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The basts' for :<pres~nt ';~lnfo'rma:tl'o'n 'congernlng .blq-,'" .' i, 

, ~~ ~ ~. ~ .' ," '::'~;':'f" .' ,'.~ ':\~'." .'-:,' ',::" ("::""':':;~'~-'[':- .:~.:' .. :,:, ','." r' 

chemical ,act ion s" 61'<601 ub·le'B. v1)~arnins,:'"l.lpon meta,bo11~ .. ,;;}:.·.,~,:·,<; ;\., 
,,' 

.;. path\'rays 1s der:t ved',pri'ma;tly r.r'.bm studies on e1 ther, , . 
.. ' • _, . J, :,' • ~ , . .' . ." , . '. :', " ." ' ,. ", ". ., .' • 

".:' ,'.: ~, ' 

"'- ..... ". single-cell organ1srns.(e.g ~',bacteri~r'or ·celi·..;free 
..' .,' .' . '.' . '. ' " , .. ' 

, .: ' .-'~ '. 

~,':,~·.systems (1-4). Littleinformatlonconcerntng quan-h;~:\:;·::·~::;i~J~bti;.(:\' 
!~titative aspectsof,blochemlcal actions of excess or·/,;:.·"·;:/:<:,/;, . . .... .,' ..,..' '.' ...... ,.. .' .. ' .... .' ";\;'J~t/~:!:.;;!~;\~N,7:~:::-·' 

; deficl.ent solu~leB vitamins on,lntermediary oathways:".';·:i;','·"\< ;'';'',,'':';. 
" ...." • .. , ,',' '; _ .~,' :.' ; ~ .:. \. • < 

.! ~~;':;'.~<:,:.: . ' .. '. -. .' - . . .'. ·/"·'~:'''·''·'~.-:'!.''·:~F''><· 
".':.:( 'is available in1ritact animals. ·.Furthermore "despite':.;\i.';':," 
: ~ t .... "'.' " ,'. ", .' .l.., , ': . ' .,,' •• ,,' " ""." f·"·J:~'\":.if,\/f~~~ 

a~ack 01' specific" evidence",i t·;>1.s generaliy held 

';:;;: the. presence or soluble B vl.tanl1:nconcentrat1ons tn. 

·body. tissuesin'exce,ss'of ,that'requiredphysiolog1cal 

has no effect em the biochemical pa'th~'lays_ rela'ted' to' 
. '. , . .'. "~..' . . . , ' :, " . 

", '. The \"iorkpresented h,ereut1lizesi.,'tf1e 14C02 

',analyzer .to provide' quanti tati veinforrnation:concerning··, 
... :.' 

'.· .. ',:.'\,;:,hm·[ in vivo biochemical kinetics' are'infl~e.nced"b~:: cert~ 
r'~~<J:,<~B vi tamihst'lhen they are a·driliniste~e·d'~h~;1~ap'e·\lti·6-a·ll~r in,' 

:~' ~ ~.,~.'l '. . . • .. ", " . .. ...• '. ' 

treatr:lent of spe6~fic. dericie'ncystates". or ptlarmaco.:. 

i: l'ogically to normal" an imals .' ,;-- ' 

';1, 
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. ... , , .. ' '." ',,:.,~. . " "_-'~':'.~.'~'., .,' .. ,' ~_ ,~!.,::"~:': .. \'·".r ',; , __ 

c,' ':'~·.:::q~antitation of the rate. Of' 14C02" appe~rance 'in the breath':::',:;,:" 

<, :::'::~:~'ofanirn~ls and. h~mansubj'ects(8-14) given mat~rials:' " - , 
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• ,c ,f,; ;s'; ~ ;','/'!\' ., .' .... ; .. , h\:'i5\:~,~{'f'\~\\':~jtf ;~j;g;]'!;~;;;~':;~~:0~;;')':~i{f:;9c;"~;:;'0:?~'~;', ~ 
. ·:.of :'parath i'on-~ and, ca r'bon~' tetrachloride ~:on" glucose '\ueta-'.: ~:, ";',': ' '. ',", /. " 

: ~\:", .:, ,-;-':.';"'f'<',:".,,:,:,:;'~. ',. ;:!-:\.~;:.:j>;:;,.', ,'!" tii:'-.,,; ,.:: .:7/;'1,"::',-:;,-,(::- 'j /~i,"" ";'>'>-:.".'-::'\~'.:;~.::.: " ' ,-: '.: ' 
.,bol}sn1(15} ;··!t.he.'effects'. of .. glucagon' 'and:,:hyd'rocortisone,:,'; ','.:. 
:~~:'<:'~'. .>~. ," '. :, .. '. ::/ :.~~'~~')t ,."~, :{" ;'~ :~: ~.'- .. '.' .. ~,:'~ ... " '" '. ': .. ' ':~;' L "', ':;. ':';~:'.~: .'{.'::.". ~~;"~':' .: .':":'. »:.i.<:> .'. : "~-, '., .,::~.:, ><~. "\','~.~~:'! .':;:' .' . -. :. il~.'/' ;;::-; ;,,:. ::; .:~~: :~~: .<,:. '\~::::!:';~;.~:, .< ~;~:.',:::.' 

onL-hiSfidir1e'-1:dnettps(16,,~7).1'~hE(eff~cts ?,f.}~oen'zYm~·'~; 

"", ..... and pantotheniG acid defic ienc·y'o'n·. the: ineta bol (sIwof. 
• :'~} '; f' .",,- .• 

,:~,,;~,,:,::/:;c' labele~ . fa tty acid, acet~ teand heptanoa tri ,(18:, 19) jand ' 

.< the relati,ve ~ates of.oxiclation:;to C02.ofthe,carbon.atoms·.l.·' 
~ . ~ '. - '. ,. . . ". ". " . . ~ ", .. '" 

: at' the, 3,4, and 8 positions. of 3,,4dimethoxyphene~hylarnlne '{" . 

;: (20).'tlith re'gard to' studies in human SUbjects,prevlou~:'.i 
"investiga~orshave .used this .technique" to demon,strate.' 

effects of insulin-and tolbutamide on g:lucose kinetics-

;:; normal and ·diabetic subjects (21,22), differentiation'., .. '. ,-, . ," ., , ," 

bet\'1een'vitamin B12-defic1:ent and folic acid-deficient''-" 
'. . . , .' . 

"megaloblastic anemias \'1i th L-histidine (imLdazo1e-2~ 146').'_ 
" ~-' . 

:;and Na propionate.,. 14C (23,'24), phenylalanine met'abo11sm:' 
.' .. ' '" .' ,.;' , 

:;'phenylketonuria' (PKR) and rela ted hyperphenylalaninemic' 
, . . 

',~states, glyoxalate oxidation inprimary'hyperoxalurLa, 

tyrosine metabolism inhyperthyroidlsm(25,26), and. 

··methionine-methyl oxidation .in acute schizophrenia 

The rate of' 14C02 appearance in, the breath is, a 

. fu-nctlon of' several factors. These factors are (a) de": 'y:. 
" " ' -~ 

-,' . 

of the administered 14C labeled materials C14C- R)':;.-;. '" 

cellular site of metabolism, ,(b) transport of the 
. , . . 

~cros~thecell me~brane,'{c):-actual 

involved in metabolism of, 14C~R,' (d) processes . 
. ' ,,' 

in excretion of the ,14C. oxidized" .tQ1~C02 in ,the, 

", ': ," . ~':"" 
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':: ' .. ':. \: ,and ,Cb r'brr>,th~·' .... r,a·t~'J. ~f:~;_,~,~C02 ·excre:tt.0~ 1,n·,>th~rbrea'th·~. can :/':, " -::,. ~' .:',: .... o. 

,]. ..../,. "". .... be. ti~ll;lf'i~'d'bi';~~'~~~';Ing'breat~' c'u'~~·~'s·.;l:ri·,:th~:;~i;~~:nima'ls·>~'·~: .... '," :.' 

.;1':' . :,.· ... :' ... ~efore:or ·a;ter\~·g:~~~~. trea~men~. or' in' a~~:~alsof" com~·:· .. ·~t' '/:,::,' .. ,.:'.(:,'./', 

",'J. .. ~. 

~l;·' ",," :.,: ; .. parable .slze.treatedi·dentically .savefor perturbati'ons .. -.,.;.:';:<' 
'~l .".,'.~".. . '. ," ", .. .. " -'!' .+ , • r , ." -' .' 

~ ,. ',' '. ",:'" in the. processe~ involved in cell membrane transflortand· .~;: 

. ~ ... ~ . 

.L.:.>·'·'" ··:;·· .. :rnetabolismof 14C_R (,28). 

1;·~;\.·o: .' ...... throu::c:r 6: .t::e:::: :1::n::: r:::: :::: t~:::rks. 're 1 a t 1ng ,:" . ": 
r:,; pertinent -available information .to the design.of e~perime~o~~·. :.L,',::.· 

"'1n .the study of ·theparticUlci/ B- 'vi~~~in~ ... .... " .. . :::{;,~~~~:t~>::~;;};~:ir;,~·:;i ... :, 
- ~.: '\:' ; 

l@lERIALS MID ~~~HODS . ..•.• '.' ..:....':j'~~ji,t:!~r~~f,;l;~t)::;0 
,'De scrip t 1 on an d ca 11 bra t ion of .' the· appara tus' ; . . , .. :.>? ~;;:'/f'·.::';:;'~~f~<;< .:. 

; ,'l', ,.1n '~f:~e 1 · :::2 l:r:::h 

a ::::~ z;:~sl :h;::?~~gr:::i~::~:i~~l~!;i~~t(li;:,:: 
i;Jt~nk seen. on . the far right in Fig. 2) is passed:. tnroughtne/;:;:'·!::··~~>.~.:~·./.··. 

';::::::1:::e b:o:t
::: ::: l::e f~::::g:l::::t;::'l::;: o:a te .•. ,. '·';'~,\;l~i~T1(:~"' 

: ',' ,\.;.:::~'. ~'~~+~' <:: ... \, ", ~'. . t ~ t 

;3.: .. ', 
i·' ' 

,I; . 

' .. :,,:Di tlislcn, Richmond, calif.)·~ A1.r mixed \'lith expired ga.ses· .. , .. :~ .. >}:«;.: 
. from the' rat . exits from the animal cage. and passes through: ! 1) . 

'J. " ".', 

i!. " ... ::;: ·("<f'.\.: ,,'.{. ,',;"'a \>[~ t e r 
~ >;- '. ~ " • : .-

::t .' ; .. : .-~ .~:.~ ~ ~ ~ ': . '>.\" • 

::''::.~'.; ; ,' .. ,.'- Ohio) .S~.lbsequent to removal of Nater,the gases, are -.: 
:~ I~ ~~ '.'"., ~:;... ,,'~' r .,'. 

'J.,".,', .":->'~;". " serially passed through .. a O.377-1iter 'ion,ization chambe~ '. 

J·;.~~:·:<.i;,'<:;-·::contal-ning a Vibrating-~eedele~tromet~~'(Model ~30J .... ' 
;~ .~ .• ' ',r' ,;' .~ •. r .': ,5";'Phybics Corporation, Pasadena, c'alifornia)-,' an .1nfrared·.:·.,~.~:, 

J '!. '~':'~>:':C21'b(jn' dt6xt~~ aQalyzer( typeKK·. 5802 ,'N .-V~. Godapt.. ...·~.:.r::.~·: 

I' '. ......... . - , . . -: "" . 

. '. 

.. 

t· ; ,. ~ _ ..... . .~ -.~: ............ --. 

.. . : ~ . 
. ...... . 

.. 
." . 

. ':, " 

'. :)r. -.1," .-'. " . . " 

,. 

, ' .-' ~ .. ~ . 

'. ·if 

;J: .. 

.. '~ ." 
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De Bilt, Holland), and a paramagnetic oxygen analyzer 
, 

(I-'Iodel F3 , Beckrnan Instruments Inc., Full te rton, Cal iforll ia). 

Cbnt~nuous graphical plotting of the 14C02, CO2 , and 02 -

data was achieved by using a multichannel chart recorder 

(3peedomax, Leeds and Northrup ,Co., Philadelphia). 

For stable perfor:r:Jance the components required the 

follo\'ling "warm upl! times: 10 minutes for the voltage 

regUlator, 1 hour for the vibrating-reed electrometer, 

2 hours for the infrared carbon dioxide analyzer, and 

24 hours for the paramagnetic oxygen analyze~. The back-

ground current- from the electrometer was determined in the 

absence of an ionization chamber and was found to be 

identical to that obtained'when a regulator flow rate of 

a tank air (0.4 to 3 liters per minute) was passed 

through the ionization chamber containing the electrometer. 

The ionization chamber was calibrated by introducing 

standard 14C02 gases into the ionization chamber and 

measuring current flo\'! after equilibrium 'lIaS reached. 

standard 14C02 gases were calibrated as follows (29,30). 

Ten liters of 14C02 gas were passed through 13 ml of 

absorber solution (1:2 (v/v) solution of ethanolamine 

in ~thylene glycol monoethyl ether) at a flow rate of 0.4 

liter per minute. Three ml of this absorber solution was 

added to 15 rnl scintillation liquid of 1:2 (vjv) ethyl-

per liter of 2,5-diphenyloxazole (FPO, Scintillat~on Gr~de, 



",:",,~::,:,,:,). ',' ' <" ) }i"Jf>'~~c~';)};)~jit,,.,,~(;,:,; >;' ",", , ,,', " " • ","~>\;,):'~;~;-t~ i;.·' ,< .' • ' 

<.;,' .. \, Pa'ckard Instrument·.·Compan'y,·,' Down~rs a·rove;,.· I.llin01s) • :'/<:;" 
" ," '. ,of ", ' .• : :':) ,.',; """', ", .'.,. -, .', ~ .• , . . .!.'~ .. ">!:. ~- ~:"";',.;... ':r,:, 'f',::. ~. ":_\ . .'i.::~.''' ,;' '~'~:"~ 

" ,..,The14c',:act'lyity;··i~ ,the· 501\1 t 1o'n !lia sdetermlned bYt,t"slng.' 
.; . ~ ~ . ,;'.: .. :;',~ .~~ .::1 . ,: :;' ..... , '.: t,_ j ", ". '.', ',;>: ~:-';' .. '~ .~, .. :,:, ':'. . "-, ":\':" ;'.~~ 

c •. ;;·~·:';\aNticleat. Chicago model'· 725~11quldscintillation'counte~.··· 
'.;';':,' . '., .. . ',' . . . , . . ,_...', 

.. , .... '... '. '·Absol'i.lte content or. 14C.' in the' sample was determined from: 
• ')" ' ••• :~: .~.: ~;-:'~,'~'. • • • ¥ . ' • 

" 

':'~"'!, ':<"/';.\c·measurementof the ;.iiquic1Scintillation. counter ,efficiency.". 
~/' ........ :" .. ' ; .", .~".'~' '.~.:'.""":"":,. ,,';" 

' .. ,. uti11zing .. standard ·tol~~.ne-14csolution(C6H5CH3--14C .in 

; "toluene" specific activity: 1.59 ~Ci/4.96 ml" Nuclear 

~>~thiCag6).counting efficiencies we~e in the range of' 

.. 'r. 

:'~:.:·O .624- . to·9.62S" and bactground varied from 25~9t02~ .• :~. :c~~~:~.:f;::"':'(·';}~ ':.-\,:. 

' .. ;. ,The calibration fa'ctors ·of the ionization chamber· ~lere.,the·~.?:i 
·i'~";;::~" ',.; ~ . . , . " . ,. " '. :~~. 
, . .'; f-' ~ ~ . '. "'.' 

··.'range of 1.480 X. 10- 4 to 1. 521 xlO~4IlC/mV/min •. . ... 
.. .' '. , 

.'For calibration ,of the carbon dioxideandoxyg~n " 
. ", 

.. ' . ' ..... , 
• ' .. <: ' . '~. , 

:'analyzer,' a tank of' gas containing 80% nitrogen, 3%' 
.;: . 

' ..... -.'\. ; 

carbon dioxide, and'17~ oxygen was used (Pacific Oxygen. 

" Company ,,2311 r~agnol ia Street" Oal<:land, California) • 

. The.apparatus was pertodicall~i test;ed" 
. ".' 

. to insure constancy of its performance ~ . 

:;<:~.·.procedure for study of endogenous 14C02 production 
..... ( ", 

Inbred male B1.fffalo rats ( SimonsenLabora~ori~: 
, ~ ~ .. ,.-.. :" ,.-. " 

Gilroy" California) '\'!~rie used. in a,ll·exI?eriments •.. ~i1'.:/~;.:~'~' ' ..... 
. :.each series of studles"the rats of similar \.,reight.';·a~'d:·'::- ~.: 

;., ~~;'. ,., .~ ... '~i 

.:;: ,,'." ,.<,:. age were d.1vldedinto control and experimental grcups~". 
~.... .' . ".' . • , '. • . -.., I ";-

•• ·1· , 

: I ; .• 

'. 

........ ., .. . . ' 

." . " ':.Imrne d i a.t e lya fte rintra ven ou s· admin is tra t 1 on of 14;" '. 
"1..1-

':,·.labeledmaterials" " ea.cclcontrol or e:xpel""imEntal. 
.' . 

. 'f ~ . . 

'. , 

. ". ,." ..... 

" .... • p.} ,to 
,. -: 

'.f, '. ,. . . ..... . 
, . ~.', ~ " .', 

.' ',' .. 
~ : , ... 

, ~ . 

. ,.' 
.,' '.' . . ~ " 

, ;, . ' ~." 
" ,',., I:":'" .. : .. ~ __ ~., ." -'::"r .~r"' •• ~ ,:,.' ,'"< 

.. 
" ~', - :! ':. , ... ,- . 

' .. ,.' 



;"" -," 

, .~- .. rt;;~. ,_,.~ 

.. ,', 

,experimental ',Clnimal ~la's' rem'oved'rrom;theanlri1al:"'holdi~g,:,:;, 

'chamber ,and returned to his hol~ing 6age. ,The holdiryg '" 

.. ,cage was placed tn a room equipped ''lith an, 

for at leastl day to prevent14G~2 contaminat;lon of 

'" ',laboratory. ' 

At the ~ompletion of each study, ai~;~lo~ wa; 
, ' .' ~ 

,tain'ed through the syst,em until the v,lbra.ting,.-reed 
. . . . '>. . ,", ." " .' . . - , - ". . " '. ",: 

",". 

electrometer ret~rned"to. the In1 tialbqckgroundlevei"s,; . 
. " 

'. order to reduce resi,d~al,. co~tam1nationof theappa 

, , 

III. 14C02 PRODUCTION, IN THIAMINE-DEFICIENT, RA'I'SOIVEN "j 

In_ 14c PYRUVATE AND ACETATE 

",-': . 

~A. Review of the problem 
',' . 

~. . 

,," . 
" r-:-," 

. " 

,. '. 'In thiamine-deficient rats, lactic aCid',and pyruvic" 

~~i4 concentration in blood is in~;eas~d' (31~3;)~ and~xYien: 
~ .. >,-

'\lptakeln many tissues decreased,' (38).,:"In:man 'thiamine:" 
.. ... 

d~ficiehcy can also be detected by measurement of the con~ 
, . . . 

centration of pyruvic acid or C\ -ketoglutaricacld in 
" 

(39) or by"determination of the: "carbohydrate inde,x."j 

,1 s based o'ri conceatr'a t,lon of py:c-uvic a'cid" lactic,acl(1)3'nd:. 
. " - .... . .," . 

':,"of gluQose .. (40 y. -"In 'a~ldi ~ lon, ,~ea:sLtrementof: thiamtn~, 
..... 

.. ,~:i>·i· t·", .. "'-""'je'i---'t"-)'l~:~'+'·~c' '~1"-~ l)e~rl'r·n~dL.')::' ill'·'f..~P:~·L.:tl"·- .. 1-";";"'0(""''" ,- .- . 
"-", ,"', ;J~ .. 1 .... r..l...)\ .... vt".. .J' /0. Q.v ' c:::;~ IH ..... - ~ ...... _. ,#.,,,,);.1.. ~,.'_~ V,"' 'J" U.:;1.-.... ... "'"':~_. 

receSJ'and:tiss~es,-J!~1-"48)~ : 
". ~.. . . , . ,. - " 

.' ... '. ~ 

" ' 

\ , " .\ .\ 

" " ~ ,:. 

"' .. ' " 

I,. 
'" t" ,', : 

,',-. , , 
(,- ," 

;,~ .' oj ,'. 

-.: 

: . > . ,t -:;' 

. ,-~ t , " -. .' ~ .. -. '"' 
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". Before' pyr~vate can enter the·tric~tboxy11c· acid: 

cycle, it must ~be. deca'rboxylated to acetyl-CoA.in the· ... . - . 

17 

'. " . 
. ' ' ./ 

.. 
presence of' thiaminepyrophospha te •. Similarly, the' oXi-:' ...... . 

.: "dation of acetate 'to C02 lrivol ves the production' of c<. .:.. .":" 

. . 

ketoglutarate, which requires thiamine pyrophosphate as 
:..:., .... , 

.~ a coenzyme in the production of succinyl CoA plus C02 •. 

For practical purposes both the above reactions are 

'. ; 

{ .... '.'. 
: ';' .. 

. irreversible • 
, ; . 

." . :-....... . 
• •• f . . ; ~ . 

The apparent dependency of. theoxida t ion of the .#i ..• ::' .. :':>',' .... : ... ;.,-;:., .. ':. '.:. 
',:; ~ 

, '.' '. ~.. ":;. . . ' . 
,'carbon of both. pyruvate and acetate . to. CO2 upon the presence\< ... 

... . ;' "of thiamine pyrophosphate suggested that appearance of . " .. 

::,.' . . ' '., 

..... : 14C02 in the breath'followingadministratlon of pyruvate-
, ..' , 

' .. " :-"r', '~.:. '1_ 14C and acetate-1-14C might be 'ameas_ure of thiamine 
. ". , 

. ,: .. ',", 

" ": . '~.~. ',' 

. ';. . 
" , . 

-' .,' 

",' 

": . 

: ..... 

• • '''. r 

, "'. 

, " ' . 

,.: .' ! ;. 

deficiency. Such measureme~ts might be useful in early 

detection of beri beri. In this study 14C02 appearance ,. 

'in the breath subsequent to administration of #1_ 14C_ ... 

pyruvate, acetate, and blcarbonate, and plasma clearance "~ 
. .' .' ~: 

of (th1azo1e-2- 14C) thiamine, were measured in.· normal ~nd 

thiamine-deficient rats. 

B. Preparation or 'experimental animals 

Twe~ty-seven male Buffalo rats (Simons~nLaboratory,." 

Gi1roi, California) weig~ing 110 tb ·135 g and 5 male Burraio, 

rats weighing 350 to 390 ~ were used in these 'experiments: .. 

. . 

. '. 

' .. The rat.s in the first gr'oup were 42 days old ·and the 

animals· 1n the se60nd group we're about 3 months. old at . 

the ~tart of the expe~i~ents. Each.6f these groups was 

.. 
,;. 

' .. 
'. , 



" " . '18' 

. ." ~ , , '. " 
further subdivi~ea into control and thiamine-deficient 

subgroups~ ~he diet of the control rats had the followini 

composition e;~pressed as percentage's: vitamin-free 

case~n, 20.0; su6rose, 67.5; cotton-seed oil, 5.0;' ., 

UCB-IRb salts, (49) 5.5; choline bitartrate, 1. 22; 

vitamins A, D, E premix; 1.0j and vitamins B premix, 2.0. 

The deficient diet contained the same formula as above 

except that it had no thiamine. ~he experiments were 

conducte'd from 14 to 20 days after initiation of t[le~e 

diets, \'then the thiamine-deficient rats shovved weight loss : .... 

and generalized asthenia. 

1. ~4C02 production studies 

The ex)erirnentsl ar-ir,"als ,::ere divl,.ged ~n to t~·;o group s. 

The cuntl'ol Zl">mlp consisted' of six' rats 'and' the. thiarnine-

def·iclent group consisted of seven rats. The appearance 

of 14C02 in the breath subsequent to the intravenous 

administration of pyruvate-1- 14C was determined in each of 

these animals. After the first series of experiments, 

. four rats o.f the' thiamine-deficient group received 20· mg 

of thiamine hydrochloride per day (Abott Laboratories, 

North Chicago, Ill.) intramuscularly 1 to 2 days prior to .. 

perforraance of a repeat study. In each· study the rat 

received 2.5 ~Ci of sodiwn pyruvate-1- 14C (specific 

act:i. vi·ty: 3.52 rr.C l/m;tI, HE:\'J England l-iucleur Gorp., 575. 

~lb3ny str~et, Boston, Massachusetts 02118) intravenously 

after light ether anesthesin. 



.' , .. 

, ; . 

... ;' . 

In a "second'. series; of studies :14C02. app~arance 1n' the 

breath was measured subseq~ent to IV administration. of 

sodium .acetate-1- 14C. The experimental. animals consiste'd 
, .' 

of thrSe control and three thiamin~-defic1ent rats. I~ 

each study, the rat received 2.5 ~Ci of sodium acetate-l-' 

14C (specific activity:. 40.0 mCi/~M, Nuclear Chicago, 333 

East Howard street, Des Plaines, Illinois 60018). The 

experiments Nere repeated in thiamine-deficient rats 40 

19 

to 45 mi?utes after intravenous administration of 15 rng of' 

,thiamine hydrochloride and again a day lat~r after a 

second IV dose of,15 mg of thiamine hydrochloride. - , 

In a third group of animals 'the effect of thiamine. 

'. deficiency on the HC03 pool t'las studied. The' group con­

sisted of four cqntrols ahd four thiamine-deficient rats.: 

In each study the rat was given I ~Ci bf NaH14c03 intra~ 

. venously (specific activity: 21.5 mCl/mM, l';e\'! Engl~nd 

. N'.lclear Corporation) and 14C02 \'/OS measul'ed in expired air. 

I~nediately after intravenous a~~inistration of 14C_ 

labeled m3.terials, each control and thiamine-deftcient rat 

\'laS placed in an animal holding chamcer and the expired air 

was passed through an ionization chamber at a constant rate 

·of· 3 1i ters/minute in an 'experimental ap'pa~"'atus similar to 

that described previously (8-27~ 50-52). At this gas flov.f 

rate the mean' turnover time'of gas iri the measuring 

'apparatus (mean .':fashout tl:oe) was less than 1 minute., The 

rate of excretion and the amount. of 14C02 excreted iri the 
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'" ' ... " . ~, 

.'.\ ... , 

.. : . 
' .. 
' ...... '. 

• ~ I. • " :' 

,",f 

.. ~ ., --,-

: ;. ~, 

. '.' 

f • ',' •• , r ~I • ,', ',' • '.. .• 

',' bre~th, o:f"ra'ts::~~r~ recorded .:~'~~:·~'tn~o~~lY~ '::: ... -~ ::"". >,'.;,': . 
. • , .: 1" .' ,',:' 

~ . .' .,1. •••• ,' 

... 
, . 

" ... 
; "" 

2'. Plasma thiamine 'clearanc'e 'studies ';'.: 
" 

: .. 
e.' / ~ 

. .' . ," , .. 
\: .' ~:. .... . ... ;., . 

Five male Buffalo rats were assembled .int6 .. t~lo g:ro\lps .' '.:'.,' 
>:~;' . , . f~.: ""~,, .. ~' ... :'.~'.' 

',' of' t'wo controls and three thiamine-deficient rats .-:-.1'he. ". ~ .. 
-:" .... :' 
l' " 

.,". : 

.'ra ts\.,rere studied inai vidually. Each animal received 20 ~. ,. ',:. .. 
: ~; • '. ; ."_ w' ~, . 

'::,;,-:';; . '".;.,:: ',', "~Ciof (thiazole-2- 14C) thiamine hydrochloride (specific 
;" \ . '"' ,,' . ' .. ,~ .", ~' .. ' ... 

. , " 

:' ~ , . 
..... 

''':'':.::'.:; . ; .. : ..... :·.act ivi ty: 25.2 mCi/mN, Nuclear Chicago) intravenously under .. ..". 

":~ .. ':.':":' .:.' ··~·l·· erh+- ether" 
,;' .' .... ..!..b~ \"I 

.... '. ' 

ai1est~esia. The blood sarr.ples were obta~nediD~' . :.-. . ' '. ""', .. ' 

I .. ,.:', ::/" :: ; '", ' 

'. '., '.': ' .... heparinized .. ': . . 
capillary tubes from tail vein venepunct~re at 

• 0 ., .' ' 

0.: .' 
'''';' '0'. .' . '_'.' , .', ;, ~. 

.. ·.·;··:approximatelyl.5, 4,.6.5,10.5,21,30,70, and 117 minutes·.·.<·::: .~: 
, ":'.' ~ , " '. • • • • • • • '.' • H .' 

.';' '.~' .~~:.~> '/, ... 
,,' 

. " . "' ... :,:: .. :·.after IV injection of (thiazo1.e-2- 14C) thiarJine . hydro- .. _ .... ".' - '-.' . 
i ' ~. ... 

.' .. , .' , chloride. The plasma. 'samples \1ere 'then isolated by a semi-.'. <.':' .... ":' .. 
. , ..... : . .,,, .... ,.: ',', '>, 

.' . . . . ..... :, ~:: ,"".~. '. ~ ... . ,0,:"0'::: 
~ . " . ;. i' . : ...... 

~ .: " " 

~,: . ,", '. .', ". '.' ~ 'micro method. Each sampl~ consisted of-20 microliters of '. I .... , • • ;'., '< '-: . ;;, ,. 
· ~'. 

i .. : ... '" 

" '.' ;~' - . 
• ; ~"'. .' •. r I • '; ~:, plasma d1s~olved in 0.5 ml of Nuclear Chicago solubilizer' 

' .. :: 
.. ,' 

" o· 

.... :.. . .' , 

'.':,:::.:.':.':'-:,:,(0 .. 6 n solution in toluene) which \'las added to 15 ml of 
. ~ ". . : ' 

"', .. ,. '.', '. 
\' . 

': :" ~) ,' ... .. 
" ..... . 

, '.~' ~;. 

,~. ': 

. . '. ~:{ . ..' 

" "t') 

" '. 
: '," 

.' .: 
.' '.' 

J '., 

.:. ·,'"'r. 
.' : '.~, . 

: ... '.', 

. : .... ~ 

- --

.. :.~. '. . . 

scintillation solution made of naphthalene, 2,5-diphenyl-
'.;'/"'< . 

o~azole (PPO, scintillation grade, Packard Instrument 
;' ,'. ,,'., 

'Company, D01,merS Grove, . Illinois), 1,4- 'ois- [2-(5-
... :..... . .... 
, .;:';. ,,"', 

' ...... , .... ... 

. ... 
:' ',: 

'-. 

.. '. -, .... 

. .. 
·.phenyloxazolyl) ] -benzene (POPOP, sclntillati0n gr~de,.·· ", 

: .~.: • t " ~ 

,-', . 

above), 1,4 dioxane (J.T. Baker Chemical.··:',~-:· 
.' ~. '. t-. '1"'''~~: ", ': .. ~., 

. same address as 

. .:. Company, .. Phill ip'sburg, N .,J • ), toluene, and absolute ethyl.·- .. ".:._ : .. , 
'. ;: 

. :' .. 

. alcohol. ,The 14C acti vi ty in the solution was determined 
.' .' . 

by utilizing a Nuclear Chicago model 725 liquid scin-. '" " .. '-. 
';'. ., ,. 

tillntion counter. 
'. . ~ ... ,:. ~ 

AOGolute content of 14C in' the sample--":::.'. :: .. ~.' .. ::,.::' 
. ... 

court to'!'''' e fric lon cy , ut111z1~g an internal 14C standard 
. .-
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'LO r-'-' J'" • e ". -. d6 C~1 ..... a;nln 
hydrochloride (4) 

", ) 
., .... 

r"/ : 

, i. ;".: 

. :( 

.... 
'" 

' ....... ' 

14C excretion·' 
in 60 minutes 

(~)+ S~E. 



"', .. ~~ ~~~, 
,,:.": <." ,'I ':.Changc's· in the. ·~ate ,:o.r,:exc.'ret1on 'of: ,J,

4 C02 ,1n':~h~ ,breath"o!', ',I .,",' ~\i'; 

:; " , 'groups ° rc~nt:~ol, t~ i~~i~id~ncl ~nt, .a~d'tre ~ £~d, ,.\,':":,:::;:~.: , 

:. 

,/;:', .'. ",th iamJ.ne~ de net en t;ra t s at time s· grea te r than 5 miriu te"/ · ' ";);:', 

'~J""':' after IVaC1~initit.ra.tioil.o·r acetate ... l~l.4C. ,!;~:;;:', 
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Figure 6 presents c"mposl:te data of the rate. Of, ,.4c62:?:·.;'i ""::', .. 
produc,tLon folltn'1ing IV'aqministration ~iacetate-l:l~c':\h~~~J;:;':,/",;:~,:.;: . ".' '.:;i 

··three, controlra ts, three .'. thiamine,-deficfemt "rat~,: and, <~." "'f;{:i~':;:}";;;'<" 
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. r'eo;esent~':l,4C02'· excretion'~ra'~~'e~pre's;ed 
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mIlCl/mlnand'the abscissa. as time'in'minutes, 

IV: lnJectio~' of #1-:1:4c-ace:tate. :V~~tiC'~l 
. '. " -.' ~, -

each point define tpe precision of. posi tion' 
...... 

of ,excretion .:rates,of 1.4C02 for 'each group of·· rats 

95"'/~" .limitsbased ont 95" s . . The b-roken'lines' 
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a~d below each curVecare regression lines-of ~lc 

standard error oCthe estimate 
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in: theC.02-:H2C03 p~ols ,in ·thi~mine~def~cienf 

rats rather than to alterations,in ~specifiC metabolid .' '" " " '. '.' .... 

. . ,- , . . '.. . , 

steps relat.ed to i4C02 production .,: T,h'atthis, is not the::"> 

~case isde~onstr~ted in data presentedinFig~ 7 and 

Thts. figure and tablesununarize data: 

i,::the' appea:;~nce of ,14C02 , in, the breath of 'control~· and" 

'·':'''thlamine-def.icierit~ats 'given 1 ~Ct'H1:4C03 intraven0t,\slY. 
t····. 

Presentation and analysis of the data,is;identical 
~ ; .'. : ..'. '. 

,;:"of, Fig. 4 and Table I. It,app~'ars'from these data 

thiaminedef1ciency, does not remarkablyjl ter CO2-HC03 p" 

(it may 'resul t in a' sm'all tnc'rease in integral 
. . ' .' . . . . 

of 14C02 from, the C02-H2C03-HC0:3), how~ver ,thIs, 
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and acetate. ,This result indicates that abnor-. 

in 14co2appear'ance' in the'.breath 'fol1m'ling 

administration of #1,,:, 14C-pyruvate alld acetate to thiamine-:-
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,;;' :" .... ~.:., thiamine clearance studies ape presented' fqr each6f ,,'!;,':';.'::, ' 
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N'.':~:;j::·· " .... . " '. .... . ' .'. " .:. ;:.:~~),,:.;, 
',/>f:'All animals in "this,,'study were 'of the same 'size, and:" "<:;" 

.j.' --:~-;., ~'. 

,t~;;>,;:~ '~gen'etic background' Therefore the concentration Ofradi~-:-';' 
;~,.,:";':'::, :,: .. ' . . ,.' ':~ ... , , . , . ' ". " 

': :;7;;,;\~~i a cit i vity in. th~. pI asmafoll owing IV injection of 
<";':T';~,dose (20 J.!Cf)ls·· an.adequatepeflection o'f. the. cOntent' of,,' 

radioactivity inthe"initial distr't,b\,ltion ,compartmen,t of \' 

',: . .~ 
, ' 

, ' . . '. '. , .. ,. :', 

administered "thiamine~', It can, be, noted . 
. "' . 

• 8' that at,: ali times following IV:adininistration',of 
", 

labeled thiamine the 14¢ concentration in1hepla'sm~ i~: 
"", ' " • J :'.". 

thiamine~deficient animals than'ln:controlSj,but . .'. . .- \' ',.. . " 

the curves are otherwise' roughly parallel. Thes,e, 

thatthe~initial dist~ibuti~n space of' 
':.,' 

thiamine in thiamine-deficient animals 1.5 tnuch larger, 

incontr'ols •.. ' 'j , 

. '. " . .. , 
,': , ..•. . :., . ,~". ; . 

.', : . , '.', ':~ ... 
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"".'; ,lninl stered as PF;::::-t~::n:::e::~~~::th:h::e:!:u{t'Li~;i;!.'i,:.,c;, '. 
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':',.-" .-.-- ... .' ,; ' .... " . 

:;:~:>::,t,o' Corm acet;ilCoA;~!,ather than'?y p~thwaY~. leading to,',.~" "',i'<":,~, '.' 
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,follciwinK IV administration'6r'H~'4G~3;,in 
, . , .. " 

and four thiamirie-deficient rats. VerticaL bars 

through each point define precision of posi tion of 

of excretion rates 

limi t s ,based on 

of 14C02 

t.95 Sy.x· 

for each grQup 

The broken 

of rats 

lines 

each curve are resression'llnes br ±l standard 

the estimate(S~.y)' 

'14 " The, ordinate represents , "C02 excretion rate 
- , 

x 1.5211i1J.1Ci!min and the' abscissa as' time-' in 

IV injection of H14C030'," 
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.. ,'.' a:ccounted for:as,l~C02·~du.ritlg:th~· in.~tl~1J,··.6o<l1!~nutes :'~{y·;:;·:;-;'.,.·~· i.~ ,~' f 

" . ',.;. '''::r~o·l~o~iing .. the':·~n~rav~ni~~::~&n't~iat'~~tlo:~: .6}·~hiS: mat~;I~·{r·>·'·,':., ..';'~ 
. .. . .".. '. ,. . . . ~ ,". -. . - . .' , , I 

a sm~il ,but·· ·Sigi1'ifi'canti:llT!Ountor.acetate,r 

be fixed in .l~wl y ~a ta boIized comp ounds ( e ,:g",. fatty ··~:",~.l 
as .opposed. to dir,ectoxidation to C02 fn the "f 

'; .. c" .j 
". t 

In thiamine-deficient anima,l.s 'there'v/as a 

'~Xidati6n:'ot: bot~,:)h:+l,4.c-,iabe·~e~.p?'r~v~t~··a,~d,~;··~~e:t(i,~~ ••.. ~.' .• : 

l,4~~2 :( ~s·. e,~~:d~nc~d, by, a, p~ol~nged" T1!2). t/~ ·,.W~l,l·, 'a's':a 
T '....., .; 1" ,'.",. • k •• 

. (?diininished' frit'egraliexcretion 'OF'.~4CO~ .Int~·e',:14c02' 

.. ,hr:eath curves. ' ~'1i thin' 45 ·minutes. after'th'e:'i'n'traven 
-' ," ..... '. '." ',,' " . 

" . ". ", :.~ ',' 

of,.thiamine."to thiamine";deficlentrats' 
,', '. .': .......... : 

patternor,~pp~a'r~nce ,of ~4CO~ iri~he' br'e~th, subseque~t;: 
'. . ,'.. ." .. ' , 

«.:~J'th.e intravenous adininistration 'of' f/l- ~4C labe'ledacetate 
.. ,'" .' .. ' ." ": I··· . 
',} 

'\'lithin normal limits. HO\<lever, as long as 24 hours., 
;, ~ 

, " 

lOvfing'the intramU'scular injection of thiamine iIi ',' 
, . 
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.." . -' . _ , . ,.,.J," • _ .' . ~ 
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suppounding . the .. intramus?ular injection.si t,e J,t-lith pesult:1;ng·',':: . '," , : ': ';' " 
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~\,. 'r,.:','dependent: inetabollc';rea'gtions /);;Inpartlcula:r~, intravenous ' , 
'" ""~"""::,\;,(:':::; .~,':':" ::',~:,:;:'"""<:,, ,::'~;,:,:"', ::':(' :', . 

,opposed" ,to'~ :lntramU:scU.lar:·:admln19trat,iQr:,:.(),f::,thiamlne Jnay', . , 

(,~ in a 'gre~te~",deliVerY'Of t;hia~i~~ to' :'t:l1'e' liver.: ' " t 

." " site of a~arge fra;\;Hmof pyruvate and; acetate cataboH~~·:l\i:·' 'i­
An, alternative 'exolanatton of the dat'a i~ that theoXidativ'e:;,~:\":;:p"<,',, i: . ..... - . ," . . .' . . ..... . " ' ... ',,' .," 

}~t>:cataoolism of the ,/,llcarbon at.om of pyruvate~is,more 

":;'sen sit iV~. ,to thiamine deficiency: than the oxidative 
. .... , . . . 

bolism of the ,#1 carbon atom of acetate.'" 
.... 

", That speci,fic thiamine binding sites:ar~ 
" - . . , 

.' , unsaturated iqthiamine'deficiency,asopposed~ to the . 
. '.' . ' " ' .. '.' .. , 

. ~"":~:~-'''-~~.'''.' . ,-.. " ,',' ",:. '. '... -':',.:,' "'.:':~ ~ 
. \;··'i:!,'j;:C'deficient· state, is further suggested by, ,the studies of /i 

"""':'\~::~lasma thiamineclearanc~ curves • Such . ~urv~s' , 

/deficient'rats are below, but roughly par~llei 

.seen in 6ontrol ~nima1s. This result ~ould.be 

":~by postulating a larger initial distribution space for the;;., ,,'~' 

,',14C-labeled thiamine in. thethiamihe-deficient animals 'than"X:,?:;}~:.~":,::,.\,~;~;;:':' 
:in the controls.', This could be accounted for by postulating;',:,:, 

'. .' , "~ ;~ 
•••• J'. 

increased rate ,at Nhichthiamine ,eqUilibrates across cell'" 
. 'J 

by,'a larger quantity of unsaturated thiamine':~, 

<;. binding,' si tes in thia:mine-deficient' animals than in control 
, ,. 

lJ.'hat .~,~e,di'fferences in14'co2'~ppear:;~tllCe in thian';h1€!":,', 
~. J : ." , " "" " ";,~I 

.. ,: ",: :' , deficient [wim,al;:; given 7J.1-l4C~ pyruvate 'or acetate is not. ":' 
1- \ • • '.. '. ~ ~ , , 

: due ,to. [(iteI'atj.Ot~Sbrthe bic<l,.r·bollate','6o·uf i~derncl~sti"atec1'; ," 
_ ' ~ • • ,_, ," •• ' '. • .' • .~ ':~ ':; ~.' , ' • " .' T , 

'. .-
14:C02 ~;:r)"';:>I;~)lCe cu.nve r.,, . -.L;~~-"' .. ..l,"~ .&.1 ..... 

- .~ 'J<. . ' '} 
.' ~. . ,., , ' .. 

".' . ,",:',' }, \r 'th e',f', j' !'ld J' "'1 C', 'v~ "1' ," '·'J·','r:l"'i,'''~' 'lJ'" l' 'e' 
.,' !",:" .,~" 0·," .. fo. <':'1, . .' ."",U '~l:":O:".~ ~ ; • 
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~ ~~,;~~ 
'" 'subs'eauent . t"O.·'"tl1e ;·tntl",averious, adnfinistratiorl' ;,of' :1:',4C-,.. <'<'\'<:'" 

. ) .. :':'. ~ /.. -·:-:·~·'.\::·.>S:;,·.;" > ... ~ .. :.,.:~<;,>~:>;.~ .. <.: '.:> .':~'.;;~:::\ ~,~,:>:.",;: ~\ . ',:'. ' . f. :·:i>.· . 
" .' ", ~·:':·~:;'»··~lab·Eded·blciai"b:;jrw.'t·e·::i~ >"th1alr;f·ne::,d;ef.i6ien't,;··ailirnals·.a:i1'd 

" • .< .:. \~~-~',.!. ;~~ . /~-,.. . ".:':'. :; _,:::>.Jt : ~~: .. ,: '. , . · ... · .. j~·····'<r.::·. . . 

"' .;'. 

·::.c·b~t~o.is.~·:.(~~:.·:-:: ,<;," i·.··<· .... .:.-":...... .' ':.'-~(,' .::.~.;~?.:.:> .. ,'.. . . , , . 
.': :"::~"'The" f~dt· tha·t/,ait'~~·at1o·~s.· in . '~h~ Ille't~~~l~'s~' of p~~hva'~e: ~ I':" :.>' . 

J'; " : .• ' '- " ; ... :>/ ,," -','-

~;>'and'acetate lri;thepresenceof thiamine' deficiencycan'·be.··. 
. . ' .. • ~ ,,...',...: ~ . - ',' • ,.'II:~,." .' __ ~ ' • 

. th~·::·'in·~~ct:~nimal,.~~.,nleasur~~e~tOf .14~02.·:·~C:;.;··,;. 
roductlon"suggests the possible, appl'icati0n. of' this 

:>,approach' to.:.the·:early diagnosiS of thiaminedeficiency<: . 
. ' 

"/:,( beri-ber'l).:inrnan~·,SUCl1 a ,humandiagnostlc p'ro'cedure' 
,.~.,~." ' .. ,'~.' . ", ~'.. '~.' :"':"'. .\.' 

'imight ;consl~tof. the: me'asuremen,t· 'of 14c02 In.the 

,f61lm'llng aclrninistratlonof #17 i4C-labeled ~cetate 

yruvate ,\'11 th subsequent repetU;ion' of the' 
, "!.,' -. ." '. . 

travenous administration of a 'therapeutic dose of 
. ~.".. . \ "; 

A .Significant·increase in the slope o{the'l 
. " . 

"'breath cu;veduringthe second study i would suggest 
. , ' 

presence of.thiaminedeflciency, at the. time of the 
." ",' ,j< • 

The .validity or possibl~ usefulness of "this.' 
.:r 

in'ti?eearly·dlagnoSis.ofberiberi awaits study 

human. subjects:. 
, '. 

E. Summary' 
<. . ': :;. ,~ 

,,' .' ~ ~ 

In normal rats ap'prOXimate1.y:·65%of 14c·aruni~~ster-e'd, 
" . ". " .., :':'. ", 

,; .. ·::".as. 'pyruva te-l~ 1~4C appears:' in' th~ brea'th'< a~' l'4'C02' \:1thin .'; '. 
• " •• '~' .' 'j~ 4" ~ , '.. " • '. _ - ", :"_; ••• ", , .. <' 00' minutes (; comparable to the amount obtained f'olloHing , ', ...... >! 

,~.':':'/ a &nin 1 s trat·~ ori'~f '''H 1 4COj ~6l %) ',p ~'ov leU r~g "c on' f i.t'~ati ~n .: 't~;~'~;~.·~ '.:';::: 
• , , ., , •. : •• ' . . ~ . ',~, h; ,,'. ,:;:',t 

: t':~,>. "<; in viv;,) pyruvnte mctato'lisrn occursalfno's'c' e;~clus:Lvelv vic:(:,~ "~,to 
0-.,..,: ''-''; ';~~ .~::'.~'.'" - ~ : .. ".' .' . ' '" ,..", • '" ", . _ ":. ",";", '{:.,:~~""\<' ';, ' .. ~. 
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,. . " " ' ,', ' ' '. " \; :,::;~~;t;:·'.;\.~;f}j.'<s:~· ?';j·:';~~;F::~;~,,~,,~\·*;,~'~):";,~;:~:;r.' ' ,:,. 
the'" preserl'ce'.:~r.', 'tL1'iami'~'{ pyr'oph'6'sphat~') .,;::",'On' :'the,:"~oi1t~'a'ry, '. < :, 

" ,'approXl~~·i~,1;,"52~:O~:::.l',4C"'",admin:i,~~te';~\~":a:",',a'c,~t~t~'~1,~'~'4C,', 
: . . ,". ",,:' ,:>_: . .": :,., '; ..... ; ..... "'.". . .' : _. :, .. ,. ," " : ... .' .:',,'. ' .. ' .":..: ' .. 't ... ' ",'''. '" " ,I, ,.' '. 

app~arsin 'the,.breat~ aS~14C62\<I:tthin60~,"m1nutes','suggesting~,<'" 

,that a small. but measurable amount of acetate, is "fixed" 'in . :"' '.: 

. , . ~ 

slmdycatabolized compounds' (e'.g., 'fatty aCids) 

opposed, to direct oxidation to C02in'the ci trlc acid 
."'. 

',' cycle.-
, f ,': .' . ~; .. ~,:.,(> ",,:.,: ~: ... :"~:.~:, 

In thiamine-deficient r~ts there,fs a significant defay:,:: '", ," '::, \ 
, '. .'. ' ' .. ' "~~' '; . '--

oxidation of 'ooth: jf.l_14c~pyruvate and, ~cetate to',l~'CP2. 

"'111 thin,' 45minute~ af~e~ IV inJection of thiamine, 

~(appearance curve follow1nglnjec~19n'ofacetat~~1-14c~is 

~plas~~ .clearance ~f 

administration 'Of H14CO~ is :normal;J 
, ".;,,, "', '" :",',,", ',- "', .;),,, ",,,','.-

14C~labeled ~~ia~1ne is initially 

""," ," 

deficienc;,{ of u.nsaturated th~amine bincL:g sites Hhic:'r' 

"eqil11ibrate .raptdlY'T,1i,thplasma "thiamine. " .:,' 
. '" """. - ' 

,"diagnosis of thiamine deficienc~~p, man bydetermlnatiori', 

',1.4C02 appearance i~ the breath afte'r administration of' #1~'-' , ,:" . 

14C-pyruvateor, acetate: prior t,o; and subsequent to, the ':, 
. , ", 

intraverlcius administration' of thiarr.ine.· A significant 

~:~i~~reaseinthe rate'of~i4co2production foll~~ing 

";adminisfrationofthiarnine \'JOuld s!..:.ggest'the presen'ce 

"thiamine. deficiency prior to thiamine admin'{stratlon., 
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y;':,;;,: pyridoxalphospha te increased the uptake of several· amino": 
I .:.... ••.. 

••.• 'j' 

.~ ... :,~.~: acids ( i.e.,' L-glycln.e"L-:meth.iOn·inej 'a-aminobutyric acid 

. ~ . " ',.' . .. " .. 

·'::;,:.¥-aminobutyricacid~'and· g-lutamate r Into Ehriich mouse- :: 

,,:, a sc~tes·~·~rcinoma·' c~:~ls ' .. unde~' ,'~~ thera~rOb~c'(55,56r "0;\." 
anae:robic( 57, 58)', conditions it • Similar results have 

'. ". ; 

sho\</nin< vitamin ,B6-deflcient ; ra tstreated\,lith either" 

c)L-pentclllamine' (59) ,.orde~xypyrld6Xine (60)\',. ~10r~6've 
.' - , '.'~;' ' . 

. . \'::~:::'" pyridoxa'l phosphate and pyridoxine counteracted the 

->'. inhlbitory effect of2,4-dlnitrophenol· (DNP) or 
. .' . ,~- ~ "\,': ' ' 

absorp'tion of L-methionine and L-histidi,ne, (01) • 

. Little information' is ,available concerningh~\'1' 
I':.' 

':.:\.·:':.:,;'pharmacologi~al doses .of pyridoxine may'e~fect ~i'the'~~' the':~\:,\::,';' 
':. :;',: .<:,.., :". ,. . . '. .' , . ',';. . ..... '. .: ....."., '. .• .~' . " :~. ," ,<': .. :;;:.!,7\·:~':· . 

. ', "~:,:',enhancement of c<ellular· .. up~ake .of amino acids orqthep,,' .:"~:~~[;:,;:,, 
","'.; ; 

, . '.,: <;. -:. pyridcixC!-l-pho'sph~te dependent processes' in the intact, . 
\ ,,"v: :,' " ,." . • I 

".:.;:: i;!":" _animals. ,'In'formation on these points. might p;OVlde ~ ... ",:,"", '. ' .. 
• ' ""..' ....... (. .' I'. <' , • ~ .,' •• _ •• I ,. ., 

·'''··:~.'basiS for understanding 'such clinical observations asth~:: .' .",' 
• ~.' " 1 . .' , ' ". '.' ' " '. . ' . •• ,.' ~. , . . ' .,' ,., . : .. ~~. :1 , •• ? '.' ,,' '. ':. .' " • 

:; ..... ::,: ",~,;:,':> improvement' of 'the ';pyridoxine"-::re~p~nSi've~aneI!lla" . fOll:b\:ii"ri~'<'i ,:.,": . .';:.;',:~, 
.... ". c',.' ';', .' ',,' •• .• " '," -"" ".,'1. '-"'. 

,:',:·i:",.:/.·~·;~,: rnassive pyridoxtne"th6rapy' (61) ."':, '. '.~ .. " '. ..;":, ".': ';' ,' .. 
'~.~ '>·~.r :: :,.:'., / ',', .••. " ,'. ~~ .. ~.> , ... ' 

:, ",,:,:' " . ,.::.~'. Inthls . study, appea.rance>,~f' '~~ 4CP2, In. ,the' br'ea th'~\'la~,:.,·,':;:'::"'· ; ",. ' 

,".. ...; ,"/mea sured follm',line; 'the; intravenous' admth i'strat ion of .,:::" 
,;. • .,j .... 

.;: . 
, ~'. . . ,' 

:-' .. 

• '1 
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" .,', 

. / . ~ "\". .' ". -.. 



rece'i:;ing' phEt):'m~~coi6gical" dOS~S9fPyr,td~x1ne~', ":' \ 
. '/. 

, , 

B~ Preparation of c experlmental. animahl" ,; 

.,. Iqbre'd rnale 

i'Ieighing, 

the first series of studies, 
. '. .. . '. ~ , 

, ' , 

\1ere performed' on seven 'ra ts 
, , 

,of pyridoxine. Six of, these'rats S~bseC!uentlY'recelved 

lOOmg pyridoxine hydrochloride{2-methYl-3-hydroxy:~4,5 .', 

((dihydro~yme:thyl )py;ridin'e hy'drOchlorlde ] ,(Elt. Lilly 
. , 

Indianapolt s ,',J;ndiana)intravenouslr :30 minutes' 

arepeatbr~athi4C02 study." In each,l'~C?2stUdY,. a'~ 
", 'rats'received 5, ~C,l ~t L~tr.YPtoPhan~1-i-1C (!J~rboXY1-

~labeled, specific activity: 2o~42 mCi/mN~New En$land' 

r Corp., 575 Alban~j' street~Boston, 
,", ' 

intravenously after light ·anesthesia i-Ii th d:!.ethyi'. ,,::<, 
• -: ," • .' • " "c:"" " • "; '. ," " ", ~ 'J ': ':~::·:JY:· 

,. T?le second Shldy '1J/aS, pe'rformed3 id4 :d;yS 
-" .' \ 

. ~.' ,.',~' .. 
;:. ," cont;01~~~~di., 

,;p.,", . . ,'. '"""J .: .••••• 

Tll·.',<the "s·.'ec','o',·lC.'t,:· ~,e.,r,·'_:e"~,'.',:,'.,,:.'O"f·'" . , ,. '. ", "" ..... . . . , - ~ - ~:.s~\~.:Clies"<:i~:;,I:e·eE£'~~~'OfphaI'nln~·:· 

d~3 e:~': ~f;: :9~ ~~.~,.~ O:<,i;r1,~,:.oq;:~~i~~:1~i~~,:>.'~3 t?.~?·+'isn::,:.:a"~,:' 

"; ... ", "., ." > . " ~'", .: .~ . 

"p'ats;-rere": 81 veD pyridoXi'~'e in ,a', :tas:lio.n descri bed above or" ',' 

:in. eacSst ~d)'~h~ ra~rece.lve(\,in tr;v>~~,OllSn 2,.5~C tor:) .' , 

k·hist,idi.~e(.lrnfdaz'Ole·~2..;14C t-'(,spec Ifi'c" ?,ct.,iVitY:'>57. 8 ;n(h/m~!;;:", 
,,'.,..- '. ","'. ," 
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Amershan/Searle Corporat:Lon). 

In the third series of studies, the effect of pharma-

cological doses of pyridoxine on methionine catabolism was 

deterr:lined. Three ra ts ,dere studied prior to and suose-

quent t~ injection of pyridoxine in the same procedure as 

described above. In each study the rat received intra­

venously 7 ~Ci of L-methionine-CH3- 14C (specific activity: 

14. T! mCi/mI·'l, Ne':T England Nuclear Corp., same address as 

noted a Dove) • 

48 

In the fourth series of studies, the effect of pyridoxine 

one- bicarbonate pool turnover ViaS determined. Three rats 

were studied prior to and subsequent to the intravenous 

injection of pyridoxine. In each study- the rat received 

1 ~Ci of NaH14C03 (specific activity: 21.5 mCi/mM, New 

England Nuclear Corp.) intravenously. For the bicarbonate 

pool turnover studies, the gas flow rate through the 

system was maintained at 3 liters/min. -At this gas flov-l 

rate the mean washout time of the apparatus was less than 

1 minute. 

C. Results 

Figures 9, 10, and 11 present curves sho;'ling the rate 

of 14C02 appearance in the breath of control and pyridoxine-

treated rats subsequent to the intravenous administration 

The ol"Jdina te 

~eprescnts the rate 

of arujinistered :4C excreted as 14CO~ per Dlnute on a 
c:. 

,OJ 



:. ; t~ " • • ~.> 

"./,', "'of"~~cretioi1' r~'tes of, 14co~,inthe breath~or>eachgrOup" 
, . ' , , 

, " . .' . 

, ;, The' vert:i.6al'bar~'ateach tltrlepolnt ,'define' 
" ' 

.. ' .~" 

error of the mean values for each group. 'It is :' 
.' " • • ~ ~'. '. '. ' > .,' • , ~ • , ... .' - , .',.'.,." • ' , • • .' 

",' 

is:a,~ualitative,' ,. 

c'o'tlt~oi ,rats and those of', pyridoxine~' 

','.treated rats subseCluentto' the' intravenous:admini'stratiCin'" 
'.1,' ,,'.' , ". ,"",. ,',.' '. 

'of the14c~la'Qele'd 'trypt'ophan .'. After the, inJecti'on' of" 
., . ., ,,' , " '" ',' '-. ' , "" :' ',", '. 

': " 

~14C~1~beled hi~tidlne and methioriine'lnpyridox1ne-treate4 
"', , - . , ' '. ,:. ':.' , .. .. , , 

r,ats,;no: difference,' o6cur~ed.'1n 14C02' apP,earance. 

For dataanalysis,two parameters' \'lere used for, 
,.: .. ' . 

The firit pa~a~ete~ is thetimi,at 
, :,: .. ,.; 

of 14c02excretionln~the breath occurred (Tmax).O > 

',;.s~cond parametel~ is the ,integral' excretion of 14C02during; 

,,, , mi~utesafter l.nJectionof'i4C~1~beled', 
anddurlng the ln1 tial ,60 minutes after in-', '. ' 

. , .' , . 
" . . 

ei the r 14C-labeled' histidine or 14C":;labeled;." 

This latter paramet~r is a measure of the'fracti~n' 

',of the 14Cinvolving the in vivo oxidation resulting' in -- , .. ',., . 

14C02 pl"oduction" , Table Vld~gi tallY sUmmarizes the data; 
. . t " , . . • 

presented in Figs • .9 .. thr()ughll. ,"~igure 12 describes 

"ra'te' of 14C6; appeara,nce:lnthe. breatli" of, control anel' 

~~pyrldpxln~-treatedr~t~ ~Qb~equent tathe 
_c.... .' .' .. ' . . .. ' , .. . " .' 

taH14C03~' ',~;:!e,h" pclnt' at,' 5, '10 J,. J 5; ',a~'j\~" 25il1inu te B ::,.,' 
".~.,'.. .' .. ' ..' .,' :;: .) 
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seven coritro'fs-ano' s1x· rats 
\ 

.Hel., 

expressed as 

in minutes following IV lnjection.of 

vertical bars throu~h. ~a~h point defin~ 

of. ,the, ,mean of excretion 

;group ·of 
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~ ~, \ ~ 
-<':? 

in threecontrol~rat~-and.thre~ .. 
. ', 

The .. ordinate represents 14C02 ex'cretion"rate 
. { . ~ , 

as .. perccnt 14C/min. and the. abscissa as time 

following IV injection of 

bars through each point define 

of the mean 'of excretion rates of 

of. rats. 
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1· , , 
l 

I 
! ,. 

~',> ';-:i ,(i.mi~az61e-,2-14C,) in three contrbl"ra tsand'three pyri~<:<':~'-: 
., .. ' .... ' ~ • ' • + • ~ 

" ... ~: I' . • .. ~. 

, dox1ne-treated rats .. The ordinate rep't~esents 14C02 
. ', " ~ ; ,."''" 

" . 
." . ,- '~, 

:: . 

t '." excretion rate expressed as percent, 14C/mln. and the 
',,:, 

; absc'issa' as timeinrninutesfollowlng Dl injection ~ ~.;!"";:')', 

";f:':<'~: ,,:;'1' :~·.\'L-histidine 
. . ,", 

" ~ -,'\ .~;;~: 
Vertical bars' thrOUgh:t~~~~~~~,~~:/: .. ~::::.,:,.;,,:~\:<;, 
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Table V 

Slope (Tl/2) and integral 14C excretion determined from 
14C02 appearance in breath folloNing administration of 
14C03 in control and pyridoxine-treated rats (the number 
of animals in each group is noted in parentheses). 

Category 

Cor:trol ( 3) 

Half-time Tl / 2 
(minutes) 

7.83 

Rats 30 minutes prior 
to IV administration 
of 100 mg pyridoxine 8.98 
HCl ( 3) 

t 

I 

14C excretion in 
50 minutes 

(5;) :t- S.E. 

CI: J""'.!: 3.0i' V'+.C~ -

62.80 + 2.18 -

61 
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'>fragment prectirsorsto. CO2 : .. ' 
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rrhe seirrl.;·;ral s' had free ,iCCe ~6't'c:, :f6i.)d i" 2nd ,\'I2.te~1 ~',' 
, ',"Ir';': " 

.. '.1· , . '{' 

. ',;.:.' '. L-:-'I'l LJ ':;~_j:';>~, t·:.::, ;';':~i ::.:c~L ~~~ 2'- i :'~\~)c:'\:i}';,.f:;:':·' 
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"TNelve· male Buffalo rats l'Jeighing(265 'tci,:'330,g. \·rer.e 
',._ ' "".' ,. " .. '., . '. ".' ,"" " ":.~,~. "" ,,: .. ).,.;.'.t ..... :~ .... ~ ".:" .. " " 

thtsstudY.· ·pairsof'a~.1mal's .. ,:~/er~.,:st¥:die~,:3,n,(/ 
, ',.,' 

'receiving ,·shaTair,radiatlon.ande·xPo,suf,e' to:' ~~o, '.' 

and 600 Rof x.rays. ' Sham irradiated. animals. iiere 

in' the same '.condl tion configuratlon 
. . . . 

the. sa'me, tlmeperiods as thosereceivlng xirradiat~ 

source of X rs:ys for these experiments ,..;as an x ray' 

(philips, Holland; type 11645, C13832) operated 

and I5ml'.. arid \·rithan .inl1erent·filtration of Imrn 

aluminum and 1 nun 'of copper.,l:he tal"'get~animal 
. '.,' 

"'uas 10 inches ~', TlJe dose rates, measure'd in air, .. were15· 

27 r/win ~Animals'Here'studied at lOmlnut.es and then 
,~, ", . 

.. . 

2, 5, .. 8, '. ~l, 15, 23, and 30 days after the. irradiation 
. :.:' . , .' : -.' ~ , .. 

·sham~~~radi~tionprocedures.c: In e~c~~t~dy~the ~at 
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'mal'e, :Buffalcr ra'ts, ,wer~ .. ' divided ,into ,t\'10, group, of. 
; '~.-' l'" , . ; .;.~:" ( ':':; "; ~ :: •. '~ '; " • .,,'" ,~" •. ; ·.i·~:: .. _: : ... .:.. .... ,," ~ ....... ' 

.",.".,"" :-'~'~,.:-1"'., .. ~.' '. .' " .. :.\. ..... : _,., <.J;... ~-.;',: •.. I/O 

':'":''' ;:;;' ,··three· sham-irradiated and foUr>;·lrI?adlate.drats·~,·::: The,.-:< 
. '~,"";~'~': .. :.~:.:.~);~), '":' >:::,;",~.,:: .. :., ' '.'. ,': . . -: .... :~:·<'.:'·'."'l . .':,':~ '<:':.~ .:"~.'~.:::'"' . .",~,~,.:/. ~ ;""':':':":.~.' .:~.:~. 

rats .. were subdivided furthel" tntotwo: pairs'~::;-,' 
" . . '. ' 

':,". 

":'ofrats'exposed to 400 :and600:rofx rays • 
. ; , , . 

··p~rf'.orinedat20 minutes. and ,then: .at.2,,' 5,'9,'.16,.'; and:21'; ", 

":::" r:~::': e:h::r,::~a :~~:~::t~:O~~:~'~'~::~::Ge::::::::;us;~~'fY;.;~5:~1 
' (specifi 6. act i vtty::! 14: .• 77 mei/fitl". l{eH Eno1:and Nuq1ear, .. ~ . "',';. ('<':;:;'':::;!,.:<>,;, 
__,. " '" . . ,'~' .> ,," .. .. ~.' .; .: ·:;.:.··~\/·<;!~J:··.f::;::~\~t?F/,,:::·/ 

.,' 575 Albany. street, .. ,boston. l·lassachu.:»etts, 02118) ~':.; .. ·!';:,/'::/·:<·;f:~:\;,;,' 

·":.,:c·~~4C:"f6rma t~'''.: ., ' " . ,.,' , " . 
. • . ' •• ", : :" ,,~. ,.'~ ~I > ' .. ' , ". : • " .. 

":T\,Tel've r"ale 
.. -~ 

.,' -','/ .. "':". . 
. diVided intot':ro 

I~ : 

:rats given 11-00 and 600' r."of x 'rays. ' The f.irst"'experiments··:?::·::".:··.i·~'::.: 
, . . '" . . ..,., ..:: " ':::'.'.: ','.' ': '.' :/ '.' ~:,:.,:«#~}~},:(~;:r(.::. ' 

studl$dat ~O mlnutes,;'.and· repeat sttldle~·,\'lere. then"';::::~:,\/';"i'!'!'~\?::~ .', 

pe "formed at 2, 5, 9, 14, an d 20 do ys a ftc" 1 rrad1at10n.,':(;,;~.,.":,.:';',.",: ',> 

, ,Ine a ch .~ tudy, • th e rat pe cd ve,d 2. 5 ~c 1 of , '4C':forrn~ te .,' "'::.>,;:~:;~"'; 
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rats were.stud1e~'in 
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~tudies ~erere~~at~d 
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In'e~ch,studYI' the rat/ ·after 
• A' • 

d1ethyl . . 

'.:·L-serine~3-·14C 'intravenously 
.. . ~ 

2. Nethotrexate 

a. cold 

male 

f .' ':,. 

rats. ,Each methotrexate-trea'ted rat 

mg' of ~eth~trexate, (4-:al:iino-:-Nl.O,-'methyl 

.. p,~eroyglutam1.c acid, Lederle Labor~t6rle,~piviSi0t1,,: ::' 
-' ~. .. . .' .' . 

. :';: American'Cyanami~Company i pear'f' River,,":N ~ Y.) "intra~ r:,-. 
.' , • < I 

3 hours prior to the 1ntravendus 

of 2.5 !let., of L~hlsti'dlne (imidaz'ole-:2-1. 4cL. "A 
.' " '. ' 

clescriiJed above'. 'Rel)ea,t stl.ldies had' 
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"''''.\: ,~', ;: :,,";,~' ,i." ....... : :"::'>"'b ,," inrl uence' of, radlatlon'-:'on ~:hepati.c·!·bindinQ·s 'or' ,':';' ';.;,:.. .. . 

•. '~!!:{~;}/~;~i%i·~~{i~~;r{~li~::t~:::~::;::~.~ •. '~ ~:3te'i~h ~ng •.••. 236~ .. tOi2:~~~.:\:lj~.~(,{".:;·': ......• :;:.'.: ... 
·;;·;:·'I<)~;:~~:::::./~?~f~,~?lnbled into two groups' of three', G.6ntro~"and.ro~,r; '._~."~~~;:<)/{\~,,:' ... >.~~.(.:.:'.:>,; 

"IN;'j~V;trsa?iated rats. Rats of the 1rradiated group were.ZgL'~;':>;i.;:';. 
: '. ' .. :.:·;,exposecl to· X radiation,andproduced by a 200'. kVp m~chine'i<,':.'.:.\ .. \: .(~ : .. '~,' . 

. . '. " '.. .. ' " . . ... , . ,",{:~:~~\~~r..~"~:~~:::t, \.-'i ~.', : ' 

rnA and j;ri th an- inherentf.iltratlon equivalent to ... " .:\,;:::,::5::,:>, .. 

ffi!Oofal\lminuJ.ll'. anq Imm,ofcopper;, 
:.' 

Tl1e dose ra te ,'mE; a st~re d in ai P , . . .' ~ 

. ···.T,'1O :hOurs arter .. irradiat~on.,.: eacn .• ra t of· the: control,~;:;J.~·:,?fi:Ji~~:f~:'>:··~~\:~ 
i'e: ': '-:' :'." :. ". ::'. .... ';'. ( .,',' ...• : '.. '. >:' .: . ,:·:~:'::~J~~~iJ:~'}~);',t;!F';:':~~~::/[~",:, 

<.·and irradiated· groups .receivedl0Q. J,lCi 'of'. rnetnotrexa te-:3 I.,":";';·:.,,\ •. .',:{.;:,~>;.(.\ 

- " . . .. ,' .. aC;1~1 ty: 250mct/rn~,Ntlclear Chicago) .. : ');'~!;;iJ.~(,:~;:;¥.{ 
me; of' cold methotrexa te .c 4-am1no-N 10-,.:, .,<:~,~~,\;?~,,</~!);., 

':-- " :::"'." .~' ' .. : ,.' .~.:.",,··::'·"".:.'·r:i~·;.:;~·:.\~~r:~ .. ~:.,:",'.-
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. . ;."'.' ,"; . "' .. ,' :)v.~:_::,:.~i:,~~\.·~~~~~·>:~·~~ ... 
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·underl1ght. ether ~ne~thesia .o~e· h~ur.arter,thetntra-' •. :::;r!:;,;ti;:· 
InJectton of the 3H~.labeled rnethbtrexate,·the :rats,.~,>;:~:'}:;~;:.~:;'.:;·,::.:,. 
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:i>i.:·llation lia l.lid'ii".ad~, of' ,30~' i"aethanol.:in::toliierie<:cbn'p,:,,'t i;~::';(: . ';,{,: 
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.. ·.0 r:ve; .... IP·;) ... a~:a::6: .. ~::::r: .. :n:::~;~:-i~_:::::~·f:!a::~frf:!71!~~;>;~I~J~: 
:\:;'-benzene (P(n~O?I:scintiJ:lat1ongradeJ s_me address. as .··;V',:' ;.,,":'" 1f,", .. " 

.> . I' .• '·, 

liter.\ r;rhe"sH activity.ii1:the solution 
, ' -: ;" 

determined by : a'Hucle-ar~ ChicagO ,Hodel' 725 'liquid .' 
" ~. 

<''''obtained 1111 th a :r~d1oa:C~i ve' solution, .·st·andard' (C6H5~~H3'~:~~~::~:;';·'.:~~:·~~;:,~"r;::;.~~,::·:·:,< 
in toluenec 
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fragmentprecurscrs to CO2 
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a. L-histid1.ne(imidazole~2~14C} 
, ~." .:, ." 

' .. 

. ,~," .,.;Figure 1'5·: presents representative curves 
,,'. 

14C02 appearance in the breath 
.' , .... 

(upper curve) .and in rats 8 days after.exposure·to, 

,,400 r (lo\>/er curve) follolliing the intravenous ·'a'dminis·tr:-ation 

ofL-his~idine: (imida·zole-2: 14c). The. ordi l1 ate. represents 

.;'2,"ate .Of14C02 ·appearailc~. in ·the.breath expr:e·ss·ed. as 00 14C." 
. ' ~. . . ' , 

........ "', - .. . 

<per ·mltwte and the a bsc 1. ssa . a s tir:!e~n r.1j~nu:te s follm·.:ing 

'::;'/:c}::Lti trc.vF,:nou:;l injecti6nuf the .. 14C-l[lbe:...ed iliS:d_~'.il'1e.: It:, .. ';:'.'.·>':: .:::.~' 
seen. that ther,e.is. u .qL;alitatlv~ dif'ference, 
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: the normal ,curve j ,~ach pointrepre sents the mean-' of, 
': " 

point' 
.1, , 

group.' "' It 1s clea,r ,"there is, a, qUEll 1 t,a,t1 ve, 

:,bett~eez:1 the:, 14C02 , breath" curves.' ,:'.' 
, ~', ' • I, • 

Figure ;19:: presents: composite; data 
. , .. ' ~:.' ." •. . • . • <.' . f . ..:. ..".'. . . -: • ~'.' .,'. ~ ", 

rnethi6nine. Irradiated ~ats 

significant prolongation, in Tmax on, th~sepond and 

~::;post irradiation days ,andt,he, Tmax returne~. to the 

,range bY' the n inthday., 
: ',"'," 

-. . , . 

,sisnt ticantdecrea oe of 

giveh~OOR at '5arid':9 days',:':x;etui'ning 

,i 'range, bytl:e: si~teenth, day .",:A markedly ,', 
. \, :.' 

.L4C02 p~?;duct1on, in rats: given 600 
. '." ' 

~arl,Y as20n1i~,utes, :art~r' trradiatl,~,n, 'and: ~hlS, de6!. ... ea~e:\<,'< .. ~~:"i ,; 
<;~ ... 

. ',,-
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, .' ! ~ , • 
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~'. f, 
~t":::venous 

• I , ,'" 

adrilinistration,> of' histIdine .' 
" e , , , 

an d. ':c ~~ t ro r'·" ra t s 

of 
'.' ",-. 

" ~' 

Each'line 

of rats •. 

on the 6~dina~~~. and time-after 
. \ 

'on the. abscissa •. Result~"in; irradiated 

the heav,ier upper curves;' .and results'in 

cqntrols' are shown in the lighter lower 

val ue for .each ,study 

afte~, the irradiation or 



.--,. 
ell 
(1) ..... 
:::> 
c: 
E 

>< 
< 

~~ 

20 

10 CONTROL 

, 
( 

~-" . 
'.....,-400R 

..... 
. , " ., --

200RY·_._ ----__ .... ............ .~~---

83 

5~ ______ ~ ______ ~~ ______ ~ ______ ~ ________ ~ __ ~ __ ~ 
o 5 10 15 20 25 30 

Days after irradiation 
XBL 674-1330 

Fig. 16 



/.: 

administration' 

rats. CUI"[lula ti ve' 

in.80minute~. is plott~d.on ~h~ 

irradiation. is ~16tted.on,the· abs~issa. . . ~ 

the mean v~lu~.6f data from a pai~:of 
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O-day valuefor.each stu(jy represe~ts.values 

minute's .after: .. ~h~. irradiation or 
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-.',<,f::;:'::~:';;L~htsttdine (iniidazole .. 2~14c), 'In, :four, :control> rats: and' .;,,!':':~?:/:':;:,~:;:,::;';<.! 

c, •. , . .•.. ..... given 2.5 mgmethotrexatein~taven~usl1thre:;.{(~~~.;~,';n?\·i-' 
/:~ hours and three days orior to the, s tudy.The ord'ina te -: .\:i,:-':,;":,,. '::: 
~:.. ',:' '.'. ," . '" .,' .. '.';' "':" '" '::',::: . '>'" :" .,~ ... ",,' . ,', ::"\' :'" ':::. " ~ ,," ... 'c,./:~ .. :~:~~~:.~:::~,;">.:,;~~.~\ 
'rer>resents the ~ate of 14C02 excretioq ex~ressed as mllG,l/' 

, " ' , '~0 

~nd the ab~cissa represents time in min rol~ow1ng, 

the intravenous' administration ~fL-h1stidine' (imidazole;~;: 

Each ~oint represents the mean o~ th~14C02 

rate for~ach group 6f ~~ts,'atthegiven 

", and the 'lengths' of' the vertical. bars thrOugh'eaCh point::~ 
" " . " .. 

,,;represent 1 standard' error of the 'mean for each group. 
. . ',' 

,> It can be '.seen that there 1s:-no ,qtiai:i tativ~ .. '.'i);':lj,~: 

bet:tleen -c-ontrol curve.sand those obtained fl!>}:', 
'rneth6trexate~treated rats. 
'. ' . '. 

and, curnul ative, excretion 'of 14c02in 

':,::';·~):,,:""~initia'l '60, min" ;;Jere; no'ied '1n' m~'th6tre'x~te-:treat'ed rats 
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" ", '.;7' . ~our' r~~ 3e;:~q e:'t:;o8~: ~·~d~d:¢.;i,;~',~;pA;~J~~::t:,':"',·" ' . 
. Oresented in, Table XII.: .. No signi,ficant' difference :':in\';f-:':~ .. ":'; ::';, " " . 
. ~ ", " ~ , . ...' ~.: .~_.. .. . ~ ,~ .' . '!~'l~~):':;~ -," :.r! ..; f' 

bindlngof -labeledme,thotrexat.e'\·ias<noted ,bet\·;e,~n';i;,~':.:X ,', 
, ~ .... : .. ; 
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",' '.:' ",. ,'r .. ;. D'. Discussion" ';;:-',' 

:-:1..> Effects' of radlation::on- oxldation:·of,rnonoca.rbon,>",i'';'''j,~:j!""",,;" 

.' .... ~. frag,jen t pr~curs 0;. ':bC02",. ' . .{;N';;~"f~J}~t~\~~:f" 
demonstrated, that, 4C',atoms from ','" <";''-~,,'''',<,-,:,~,(.'~::-,' 

" L-his t id In e (1m idazol e +~~CJ , .. ~n~'L" . .:!§:.·i:;~{~;}i\irir::;"f~;;':' 
lii~ th10n Ine -CH3 -':C .. a.-e rea dl i y .In corp or~ t ed ,;intotne'\;;\~Bf}7;':n"~~',:;iJf;" 

,fragment pool , attached to' tetrahydrofolic acld:<;:<!;;o::t~:':':!"::,:,>~'1 

;:'.' ::::e :::: :: l::
p
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In the studies presented,'he~e"h'e, demonstrated a ',',' :;,".(~.~,~~,::.:~ . .-\ 
" . . . . ' ... ~_ .~~ ~ ~'J~':',:1~~( ~~~~s~~~~ .. <.·, 

differenceln the pattern- of 1,4C02 in the breathsubseque'nt,~~~;<~:;'~:\'. ".' 
. .~ ~.:. .;'~ ';~:~~;:.:~: ;' 

~;" to the intravenous administration OfL-histidine'(inhd'az'o:le'~ 
.' . ..... ," : . .' .. 

:;.,.';.;,:,~_14C,) I. L-me~hi6n ine-CH3~,14CI~:.and 14C-fOl"m~.te'b~t;'le~,n 
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"J, 'norinal and irradiated rats. 'Hbwever'1 . no. sign~'rt'c'ant 
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'< ':\":,~,:·.:",;,'·i;::;-r;":;,,, ",'" , , ., ':,' i', .'." , , '" ,:- ,', , 

.:.',;';;';C',;\\' At various time's; foIl ;1rrad'ia'tion J 'time"C at . , : <":/' i"::~}< ~~\ ',' ",,: :;, , " ' .. ', ,: . ': ' ',i.' ~' 4 ),>. , ,.... , ,. 

).::<:':~ which the maximum ra,~e ,of, ,excre~:l?n of CO2' in,'th,e;breath 
. - ~ ~.': " , . .... . .. ,. . . .. ~ ~ .. , 

<:,,' 'q:ccurs'was prolonged,:;and there,\'Ta s a diminution of the ",:::,:'i: 
, \ ,: ~ , '. • - ( , .. . '. ',' I : ,", ' <", ' .. , ~_ ~ _,': • ' -,' • -" • <, 

,; ,,/," 'tot;l 'amount of'the, 14C 'appeari~g, in the breath durl.ng- ,_, 

'. theln i t :Lal 60tq 8o min of the ',5 tudyfollowlng injectioll 
.~ . .-' ," 

. .,' 
" . , 

;: of the'14C-labeledhistidine "or methionine., ~' '.' 
.' ~, 

, ;".; , 

').,., 

The haUctime (Tl;2) of the Si~;~~e expo~e~~1~1· 
reores~i6n function ~ith95~co~fi~enc~11~its 

- "', 

Of.:~4c02breath,cutves in iI:'r~diat~d.'rati~,:,~wa 
.' ',' ", ,"" .., '. '. . . .' , .. '. ,,1.. : .. '.: 
and, there \'lasa:',dlrninution of the integral'" 

'.' "",'v ". -, :" 

i, .. , 

,.r.' ~ .' 

",:--." 

iona,nd~ therefore cann,otbeascrlb'ed to delayed 

effects 'of radiation ':onthe'ariimal ' s 

,,'physiology. Also these effects cannot be due to 
<~ . r-, 

,':,1n absorption of folic acid from the 'intestinal tract I' srn'c~ ,,' 
\ .'.., " .... . '.:' ,'. 

i>;;'bOdy,stores ,of folic acid are sufficient tp, prevent the 
:. " ' "'" .. " ,,. " .. 

:) appearance of folic acid deficiency, rOJ:'ril~ilY months, ' ' 
" . . . 

: "follm·rLng coi~1pleterer'1oVal of this m'8.:t'erial· from the' 'die,t·, 

r~hepattern of appearance of 14C02 i~1 th~, b;e;a'th"-~;':" 
,:;:: irr'a'6iated rats \'laS : similar to the pattern seenln folic;';:> 

"" ,.acid-deficient, subjectssubsequentto,'tne' intra~'en6us ' 
'. " " 

, administl"ation . of L 7histldine,( irnidaicle-2~ ;L',4C)( 24 ,25) 

,and I.,-pethlonLne -CH3 ,-.J. 4C(7).' " -The" a bnol";:l~'i- al)pea'l'n'~ce:~f,;", 
~-' . ' . . '. " ...' , .. : .... . ,,' _ " " . i ., ' ~ . .;, ' '.' . , '. , . . 

•. ~4C02 "in the b':seathsubiJ'equent:' tb \he intravenous' 
1; ,:." 
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" ,'~ , , ' 
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.' '··':;::'s.fdered to' bepatho'grtomon:L:c;'oi' :tetra1:li~lr.oroliC:ilc:id' lri~man,~ ':" 

" "':.,.\:' 

,',. 

, " ..,' an~ '~;oi:l~p6o~~: ci?'),';;:~'·{~·~'~;,~~~y:~:~v~:;\~'o;r,~·~~b'~.~'rJ~d::"". '.' . 

': ~;/?'<':Sir,;:~'ia;r' C!1a~'ge"~'dLle' to": oth~·~.p~·~'~e z';'" ':Thus 1i~:,'~ii:,t7r~p't'i'~~T;l 
":;':~."':C<"';to :Pos't~la teth::. t :the :deCl~e~~~d~.' J.4C0

2 
'~p~j'eat:'a;1~~~ in' t~e: .. ..: " 

.. : '" •• - ' • • • • • -. ...:. ~, .~ ~.' -;'" ~ <' ~ '. •. ~ .:., • ~ 

",<~'bl"eath subsequent.' to' ,the intravenous a'dmillistratlon of'. "':, j:.:,.;;::,\: .. ;~:\". ,'~~~ 
:" "'~:;'."'" '> ,.' ' .. ~' ,:,', ..... ", L. • ';:. _ ".:" ••.•• ::: '. ...~ : {~::'.;X){ .-, • 

" .. ;,.;;::':': t::' his t i9.tn e , (ih1ida zol e _2_.L 4C ),k-me tl1 ionine-CH 3-:.L ~C I > and :':;,:~~>"';;:~~;~i/:' .;,\' »; 
:-- :-"~:.~. :~ "" .,: ..... ~: ..... ~.' .. < ',. "'~"" ': .... ~ .~': .... ' :.; ,', ,.,' " ... ,~.' .. ' .. ,: . ': :" . ",,:.' -~.> . ·1-'~·"··~~·)?~~}>-<: .. >.~.i~·;·~; 

";14C-form2te ma~T', be' related to inactivation .of tet:rahydr6.-, .. <-'.:::~,." ~~:" >'.~:.,: 

. . . 6r"th,eprO~,es'$e s ~e SP 6nSf~1 e ~~ritspro~~c;ii~1~};~,~~~~.:i;1:ii' 
fQrmer' possibi11ty \'IaS .consistent \,/ith the finding that·:,·"\,,:;,~:>?,, ';',.: 

ciCld\vaS,irr,adiatec.i with .ul t'raviolet 
. .~; , . ,,', " ,........ .. ; 

..... \ . 

~apidiyiriactlv'ated"and ·degraded.:in~.aquebus " 
",~ . . '", .' . . .:., '". '. .', .r:. ~. < •••• 

f~olutlcm.s (641:. 

, <hy' x :lrradia tion:~and,the m~in part of ,d.egrada t10n 
, " .. ' . .' .~: '. ' : 

. <,:":1nvol ved' 1n the p-amlno-oenzoic .' acid mOiety~( 71),> 
i ' , • . .' ~ . . • . .. '. • 'r. . • 

,.?".-acld and' ci trov~rum 
~. . . 

. :<.'i)'rel'/ hours" afte~' '400 to 600 R of x'irradiation'irisoleen arid:;<~'~«: ~;'::(,';.';'.,c. 
"fr~m~he 10th d~Y on, in teStisofr~ts ("{2Y,,:' ., ·:(:i~~r~1j~·;~~:,. 

I.oreover, the ~producti~n' bf' tetrahydrofo~Jc' acid "~"';' " 
'<;_".:,;,:",. r.: " ,", ':.' , '. >', \ .... ": .. ~;.,, .' ".'~ :",:~~~"",-~~I,., ",' •.. 

{.' requires the availability of NADP~·r" I'lhlch recently: has. been:, .. '" .. 

'.: .... to", ~b~'pa rtt allYlh'~ c t i ~a t ed '{n'ra tl i ve / rol i~'\.~'~~~.~:;,};:.:'j)/:"·~' 
" " ".,? .;. - .~ . ~ -':.' .. :~;: ' ". . , 

-"oodyexposure to :800 'R', ('73)".,:R~c'erlt' '\'lot"ks 
" . .. . .'.. .". ," . . ' .. . , 

. > 

.:,::',;Hinchell 'and' vi~oi{esant demon-stra ted thntthe de. novo 

':syn the sis ~f ,th ymine and ac)e~~n ef~ 1JTzi.~~ • ~4C_ r~rm~ t e,:~;~~";!'l:t" / ': ,:. 
;,:::T:10re radiose~si ti ve "than' the i'nco'r·p·orat i'on', 'of' ,3H-'thymidi~~>;;":'><: ,',; :', " 
':>;ii: ".,'. .' . ,,'.' (, .'.:' . ",:: .",",:'~ ·.~~;:'::;:i:(;: '.; :-;, 

... , :.'; ,!~ ':,.>.::}nto Dl'i A' thyrrl in e',· .. ~riq, both th,~'S ynthe,s is ' of, ~hYHl id i ne J ~ ,:,":. ;". '::';: .' '", 
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thymine, and the purine, adenine, were significantly 

inhibi ted by radiation exposure (67). In this work, they 

alSo postulated that the marked radiosensitivity of the 

synthesis of these bases, which required a common pathv,'aY 

via monocarbon transport, involved radiation inactivdtion 

of tetrahydrofollc acid or of the enzymatic processes 

required for its production. 

The #1 carbon atom of glycine or the 13 carbon atom 

of serine may arise from monocarbonfragments from the 

~onocarbon pobl but their subsequent oxidation to CO2 is 

es~entially independent of any further passage of this 

carbon atomthrough'the monocarbon pool. 

l2'i 

A decrease of 14co2.excretion in the breath of 

irradiated rats subsequent to the intravenous administration 

of 14C-formate vwuld not be expected to be due to any 

alterations of the physical transport of this compound 

across the cell merabrane, because the oxidation of formate 

to CO2 proceeds very rapidly, and thus its transport across 

the cell membrane must be equally rapid. It is known that 

,14C atoms from 14C-formate enter the monocarbon pool 

attached to tetrahydrofollc acid. That radiation affects 

the pattern of 14C02 excretio'n in the breath of irradiated 

rats subsequent to the intravenous injection of 14C_ 

oxidation of forf;;at must proceed by passilge through the 

monoc~L'bon pool. This result suggests that 14C-forrrate 
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to' rneth6tf.exate, as c'Qmpareci ,:\:tith~othe~, 
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b L ~ethot;exai~-31,51-~~ 
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'It has,now been~e~onst~ated;that' 
'.,' 

, , , 

folic acid redu6tase, 

..:.. ,-~ - .-... \." 
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, s'hm:r.ed, that,>'i~rlizin'g 
" . ,.' '; " -

" , '- " 

;las ,limi ted by 'celt, mernbranetransport "~f meth'o:':'" 

"~ trexate rather than cellular content,~f,fol~c acid 

It isa1so possible" 

2did ~ot infl~ence t~e ability of 

methotrexate,' but the ,folic ,acid reductase 

been functionally inactivated. 

E. Summary 
- .. I' 

These studies ,showed a 

;.'r.::, /;and. ~mount of i4co2e~c're~t~n"in 

, of x ,,'rClys 
, ", 

/~or L':'histi~lne (16ida'zole-2- 14c) j :"L.~methiori 1.ne~GH3": J.4G~" 
. " .' .. No significant 'al'territi6~)' in' "i4C02:'pr~'du'ction' ':'. 

il~padiQ ted"',ra ts>':Slib3b:Cl(len t:'"to:'th~ 
",'J '._, 



;,"' .... ;".: monocarbon . fragrn~Iit· 

'~hydrofolic ac~~ or 
• ' f r . 

~ ~ <,. '\(~' production .. 
'.'~:),'- ~ , 

~ats giv~n .. sine1e and. massive doses of rnethotrexat~ 

the 'intravenous injecti"oD. of 

and'radiation 
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.VII. APpendix' 1 

Effects of large doses of unlabeled L-methionine 

on 14C02 production in rats given L-histidine 

(imidazole _2_ 14C), L- serine-3- 14C, fOrJ~limino-14C 

L-glutamic acid, and 14C-formate 

A. Review of the problem 

In p~evious 3t~dies, competition- between several 

amino acids for intestinal absorption has been proposed 

(87-93). This competition was not found in kidney tissue 

(94). f'lethionine was found to cause a large inhi bi tion in 

the uptake of many amino aCids in brain slices of rats 

(95). In folic-acid·and vitamin-BI2-deficient rats 

given massive doses of L-methionine, the amount of 14C02 

production from the ~2 carbon of theimldazole ri~g of 

histidine was shown to be significantly increased (84). 

In the study presented here, we demonstrate 

significant alterations in the catabolism of L-histidine, 

;L-serine, and formimino glutamiC acid in normal ra ts 

given loading doses of L-methionine, by the measurement 

f 14CO . ' t..: . ....h·· t t d . . t o 2 proouc Lon In me~ lonlne- rea e ra~s sUDsequenv 

to the intravenous administration of L-histidine 

(imidazole-2- 14C), L-serine-3_ 14C, and formimino-14C 

L-glutamic acid. 



B. Preparation of experiment~l animals 

Inbred male Buffalo rats (Simonsen Laboratory, 

Gilroy, California) weighing 240 to 245 g were used in 

all experiments. 

L-histidine (imidazole-2- 14C) 

128 

In the first series of studies, 35 rats were divided 

into two groups of 13 methionine-treated rats and 22 

control rats and rats given no tre~tment prior to the 

administration of the 14C-labeled histidine. Methionine-

treated rats were subdivided further into two subgroups 

of animals. Four rats ~n the first subgroup received 40 mg 

of L-methionine (General Biochemicals, Laboratory Park, 

Chagrin Falls, Ohio) mixed homogenousli with 2.5 ~Ci of 

L-histidine (imidazole-2- 14C) (specific activity: 
, 

267 ~Ci/mg,' Nuclear Chicago Corp., Des Plaines, . Ill.) 

'intravenously. Ten rats in the second subgroup were 

given 40 mg of L-methionine 10, 40, and 120 min prior 

to the intravenous injection of 2.5 ~Ci of L-histidine 

(imidazole-2- 14C). 

In each study, each rat received 2.5 ~Ci of L­

histidine (imidazole-2-14C) intravenously under light 

anesthesia with dlethyl ether, and the appearance of 

1 4CO . th' .... ' - t . d - 2 lD e orea 1...11 ~'las a.e ermU1e . 

14C-formlmino L-glutamic acid 

In the .second series of studies, eight male Buffalo 

ra t~ :lie 1'e di videcl into t\'iO group of four con trol rats anci 



.. 

four methionine-treated rats. Each experimental rat 

received 40 mg of L-methionine 10 to 40 min prior to the 

intravenous administration of 10 ~Ci of i4C-formimino 

L-glutamic acid (specific activity: 1.0 mCi/lO.lmg, 

Nevi England N'J.clear Corp., 575 Albany street, Boston, 

Massachusetts 02118) intravenously. 

L-serine-3-':' 4 C 

In the third series of studies} 12 male Buffalo rats 

were divided into two groups of six control and six 

methionine-treated rats. Experimental rats i<lere given 

40 mg of L-methionine 10 to 40 min prior to the intra­

venous administration of 2.5 jJ.Ci of L-serine-3- l4C 

(specific activfty: 8.5 mCi/mM, Nuclear Chicago, 333 

Howard Avenue, Des Plaines, Ill. 60018) intravenously. 

14C-formate 

In the fourth series of studies, six male Buffalo 

rats were divided into two groups of three control rats 

and three methionine-treated rats. Each experimental 

rat was given 40 mg of methionine 10 min prior to intra-

venous injection of 0.5 jJ.Ci of 14C-formate (specific 

activity: 1.00 mCi/14.5 mg, New England Nuclear Corp.). 

C. Results 

L h ' t ." '" d 1 14(" ) -.lS iOlne (lffil azo e-2- ~ 

Figure 29 presents curves of composite data ex-

pre t:; s in[; the 'r',cor-e of 14CO~ ·,oo""",...·"·\"e l't' i-he brL~·~<-h "f' - _ .. u ' e:: c...~ ............... ~.l.. <.. ..... v ~l ~I.,. __ .. , ...... (J. v 4 V..l.. 

control rats and rats either given homo~~neous mixture 



of L-methionine and L-histidine (imidazole-2- 14C), or 

L-methionine prior to the intravenou~ injection of 

L-histidine (imida~01e-2-14C). The ordinate represent~ 

.l4C02' excr!etion rate expressed as mllCi per min on a 

logarithmic scale and the abscissa as time in min on a 

linear scale. Each point represents the mean bf the 14C02 

excretion rate for each group of animals at the given time, 

and the len;;th v~ert ieal bars thro0gh each . .... pOin (; 

represents 1 standard error of the mean for each group. 

It is clear that there was significantly decreased 

14C02 production in the rate treated with methionine 10 to 

40 min prior to the intravenous injection of the 14C_ 

labeled hist4dine. The cumulative excretion of 14C02 

'during the initial 90 min returned to the normal range 

in rats given 40 mg ofL-methionine 120 min prior to the 

administration of the 14C-labeled histidine. Ho~..;ever, no 

significant difference was noted between 14C02 breath curves 

of control rats and ,those given a homogeneous mixture of 

methionine and L-histidine (imidazole-2- 14C). 

F . ~ 1 At'" L 1 t· . d-Orrrllm.l..nO- -v -6_ u amlC ac 1 

Figure 30 presents composite data of 14C02 breath 

curves of control and methionine-treated rats. There is 

a slight difference between 14C02 curves of control rats 

and those of methion~ne-treated rais. 



,;,. 

• 

Figure 31 presents the composite data depicting the 

rate of 14C02 excretion in the breath of six control rats 

and six rats given 40 mgof L-methionine 10 and 40 miri 

prior to the intravenous administration of L-serine-3- 14C • 

. The significantly debreased 14C02 appearance in the 

breath of methionine-treated rats was seen at 10 min prior 

to the intravenou.s acirllinistration of L-~erir18-3-l4C, 

returning to the normal range at 40 min prior to the 

injection of the 14C-labeled serine. 

14C-formate 

Figure 32 presents composite data of 14C02 breath curves 

of control rats and methionine-treated rats. There 1s no 

significant difference between 14C02 curves of control 

rats and those of methionine-treated rats. 

Table XIV summarizes data p~esented in Figs. 29 

through 32. 

D. D:Lscussion 

The studies presented here dellionstrate that large doses 

of L-methionine decrease the amount of oxidation of the 

#2 carbon of the imidazole ring of nistidine, the 43 

carbon of serine, and probably the carben atom of the'for-

mimino glutamic acid \0 C02 in vivo, whereas loading doses 

of L~methionlne do not influence on the axidation of 14C_ 

form2te. Thescres').lts suggest th:::.t L-rr::thionine rr:ay 

inhibit the physical transport of L-hist:6ine and L-serine 



Fig. 29. Composite data of the rate of 14C0
2 

appearance 

in the breath follo0ing IV administration of L-histidine 

(imidazo1e-2- l4C) 10, 40, and 120 min subsequent to the 

intravenous injection of 40 mgs of L-methionine. The 

ordinate represents percent of administered 14C excreted 

as 14CO per minute and the abscissa represents timeiin . 2 

min following intravenous irijectioriof the 14C-libeled 

h1.stidine. E.ich point represents' the r;:ean of the 14C02" 

excretion rate for each group of animals at the given 

time, and the length of the vertical bar through each 

point represents 1 standard error of the mean. 

13,2 
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Fig. 30. Compbsite data of the rate of 14C02 appearance 

in the breath follm-ling the IV administration of formimlno-

14c~~glutamic acid 10 and 40 min subsequent to the 

administration ot 40 mg of L-methionine. 

The ordinate represents percent of administered 1.4C 

excreted as 14C02 per min and the abscissa represents time 

in min following intravenous injection of the 14C-labeled 

formi~lno glut2m~c acid. Each point represents the mean 

of the 14C02 excretion rate for each group of animals at 

the given ti~e, and the length of the vertical bar 

~hrough each point represents 1 standard error of the 

mean. 

".". 
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Fig. 31. Composite data of the rate of 14C02appearance 

in the breath following the IV administration of L-serine-

3- 14C 10 and 40 min subsequent to the IV injection of 40 
. , 

mg of L-methionine. 

The ordinate represents percent of administered 14C 

excreted as 14C02, per min and the abscissa represents time 

.in min following intravenous injection of the 14C-labeled 

serine. Each point represents the mean of the 14C?2 

excretion rate for each group of animals at the given 

time, and the length of the vertical bar through each 

point represents-l. standard error of the mean. 
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Fig. 32. Composite data.of the rate of ~4C02 appearance 

in the breathfollm'ling the IV administration of l.4C_ 

formate 10 min sUbsequent to the IV injection of 40 mg. 

of L-methionine. 
I 

The ordinate repr~sents percen~ of administered 14C 

13'8 

excreted as 14C02 per min and the abscissa represents time 

in min follm'ling intravenous injection of the 14C-formate. 

Each point represents the mean of the l4C02 excretion rate 

for each group of animals at the given time, and the length 

of the vertical bar through each point represents 1 

standard error of the mean. 

. . 
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Table XIV 

Tmax and integral l.4C excretion determined. from 14C02 

. appearance in breath following IV admin istra tion of L-. 

histidine (imidazole-2-1~C), formimino- 14C glutamic aCid, 
. , 

140 

L-serine-:-;3- 14C,and 14C-formate .in control' and methionine-

. i 

treated rats (the number of animals in each group is noted· 

in parentheses) • 

"',' I 

i. 

'., 
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Table XIV 

Category 

, L-histidin~(imidazole-2-14C) 

Control rats (22) 

Rats given simultaneous 
IV injection of the 14C_ 
labeled histidine incubated 
with 40 mgL-methionine (4) 

Rats 10 min after IV 
administration of 40 mg 
t-methionine (3)' 

Rats 40 min after IV 
administration of 40 mg 
L-methionine (3) 

Rats 120 min after IV 
administration of 40 mg 
L-methionine {3) 

Formimiho-14C L-g1utamic a6id 

Control rats (6) 

Rats 10 min after IV 
administration of 40 mg 
L-methionine (2) 

Rats 40 min after IV 
administration of 1.f,0 mg 
~-methionine (2) 

L-serine-3- 14C 

Control rats (6) 

Rats 10 min after IV 
administration of 40 mo' "0 

L-methlonine ( 3) 

R;;.l t:3 LfO min after' IV 
a ciJlIinl. s tr;,i t i on of' 40 t'10' I~\..:) 

L-methionine ( :3) 

,"" / 

Trpax 
'( in i 11 ± S. E • ) 

21.54 ± 0.57 

22.75 + 1.65 

21.50 ± 2.18 

20.12 ±,. 0.83 

19,.,00 ± 0.76 

, ',' 28.25 + 4.61' 
• ". c. '.-

37.5 

34.25 

16.83 ± 1.48 

, 
/' 

·'16.67 i- 1.01 
/ 

14.17 + 0.60 

14C excre­
tion ,in 90 
min (c{; + 

/ -
, S.E.) 

1.20± 0.65 

1.06 ± 0.11 

0.77 ± 0.18 

0.86 + 0.05 

1.14:t 0.16 

O~39 ± 0.07 

0.31 

9.03 ± 0.72 

8.65 :i- 0.50 



T~ble'XIV continued 

Category 

~.4C- forma te 

Control rats (3) 

,Rats 10 min after IV 
aci.minlstratio;1 of 4:0 mo-o 

L-:methionine (3), 

-','-

Ttnax -
(min ± S.E.) 

12.67 ± 1.20 

13.33 + 0.17 

~4C excre­
tion in- 90 
min (% i-

S.E. ) 

7.57 ± 0.27 

0-
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across the cell memb~ane. The alterationS in formimino 

glutamic acid may be due to either ~n inhibition of a 

physical transport df·this amino aGid or an inhibition' of 

biochemical processes involved in the oxidation of mono­

carbon fragments attached to tetrahydrofolicacid. In 

contrast, L-methionine in loading doses has no effect. on 

formate. Our data are\' consistent\'11th the previous findings, 

which demonstrated .decreased uptakes, of several amino acids 

by L-methionine for Ehrlich ascites tumor cells (87,94), 

for rat brain slices (95), and for intestinal absorption 

in normal hamsters (88) and rats (89). I-lore over , our 

results are-strongly supported by recent data obtained by 

Lin and ~inchell (96)' in this Laboratory confirming that 

L-methionine apparently depressed the intracellular uptakes 

of L-histidine and L-serine in equilibriu.TI1 state. They 

uti'lized', dog bone marrow cells incubated in basal medium 

of Eagle in the presence of L-histidine (imidazole-2- l4C) 

or L-serine-3-~4C in the presence and absence of L­

methionine. The intracellular uptakes of the above amino 

acids, which were ana~yzed, according to the compartment 

theory, demonstrated that f~actional turnover rate of 

:lntracellular pool, and the inflUx constant, fractional 

efflux constant, and fractional utilization ~ate constant 

'of those a~ino acids were definitely depressed by large 

doses of L-methi6nine. Re~ent studies by Stahelin and 

;·!inchell (97)' in th isLa bora tory sho';ied th,~ t aenin i s trc~ t~O(~ 

- • -=',-,"-0.-' _ 



of la'rge doses of L-methionine to folic-acid..:deficient 

persons causea. abnormal mentation in these patients. 

These induced behavioral chang~s may be due to a strong 

inhibition of L-methionine on the uptakes of other amino 

. acids in various tissues, including brain tissue. 

E. Summary 

Followihg administration of L-histidine (imidazole-

to normal rats given large doses bfL-methionine, the 
" 

initial rate and amo~nt of 14C02 excreted in the breath 

144. 

are sign1fi,eantly decreased whe:r:easfollovIing administration 

of 14C-formate 1.4C0
2 

appearance is unchanged in methionine­

treated rats. These results indicate the presence of 

in vivo competition for physical transport across cell 

membranes of these amino acids. The 14C02 breath­

analysis technique should be useful in future study of 

competi tion for metabolism bebveen various ·materials. 



VIII. Appendix 2 

Effects of sodium iodide on 14C02 production in 

normal rats given L-tyrosine-1-1 4 C, L-histidine' 

A. Review of the problem 

14 ~ 

The action of iodine on thyroid metabolism is complex 

ana. still incompletely understood.· Large doses of in-

'.organic iOdide nave been shown to inhibit the formation 

of org~nic iodide in both in vivo and in vitro studies 

(98-9~) by blocking the iodination of-L-tyrosine or by 

the coupling mechanism involved in the conversion of 

.diiodotyrosine to thy~oxine (100-103) or both. This 

block is related to the level of plasma inorganic 

iodid~ (99). Barnes et al~ demonstrated apparent de­

creased catabolism and utilization of tyro~ine in hyper­

thyroidism by analysis of !4C02 breath curves and by 

analysis of plasma protein- 14C activity in hyperthyroid 

sUbjects subsequent to intravenous administration of 

L-tyrosine-1-1 4 C (104). 

In this study, we demonstrated an in vivo effect of 

sodium iodide on the 'oxidation to C02 of the #1 carbon 

atom of L-tyros1ne, the #2 carbon atom of the imidazole 

ring of L~histidine, and the curbon atom of the methyl 

Group of L-meth:Lonine; . the demonstration - ... Cte ",Eo: r-

mination of 14C02 breath curves of normal rats given 
, 

, ' 



large doses of sodiU",'Tl iodide before intravenous adminis-

"tration of L-tyroslne-'1-14C, l,-histidine (imidazole-2-: 

14C), ~nd L-methionin~~CH3-14C: 
'" 

B! Preparation of experimental anim~ls 

; Inbred male Buffalo rats (Simonsen Laboratory, 

Gilroy, California) weighing 240 to 245 ~ were used in 

all experiments. 

In the first series of studies, rats were divided 

into hlO groups of eight control and' eight experimental 

rats treated with 10 to 15 mgof NaI. The appearance of 

14C02 in the breath was measured sub~equent to the i~tra-
. ' 

venous,ad.'1linistration of L-tyrosine-1-1 4C in each, of these 

animals. After the se ,first experiments :, five ra ts of the 

experimental' ,group received 15mg of sodium iodide 

(10 ml contains 1 g sodium iodide vlith sodium sulfite" 

0.133% and monothioglycerol, 0.25%, Eli Lilly and Co., 

Indianapolis) intravenously and three rats of the experi­

mental group received 10 mg of sodium iodide intravenously 

60 min prior to performance of arepea t study. Ir, each 

'study the rat received O.75~Ciof L-tyrosirie~1-14C 

(specific" acti vi ty:' 0.1 met/O"'.95 mg, Ne;'i England Nuclear 

Corp., 575 Albany street, Boston.; IVlassachusetts, 02118) 

intravenously after light anesthesta with diethyl ether. 

, , 

i.n tt1e b::-;eath i.vas ;ne~~SLlr'eQ 'sl:bseQ~)er1t· to the intra-tJerlc:1..lS 

c~ci:nini~tr·Ci.tion cf t~1e' ':'4C-label.ed histidine. The 

., 



'experimental animals consisted of three control and three 

NaI-treated rats. In each, study, the rat received 2 flCi of 

L~histldine (imidazole-2- 14C) (specific acti~ity: 57.8 

'mCi/mM, Amersham/Soarle Corporation) intravenously. 
~ , , 

In a third s,erie s of studies, t1tlO control and ,two sodium-

iodide-t~eated rats were used. In each study, the rat 

received ,10 flCi of L-methionine-CH
3

- 14c {spe~ific activity: 

,14.1'1 mCi/mll, New England Nuclear Corp., 575 Albany street, 

Boston) Mass2chusetts 02118) intravenously and the 14C02 
production was measured by the same procedure as de~cribed 

C. Results 

Figure 23 pre sents compos i te data, of the rate of lAC02 

appearance in the bre~thof eight control rat~, five rats 

given 15 mgor-sodium iodide, and three rats given 10 mg 

of sodium iodide intravenously 60 min prior to the • L In 0ra-

'venous administration of L-tyrosine-l:.:.1 4C. 

It can be seen that there is a qualitative difference 

between' 14C02 breath curves of contrpl rats and those of 

rats given 15 mg of sodium iodide intravenously. Holt/ever, 

,no change of the 14C02 breath curves is noted. in rats 

treated with 10 mg of sodium iodide. The cUITlulative 

percent of: ~4C appearing as 14C02 in the brec.th during the 

initial 60 min0t~s subsequent to the int~avenous adminis­

tration of~he ~4C-labeled tyrosine is decreasediD rats 

given 15mg of sodium iodide. 



Fig. 33. Composite data of the rate of 14C02 appearance 

1n the breath follovling intravenous administration of 

L-tyrosine-1-1 4 C 60 min after the intravenous injectiqn 

of 10 to 15 mg sodium iodide. 

The ordinate represents percent oT administered 14C 

excreted as 14C02 per min and the abscissa represents 

time in min following intravenous injection of the 14C_ 

labeled tyrosi~e. Each paint represents the mean of 

the 14C02 excretion rate for each group of animals at' 

the given time. The length of the vertical bar through 

each point represents 1 standard error of the mean. 
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Similar results are sUITunarized in Fig. 34 J v..rhich· 

presents the composite data of the rate of 14C02 , 
excretion in the breath of three control rats and three 

rats given 15 mgor sodium iodide 60 min prior to the 

'intravenous administration of the L-histidine (imidazole-

2_14C). Ag~in; 'there .is decreased 14C02 prociuction noted 

'in rats given sodium iodide follovJing intravenous adminis-

tration of the 14C-labeled histidine. Fig. 35 presents 

the data obtained in rats treateci with 15 mg of sodium 

iodide and in control rats subsequent to the intravenous 

. . . t t· +' L ./-" . CH 1 4C aamlnlS ra lon o~ -mevnlonlne- -3-- . It is seen that 

there is no difference between the 14C02 breath curves 

obtained in sodium-iodide-treated rats .and those of the 

control rats. 

Table XV summarizes values presented in, Figs. 33 

, through 35. 

D. Discussion 

The results presented here demonstrate that large 

.doses of sodium iodide decrease the amount of oxidation 

of the #1 carbon atom of L-tyrosine and the f2 carbon 

atom of the imiciazole :::>ing of L-histiqine to C02 in vivo, 

whereas loading doses of sodium iodide have no effect on 

the carbon atom of· the methyl group of L-rnethionine. 

These findings demoQstrate that the fractional turnover 

r::.: te 11.mi tIns Ct.l t2 001 ie. steps invo,l ved in the ox tde; t ion 

of c.ar'Jurl a.tom;." of histidine and tyrosine is decreJ..3ed by 
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Fig. 34. Composite data of the rate of .lAC02 appearance 

in the breath after intravenous adminisiration of 

~-histldine (imidazQle-2-1~C} 60 min, following intravenous 

injection o~15 mg sodium iodide. 

The"ordlnate represents percent' of administered l4C 

,'excreted as 14C02 permin and the absc,issa represents time 

in min following intravenous injection of the 14C-labeled 

. histidine. Each point represents the mean of the 14C02 

excretion rate for the group of animals at the given time. 

The length of the vertical bar through each point represents 

I standard error of the mean.' 

J;, 
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'Fig. 35.' Composite data of the rate of 14C02 appearance 

in the breath following intravenous administration of . 

L-methionine-CH?-14C 60 min after intravenous injection 
..) 

of 15 mg sodium iodide. 

'The ordinate represents percent of administered 14C 

153" "" .. 

excr~ted as 14C0
2 

per min and the abscissa repre~ents time 

in min following intravenous injection of the 14C-labeled 

methio~ine. Each point represents,the ~ean of the 14C02 

excretion rate for the group of animals at the given time. 
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~.". Table XV' 

Tm",x and' integra1 14C excretion determined from 1.4C02 
appearance in breath follO'.ving IV administration of 
L-tyrosine-1-1 4 C, L-hi~t~dine (im1dazole-2- 14C)j and 
L-methionine-CH3-14c. 

"\ ' 

, ; 

,Category 

L-tyrosine-l~14C 

.' ControJ !"'st3 ( 8) 

Rats 60 min after IV 
administration of 
15 mg NaI ( 5) 

Rats 60 min after IV 
administration of 
10 mg NaI (3 ) 

L-histidine (imidazole-
2- J..4rt v 

Control rats (3) 

Rats 60 min after IV 
administra tion of 
15 mg NaI (3) 

L .Loh··· CH 14C . -me~ 1on1ne-3-

Control rats (2) 

Rats 60 min after IV 
administration of 
15 rug NaI (2) 

; " 

t. 

Trnax 
. (min ± S.E.) 

9.68 0.38 -

11.90 + 0.76 
; 

10.66 + o. "rO 

2.3.17 ± 1.20 

21.67 + 3.68 

12 

lIt·5 

~4C excretion in 
60 min 

(it± S.E.) 

I, n~ 0.31 '-t.Of -

3.64 + 0.17 

4.78 ± 0.70 

1.12 ± 0.25 

0.68 + 0.06 

0.435 

,0.460 



, ' , 

large doses of sodium iodide. These results maybe due 
) 

, . 
either to alteration of bioch~micalprocesses of those 

amino acids or to their physicaltransport'across the cell 

membrane. For the former' possi bil i ty, large doses of 

sodium iodide may inter>fere ~'iith bioc.hemical'· processef;) of. 

tyrosine catabolism. This explanation is supported by the 

finding that large doses of iodine may inhibit the incor-
" 

'poration of iodine into organic combi~ation in thyroid 

tissue, an ~ction which is similar to that of an anti-

thyroid compound (102'). It is knQwn that the catabolism 

.of L-tyrosine and L-histid{be oc6urs primarily in liver 

tissue. Similar information is not available forL-

methionine. 'de may therefore suggest that large doses, of 

sodium iodide might inhibit the physical transport of 

L-tyrosineand L-histid~ne across the cell membrane in 

liver tissue. 

If the proposed hypothesis was correct, then it may 

be used to explain the inhibitory effect of iodide on the 

hyperfunctioning thyroid gland. 

E. Sl:Imna ry 

Follm'ling administration ofL-tyrosine-l-l.4C and 

.-L..:..histidine (imidazole-2- 14C) to normal, rats given loading 

doses of sodium iodide, the initial 14C02 excretion in 

tne b~e2.th is significantly decreased, I.'i(lereasin normal 

rats given the same amount 'of ,sodium, iodide the ':'4C02 

excretion is unchariged subG~quent to the administration 
, ' , 

of L-methionine-CH~-':'4C. These results suggest that larGe 
.) 



doses of sodium iodide may inhibit the physical transport 

of L-tyrosine and L-histidine, but .not L-methionine, across 

the cell membrane in liver tissue. 

")'. 

,_ ...... ,._--._- -
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LEGAL NOTICE 

This report was prepared as an account of Government sponsored work. 
Neither the United States, nor the Commission, nor any person acting on 
behalf of the Commission: 

A. Makes any warranty or representation, expressed or implied, with 
respect to the accuracy, completeness, or usefulness of the informa­
tion contained in this report, or that the use of any information, 
apparatus, method, or process disclosed in this report may not in­
fringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, or for damages 
resulting from the use of any information, apparatus, method, or 
process disclosed in this report. 

As used in the above, "person acting on behalf of the Commission" 
includes any employee or contractor of the Commission, or employee of 
such contractor, to the extent that such employee or contractor of the 
Commission, or employee of such contractor prepares, disseminates, or pro­
vides access to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 
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