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j14002 BREATW A‘ALVSIS

“Absiréétf

,?r:’ari‘fMjanhff?fr;f%s.ss

Information on bwochemical actions €]
"vitamins upon metabolic pathways is derived prima'il
'from studies on either 31ng1e cell organisms or'cell'
,f.ee svstens._ Little information is availabie:fon_
.nioner animals concernino quantitative asoects of bio-
fcnemical actions of excess or deficient solubie B
;Qitamins on metabolic pathways.v 1 ’i ,i

14002 breath analySis oresented here aooears‘to be
aipowerful tecnnique for the study of the biochemical
processes in vivo.. Measurement of tne rate of 14002
excretion in the breath permits some e3t macion of cell-
fmembrane transport of the l*c 1abeled mater’als (140 R)
iand mctabolic processes 1nvolved in tne hanoling of 140 R
vfn addition, tnis technique aIIOWs Por evaluation of the
effecta of ohjsiological and pharmacological doses of a’

variet" of matcrials uuCh as tht d vitamins. An examolc

tne oetermine ion of ths compct‘“?veﬁfs‘:“‘jﬂ'[




tne breath of:L heth onineﬁtreated,rat:ysubsequent to
ftne intravenous admin‘stration of L nlstid ne (lmida-é
Qvole 2—140) and L—serlne 3—140 - | Y

Administratlon of pharmacolo°ical doses of pyrido—
!xine resulted in decreased 14002 excretion in the breath
{and a delayed | 1n normal rats given pyridoxine prior
fto the intravenous injection of L tryptopnane I-14C.~
“This result was felt to arise from hypertropny of the
.intracellular L-tryptophane pool subsequent to its en-
uhanced cell—membrane transport by pyridoxine.jfii:u

An example of the study of alterations in intermediary'
:metabolism of certain”?4C labeled materials by changes;in
,_body content of soluble B vitamins was the analysis'of
{thlamine deficiency in rats. There was 2 significant |
;delay 1n ?4002 excretion in the breath of thiamine—_lﬁ
fdeficient rats suosequent to the intravenous adminis—
?tration of pyruvate I—14C ‘and- acetate I-l4C {which was
5normalized Nithin 45 minutes after the adm nistration of
ftniamine.; Similar results were obtalned in irradiated
irats aiter the administration of laoeled monocarbon
;-poo1 orecursoru, wnlcn sucgested raoiatlon 1nact1vatio
+0f tetraqydro Oll” aCid cr tne proccsses resnoneiole forl

Wfits prgduction,; We ray u' est tna }4002 b"eath

{_analjsls might,oeuufSGnSit mechod xor_-ssay ofiinfviv

R
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?ffi lcbeled with_14c.- Such anntltation nas oeen used pre—

‘e

pathwaya ls derived prlmarily from studies on either
"single cell organisms (e g., bacteria) or cell free

j’systems (l 4) % Little information concerning quan—

‘titative aspects of biochemical

'.deficient uoluble B vitamlns on

115 available in intact animals.

a.lacv of specilic evidence, it

The mork orebented nere utllizes tne 14Cc2 breath

7anelyaer to orOV1ae quantﬁtative in or. ion conce nin

57"15 ‘ ”iciency states, or- pharmaco-k:if
ically to ncrmal animals. § 3
~ The 1400 oreath analyzer was introducea by Tolbert

and collaconators (7) ThlS apoaratus permlts contlnuous

'of anlnals and human uubJects (8 14) glven raterlals

. v'




fat the 3 4 and 8 positions of 3 4 dimethoxyphenethylamine
;(20) With regard to studies in human subjects,vprevious
?invest gatons nave used this tecnnique to demonstrate e
;effects of insulin and toTbutamide on glucose kinetics in
_normal and diabetic subjects (21 22), differentiation.
;between Vitamin 512 deficient and folic acid deficient
:mecaloblastic anemias With L- histidine (imidazole 2—140
‘and Na propionate-}4c (23 24), phenylalanine metabol*sm!in
1pheny1ketonuria (PKR) and related hyperohenyla‘aninemicf

;Suates, blyoxalate ox*dation in primary hyperoxaluria,

'tyrosine metabolism in hyperthyroidism (25,26), and

tmetnionine methyl oxidation in acute schizopnrenia (27)

The rate oP 14002 appearanoe in the oreath is . a

1function of several factons. These factors ane (a) de-
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Descriptlon and calibration of the apparatus

The HCO2 breath analyzer 1s shown d*agrammatically

'1n Fig. 1 and 1n 1ts actual forn 1n Fig. 2. Comoressedfair

(tank seen on the far right in F*g. 2) is paSsed tnrouﬁh tne

van mal cage containing the rat at ‘a- constant flow rate .5
jdeuermined by a pre01sion flow regulator ( illaflow .
;EDiﬁision, Ricnmond CaTif.) Air mixed w1tn ezoired ga°es
’from the rat exits f‘rom the aninal cage and passes tnrouvh
fa water abSuPbQP (CasO4, Hammond Drie*ite Company, Yenia,

Ohlo) Sabseouent to removal of wate&, the r'asea areli

fserially oassed tnrouah a 0 377 liter ionizat on chamber

FPnstcs Corporqtion, Pasadena, California) -an . 1nPrared =

.\ >.V GOda"t




. ber liter of 2,5-diphenyloxazole (PPO, 3cintililation Grude

De Bilt, Holland), and a paramagnetic oxygen analyzer

(Model F3, Beckman Instruménts Inc., Fullterton, Califofnia),

Continucus grapnical plotting of the i4coé, €Oy, and Op -
data was achieved by using a multichannel chart recorder
(Speedomax, Leeds and Northrup Co., Philadelphia).

For stable performance the components required the
fpllowing "warm up" times: 10 minutes- for the voltage

~

rng*g or, 1 hour ror the vibrating-reed electrometer,

5

2 hours for the infrared carbon dioxide analyzer, and

24 hours for the paramagnetic oxygen analyzer. The'back—

grouna carrent from the electrometer was aeterlln d in the

absence of an 1onization chamber and was found to be

identical to that obtained when a regulafer-flow rate of.

a tank air (0.4 to 3 liters pef minute) was paesed

through the ionizetion chamber containing the electrometer,
The ionization cnamber was calibrated by introducing

standard *#C0, gases into the ionization chamber and

mzasuring current flow after equilibrium was reached.

Standard **CO, gases were calibrated as follows (29,30).

Ten‘liters of l4002 gas were passed through 13 ml of
absorbev solution (1:2 (v/v) solution of ethanolamine

in ethylene glycol monoeuhyl ether) at a flow rate of 0.4

liter per minute. Three ml of this absorber solu lon was

added to 15 ml scintillation liquid of 1:2 {(v,/v) ethyl-

A 1 e o i) .r
anag oluene, containing 5.850 g

ﬁ
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'fackardjinstrunent dompany Doﬁnersfbrove« Iilinois)
Th° 14cogctivity inuthe solution was determined’byfusing
”a Wuclear Cnicago nodel 725 liquid scintillationhcounter
’fAbsolute content of 140 in- the sample was determined from
measu ement o tne liouid s ntillation courter efficiency
ziutiliz*ng standa“d tol uene-14C solution (06d50d3 140 in
'ftoluene,‘specific act1v1ty l 59 uCi/4 96 ml Nuclear,
_?Chica?o) COUHt]h” e”ficiencies were in tne range of o
”70 624 to O 628 ana bacicround varied from 25., to 29 l cpm
Tne calibration factors of the ionization cnamber were the
range of 1. 480 lO 4 to l 521 x 1107 4 uC/mV/nin.v_ff

r"or calibration of the carbon diox1de and oxygen
_analyzer, a tank of gas containing 80 nitrogen, 3p o
dcarbon dioxide, and 17 oxygen was used (Pacific 0xygen
ﬁCompany, 2311 Magnolia Street Oakland California)
The apparatus was periodically tesued for gas leaks

Fto insure constancy of its performance.w7

iProcedure for study of endogenous 14Co2 production

€

Inbred male Buffalo rats (Slmonsen Laooratory,x

ge were duv de 1nto control and experimenval




eiperimental anima1 was removed from;the'animalrhold ng’
chanber and returned to his holdinv‘cage. The holding
| aoe was placed in a room equipped Wlth an exnaust vent
for at least 1 day to prevent 14002 contamination of thev
laboratory.nu' I RN o
_ At the completion of each study, a1r flow was main
'”tained through the system until the vibrating reedl":'
‘electrometer returned to the initial background levels,

in order to reduce residual contamlnatlon oP the apparatus.

..,',

IIi; 1‘002 PRODUCTION, IN THIAMIN“ DEFICIENT RATS GIVEN

L ﬂ1-14c PYRUVATE AND ACFTATE

‘vﬂA Review of the problem

buptake in many tissues decreased (38)

seentration of py"uvic acid or C( Petovlutar*c ac*d in olood
v(39) or by deteemlnation of the carbonydraue 1nd ‘;vvqlCOf
o | ie .ﬂfMWf ebt cilcldé '
_ i and. admin’ist’r.
”;_ln audltlon,‘measfremenﬁi'”

s

¥ lcen 1'\de 1
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Before pyruvate can enter the tricarboleic acid

"cycle, it must be. decarboxylated to acetjl CoA in the

,frs 17? 2.;!j5.

presence of" thiamine pyrophosphate.' Similarly, the oxi-g;af,f'"

ix?fdation of acetate to C02 1irvolves the production ofN«-d:

I'"*ff. ketoglutarate which requires thiamine pyrophosphate aS'f':L

-imiiirreversible. o

o coenzyme in the oroduction of succinyl CoA plus COo.

:For practical purposes both the above reactions are

The apparent dependency of the oxidation of the #l‘

" ‘carbon of both pyruvate and acetate to. CO2 upon the presenceﬂfﬁl"yﬁ&

"ﬂof thiamine pyroohosphate suggested that appearance of .

"ﬁf:14CO in the oreath following administration of pyruvate-'f .
2 v

ﬁfﬁﬁfl 14¢ and acetate-1-14%C might be a measure of thiamine -

tw;‘deficiency, Such measurements might be useful_in early

" detection of beri'bepi, In fhis_étudy 14002 appearancew:_ff"'

" in the breath subsequent to administrat*on of #1-14C4

"v'nyruvate, acetate, and bi carbonate, and plasma clea“ance

 thlamine-deficlent rats. .

of (thiazole 2-140) tniamine, were measur ed 1in. no"mal and

B, Preparation of exoerimental animals

Twenty-seven male Buffalo rats (Simonsen Laboratory,,

- Gilroy, Califorania) weizhing 110 to 135 g 2nd 5 male Buffalo.: Lo

rats welghing 350 to 390 g were used in tnese experiments, L

.- The rats in the first group were L2 days old‘andvthe-

L anlnals. in the second group were abou 3 montns old at .

the ;tavt of tne exoerirents Eacn.of these groups was . -~ - . -



‘:i18f.;'

| further subd1v1ded into control and thiam&ne deficient
vsubgroups. Tne diet of the control rats had the following
composltion expressed as percentages; vitamin-free_

caseln, 20.0; sucrose, 67.5; cotton-seed cil, 5.0;" ,,.c,_f
UCB-IRb salts, (43) 5.5; choline bitartrate, 1. 22;;' |
..vitamins A, D, E premix; 1.0;‘and vitamins B premix, 2.0, -
‘The deficient diet contained the same formula as above
'except that it had no thiamine, The experiments Nere

‘conducted from 14 to 20 days after initlationof these

“ Giets, when the thiamine-deficlent rats showed weight loss == -

- and generallzed astnenia.

-

1. **C0p production studies

The experimental‘animals were: ‘v*ced *n u.ﬁnc ;f p,;‘
: The'control grodp‘consisted'of siz rats and the t“iam*ne—:n
de“icient gioap consisted cf seven.bats. ine appearance

- of 14002 in the breath suosequent to .he intravenous
administration of pjruvate -1-14C was aeterminec in each of'
these animals., After the first series of exper;ments, '
. four rats of the thiamine-deficient group received 20 mg

of thiamine hydrochloride per day (Abott Laboratories,
North Chicago, Ill.) intramuscularly 1 to 2 days prior to
performance of a repeat.study. 'In each study the rat
received 2.5 uCi of sodinm pyruvate—l-i4c (specific-
zctivity: 3.852 nC L/mil, New England kuclear Corp., 575 .

Albany 3treet, Bosgon, Massachusetts 02118) intravencusly

U)

after lignt ether anesthesla.
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iih é“secondtséries:of-studiééj14coelappéarante in the
‘breathiwas measured subsequent to IV adminiétrétionfof_*
"sodium,acetatefl—14c.".Thé experimehtal.animals.cdhsistédV
of three control and three thiamine-deficient rats., In
each study,‘the ratlreceived 2.5 uCi of sodium acetatefl-"{
‘14c (specific activity; 40.0'mCi/mM, Nuclear Chicago, 333

‘East Howard Street, Des Plaines, Illinois 60018). The
 experiments were repeated in thiamine—deficient‘rats 4o
) mipﬁtes after intravenous administration of 15 mg of;
. thiamine hydrochloride and again a day later after a
second IV dose of. 15 mg of thiémine hydrochlofide.

. In a third group of animals the effect ofAthiamine:'
U“deficiency on the HCO§ pool was étudied 'The’gfoﬁp cdn;f'.
sisted of four controls and four thiamine deficient rats.-v
In each study the rat was given 1 uCi of wad14003 intra-
“venously (specific activity 21.5 mCt /hm, Eew'England
‘Nuclear Corporation) and 14002 was measured in explred air,

| Immediately after intfavenous adﬁinistration of 4c--
labeled materials, each control and tnlam rie-~ ceficient rat

- was placed 1in an anlwal holding chamver and the erired air

"~ was passed tnrou n oan itonlzation chamber at a constant rate

of 3 litePS/minute in.an'experiméntn7 apoaratus similar to
that described preVLOusly (8- 27, 50-52). At this gaa flow
'rate the mean turnover time cf gas in the measuring
'éooaratus (mean washout ‘tine) was le*“ than 1 minute. The

rate of excretion and thne dmount.OL 1*C02_excreted»ih the



-:,',1
TR

,{;breath of rats were recorded continuously,,ﬁlﬁa%uy

2 Plasma thiﬁmine clearance stuaieS'::

!n'

. ;L;-of two controls and th ee tniamine deflCient rats.,clhe,,ﬂ';7lu'

'"§i}rats were studled inaiVidually. sach animal received 20

'wﬁﬂfuCi of (th azole-2-14C) thiamine hydrocnloride (specificf'dﬁ'Vf

'3ffactivitj 25.2 n01/mh, Nuclear Chicago) intravenously under

."ff1-0h+ ether'anestﬂesia. Tﬂe blood samples were obtail ec in

S ?fheparinized capillarj tubes from tail vein venepuncture at

xﬁtoxazole (PPO, scintillation grade, Pacxard Instrument

Five male Buffalo . rats were assembled into two groups ﬁ_fgg*?if

'43:aporox1mately 1.5, &4, 6. 5, lO 5, 21, 30, 70, and 117 ninutes :"'?'i?

"fﬁafter v inJection of (thiazole 2—140) thianine hydro-:
‘Iichloride.‘ The plasma 'samples were then isolated by a semi-;.

1micro rnethod, nacn sample consisted of“20 microliters of

:{=jplasma dissolved in O 5 ml of Nuclear Chicavo solubilize":7f”“"”'.

-~ (0.6 n solution in toluene) which was added to 15 ml of LT

"+ .scintlllation solution made of naphthalene, 2,5-diphenyl-

' ‘Company, Downers Grove, Illinois), 1,4 OlS—.[2 (5~

i, phenylox azolyl) ] —benzene'(PCPOPv sclntillation grade,.,ifff'\"

' same address as above), 1,4 dioxane (J T. Baker Chemical

‘rR;Comoany, Pnilliosbuig, N. J ), toluene, and absolute ethyl

‘aleohol, The 140 activity in the solut’on was determined e

" by utilizing a Nuclear Chicago nodel 725 liquid scin-

tillation counter, Absolute content of 14C in the savo]e““"

w2s cniculated from measurement of the 1 quid ncint llat Jon Tu*i"““

acountcn eflficlency, u Lilizing an intcrnal 1“P stan asd

';\36 5ud~—14C in tol 'ene,,spccif'c ﬁctivltj 3.l uCi/ml,:iLL B



Counting efficiency?was generally;O 8,

and bacyground varied from 27 8 to:29 e.counts/m1n ‘

c. BE:LLL‘E&

"-jf’;?l; 14"02 production studies

”l l-C Pyruvate
;Figure 3 presents renresentative c}

rate of appearance of 1ag OQ:intthesbr.atnﬁof?a controt”
rat and‘a thiam-ne oeficient rat orior tui' cad
days aftei, daily intramUscular 1njectfon oi120umgh
thiamine hydrochloride.ﬁ The ordinate represents 14C02
excretion rate expressed as muCi,min and the abscissa as
tlme in minutes following IV injection of p;ravate 1-140.

The control rat acnieved a greate" initlal rate of
?4002 excretlon,‘xnlch subsequentlj decreaseo more rapldly
tnan in the thianine oeficient rat One day after intra-a
muscular injection of 20 mb tniamine ndorocnlorioe tne |
previously thianine dezlcient rat had | breetn 14002
cnrve intermediate oetween that seen in the: eniamine-v
deficient state and that noted in the cont“o-;i After tno
dailj 1ndections of 20 mc thlamine hydrocnloiioe:fi e.,'
;fntegral dose of LO mo) to tne pPEViOU lj t ;ine~;
‘de 01ent rat tne apoear nce of 14002 in: the breatn 1s
simil to that seen in the control an*"al : | :

Figure L3 presents CUmposite dat1 ‘f; he . rate of 14000

Q{pfudﬂvflou ful?owfn JV udmin!utrntion of pyravgte lm}*b




ve curveu.unouin">the

rate of ap earahce'of 14002 lh

.
.J'
:‘:n

The ordinate represents KCﬁetion

rate'expressedfas-ﬁpCi/min énd'thé;abégiséé-as timéj£h

minutes following IV injection of pyfuvate 1—14C
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CO, excretion rate, mu.Ci per min.
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iof vroups of controlﬁ"thiamine deficient .and

J;thiamine deficient rats at t*mes oreater thanf;

‘*fafter v administration of pyruvate 1-140

i
N

Figure 4 presents composite data of the rate of

H

’314002 followine IV administration of pyruvate 1-14C in,

'six control rats,'seven thiamine deficient rats,'and four

’

thiamine deficient rats on the first and second day after

‘aily;incramuscu;ar :nject 20 1 “f»uaihmine nvaﬁu—

chWOride.g,ine ovd naue repﬂeseﬂts 14002 excvetion rate

¢

eXPf sed as x 521 muCi/nin and the aoscissa as time in

mlnutes follo“rinQ IV inJectlon of pyruvate 14C

i

bacs enrouvh each oint define pre0131on_oi p051tion of '

rats with 9,,3 limits based on't 95 yox The br'oken




- ¥co, excretion rate (x 1.521 muCi per min.)

I
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RATS PLUS 20 mg
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in six control rats,

four other thiamine deficient rats on the first andhsecond
qday after daily intramuscular injection of 20 mg of
Tthiamine hydrochloride._ Each point at 5, O 15, 25 and
540 minutes represents the mean of excretion rates of |
114002 for eacn group of rats.z Vertical bars through each
3ijint define precision of position of the mean with 95
vﬁlimits based on £ 95 y x(S .l standard error of the
nestimat )'4 lﬂC ze"o' 1me intercept (A), tne slope of tne

reeression functlon (B), and the standard error of the

slope [Sb(x) (y)d‘were detelmined bJ least squares best

;z;-. .

flt of the data to the unction

The broken lines immediately above'and beloW"each*curve

gare regression lines of l standard errol'ofgthefestimate

In deterrinlnv ne signiilcance of dif”erences
,jbetveen the curves ootained in the control and thiamine-

.ideficient groups, a P value of O Ol was obtalned ’ In this

:analjtic aoproach only the downslopes of the}?*COz breath

;curves'were analyzed ( 5 min after IV inJection of .
:.;;?pjruvate) ' Sinc ‘uh : nitial rate of 14C02 production_}7i
(;:from pJ"“vate l 14 , sufflcientlj rap'd to be o- tnev‘iv
foroer of maqa tude of t1e turnover rate of tae 14002 |

fmeasuremenf a pax atlo, little reliable 11fo:mmtion can be

L.




Jff 14C administered excreted in the breath;(expressed as
~dur1nv the initial bO minutes of the study for each vroun
;of rats are oresented in Tab e~I., It is clear that bothﬁ
*the Tl/é and the inte@ral amount of *40 excreted 1n the
1breath in 60 mwnutes are sivniflcantly different in con-
trol and thiamine de1101ent rats. The T1/2 1n deficient
irats is about double that in control rats.f All parameters
‘in deficient rats closely aporoached the normal range 2
}dajs after initiation of daily administration of 20 meiof

thiamine hydrochloride.a_7

#1 140 Acetate

N The curves describing appearance:cfil‘co 1n‘the_
fbreath of control and tniamine deficient‘rats‘given-
*acetate 1-140 are 51milar to those obtained after adminis"
,tration of pyruvate i-}4C | Figure 5 Dresents represen—
‘tative curves describinb the excretion of.f4002 in tne
b»eath Pol Lowing IV adninistration of acetate 1-14C in. a.
fcontrol - a thiamine deficient rat and tne same thiinina
.defic*ent rat 49 ninutes'after IV adminiotration of lp mr
‘ hiamine h"dcocn’o de A s1bn1f1ﬂant d f erence‘is

otec uetdeen t“e(l4 02 curves for contrcl and for"'
thi?ﬂiﬁé.iELlC ent‘iftsg? Witnin 43 mirutes aftei IV‘

admi:*st atior OL t iumine tne‘previdusld th“ﬂine-m

'-def*cient rat nad a normal,l4002 breatn curve.quigure




i;'V‘.en.- ;ace‘ca’te’.-".lf-‘l%‘*

. -y

after-, IV ing ec im' of‘ 15 ng tniamine throcnlor*dP

te rep resent 14002

,"apC ;,’_'zqin.,’;"an’cl th‘e]

C
s




-"CO0, excretion rate, mu.Ci per min.
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es.nts comp si_ :data describinO

B

'14C02:production followingfIV _cmjnistration
of acetate l—?4C to three control rats,ntnree-tniaminei
fdefiCLent rats, and tnrce thianine deiicient rats C,iven 15
flmﬁ 1iaminc nydrochloride IV 45 minutes orior to initiation
;of the study he metnod for plotcing the data and for <
.;analjSis'of the least squares best fit 51n¢le exponential‘
;recression curve with its confidence limits is identical
ito thac descriced for Fig. 2.,'Tne curv _d ned by tne
data obtained in control rats is significantly dif:erent
(p <.O Ol) from tnat obtained 1n thiamine deficient rats
However, the pattern of appearance of l4002 in the breatn‘
ioi thiamine defic1ent rats given #l 140 acetate 45 minute'
.after IV administration of 15 ma thiamine hydrochloride was
_essentially identical to that noted in control animals.i?Af
freoeat study on such thiamine deficient animals 45 minute

~after a second IV injection, 24 hours after the first sucn

itreatment, again yielaed a normal natcern of 14002

,excretion.. Tnese data are presented 1n cabuiar Porm *n 5

iTaole II,‘where tne slone of ‘the breath 14002' unve

:e"-res d as’ ﬂl 2 and the inte-ral ” l"‘C eicretec in 50




Slope:(Ty o) -and-integral . :
14C02 appearance in breath following v administratlon of _
‘pyruvate-1-%4C. in control and:experimental rats_(the number
of animals ln each grouo is noted in parentheses)

Thiamine-deficient
rats'zu'hours“afte
intramuscular - '
administration of .
20 mg thiamine =
‘njuPOCth“lde (4)

‘Thiamine-deficient
rats 48 hours after
intramuscular L
‘adininistration of
10 nmg thiamine %
Cnydrcehloride (%)




mini 'tratlon oﬁ avebate T

'enmne nyk

wi“b 95% limits based on ‘t 95 y oy Tne oroken lines
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Slope (T1/2

14005 appearance‘in

of acetate l-?*C in: contvol and exoerfmental rats (the
An parenthe es)

. Half-time T, ,, + S.E. 14%C e?cretion
(minutes)’ ‘a,, S in 60 mwnute

'45 minutes after: IV'
administration of . 15
mg thiamine 'h ydro-“

:chloride (3)

.Thiamine-deficient rats

45 minutes after second

aaily dose of 15 mg -
iamine hydrochloride




*curves followinO administration of #1'14C-pyruvatetand':
pacetate in thiamine deficient animais were'due to,“fj'
*alterations in. the COQ H2003 pools };thiamine deficient-
{rats rather-than to alterations in soeciflc metabolicA;
'steps related to'l4C02 production.f'mhat this is not the’
;case is demonstrated in data presented *n Wig 7 and .
~Tab1e III Thlo finure and tabWe surmarlze data describinv
;tne apoearance of 14002 1n the breath of control and
thianine deflcient rats given l uCi 514003 1ntravenously.
HPresentation and analysis of the data 1sfldentical to that
{of Fig. M and Table I It appears from.tnese data that
vthiamine defic1ency does not remarkaolj alter 002-5003 pool
'kinetics (1t may result 1n a’ small 1ncrease in 1ntegra1 :
?excretion of 14C02 from the 002 HQCO3-HCO3), however,‘thisﬁ
Eeffect 1s opposwte the effect noted w1tn 14C labeled i
fpyrdvate and acecate.' This result indicates that aonor-
nmalltIEo 1n 14CO2 appearance in the breatn followinc
»admwn stration of #1 140 pyruvate and acetate to thfamine-
;deficient an-mals could not resalt from al erations in COg

de“'yOOL kinetics.

'uplasma Ple rqnce of ( nlaaole 2-14”\ mniar ine

J_ I..
c_,ut RaL

:rol"nd thwan;ne

-tv pr'om




4three thiamine deficient and two control animals in Pig 8 &
All animals in this sttdy were of the same size and
_genetic background Therefore the concentration of radio-
jactivity in. the plasma following IV injection of a. standard
dose (20 uCi) is an adequate reflection of the content of'
fradioactivity in the initial distribution compartment of |
11ntravenously administered thiamine.j It can be noted from
-Fig 8 that at all times following IV administration off
7labeled thiamine the 140 concentration 1n'me plasma is
jlower in thiamine deficient animals than in controls, but
chat the curves are othe;wise roughlj parallel These
;results suggest that the initial distribution soace of

gtniamine in tnia ne def clent animals is mucn lar er tnan

tnat in controls.

'I cont l
nistered ao

la W ;
C02 1tlin th

'lof py lvate metabolism in vivo occurs by decarboxylation

'*to form acetyl CoA rather than by pathway .leading to

*In control animals a mallcr amount only;







CO, excretion rate (x 1.521 muCi per min.)
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slope- (Ty /s
aooearqncefin bceath,followingwlv administration of NaH

in-control and e.perimental rats thc number of animals 1nf
each group i noied 1n parunthese '

Hélf— ime T /2‘
(minutes) in )O m*nutes

68 8246 + 2 2626




iamine hyon:

Thé”ofdiqéte?repreSéntSff4C:a¢tivity o

ﬁéipreSééd a$‘Dfm/m1W0priésmaiand the abscissaHés'tim¢3

. V. R .




dpm,bér ml

10

10

41

CONTROL

—
—
—

i l | l l

RN

l

|

|

l 1 l l

0O 10 20 30 40 50 60 70
‘ Time, min.

Fig. 8

80 90 100 110 120

DBL 689-5425



.followiﬂv'the 1ntravenous administration of'this material

1

Maimin;sxéd'inte~ral exération of :}400

F:breath curves.,nJitth 45 minutes a;ter ﬁnefiwtravenou'
‘aamanist”atlon OL thiamlne to thiamine‘defLCLanv rats
:Dattern of appearance of 14002 1n the breatn subgequent;
the 1ntravenous dninisuratlon of 11-}40 labe*ed acetate

witnin normal limita.l However, as lonv as 2L hours

3

.ﬂloCdlaP LnJec*ions of thiamine. Tnis latter flnainb maje

bc relatec to local blndin of thiamine iﬂ tne Liu"E'




_result in a vrea er aelivery of:thiamine to tne'liver;”thef
site of a larve fr ction Ol pyruvace and acetate catabolism'
An altcrnative exnlanation of tne data is that the ox1dative”
”ataoolism of the “l ca bon atom of pyruvate is more

sen31t~ve to thla e dePiCienCJ than the oxidative cata-

bolism oi the ﬂl carbon atom of acetate.:

6

That specific thiamine binding sites are relativelj

unsaturated in thiamine deficiencj, as opposed to the non
deficient state, is further suggested bj the studies oi
plasma thiamine clearance curves. Such curves in thiamine
deficient rats are below but roughly parallel to, those;
vseen in control animals.' This result could be explained_
bJ postulating a larger initial distribution soace for the
?140 labeled tniamine in the thiamine deficient animals than'
:in the controls.‘ Tnis could be accounteo for by postulatino
'an increased rate at wnilch thiamine equilibrates across cel'
membranes or. oy a:larger quantity of unsaturated thiamine
oindin= sitcs 1n thiamine deficient anim ls tnan in control
'animals..

'Thatftne differences in 14002

deli cient animal ; Venf#l 140 pjruvate or ece ate i

aopearlnce_fn tniamine-




detected in the,intact animal by measurement of 14002
production suggests the possible appllcation of this
aporoaCh to the early diagnosis of thlamlne deficiency
(beri oeri) in man._ Such a human dia@nostic pnocedure
‘ie t consist of the measurement of 14002 in the breat
following administration of #1-140 labeled acetate or
pyruvate with subseqdent repetitlon of the study aftervan;

intravenous aamlnistratlon of a therapeut*c dose of

thi‘amine. , A significant increase in the slope of‘ the"l coe-:

bfeath curve durine the second study would suggest the

presence of tniamlne def101ency at the tlme ‘of tne 1nitial
tuay.; The valldity or possible usefulness of this

aoproacn in the early diagnosis of oeriberl awaits study

in human subjects.‘

k

E Summar;

as. pjruvate l-**C appears in the breath-as f‘CO2 uvthin-
ﬁoO minutes (comoarable to the amount obta ned followinvﬁ

-'auministratlon of H ‘CO3aio ); nr vidlne”confirmation:thétf
*lﬂ vivo O"PU'qu met cu‘ ccura almost.e clusively5v

acctJi'qog_f metabolic;step'requiri

Y

SR S o




th‘\presenc £ tniam*ne pyrophospnate)

only approximatelyl52% ofd14cjadministeredias_acetate l_}*C.
fapoears in the breath asi14002 witnin 60 minutes, suggestinr~
fthat a small but measurable amount of acetate isv"fixed" in

fmore slowly cataoolized compounds (e.g., fatty acids) as

,opposed to direct oxidation to 002 in tne citric acid *}'

;cycle.

In thiamine deficient rats there is a significant delay
iin ox1dation 01 ooth ~‘l-l‘*c oyruvate and acetate to 14002.
;Within 45 minutes after IV 1nJection of tniamine the 14002
?appearance curve following inJection of acetate l 140 15 |
;qithfn normal limits.l ‘In thian*ne def*cient animals, ?4002
eAc“etioncP :lorlnﬂ'administratlon of.HI: O3 ls normal ogt
k)lasna clearance of 140l labeled th h;; l_g inltiallj .
jabnorv ll/ rapld 1o;hs if{ﬂtnE}vre'e cé in’ thiarlnen"xi

-

.6‘1C{QHCJ OL dngacur cedlchianine; ‘nciag SlceS wnwco,
brate raowdl ~’_r:.tn plasma thianlne. f' ii’i”. 
Tne 14002 b”eath studies sugge ﬁﬁne oossibil ity of
ODiS of tniarine defic1en0j .;man_c edetermlnation:of
5 appearance in the breath afte“' dm_“istration of l-
oyruvate or acetate prion to, nd suosequent to, the |
;intravenous administration of tniarine.f A siénificant

f‘ollowing;

une oresence of




iprev;ous studies demonstratea that eitner pyridox1ne or-‘

;OJnldoxal ohosoha*e incweased the upthe of several anlno

‘ac1ds (i e., —glycine, L-methionine, a~am1nobutyric acid

~l:-_

:X—aminobutyric acid and alutamate) into Ehrlich mouse-

ascites carcinoma cells under either aeroblc (55,56) or
anaerooic (57 58) condltions.thimilar results have been
snown in vitamln Bo defic*ent rats treated with either

L—oenicillanine (59) or deoxyoyridoxine (60) . Moreover,ﬁ

”pharmacolo*ical doses of pyvidoxine may e e0u either tne

In thiq.Stqu, aopearance of 14c0231:~ he breat was

@ the intravenOJS adminf tratlon of




studies were performed on. seven rats prior to“administration
01 pjrioox1ne. _Six of.- tnese Pdtb suoseqdently received

100 mo pyridoxine hydrochloride [2 methyl 3 hydroxy 4 5
(dihydroxymethyl) pyridine hydrochloride] (Eli L111y and'
Co., Indianapolis, Indiana) intravenously 30 minutes prior
to ‘a repeat breath 14002 study. In each 14C02 study, all
rats received 5 uCi of L tryptophan l 140 (carboxyl-‘ji
1abeled specific activity 20 #° mCi/mm, New En*land

Nuclear Corp.,‘575 Albany Street Dosuon,i- ss cnusettsd

qith d*e 1J1

U . w0
s SR PESRUEN
S 7
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amersham/Searle Corporation).

In the third series of studies, the effect of pharma-
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oxine cn methionine catabolism was

determined. Three rats were studied prior to and subse-

)

 quent to injebtion.bf pyridoxine in_tne same procedure as
desc:ibed above., In eaCh‘study the rat received ihtra—
_venouély 7 uCi of L-methionine;CHB—l4C'(specific activity:
14,77 mCi/mM, New England’Nuciear Corp}; same address as
. noted above). |
| ‘In the fourth series of Studies, the effect of pyridoxine
=one'bicarbonate'pool.turnover was deﬁermined. Three rats
‘were studied prior to and subsequént to the-inéravenoﬁs

+

injection of pyridoxine.\ In each study. the rat received
,1 uCi of NaHlécO3 (speqific.activity: 21.5 mCi/mM,'New
England Nuclear Corp.) intravenously. Fof the bicarbonate
pool turnover sﬁudies, the gas flow rate thrdugh.the
- system was maintained at 3 liters/min..'At this gés flow .
rate the mean washout time of the apparatus was less:than
il minute.
C. Results
Figures 9, 10, and 11 present curves showingvthe rate
of *%C0, appearance in the breath of control and pyridoxine-
‘treated rate subsequent‘to the intrévenous administration

hi

of L-tryptophan-1-*%C, L—'n'ethionine-CHg—l ¢, and L-
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ofve cretion rates 01'14002 in the breath for each group

clear that there lS a qualitative cifference oetween 14CO
breath curves of control rats and those Of- pyridoxine-'
treated rats suosequent to the intravenous administration
of the 14C labeled trjptophan._ After the inJection offtne
140 labelea histidine and methionine in byridoxine treatedf
rats, no difference occurred in 14C02 appearance.ﬁdd;t :

For data analysis, two parameters were used for each
curve. The first parameter is the time at whicn the maximum
rate of 14002 eAcretion in the breath occurred ( maxb)ﬁ
second parameter is the integral excretion of 14002 durinv.
the initial 65 minutes after injection of 140 labeled
tryptophan and during the initial 60 minutes after in—

Jection of eitner 14C labeled histidine or 14C labeled
methionine.' Tnis 1atter parameter lS a measure of tnelfraction
of the ?40 involving the in vivo oxidat on result*ng in
l“‘002 production._ Table VI digitally summarizes the data
ipres nted i ‘ l 9 tnrougn ll. Figure 72 describes the

'rate of 14 002 appea ance in the breath of controi nd

' idoxine treat d rzt i ubsequent to bre acmihi tration

L :
R

;.hlpo.ut at J, lu,';’m;f 2 minutcs
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reg ression function (B) were determined by the least--

,;squares best fit of the data to the function

are;regresslon lines of + 1 standard error ofgthe estimate.
In this anal&tic procedure the;slopes_of the
‘1FCOé-curves are analyzed at 5 minutes after intravenous
vinjection of NaHlQCO3 \The slope (expressed as Tl/2) and‘
:intearal amount 14C excreted 1n the breath (expressed as’ 4)
,durlnv‘the intt1a7 50 n*nutes of bicarboaate studj Lor ea‘“
grouo of rats are summarlzed in Table V.v |

D DiSCJSs*on

.

idavole 2—140),L—retlionine Ch3—l4c or raH14ﬂo3-tn“”

of:; 14002 rwc' 1abe1edftry(

.otoonan tn pJﬂi oxtre treated ratu n J Le due to e*ther

"a terations.Lnﬁltsveatapolism”( uch asijSSible_enhaneemeht
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max and' v Lo

aDpe raﬂce in oreatn.fOIIOWLng the intravenous

‘tration of ‘L-tryptophan-1-*%C, L-methionine- Ch3
L-histidine. (imldazole 2—140) in control and-pyridoxines=
_treated rats (Lhe number ‘of anima1s in each group is noted;

in parenth eses)

14C e’ creLLcn
- in the bﬂea+n
durinv

Rats 30 mvnutes

~after IV admlnis-
~tration of 100 mg
pyridoxine HC1 ( )

'_.1'cc_>ntr.c$l   (’3_)

Rats 30 minutes

~after IV adminls-
.tration of 100 mg =
ovrwdoxine HC1 (3)

fRats 30 m'nutes
fter IV ¢ dmlnL

‘ur”t'on of 100 'mg

nyri d\vlne'uC1;(3)




rate offconvers1on of~tryptoohan to serofon*n or increasedu

physical tfanéoort of tryptcnnan ac“oss th° cell membrane.-
Tae 1atter oosuib*11ty is uupported b; the data obta ned
_»b*r M. L*n and H S.-Wincnell in an 1n z;ggg study us*nv'
do, bone-marrow cells incubated with L tryotophan 3-*40

and L h*stidine (imidazole 2-*“0) in basal medium of

us“

[.1 ",




:Tabie v

Slope (Tl/g) and integral *#C excretion determined from
14C0, appearance in breath following administration of
14C0% in control and pyridoxine-treated rats (the number
of animals in each group is noted in parentheses).

i

Category Half-time T1/2 14C excretion in
PSR 50 minutes
(minutes) (%) + S.5.

‘\]

Contrel {3)

. Rats 30 minutes prior

to IV administration

of 100 mg pyridoxine 8.98 62.80 + 2.18
HC1 (3) -




wetnionlne, these determinationg were uncnanfed in

~:m NO‘{MAL R.\Ts

GIVVF PdAHH\COLOGICAL DOS q O?'FOLIC ACID QJD

Cfﬁ OCOB“LFHI

" Review. oP' he.problem"~

cgroon atom 01 the imidavo % na of nistiaine

‘isiun;quelj
monocarbon
-acia (83)4 Tne raue of oxicat “;ﬂof tan

COQ naa'oeen sh oma to be mar\edly dwmgu&amed elther

:(q%) ana 1n folic acid de cwent numa“_°u0Ject (23 2”'}




asa, 4 6jj, vitemlns A,_D Riboflavxn, pOﬂuotnenic acid
wn;acin,'cnoline) weiehing 240 to 045 5 were divided into
icohfﬁel  folic acid treated and cyanocobalamin treated
'6roupa.v The cont”ol c'r‘cmp consisted of ten rats whicn
received no orior t"eatment Jmhe vroup'"eeeivinﬁ‘yiu
_yyanocooalamin conslsted of four rats iven 250 ug of
CJanocobalamin 1ntrevenoualj 60 minutes prior to tne study
(Ruoramin, E R Squloo and Sons, h Y ) =ﬁmhe grouo
receiv1n5 F‘olic acid coneisted o-zsix‘”ats wnich were iven
;15 mu of folic acmd subcutaneously 60 mlnutes orior to the .
{study (rOlVlEe, Leeerle Laboratories Div1gion,)hmericanyb
Cvanamvd Ccmoany, Pearl River, N ”Yel;f At the‘initlation

of each etudj,‘each<hat under liont ane theal 'Nlth

,aiethjl ether,*weceived 2 5 uCi of L hist‘dine f*mlaazole‘

“32—140) Lntrdvcnou lJ (uPGCif*C JCtiV*ty'? > 8 mCi/mM,




four rats

histidine (imldaao1e 2—}40) 1n ten control rats,~
glven 250 pg cyanocooalamin intravenous’y 60 minutes prior

-to the study, and SiA rats given 15 mg folic acid suo?

cutaneously 60 mlnutes prior to the stuay.”jThe orainate

repreSents percent of admlnistered 14C &3 creted as ?4 02

per minute, and the aoa01ssa represent" ije 1n mlnutes

followinO ;ntravenous inJection uf L tht+o1ne (;midazole

14C) Each pOLnt reoresents tne mean o‘ the 14002

‘ehcret on rate Lor eecn 0rouo of en-ma1 't?e blven time

:and tne lenﬂtns ot_tne vertical oars uhPO nh each point
:reare ent one atandqrd error oz the mean for each grouo.
It can be seen that qualitative differences exist

between control curves and those obtalned 1n e*therj'#

;cyanocobalamin—-or folat= treated rats._ For comparlaon of

veach cu"ve. The ;lPSb oarameter 1s the time at wnich the

gmaximum rate of 14002 excretlon in the breath occurs (Tmax

‘aﬁa the seCOﬁd parameter is the cumul ive percentqgc 01

‘;140 apoearinqr as 14002 within.the 1n*tJ_a1 60 minutes

iaubuequent to the intravenou; admlni tratron of the 140”.

3 Y
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'ratsdorctreated WLLh pharmacoloafcal doseo o: cyanooo-
ta1am1n snow a»greater 1nit al excretion rate of HCO, and
.é' horter time bePore the maximun rate oz 44002 excretion
1s reached ( max) than normal untreated rats,iwnereas
normal rats pretreated with pharmacoloclcal doses of tolic
acid show a slower inrtial excretion rate of ‘4002 and a;’
longer T than normal untreated ratsgf;ﬂ

D Dfscuss*on

These resu¢ts demonstrate tnat oharmacolovical doses-

of cyanocobalamin 1ncrease theirate andamountcﬁ‘oxidatlon
of the imidazole #2 carbon atom site OL h stid*ne to 002
lg;zizg, nnereaq pnarmacologlcal doses of fol*c acid nave&’
.the oonosite effect- hinetically stated these results
“mean that the fractional turnover rate of tne rate- ti
5imit‘ng processes 1nv07ved 1n the ox;dation of this carbo
atom of fntravenously administered hlutid'ne and the
fraction of this caroon atom ox;dized to 002 a“e anreased;
by oharmacoloélcal doses of OJanocooalamin and decre ed'
bj oharmacolog1031 doses 01 fOLiC acid It iu possioae.
Lhat th*s maj result Lrom alter“' ons in ohjs cal tra
oort of adminfstered hvstidine to 1ntracellu1ar sites oP;
nataoolrum,auch a; iig;o'oooxr secondarj +; a?te°atron '

H

theﬂh netics of ce11-ne1branc transoort'o“ hlotLdlne. o




rate of excretion

‘of 14Coé ih exgired.breath occurred (Trax) -and- cumulative .
percentage:of excreted 1in breath ﬁuring the inlt*al

.60-minutes. followiﬁc IV administration of L- histldine
‘(imidazole=2-%%C): in control rats and rats glven either.
folic acld or c¢yanocobalamin, “The riean vqlue and standard
“error of the mean for Trax and percent t4¢ excreted Ln 0.
minutes are'bxvew. (The nunber: o “animals in eavn L0
‘rates ls note d in nf“e eg).“ R - -

temory. e ;-I.t-{’-tf” "'Tf'ﬂ f'{‘14P exc"et,on-
2 SREE : 60 minutes (¢
-+ 8.E,

min




involved 1n nistldlne catabol*sm.: It has been shown
'previously tnat ﬂiPl levels of folic acid inhibit
dinydrofolic acmd reducuase 1n vitro (85) - If the turn
‘ove” rate of tetrahydrofolic a01d (T ) molet*es 1s
suffic entlj rapid to exhaust signlf*cantlj anj preformed
TdF witnwn nour, tben this maj e olaln our results-
ffollowino adminlstration of high doses of folic acid
Wrom evidence in cyanocobalaminﬁdeficient subjects it has
oeen postulated tnat cyanocobalamln 1nf1uences tne utili
zation of methylated tetrahydrofolic a01d (80) If these
results are due to cyanocobalamin *nduced acceleration of
catabolism of" the imidazole #9 carbon atom of histidine
after itas attachmcnt to tetrahydrofolat then such an
ffect 1s not maxlmal at physiolOOical levels of cyano'f

cobalamln.

E ' Surima! r*{ |
Followin'lgw;*'

4 ) to normal rat
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lﬂiotld ne to 1ntrdcellalar sites of cataooll m'dfﬁﬁhﬁy
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indxvidual eactxons involvcd 1n sucn CQLQDOliuM.

I vxvo Iuacmlvnrlo ov FOLIC ACiD”éY?IoﬂiZING“RADIATioa_

ReVLEW of the P oblam

. :. gy . L \ .
3 OL,-.L:Q:’.:OC;‘: u"7

01 metnion ne oeualne,iand chollne-*

!vLormimino group of fo”minino 5luuamicgacla arxsinb from tiy

‘aoolism of hfutLdlne.u polic acia,

1ents. vMonocaroon fra ments are essentlal for nucleic acid

ntnesis beinv 1ncorporated 1nto the 2 and>8 positions

ii rra diatlon with Loo to 6oo R, and 1n live“ an 16 testis

d°j3 af er local eradiation with 3000 R ( ) ' Recentf
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*
co, TCA

/ \nH, 77

Histidi i P |

HC— Ny ' ’ Glycine Serine
. *CH - 0 .
—NH” : : Betaine #*
C] NH “Monocarbon" fragment €02

CHjp _— pool attached Choline Ethanolamine

| ' to tetrahydrofolic acid
S ) CHNH» . \* /
. CHNH2 | ~*CHy

COOH ’ ' ' Ve N\

l ' HomocysfeinelCOOH o 'CO\OH
L _ CH NH, CHNH,
Proteins _ : (|(\:H2)2 _(C;_"Z)ZMe’rhionin’e
SH 'S
‘cﬁ3

Metabolic fate of the imidazole #2 Carbon atom *CH4

of histidine \
. FH,

XBL691-1729

Fig. 14

L



rignnand POlleOVG
of ue ranjdrofol;c aCld in vivo

mlnuuion in Lle 1upe‘rance of

radlefion inact*v tion(of?tetranydrckolic acid or thel
enzvmauic processea responsible for 1ts oroduction.ﬁ; _
edditional studie ' L methionine-CH3-14C L-glycine <1 i*C,
L-serine 3-140 aﬁa 14 C formate,mere inJeCUed 1nto 1rr—
aa*atea rats to determine whether the regults obtﬂined
could be exolained as nonspecific effects on cells oﬁ
1xnethe” tnej opecif;cally 1ndicated raaiat’on efrectg on
amonocaroon tranuport  ' ‘ - e

| A oéCOnd ueu of studiesvwag_oerforned in’ wnich‘la.é
dosee of metnotrex 'were edmﬁn !t reo to noem al ratsﬁinr
U}%v nttemou to simulate. ne.efzects of 1onié1nr'rae1at;on.

X

third seu OI e oer*mentajﬁﬁ_ erxorred to deterx' ie

.,

-ePfecL o;ér'q'etlun 01 nepetic oinQ1nP of meuno—ﬁ

*}xnis latter meas “emenufwé felt uo be:

I




_l ?ffects of ﬂadiation on oxidatLon ofxmenocérbon

.(:v

s

-. DR . "“‘-",.-v -
'f,;noreu male Bulfal

used is'this stuaj.i Pairs of animals
ﬂroups recelv1ng sham irradiat;on and ehposure»to-QOO
;400, and oOO R of A rays.f Sham eradiaued animals were
pleced in the same condition confiouratlon 1n x ray fieid
ifor tne same time perioas as those receiving x~1rradiatvon
The source of rays Ior these exoerlments “eswan X'“ay“
'macnine (pnil*ps, Holland type 1164 Cl3832) oper ted et
O kVp and 15 mﬁ ana Wlth an ianerent fi;tratLOﬂ o l nm
' i aluminum ano l mm ox copper.; ih“‘taL et-enlmal dxstencez
: Anche." The dose rates, measu ed in alr, we‘e 13lw
’to 27 r/min.}iAnvmals vepe studied at lD minutes and tnen

wat 2, 5, 8 ll 15, 23, and 30 days after the irrad ation

'fpr saam-lrradiat*on proeedures.; Iﬂ each bthdj, tne rat

rece*ved 5 u 'oP L-u stldine (iml aaole 2 l"C) intrq—sf:

1y (O“ecsf;e aCulVLCV“

acd '\v“r ue,*Dﬁés, Plaine:




tnree sham irradiated and our irradiated rats
of'rate ehposed to 400 and oOO r of x rajs._ Studxes wer
(specific actlvit‘:g;:377 mCi/mh, New En land Nuclear

“Corp., 575 Albany street, noston. Massachugetts 02118)

"f14C formate;

L'Twelve male B'ffaao r'ats.?wei&,hin‘T 2ﬂ0”uo"250.g wer

ﬁaivided *nuo t"o r*r‘oups of aik sham‘irraafated rats and 51
rats gﬁved OO ana OOO<rvof X, rays.@; ‘ a‘ix§erimen

were studied au 20 zinates, nd repeat stud;e’ Qere‘taeﬁ:
performed at 2, ;, 9, , and 20 dayu after irradiation.*

‘In each study, the rat received 2 5 uCi of *40 formate

d L glycine 1-‘40

Sixteen male Bqualo rats e

%“'awiafec fQLu wcre otudieo wL 20'm




'ulfradijt'on‘and' nen stu

lh' and 21 days later f{In each studj, the rat after

Nuclear Cnicago)

;2. Metno rexate studiesj_w_

a.vcold metqotrexate 

Eiwht mz]e Bu fPalo rato_m_ f

;OL 2 5 uCl oP L nist aﬂne (ideagole 2 140\

Y'odnctmn nas oeen per;owmed*by;uue aie orocedur°

'

"{: i ed gbuve Reueat s die° had een pQWfOﬂued;a

-

tep mc hutwehgtegtreﬁtm nt




-irradiated rats.” Rats oP the irradiated group were

and rradiated croups received 100 pCi oP,metnotrexate 3'

5' I (snecific actlvit“-xeso mCi/hM,iVuclear Chicago)

under light ether anesthesia. One hour

were sac"ificed The liver was removea and wasned Nlth
All su Cal operations and itradlations were~
ﬂcarried out between

rere hor ogenived 1n }a ine in a Uarlng Blendur.‘ APter

threeawaehlng'i”1th saline, the homO"enates ‘Were: d e@"a




sdintillation grade, seme address as

determined o"‘  uclea“ Chicago'Moael 725'7iquid

scintillation counter.@"Internal gtandard‘zation was”

,Nuclear Cnica"o) Counting efficiency was;l‘7389 ‘

ﬁO.lSOO and bacugrouna was crener*a].l‘,r 23 2 counes/men.-

C Resths

1 Effects of radiation on oy;dat*on oP monbcarb

'e-fragment p”ecursors to CO2

‘4ea. hwstldfne (imiaavole 2-140)

‘1gure 15; oresents reoresentatlve cu"ve°’dep*ctin0 the
;rate of 14002 aopea”a ce in the brea h- of pai"s 01 normal)
nals (uooe“ c&rve) and in rats 8 days after exoos ”e to

‘MCO r (lower curve) following the inuravenoas admlnist"aulon

of L-nwstfdlne ‘midavole 2—140) Tne ordinate vepreaents

*ate ofl;4P02 aooearance 1n tne breath e pressed ae ¢,14C

:e- mevute and«ide.absc_ssafaS'tvne in m;nuteu fOAAO”ﬁn“

.ntrevrno .injectibhqu the }40 ~lavel eﬁ_

.

1wue seen anb thefe Lu,a quel*uat*veqdifﬁe:eecepﬂ_"een




5 udles performed

A

Tma.( within 16 minutes following irradiation.,_- The maximum"

prolonaation 1n Tmax was reached at 5 to 8 days, returning
to near normal by:the fifteenth postirradlation day (50)

. Figure 17,presents the results of the cumulative :
excretion of 14002 in the breath during tne initial 80f
-min subsequent to the intravenous adminlstratvon of the
14C labeled histidine in irradiatea rats.. It can be seen
that the cumulative excretion of 14002 in the breath
diminished durlng tne flfth to eightn daj follow*n
irradﬁa on, but returned to 1ear the no1nal ran” ;uj'the
'fifteenth daj 4 o c (

ra. ‘summarized-in
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]tne brpath as

is plotted on the oréiﬁate, and time

LntPaVenous admlnlstratioh of hl tldLne
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of the 14C 1abe1ed metnionine._ Irradiated rats showed

raaiat*on days, and the T

maA returned to tne no”ma

cpet’on o; nurol ana 1rrad*atedfra s‘durin

diminf.hed 14co

és earlj as 20 m‘