the purpote of
this paper to presant quantitativa results on the catabollsm of carefully analyzed
labeled ascorbic acld in man, to show how the results are affected by oxidation
Impuritics in the ascorble acld ond to calculats tumover times end pool sizes

from the experlmental dete.
MATERIALS AND METHODS

Experimental

1. Ascorble~1-'4C acld, purchased elther from the Californla Blochemical
Corporatlon or New England Nuclear Corporation, wan wvsed. When thls material
was used os fresh solutions, the semple was cpened, dlgelved In woter and
corsumed by the subject within 5 minutes. Astays were also Inltiated at the
same time.

2. Chromatographlc analysis of lebeled ascorbote samples was mode by
paper chromatography (8) or by thin<fllm chromatography (7) on sllico ge! plctes
using an acetonlitrlie~butyronitrile solvent system. In some cases, radlioautographs
were prapored and analyzed by an Anltrol dersitomer. In others, the
chromatogram was analyzed by a strip chart countor.

3. Contimuous assay of the respired ' “CO,) wes mada by vibrating reed
slectrometer end lonlzation chamber, wsing e Cory Resplration Patiern
Anslyser. The "c02 analysls by this Instrument wes cross=collbreted agalnst
the liquid scintillation counting proceduro wsed In the other cssays, with the
following results: 10=minute sample of subject RSH, by lonizetion chamber
0.0109 pe, by scintillatizn counting 0.0105 pe; 10-minute sample of subject
TIN, by ionlzation chamber 0.0078 pe, by eeintillation counting 0,0075 pe.
uCOz samples wers abrorbed In ethanolamine=methyl cellasnive solution (1:2).

4, The originol ascorbate sample and the whole uring samples wers
counted in tha liquid scintillction counter. For these cusays, 0.2 mi row urine
was dlssolved In 15 ml of dicvane-nophthalenesPPOdimethyl«-POPOP
scintillation rolutions, counted, ¢plhkad with toluena-“c and recounted.,



Calclum oxalate samples wers dissolved In dilute hydrechlorie azid end
scintillation counted, eplled end roeowmtad, The 2,4=dinitrephonylhydrazing
darivative of ascerble acld (DNPH=As) wcl\::unrcd e eolid zarples Ina low

baclground Nuclear«Chleago planchet cournter,
5. Urlnary axalats wes determinad end lsoloted o3 ealslum oxalats by ths

method of Archar et al. (8). Urlnary mcorbata was enalyzed by ledomotrle
tHiration after Isolation on o Dowsex czluma, and wes followad by preparctlon
of @ DNPH«darivativa by (9 method of Seorl et el. (7). This derlvetive wos
racrystallized to constont epocific activity. No lezs then thres rocrystalllzations
from acetonitrile wars neaded,

6. Ingested ascorble acld was caleuleted from diztery onalysls walng
standard food table and, [n tamn cases, v swpplemented with 100 mg/day

of erystalline vitamin C.

RESULTS

Figuro | shows results on the anclysts of lcbeled ascorble acld vood In
the three subjects reported In detall In this peper. The first study, with subject
RSH=2, used frash ascorble ocld labeled with carbone14 which had bsen stored
in o sealed empule. Tha results of the amalysls were quite gocd; the semploe wes
95% eseorble acld, The wecend study ls reported en subjoct TIN=2; this ehudy
was also done with o sample of froshly-prepared ascorble acld. Howaver, this
material was from a different suppller cnd hed not baen storud under vacuum,
It contalned an oppreciable omount of dehydroascorblic acld, as well os
unknown materlal which stayd af the orlgin. The third study to be reported
in detall, subject CR=2, used o somple of ascarble acld which was eged for
24 hours In @ 0.05% solution. As seen In Figure 1, only 15% of the ascerbic
acid remalned ofter aging, ond most of the mauterial had oxidized te
dehydromcorbic acld end ity hydrolyshs product, diketogulonic acid (DKG).



Subject RSH=2 Ingested 43 pe of the csco:biz acld, whess analysls is thown

In the top chromatogram of Flgure V. Fellowing that, his total urlncry-MC,

urinary ascorbo?o-uc, urinary oazalm-MC ond breath MCO2 wore monltomd.,

Results am glven in Flgurs 2. Tha urinary mccmcte-MC Includas both escerile

acld and dehydroascorble acld, which ere enslyzzd simultonscusly by tho

dinltrophenylhydrazing procedurs. Tho Inltiol breath excretlon of carbone14

was equal to or less than 0,16 pz and rupldly decreesed to buckground. After

the firt 6 hours, no carbon=14 could ba dstacted In the breath. The radloactivity

in the urine oxolate ond ascorbete dacreased with a half«time of approximetoly

12days. An excellent materlal balanes was obtalned, and tha summatlon of

the urino axalats and the urine cscorbets equaled tha total amount of redio=

activity found In the urina, both in cumuictive total and for each Individusl

day. A matericl balance for the excretion of carben=14 In subjoct RSH=2 is

preconted in Table |. Tha 24-heur excretion chowed 2.6 pe of carbon=14 In

the urine, of which 2.04 pe vos aseorblie acld and 0.5 pe was urinory oxalote,
The accountabllity of the urlnary-uC as oxalats or ascorbote hald not

only for the fimt 24~hour excretion, but alse fer ol other days analyzed

through half=lifa. Total ur!acry-“C, urinary cxalafo—“C and ascorboto-

values can be calculated by summing up the dally excretion through the

half-life and multiplying this valus by twe. Thass results were analysed for

materiol balance. Totsl wlmry-“C accounted for 97% of the octivity in

the Ingastad ascorble acld. This excollent materlal balanee in the cumulative

excretion, taken tugether with the very low breath "

"C

COz, Indicates thet for
this relatively pure sample of ascorble celd, there is essentially no catabollsm
of the labeled ascorble celd to COZ’ nor Iy "mo':ny nead to infer such processes,
as was done by Atking (3). The small amount of C02 that wes obsorved can

be ascribed to the dohydroascorbate present in the Ingested sample, as will be
shown later in this paper. In Table !, cunwlative urlnary ascorbate excretion



Is obtalned by difference of total urlmvy-"C and oxalats. However, os is
s2en in Figure 2, similor balance wes obtalned by diroct assay of the DNPH
derivative of the urinary ascorbeota,

Subject RSH=2 recolved 300 mg/day of pyridaxine HC! for o porled of
30 days immediately prior to this study. The high vitamin 86 caused a highor
oxalate excretlon then normal, reflceting on Increased utllization of oscorblc
ocid (10).

Table Il presents the half=1ifa and pool size analysls of the ascorble acld
study on subject RSH, From tha specific activity of the ascorbic ocld, RSH
was shown to have o pool size cf 2.3 g. The holf-life, based on decrease in
the specific activity of urine components cs shown In Figurs 2, gave a value
of 12 days. Cn the besis of the pool slzs and tha Inzestion data for the
ascorbic acld, which wos 211 mg/day, o theoratical valua for ths fumover
time would have been B days. A simllar low resylt was obtalned, making a
caleulation based on the pool slze and the ascorble aeld (206 mg/day) that
was excreted or catabolyzed to oxalate. It would thus appear that at this
vory high ingestion rate of ascorble ocld (200 mg/day), not all of the dietary
mcorble acld equilibrates with the vitemin C pool.

Table I1] pressnts the metabollc data on subject TIN=2. TIN=2 Ingestod
48.4 pc of labeled materlal, which contalned 76% ascorble acld, some 18%
dehydrooscorble acid, relatively small amounts of diketogulonate and an
unknown material remaining ot the origln. Calculated cumulative excretion
data showe. = total of 29.7 pe of carbon=14 in the urine. In the broath,

2,76 pe of “COz wero axholed, all of which was excroted in the fint day.
This glves o total accountablility In the subject of 7% of the matsrial ingssted.
The fate of tho remaining materlal ks unknown. It could hove boen incorperatad
into body components with relatively long tumover times, such es carbohydrates,
fats or proteim, and It may have been excreted at levels below the threshold

of dotectability in the brecth and the feces. Thu total rudloaefivity ingested



as oscorbate inself Is calculated to be 37 pe plus 10% of the debydroascorbote,
which is presumed raduced to cscorbete on the baxls of data to be presented loter
for subject CR. The urinary corbon=14 of 29,7 pe corresponds to 79% of the
Ingested reduced uscorbate and ascerbate equivalent., We have no satisfactory
explanation for this low mcovery, excopt to say that when werking in Impure
materials, It has not been parsible to cbtain good materlal balances. The
half=life of the ascorbate poal, ealculatsd from the rute of decroase of urinary
and oxalate carbon=14, was found to be 22 days, and thls checked quite wel!
with the half-life calculated from the ascay of the escorble acld in the urlns
and the pool size, which gave o valus of 23 days. The pool size of ascorbic
acid in subject TIN=2 was calculated o3 2,80 g, wing tha known spocific
activity of the ascorbic acld and the ameunt of ascorbic acld that we couvld
account for in the material inpasted.

A study was made on sblject CR, wing lebsled ascorbie oeid which had
been aged for 24 hours. Anclysis of the ingested moterial showed that it
comtained mestly dehydroacorble acld and DKG end only 16% ascorble acid,
Cumulative excretion of breath '4C02 from this material wes 25.8%, comsistent
with the high dehydroascorbate and dikatogulonate component (ses Table IV),
Analysis of the sscori!e acld excratod In the urine showed o spacific activity
that was higher than could be accounted for by the amount of ascorble acid
presant in the ingested materiol. It was, tharefore, not pessible to calculate
an escorbic acld pool size. On the other hand, 1t Is possible to make an
estimation of how muc.: dehydroascorbai . was reduced bock to ascorble acld
In the ingested materlal. If we cusume that the acorbic acid pool of CR was
2,7 g, which is conslstent with the ascorble acid pools observed for a number
of other subjocts of comparable slze and lsan body mass (2), we find that the
specific activity dato on the labeled escorbie acld In the urine corraspond to
an ascorbic acid pool content of 9.2 pe. This mears, then, that some 3.4 pe
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of the dehydroascorblc aald mutt have been reduced back to ascorble ocld and

entered tha ascorble aeld posl, Thus, some 5 1o 10% cf the loboled dehydro=
ascorble acld entered the cacorblc azld pocl when the materiel was administered
orally. This is the orlgin of the dehydroctuarbate contribution to ths NH2 pool
assumod in Table 111, In the 24=hour excretion, the total urlrmy-' C Is mueh
larger than the sum of the urine oxolets and the urine ascorbate excration.
Furtharmore, the urine oxclate excretion s much largsr thon the ascorbic acld
excretlon. Nomolly, the labsled urlnory axalate excretion Is approximatoly
one-fourth of the urinary ascorbate exeretion. Thess data indicate that on
appreclable amount of the oxidized forms of ascorblc acld are convertod to

oxalie acld and other labalad urlnary produets In the first day. These data
also Indicate that mest of the exidlzed fems of avecrblc ccld enter matebolie
pathways other than that charceteriziic <f mHz Itsalf, probably entering the
pentase shunt through the formation of xylltel, an intermediate In the C=6
oxidative pathway of glucora (11).

DISCUSSION

Toble V presents o summary of tha azcorbie azld pool slzes and the tumaover
times for two studies ecch on subjaets RSH and TIN. In oll cases, the pool
slze was found to be betweon 2.3 end 2.8 g, coleulated by dividing the
amount of ascorbate activity Ingested by the specific activity of the excretod
ascorbate. The ascorbate pool remalned essentlally constant during the
experimental puriod. This figurs corresponds to 29 mg/Kg, @ value quite
consistent v..th our earllar rosults end thore of Hellman and Bums (1). The
higher and lower results of Atkins (3) and Abt (5) are probably dus to Impurities
In the ascorbic acld, ey is Indicated by tholr implied or observed cotabollsm

of oicorbate to COz.
Our data conflrm thet tha pool sizo Is limited by foctors other than escotbic

acld Intaks. Our ecrller results related the pool size to fot-fres loan body mars.
The varlabllity in peol size of subjoct TIN Is probably net sipnificent and may
arlze from problems Intrecuced by the Impure noture of the labeled ascorbats.



In subject ROH, on a high ascorbate intakas, the tumover of the lukzlad
ascorbate paol is appreciably longer than would ba expectad by mothemetical
analysis of tha pool size and ascorbata ingestlon data. This indicates that port
of tha ingectad ascorbate may not equillbrate with the labsled ascorbate pool
because of ropid exeretion. This problem did not occur during the labeling
prozedure hecauss all subjacts wera labaled by Ingesting high spocific activity
cseorbate (30 pe ‘mg) on a day when ascorbato was withhald from their diet.
Mo eold carriar was glven with the laheled materlal. Under thess conditions,
essantially no spiliope of laheled ascorhats oceurrad, as confirmad by the first

dav's enalysis and materlal balonze,

Turpaver tima, It is passidia to caleu'ate a half-time for turnovar of tha
aszorhate pool by five mathads, Throo ara by dirsct grephical onalysis ef tha
excrotion data, cither tha total ur!nory-MC, the cscorhata~ 4C, or tha
oxn!nm-M‘“. Tha two are buted on methematical analysis, using the pool
sive data and either tha orcorboto ingostion or excration, assuming a Timt
ordor cxereiion prozess os shewn in Fiqurs 1, and as previcusly demonstroted

by other studies (7). The equction uinad is as follows:

de)  (0.693)(c)

p7 —7-‘-/2 = daily ovcretion or ingostien

Y . [(0.693)(c)
1/2 dle

ot

whera ¢ = awcorbate pool in groms; t = 1 ime; TV? = half~time for tumover.

The Fall=timus for tumover are comparable, whother calculated by direct

analysis o7 by ingzetion and exerstion data.

xirlgtiva ;‘n."*':r:;% Tha presently nccopted pathvray for the oxidative

. v ——— a—y ————

dacempasition «f nscorbln acid in waurous tolution is as follows:
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\ R
AsH — On/ >< - Om= ey HOC
‘ H H
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O OH
AsH dAs DKG
Monodahydro- Dohydro= 2,3~d!!:atom
ascorblc Aeld ascorble Acld gulentz Actd

The ascorble acid Is oxldized to a monodehydresscorble acld, a froa redical
intermediata which exlsts in very tmall eonesntiaiions but has been dotnclad by
olectron spin reconance (12, 13). This substanca Is then exicirad to dehydro=
ascorbiz acid, a steblo lactens, which I hydrolyzed to 2, 3-dlizetop. ! nic
acld. Thiz modarctely umstable dil'sto acld dacempascs to a varlety of
compounds, os yet unknown. This recction procoeds cutoestalitically In
dilute aqueous solution, and in exporiments that wa have mads, an 85% loss
of ascorble acld wes chsarvad In 48 hours. The reaction requires oxysen ond
procesds at a very slow or nagligibls rce In a nitrogen swept samplo (14).

It Is very likely that the reaction Involves intermodicte peraxides, us hos baen
discusred and suggested by Moson (15). Thls dacamposition sequence can b
studied using thin=fllm chromategrunphy with acetonitrile~butyronitrile
developing .slvent on silica gol plotes since this rolvont systom easily saparates
the ascorbie acld from the dchydromscerble acld ond the 2, 3«diketogulenic
ocld (9). It Is possible, by this process, to seporate and quantitate the amount
of each ons of thete materlals In o glven sample. The use of an analytical
method such as this to chack the purity of any compounds used in the study of
ascorblc acld motabolizm Is abzolutely ezsantlal to obtaln raliakls results.
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One quastion yet remalns. Are dAs and DKG Intermediates in ascorbate
metabollsm? It Is doubtful that DKG s an ascorbate metobollte, for than we
would expect 1o find "4CO,, In the brecth and/or an Incamplete materlal
balance ofter Ingesting labeled ascorble acld. By a simllor argument, It can
be suggested the dAs In o “free” form Is also not o nommal matabolite . although
It may well be formed as o bound molecule. Since DKG s not o IHlely
metabolite, mMWMﬂnchmmdhC-Z'oCdb«dmy
occur enzymatically while the ascorbate lactone ring Is still Intact, perhaps
by o mechanism as foliows:

AsH,, ,?3 dAs sm..:ﬁ-. c‘f\/z':l * Erx.
c\ /c \SH '
S I
A
t/ <l:uo
HOzc COfi HCOH
Omalie Acld HOéH

CH20H

L~Threcss

The Lethreose would he an abnormal metabolite cad could be direutly excreted,
excreted as a conjugate, or else converted to o normal metabolite and enter
normal metabolic pathways. Further Indieotions that this cleavage Is enzymically
controlled Is fumished by recent work of Baker and Canham on high vitamin '6

studles In man (10).

1"



It Is unlikely that free glyoxalate Is a catabolle product of ascorbate
matabollsm I view of tha lack of '4CO, excretlan cbrerved In this sy .
Major pathways In glyoxate metabollsm (16) include this procsss, which bs
catalyzed by a 8,=NAD enzyme systom.

in conclusion, then, we show that the only known metabolic products of
vitemin C In man ore oxalate, A.N2 ond dAs. In young, healthy male
volunteers studled, the AsH,, pool size Is 2«3 grams and the turnover half=
time Is about 20 days on AsH,, Intakes of obout 100 mg/day.
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TABLE |

Materlal Balance for Excretion of Carbone14 In Subjact RSH=2*
Following Ingestlon of Ascarble=1-"1C Acid

Ingested:  42.7 pe
AH, 40.8 pe 95.3%
dAs 1.8 pe 4.3%
DKG 0.04 pe 0.1%
24-hour Excretion: 7
Total Urine~ uC .2.59 pe
Urlnary AsH ' c 2,04 pe
Urinary Oxalate=' C 0.54 pe
Breath ' CO, < 0.16pe -
Cumulative Excretion (based on halfelife)s
Yotal Urinry='"C 39.5 pe 97.0%
Urinary Oxalate='4C 9.2 pe 22.6%
Urinory Ast='4c 7 30.3 pe 74.4%
Brecth ' 'cO, < 0.16 pe < 0.4%

*Subject recelvad 300 mg/day pyridaxine HC! for o peried of 30 days
Immediately prior to this study in conjunction with a separate study.

Thased on ingested NHz-i-"C.
/ By difference, conflrmed by direct amay.
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TABLE If
Half-lifs and Pool Size Analysls of Ascorble=1-'“C Study
Subject RSH-2*

Ale Pool Size =y Specific Activity of Ale-uC 289

Half-lfe of AsH,- %¢ by Urinary st~ ',
Urinary Ouolch-“C, or 124

Total Uflnory-“C Data 7

Half-life by Pool Size and Ingestion Data
A0H2 Ingestion = 211 mg/day 8d
Pool Size = 2.29 g \

Half-life by Pool Size and Excretion Data
AsH , Excretion and Catabollem = 2086 mg/day 8d
Pool Size = 2.29¢g

*Subject recelved 300 mg/day pyridoxine HC! for o period of 30 days
immediately prior to this study.

7 Date :aleviated assuming o finst ordar process.
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TABLE I
Ascorblc=1="4C Study with Subject TIN=2

Ingested: 4814 pe |

AsH,, 76.5% 37.0 pe

dAs 18. 5% 9.0 pe

DKG 1.5% 0.7 ve

Unknown 2.9% 1.4 pe

Cumulative Excration:
Total Urlnay-uC , 61.4% 29.7 ve
Urinary Onalate-'C Z.1% 1. 2uc
Urlnary AsH~'4c* 38.3% 18.5 pe
Breath "c02 5. 7% 2.78 we
Accountability:

Of Total Ingested 22 BT o

OF At 5='%C Ingested 29.7/(37 + 10% of 9.0) = 79%
Kinetic Analysis:

Pool Size 2.80 9"

Half=life by '4C Excretion 22d

Half-llfe by Excretion Assay © 2d

* By difference.
7 Based on accountability.
7Totol excretion was 45 mg Asﬂz + 40 mg onalate (AsH 2 equivalent) =

85 mg/day .

17



TABLE IV

24-Hour Aged Ascorble=1="1C Study an Subject CR

Ingested: 37,3 pe
AsH2 16.9%
dAs 53.2%
DKG 28.7%
Unknown 2.1%

Cumulative Excretion:

Breath "c02 ' 25.8%

dAs Labeling of Ast Pool:

5.8 pe
20.0 pe
10.7 pe
0.8 pe

9.61 pe

Assuma AsH, pool = 2.7 # 0.3 g. From specific activity dota, this
corresponds to 9.2 pe Inte AnHzpool. 9.2+ 5.8 3.4 pc from dAs,
Thus, 510 10% of dAs=4C must have entered the AsH, pool when

24~Hour Excretion:

Total Urlnary-uc 2.9 pe
Urinary Oxa|uto-uC 0.87 pe
Urinary Ast-“C 0.4 pe
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TABLE V

Summary of A;M2 Pool Sizes and Tumover Times in Male Volunteers

T2 by
T M,y ety DU
Cone.
RSH-} 2.42 20d 110 14.44 15.34
RSH~2 2.2 124 08 8 d 8 d
TiN-} 2.28 244 &4 4 4
TIN-2 2.80

224 .8 n 4




LEGENDS FOR FIGURES

Flg. 1: Analysis of ascorble acid solutions that ware ingasted by subjects In
this study. Radioactlvity was analyzed elther by a strip counter or
by Anytrol densitometer readings of o radloautograph.

Fig. 22 Excretion of carbon=14 following oral Ingestion of aocofblc-l-“c
acld In swhlect '5H=2. Half=time for urine radioactivity decrease
Is 12 days.
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METABOLISM OF L-ASCORBIC-4-3 ActD IN Man(™)
gert M. Tolbert, Agnes W. Chen, Ellen M. Bell and Fugene M. Baker

Department of Chemistry, University of Colorado, Boulder, and
U.5. Army Medical Research and Nutrition Laboratory, Denver, Colorado

The kinetic and metabolic fate of ascorbic-4-3H acid has been studied
in a human subject. The radioactive labei does not enter the body water
pool, but instead is excreted as orqanic-bound tritium, The excretion pro-
ducts were found to be ascorbic acid and its immediate oxidation products,
and unknown organic compound(s). Kinetic analysis of the data shows half
times of 2 days and 46 days for turnover of the 1abeled ascorbic acid and.
the unknown compound respectively. These results, combined with previous
ascorbate-l-lac studies indicate that the unknown metabolite(s) are probably
derivative(s) of |-threocse or L-threonic acid.

The metaboiic fate of ascorbic acid (Ang) in man has been extensively
investigated using ascorbic-l-]ac (Hellman and Burns, 1958;.Baker et al.,
1962). The carbon-14 studies show that the label is either excreted in Ast
or one of its oxidation torms -- denydroascorbic acid (dAs) or diketo-
gulonic acid (DKG) -- or as free oxalate. No other cataboiic forms are ob-
cerved. The fate of the &-carbon piece formed by the presumed cleavage of
the €-2,3 bonc remainecd UNKNOWN.

The metabolic fate of orally ingested ascorbic-4-3H acid has now been

studied in a numar subiect. The subject received 105 uC of material con-

*Supported in part by grant DA-49-193-MD-2611 from the Surgeon General's
Office of the U.S. Army.




taining 10 mg ascorbic acid, iis daily ascorbate intake was about 250
mq/day except on ingestion day, when he received no supplementary Ast ex-
cept that contained in the labeled material. The urinary excretion of the
following items were followed: tritium in urine water; total urine tritium;

urine Ast. dAs and DXG; tritium in urine Ast, dAs and DKG, and in undeter-

mined organic compound(s).

Materials and Methods

AsH -4-3n was prepared by exchange labeling of dipotassium ascorbate

2
(Bell et ai., 1966). It was chromatographicaily pure (Saari et al., 1966)

except for traces of DFG, als and |-arnhndscorb1c-4-3H acid. Tritium assays
werc made 1n a dioxare-naphthalene-PPO-dimethy! POPOP solvent system or in

s solubilized toluene-PPO-dimetnyl POPOP system by 1iquid scintillation
counting.

Orgqanic components of the urine were separated by thin layer chroma-
tography (TLC) on silica gel plates. Areas on the plates corresponding to
the labeled oraanic products were scraped off and eluted with water. Ali-
quots were counted for tritium and analyzed for ascorbate by a modification
of the Shaffert-Kingsley method (Shaffert and Kingsley, 1955). Urine water
was obtained by low temperature distillation of urine treated first with

charcoal and then with dinitrophenylhydrazine to prevent decomposition of

any labeled ascorbate.

Resuits and Discussion

Figure . shows the specific activity of tritium in urine water vs.
timo. The data fo.low @ first ocaer excretion process corresponding to a

half-1ife of 12.7 days and extrapolate to an initial specific activity of



18.5 % 10" 4C/ml. This value gives 8.2 uC as the amount of tritium
initially incorporated into the body water, based on a subject weight of
AN.6 Kq and an estimated body water of S0%.

The 13.7 day half-1ife is consistent with other studies on the half-
life of body water. This result indicates that essentially none of the
ascorbate label enters the body water pool after the first day. The 7.8
percent that entered the water pool initially is also consistent with the
expected labeled impurities in the labeled ascorbate, which included a
small amount of exchangeable hydrogen on the OH groups of the Ast 1§se1f.

Figure 2 presents a log plot of the organic-bound tritium remaining
in the subject plotted vs. time in days. These organic-bound tritium values
were obtained by taking the tritium ascorbate ingested (105 - 8.2 uC) and
subtracting the summation of organic tritium found in the daily urine. The
data may be resolved intc two first oraer processes -- one of 7.0 days and
one of 46 days. The 46 day component 1§ an unknown organic compound{s)
that did not migrate in TLC system employed in the analysis. Some 68% of
the ascorbate tritium entered this pool. Very high urine excretions of or-
aanic-bound tritium two months after ingestion day confirm that this highly
labeled and long-iived pool cannot be an artifact of the analytica. pro-
ceaures.

The 2 day component S crobadly labeled ascorbate and its oxidation
preducts. Analysis oY direct assay data of the specific activity of ascor-
pate and its oxidation products gives a half-1ife of 3-4 days. The dis-
crepancy between 2 days and 3-4 days is within analytica1 error. The

mitial specific activity of the urine Ash? gives a pool size in this sub-



ject of 2.84 q. This value agrees woell with pool sizes found in previous
ctudies with ascorbate-1-'C in man (Baker et al., 1966; Hellman and burns,
1958). An ascorbate intake of 250 mg/day into a 2.84 9 pool gives a cal-
culated half-life of 8 days. This calculated half-life agrees well with
half-1ives determined using one-labeled ascorbate (Baker et al., 1966).

The discrepancy between 2-C days and 8 or more days is quite interesting

and appears outside of experimental error. It could arise if the one-
labeled ascorbate studies measure turnover of the total ascorbate pool and
our 4-labeled study measures & mobile or readily exchangeable pool. In any
case, the data indicate the presence of more than one kinetically di;-
tinguishable pool in the metabolism of ascorbic acid.

Studies with ascorbate-1~]ac do not show any long half-life excretion
of the C-1 label, We must therefore assume that the 46 day component repre-
sents the excretion of a metabolite which has lest the C-1 carbon and also,
by implication from the oxalate data, the C-2 carbon (Baker et al., 1962).
Cieavage of the C-2,3 bond of ascorbate could give L-threitol, L-threose
or L-threonic acia. Oxidation of either the C-1 or C-4 carbon of these
A-carbon compounds shouid lead to further degradation of this entity and
release of the organic-pound tritium into the body water pool. We therefore
postulate that this long-lived component represents a 4-carbon metabolite
of ascorbic acid held to some essential structure of the body by a covalent
bond. It may represent a yet unknown and unsuspected indirect function of

vitamin C. Studies of this long-1ived metabolite are underway and may lead

to interesting new aspects of the autritional and physiological role of

vitamin C.
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CARBOHYDRATE (CELLULOSE) STUDIES

Preliminary studies with l“C-labeled cellulose have
been carried out in the rat, but no human studies have
bee.a done to date,

4o, labeled Avicel-R was prepared from 14¢.1abeled
cotton 6h;ch was grown at this Laboratory. The preparatiou
was mnda by American Viscose and returned to us. Thus far,
the animal (rat) studies have been compieted, showing that
there is absolutely no degradation or digestion of the léc-
labeled celluleose. 1t is anticipated that omne human sub ject

will receive the l“c-labeled Avicel in the near future,

One would expect similar results in man as was seen in

the rat,

Incl #6



Incl #7

RIBOFLAVIN STUDIES

l4c.labeled riboflavin studies in man are planned
in the tuture contingent upon completion of isolation
techniques and characterization of the urinary
metabolites. The rat studies are now in progress and,

as yet, are not completed.
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Section |. General Introduction

1. Purpose of request

a. Par. 3b(3), AR 40-37, "Rodiocisotope License Program (Human
Use), " dated 12 August 1963, requires that written approval be obtained from

the Secretary of the Army arior to the submission of license application (through

channels to AEC) for human use (of radicisotopes), when volunteers are to be
used as experimental research subjects. This paragraph (Par. 3b(3) AR 40-37)
cites AR 70-25, "Research and Develc;pment: Use of Volunteers as Subjects of
Research, " dated 26 March 1962 as the basis for the requirement.

b. AR 70-25 prescribes policies and procedures governing the use of
volunteers as subjects, including research in nugleor, biological and chemical

warfare, wherein human beings are deliberate!y exposed to unusual or potentially

hazardous conditions. Par. 6 of this AR requires approval of the Chief of
Research and Development prior to the research and, in the case of nuclear,
biological or chemical agents, approval of the Secretary of the Army is required.

¢. Rodioisotopes in tracer amounts as used in metabolic and physio-

logical experiments are not nuclear agents (in the context and intent of AR 70-25
these words undoubtedly mean nuclear warfare agents) . Furthermore, tracer

quantities of radioisotopes as licensed by AEC and used by competent medical

research scientists constitute o health hazard so minimal as to permit debate re

the applicability of AR 70-25.



d. Nevertheless, to comply with the administrative technicality imposed
by Par. 3b(3), AR 40-37 and Por. 6, AR 70-25, this request is submitted for
approval for human use of stated radioisotopes in tracer amounts in volunteer
experimental research subjects at U. S. Army Medical Research and Nutrition

and
Laboratory and Fitzsimons General Hospital/in field studies conducted by USAMRNL.

2. Scope of request

o. Experiments included in this request are not, in and of themselves,
unusual or potentially hazardous under the definitions of AR 70-25. They would
be considered potentially hazardous (and minimally so) only to the extent that

radioactive isotopes in tracer quantities are used.

b. Therefore, this request seeks approval only for use of the specified
radioisotopes, the experiments otherwise not requiring individual approval under
AR 70-25. However, sufficient descrir *ian is furnished to indicate importance
of the studies in warranting use of radioisotopes.

c. For any studies later contemplated under the general description
given in this request which would, in and of themselves (apart from the use of
radioisotope tracers), consi’ ute unusuval or hazardous experiments, specific
anoroval (directed to the non-isotope aspects) would then be requested per
AR 70-25,

d. This request will present the health physics aspects of the radio-
isotope tracers required (Section I1); will present in detail the research methods
and plans for C~14 and H-3 usage in vitamin C studies, and outline other

2



proposed stua’e: referring to the vitamin C studies as a mode! (Section 111, Par.
11); and will describe other metabolic and nutritional studies requiring other
radioisotope tracers in addition to C-14 and H-3 (Section lll, Pars. 12-15).

3. General guidelines for requested studies

a. The administered radioactive material would in no case exceed @

radiation dose high enough to approach the permissible dose indicated in CFR

Title 10, Part 20, RC-12, "The Medical Use of Rodioisotopes--Recommendofions
and Requirements by the Atomic Energy Commission." In fact, in no case will
the dose exceed one-half that of the permissible dose and every attempt will

be made to use even lesser omounts of isotope when compatible with obtaining

reliable data.

b. All policies, precedures and regulations prescribed in AR 70-25

and AR 40-37 will be rigidly adhered to in oll investigations.

c. The person in charge of each specific phase of the studies proposed
herein will be formally designated prior to the research by the Commanding
Officer, USAMRNL, from the Government scientists listed in this application,
and the attending physician will similarly be designated from the Medical

Officers among them.

4. History of USAMRNL isotope usage

a. This laboratory has employed radioactive labeled compounds in
studies with human subjects under AEC License Number 5-46-6 since 17

December 1957. Authorizotion was given initially to use iodine‘3 labeled

3




human serum albumin to measure the turnover rate of albumin of 10 normal young
men in various nutritional states.

b. USAMRNL staff members have had experience in use of various
radioisotopes in @ number of chemical forms in collaborative clinical investigations
with Fitzsimons General Hospital involving the basic disease process or new
sreatment procedures. Such work has been carried out under the Fitzsimons
General Hospital's AEC License 5-46~9 which includes authorization for use
of the following:

(m Iodinew] for diagnosis of thyroid function and thyroid scanning.
(2) Iodinew‘ labeled human serum for the determination of blood

volumes and plasma volumes.

(3) Iodinew' labeled Rose Bengal dye for determination of liver

function and liver scans.
(4) lodinela, labeled fats and fatty acids for determination of fat
absorption.
. 131 :
(5) lodine - labeled renal function compounds.

(6) Phcupl'\on.as:"2 for the treatment of polycythemia vera, leukemia

and bone metastasis.

(7) ChromiumSI for the determination of red cell volume and red

cell survival time.

(8) Coboltéo labeled vitamin 8‘2 for the diagnosis of pernicious

anemia.



(9) Iron59 for iron metabolism studies.
c. On 11 December 1959, authorization was granted in License No.
5.46-12(L 61) for the use of Carbon-14 labeled glucose, glucuronic acid,
glucuronolactone and ascorbic acid to measure the pool size and turnover rate
of body ascorbic acid in normal human subjects and for investigation of the pos-
sibility that humans may be able to synthesize small amounts of ascorbic acid.
d. License No. 5-46=12(L 61) was renewed on 24 October 1961 and
expanded to include Carbon-14 lob¢|ea glycine, cholesterol, mevalonic acid

acetate and carbon monoxide, in addition to the compounds previously authorized, |

for use in metabolism and physiological tracer studies in humans.

e. A recent emendment to Licenss No. 5-46-12 (including prior
approval by the Secrctary of the Army) permitted the use of tritiated water for

the determination of total body water in 112 human volunteers at Ft. Carson,

Colorado.

f. Current status of AEC radioisotope licenses of USAMRNL and

Fitzsimons General Hospital:

(1) This laboratory is currently licensed by AEC (License No.
5-46-12 (L 63) for human use of the isotopes listed above in Par. 4c and d; the
specifically authorized study in Par. de having been completed. All human usage

not explicitly covered by Par. 4c of AR 70-25 has been discontinued pending
authorizations (requested by this document) required by AR 40-37. This AEC

license will expire 31 December 1963.



(2) This laboratory also currently operates under the general

(animal usage) AEC radioisotope License No. 5-46-11 (H 63). This wos orig=

inally scheduled to expire 31 August 1963, but has been extended indefinitely

by AEC (who are holding our renewal application dated 21 May 1963) pending
consolidation of the separate FGH and USAMRNL licenses into one broad license
for the entire post (a joint FGH and USAMRNL license) .

(3) Consolidation of the heretofore separate licenses of FGH and
USAMRNL into one broad license has l;:een recommended by the Preventive
Medicine Division of Office of The Surgeon General, and sanctioned by AEC
because of the favorable record of radioisotope handling by both FGH and
USAMRNL. Application for the new joint Iicem;o (omitting the radicisotopes
requested herein for volunteer research use) will be forwarded to AEC (through
The Surgeon General) by FGH-USAMRNL within approximately 10 days.

(4) Upon approval of the radioisotopes requested herein per Par.
3b(3) AR 40-37, application will be made to AEC (through The Surgeon General)
for addition to the joint AEC license by amendment.

5. Sperific radioisotopes to be used

a. Use of the following radioisotopes in volunteer human research in

tracer dosages is requested:
By-product Material Chemical and/or Physical Form

Carbon-14 Vitamins
Amino acids
Lipids (os glycerides, cholesterol
and free fatty acids)
Carbohydrates
Acetate
Mevalonic acid
Bicgrbonate or COyp



By-product Material Chemical and/or Physicai Form

Hydrogen=3 Vitamins

Magnesium=28 MgQO, MgClz, Mg citrate
Calcium=47 Cc::Cl2

Calcium=45 CaC|2

b. All the labeled compounds to be employed are naturally occurring

nutrients or metabolites for the human.




Section 1l. General Health Physics for Requested Isotopes

6. Carbon-14

Carbon=14 has a soft beta emission that lends itself to tracer studies.
Fat in the body is usually considered the critical organ. The biological half
life for Carbon=14 in {at is given as 35 days. The National Bureau of Standards
Handbook No. 69 lists the maximum permissible burden in fat as 300 pc. Constants
for calculating maximum permissible internal concentration of radicisotopes
assumes that 50% of the Carbon-14 that is present in the blood is transferred
to the critical organ, fat. However, based on animals, it can also be assumed
that few of the Carbon-14 labeled compounds proposed to be used would approach
this retention in the critical organ. The moiorif); of the compounds proposed
are reo: 'y metabolized and removed from the body as expired COZ or metabolites
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