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r\ltnourgÌr a conplete =oic'bure of 'úì1e no.rnlal iretaboListrl

of sulphu¡:-con'ùain1r1g at¡lino acid-s has r:ot ye'b been obtained.,

Tecerlt experiileats, pa;:ticuJ-arly';hose u,sizrg rad"io-active

iso-r,c_oes as traoer" elel¡errts, have given us a rnu-ch cl-earer

uni-erstanaing of the reactio-;:s involved-" ìiethionine and. cystine

(o" cysteine) are iÌre Ítost irrpo.r:tant ancÌ ::Tobably 'r,he onLy

sulphur-con'Dainiirg antino acid-s occu-r-z'ing naiurall Jr in -r,isËt1eË,

and. of tÌrese a d-ietary source of the forner is essentia.l" -/iborit

cne sixth of the rninit:m¡:l reqi-l-i::et,tents of neihionine oTr a c¡rs'r,ine-

free èlet car: be repJaceC- ìry cystine (i;orrracii ancl Rose, 1911.1) so

that. cirstir:e has, io a linited- exte':t, a lìrethionine sparing r-ction"

1'here is, horveve¡'r îo evid.ence t'ûe1; cltsti¡:e is co-i:ve¡ted. into

¡lethioliine in'cÌre l¡oriy a.ltirough ih.e 1at'tei', a-Ê 1;l¡âs first shovr:
. ,- ^--- \b.y Er:and-, Cajril-l anC- Iiarris (19j5), is a sct'rce of eystine"

Tne fî zst step in the r¡etabolism of 'cetbionine rrray be

eitÌtæ' its reversible d.eal¡it-:ation to the corr'espond.ir:g jieto aeicì",

or its d.ernetiryfation io horrocysteine" llonccys'ceine cen be

i:le-t,abol-i-sed" by tissues t-¡iti: -uire forria-r,ion or cysteirre anci d-u

Yigneaud- (tgl+z) tra.s reviewed- rnost of 'üre eviciel:ce in favor:-r' of
its r¡¡crduc'bion i-n tissues" iiot onlï ea.lt it foslrt ci¡steine, Tirrt

it ca¡i also re-ir:l-ace iiletjrionine ii: th.e oiet l_rrrcvid.ed.,rlrat en

acì-ecu-a'te su1t1tl;' of st'-itabLe nethyl cìonaiors such as choLine is
alsc preseit , Cha¡¡'l"ie r

(c-u Vlgneauäret alo 
e 7939) - ilevertileless ho'fl:oc¡rgtreir.e

(or i:ci,:oc;'stiite) jlas noi;,rei beeri isola.ied_ froin riature-l_ soìtrces"

O:: il:c: oth.e:: hand. both liver a.i:C- lli-ciriey siices r.ea.cìi1y d-eal:lir--ise

l -.¡'-. ., TqEùFqTiry.
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Ì:reillioniiìe E,nca. aliirouil: Fl-oyrl a-nö. I.iedes (l9L+3) cicL not o'Ì:tain

li;iy c;rSteir:e -Îror¡: the l:-e',,o aeid- of t:iethionirie, tb a'rnolurts

oi:,cained- r¡ñen rileihionlne c¿¡ hornocysteine \?ere used- as subsirates

r.ieye of d.ogbt:fui significance" tsorelc and- '*'aelscÌr (]-9\2) ìu've

suggested- 'cira-b d.ea-ä:ir¡;.'cion is tÌre first ste,c in rne'¿aboiisttl gild-

.;'net ti:e fo ir:la.tion of 'bl:e iceto acid. of uleihionine l a.bil ises the

i::ol-ecul-e so 'chit tirere i-s a sirnuitaneoi:s yiei-C-ing of both i,tetiryJ-

gl.oup and- su-l-pìrur to the apiri'oprie.te acce¡rtors that is that

hornoc¡rs-¡eine iiseLf is noi an ec'cual interi:.leciiate"

It l:as beer: sholln i;ha'r, r'auì-io-e.eii'"¡e suJ-pi:ur ineorpoÎateC-

i-ri lnethio:rine can be l:ecÐ\rereri i-n cystine ar.ri" d-enef,l¡;'laii en

aj)pe-q.r:$ tc¡ 1:e an oirliga-tory stelr ín'chis pl'ccess (e-u Vigneau:d- e'b

al*e f94h). But Cli ç'¡iuclr vas ir:eora>ora.tcd. in ti-re caz'bon chain

of the netirionil:e, ',',Ê-i3 not d-etected- in tÌ:e cystinc" On the o-t'iiel'

luncÌ i,',,.ì.teit serii:e,l-abell-ed- rll tir ll15 \'Ías fed- to re'úÊu a. large

-,rri'c0o::t1on of tìre iso1;cpe - flve'bjUes a"S l:lucÌ: as 1'/aS present

iri any otl:e:: aJij-no ac:-c1 e:rce¡lt serine i'E¡f fclr-lrc} in tire cystine

(.:tetten, !)l-¡"2). 'Jirei'e ''Írerefore Ëeeí:'ls no d-oi;-bt :lirat in ihe

syntheelis of c;;:'bine Ln the bocì-;r serine sllpplies 'bire ca¡bol cirain

i'¡nile 'ùlae eul-:irur ie cj.erivecL fro;n i-iieiÌúonine. Brand- et al., (L%6)

i¡ere tite fii'st tc 61r-;._.esi ìrh,a't c;'statilionirie ntigh'; be fo¡'ti:eci- ae e:f

j-n'bcrr-neaia.i;e in thil ::eac'¿ictio 3:ini;l-e¡r ¿:-nd. coJ-Jeagues (lg+Z-)

isole-'ceci atl ei-Lz)'ine ;ysteiri fr-oi:: rat liver s'l ices l¡jricùr eonverli;eri.

c¡istatÌrioiiine ';c cysteine, a-uicì" uitÌr d-u Vigneaud- (SinlcLe;,' a-nc cr-r-i

-ii¡neair-ú-r I;o)42) it r.'/as shor/trr.r tl:-at ti:e salre enzyrne extra-e-b r'¡ouici.

¡ìi;-l ai'uacl; ire thicninr: b,.:f,, eoul-c- forr,'1 c;',stei-r.:e froin hoi:ioc;lstej--.rre

2-
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Lf ser.ine 1ïere e,f-so p:'eseirt. tater:, (einftey, 194+) it ïJas

c!ea.r7.y si:or,t: that cystathicaine in tire pÏ'esence of ad-er5r-l

l.,yrrcphosilhaie coul-d- be broìcen dor-¡n to )'iel-C- cysteine 4:d.

rÌrospi:cir.oi:losel:ine. Ðu Vigneaud. et al . (lgL+Z) na-a a1::eaC4r sho''.r,rr

Irhat c)'stathicr;rine ccul-d" i"eplace cystine but noi lneti:ioni-ne iri

the cüei; ir: ctirez' .,7ords i'ú could- trot fo:¡l bcrnocysteine, vhicir,

in the presence of suita.ble me'r,hyi d.onol's, calì :'epJ-ace'r,:etirionine

(eu vigneaud. et 41"¡ 1939)"

The::e is aþ,:cst cei'tairrl.;r an equili'Ìrriuir between

cysteine and. q¡siine in the bcdy wirich is brorr-ght a'bcui t}:r-ougl:

the cytoci:rone eysteil (i,:ec.es, !939). lievertileless there is aLso

Soile circui-¡stantial evid-ence iirat the ne-r,abo'li-stn of cystine

d.iffe::s frrcm i,hat of cystei¡e. 'Sone of t¿:e sulphur froär the

sulphur-con'úa.ining aurino acid.s is converted- t,o taurine rrÌrlch

,,riti:. cholic aeid" occu'rs in tne bil-e acid. taurocÌ:o1ic aci'J, l¡ut

r¡ìretìrer cy-stine 03 cyõteine is tiæ in¡ned-iate preclrrsol3 has yet

to be d-etei.irineö." ,Th.is pz'eiininar:;" oxiC.a'¿ion of the sulphur

inhibits the final- cxicle-iion r¡nicir Êorrr1al1$ pt-oCru-ces inol.ga;ric

sulpìr-ate. For exai:ple the r"ate of oxid.atlon to ir-rcrganio su-^1-pÌ:ate

of sor,le d-er1"¡aiives of cys'cÍne d-ec:rea.sedr il: the foll-ovir:g cnLer:

eysteine i cystine ; cystine d-isulphoxid.e; cysteinesul*:hinie a-cid.;

cysteic acid.; lnd.ica.ting '¿Ìrat tÌris series d.oes not r.epresent 'bhe

paih of oxiCa.iicn leadJ.ng 'co sulirhate fo?ri,a.'cion" 0n 'úhe o'r,l:e¡'

irand- 
"eccvelry of 'total- sulpir-ir also dec.:e¡rgeci su-ggesti-rg iÌ;.",'; ti:.e

more highl; oxicl:-sed. neniber.s night be r¡ore readily avaiLabl-e Í'or

soìrie other ?'t-ysiolcgical funct:-on, e,so ia-urine ro:l,rriior. (i.ied-es,

I
'a
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t937; Viz'tue et a1. , !939) "
Severa"l nossible nechar:is-'rìs irave jreer: sug;gested- fo::

the 2i:cdl;ctj-or- of zu-lph:i'r,e fr.orl c;ysie:ne" I::oüiageot et al. (f9¿lO)

,,¡oriç1ng ivlth liver fz'oie oogs, caíte io the ccncfirsioir -virat ti:.e

Ío1lct"¡j-ng reac'cion occllrl'ed.: -
3 e:fsteine 

-="Ustine 

+ Ii2.$ + alenine

Sirl'the (lgl+Z) coul-d. not ccnfi::n t:e ec¡;-ation, and. his results

rYere rloÍ'e in accord. ïfiti} -
cys-leine =,nVtuvic aciiÌ + Iì2,S + 1'TiI5

though in a ]eter :oaper (Smy'c}:e, l-9Lv5) n- suggests that soì:re

alanine i:iay also be fo:¡ned-. By using ä2S containing rad,ib-active

su-llrÌrur ;Srey'uhe and. Eal-Iid-ay (tgt+Z) sÌroned. 'cilat ti:e ::eacticn r¡as

to sorle exte;rt reverslble - that Ís ti:at sorle o f the tagged.

sulph.,r \yo.6 fouad. in the cysteine. Sr::¡"X¡" (19l+3) has aLso sÌroi-.n

thai; ¡'at J-iver a-rd. liid.ney c?.rr ccnvei't sodir¡:: sulphid-e iÐ suli:irate.

The existence oÍ't'¡¡f, c¡steine o:çid.ases and. a suloÌrinic
oxid-ase itas been reported. (ileaes, 1939, anù Bernhein ¿aed- Berrrl:eirn,

1939) ancÌ a scjlerle fcr 'cite break-cìo','m of cystei¡e b;r these ard.

sii,:ilai: ellzyr:teÊ ]:as been d.ravm up b.v ¡led-es and. Floyd. (lgUz) anc

has been incorporated in the cÌiagrai::atic rrepresentation of tÌi,e

rle'c:rj¡ol-istü cf ti:e sülphur-eoniaining anino acid"s" In ihis res¡ect
ii is of inte::esi-lo no';e tjr-'; llei:i:ett (1937) na.s found- ürat hofn

c;rstÍne disr-r-1*ciro:l:Ld.e snð- o. cie:.iVatlve wirich r,'oui,l -be eapected- to
give i:ise l;o cys'ceine su-l-phenrc acid. in tìte bc{y he.d- sc¡.ne rrt€thl"onlle

s¡:O.;'ing aciioll on í'a-ts orì ãi lor,r ¡;teihronine d-iet, Cysteine sulpi:i¿ic
acid- rias ilra.ciir/e.

-.¡'-i!,sir@9trtr5.ÞT% @vî!r!\q1.¡ffi-F ffi-¡
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',-,tlgteìre¡'t hË ÊxsLct ì)eth''¡û.)¡ of cJ-siiue ar.id't¡l eiiiionine

ileiâiroli¡i:i ali:lcli all iite sul-.1thi-rl is even'r,u.al-r;' o::i-d-ised- *-lxì

i.-:--'t,3î..rr[:] in ti:.e i.ir'ine e.s ino:gsuic slrJ-piraie.

Tire fo-LJ-orir:g ien.i¿,.tive scl¡,ei,:e foz' iire r¡ete-bcList:: of

t:-e cul:)ilur-cont¿rinin¿: at::irrc acicl-s cen tì:e:'efclre be ill.a'¡,1f l-ln.
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In norl:laf. perso-ffj abou-b )Cf,, of t):e u;'i-nar';' s ulphur"

occ-ùrs as inorganic a¡-C ethez"eal sulpito-'ues. Tirese a-r'e äerived.

chie :ily frr¡il '¿ire d.eccr.illrositiotr of proteirr-s e.nd- usua.J-1y au:o-uni

to aboui 1gtit. sulphur a da.¿l: but vary uiih tire toì;al :::otein

consul.red-" A sirall a-nd-'inore or less consiànt arnunt - roughl;r

0o1 gin, sul-ithur Ster de.y - of neutra-L suJ-pirur is al-so excreted",

¡ilost of r¡irich is in the foni¡ of cysiine, rrieti:iozrine ãnd. taurine

(in lite sa-Lts) vrhici:. each occur in sr::a]l- arnounte in norr:ral rrrine,

the ingestion of large ainrunts of free ræthionine lrill- augment

the ari-nary t::ethionine a li'r,tle bät ingesi;ed cystine is recove::ed.

only as extra. sulpÌ:.at"e" Urinary cystine is increased. hoirevÐirr

b,r' 'ùhe injection of cystine crr ci¡steine (e:-ura, 19Ç1f) . '

- fn cystin'rr;'ia c¡rstine exc::eiion is great'ly increased-,

mainly at ti:e expense of üre urinary sirlpi:.ate so that iire cystine

sulpirur alone r1a5r s¡saeci 200 rig" a d.ay and- ü:e neut::aL sulpÌ:ur. ma;r

acco,::rt for l-OÍl of tle total- -rJrj-rrar';r sulp)rur'. fr¡ Ìitanlr ca-,ses this
excessj-ve exeietion is acconrpan.ied oy 'che d.epositicir in the u:.ine

of ti-re t-y1>ica.-L he;câgoria-.r c=¡rs-bals of cystine" Except, 3erha1rs,

Ír: chifc-ren, the co-d.iiion i'cseJf a-,ülea3s io be benignu bui cving

tc t:e 1or.'¡ so]r-rbili-ty of c;ysti-nò tlæz'e 1s a narked- tend-ency fcr
cystinu-;'ics 'to cievelop cal-cu-li in tire triid-ney or bladd-er',

1'.il*^repeutic iîsasure,s have therefo¡'e been confinçd. to an attem¡-.i

to preveni sicne fbnna-tion b,r' acl¡rinlstering all:a-lis to increa.se

tire soh:bili_t;r of cystine, bjr z.eciucing the protein coirsuliied. and.

hel:ce 't.ne inj:al;e of possibl-e trecrrJ'sors of urinary cystine ancl1:y
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ta];ing a.11 pcsslble sieSrs -bo 3:revent u^rj-nary inf-^ction" Î?re

n:eta]:clic error is not alva;,rs restnieted- to cJr-stine ryId- ca,se,s

i:ave been reporied- in rvirich ti:e¡'e l.:las a conc'¿:-'rent excessivo

excretion of tyrosine and. leu-cine or the ci.iar:lines putre,ftne

and caclaverine, Cysti

in d-ogs (Green et a1",

1943) "

iìr'/ïE $ 0 F lT1ljfutrrilì-;ì,

nr:ria has a'lso been d-etected. anC- studied.

19:56; Hess ard. Sul-Iivan, 1942(b) and.

Ga:rrod- in his l:ook trf¿:bo¡'n ïìr.¡:ors of i,re'cabolisntù l-r.as

z'evie'r:¡ed. rnost of ihe early l-ite.¡a'üur.e oä cylstinuri¿" CystÍ-ne

itself w¿rs fiz'st isolated- in 1Bl-0 b¡r ti',ol1aston -fron a -rLÌ.inat'y

calcul'u.s (hencQ the nar,re cystine). ft r¡as not, houtever., 'úi11

1BBB that GolC.rnann and. Barulrann reccgr:ised. tha-t c;,rstine TÊ.s atr

arnino acid. containing strJ-phrrr, 'no? titL a}gg iirai it re.s ¡.sotu-teO-

fr'om proteins, in pariicular fr.on hairr ad- beciai-r:e r"eacl.ily

available for expertrrren-,,a1 -Ðu?poses. Ç¿rr.od.e in his ,:esui:é of
the results obtained b¡r cliffere¡rt r¡o::,1cers up to ]-923 si,a.-bes tìrat
on a d.iet cor:taini-ng r:rod-e::ate amounts cf pro';ein o,J to o"5 grrt"

cystine r,ES excreted- eacjr d.a¡' ¡U rnost cystinr-rricso Tilarry of ihe
r:ethod.s then avaj-l"able fo:. tlne estii:B.tion of cysiine I'/eîe not

velìy sa'cisfactor¡' ¿-t¿ the precipitaiioll nlethod.s in partj-cu]ar are
imot¡n 'bo gi.re Low results, so these fig-,ri'es are ;:.robabl¡' too

srrall. itrevertheless the z'es¡-rlts yrel:e cf '6he saìte ord.er B.s ilrose
obtaizred. in r¡o¡:e recer:t ex-oerirrents, es alsc las the ratio of
urirø.ry cys-r,i-oe sul;lhur. in:r5, tc ictaL ni-r,rogen in gü:o çhich.
not';:a'] J-¡- is abcut 0"5 but irr noet c:¡;sí:'n.urics l-ies betueen 5 arr'l-

2a.
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Sorne of tir.e eaï'ly rÐ jrhet.s fcund-, aLso, that tÌrere lyas

t_-.elder.able variaiion iir tire d,egree of cystinÌrlia iç tb.e ss.ne

_:r:ividual at d.ifferent times, this ïras smetir¡es correlated.

--¿L var"iatior:s in prcteln intaice, and- sonetirnes çrith the

:::--inistraij-on of alkaLis. fn o.ther cl'stj-nuricsr hoviever, the

:;:;ine excretion renained. more or less constant for a vrid.e range

:Í eond.itlons. ''.Íitir one exception in the ceses levÍeïred by

:.ì:.roa (tnat of.loeiry and. ldeubertr 1904) - and. in this par-r,lcular

-ie er,ception C1fìîers fron a.ll- ot}¡er lcnor:¡n cystini-unics the

'.:"=estion of free cystine l'/as not associated- wi'¡h a rise in
-:=-:Ðary cystine, a3.though ihe laiter r'¡as increased. wlen tbre

:::iotein intake ivas raised.. fn ord-er to e:çlain this it ï¡as

;:ggested- that cystine in proteÍn vas aþso::bed. as a cotitplex rvhich

::-e c¡rstinuric v¡as unable to breaÌi d.o-r'n in the notnal ytÐ.Vt

:=-1:hougþ c¡rstine itself could. be oxid.ised. to sulpÌraie. In
.g;:;ort of this theor¡'' vas the observation that in sorrle cl'stinurics

5=ee cystine could. not alv,eys be Ce-r,ecteC. in the freshly void.ed.

:::.-: Êe but appeared. if tire r:rine lrÊre al]-o"'¡ed- to stanrd- for several

:::::.-s and- u-.*ual1y :'ea.ched. a- riaxiriru¡t r¡ithin J+B hou-rs, thougÌ:

¡:casicnall¡r a positive test for. cystine r¡as orrly obtained_ after
e:¡er¿ll ti:cr:ths. this certa:-r:lJ¡ sllggested ti:a.t cystine ne¡/ oeÆu-r'

as a coraple..i in. some cystÍnuric urines, j:ut the original
s::-rÞosition, that cys'cine fror¡ p:rotein is absor''i:ed" as a coii:plex,
- s ¡o longe:: necessary, Eß it j-s no\? r,¡elJ knoin¡li that dieta-ry

::':-*::ionine ancl noi cystine j-s one of the chief sources of
ì=ir.afy ey,stine.

ffirñH:!r,.
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lTi'cÌr the d.iscovery of nlet:rionine in 1923, a:rrt ï¿ith

ii:e d.evel-opnerrt of betier tnethods of d.etei'tninÍng cystine, the

¡.:et:-ijrolic d-efeci in cystinu¡'ics becatr-.e r¡ore easily u¡:iì.ers'r,ood-,

aird. a study of it iras contribu-'¿ed. i.:iateriall;r '¡p our present

lmovleC.ge of norilal s'.:-1phrr r,letabolistrt. Frotn a cÌretnical 'þol-nt

of vier¿ it l-a.s ciifficult tc see hor:¡ rrethionine could. be conr,'ez'ted.

into q¡stine ard. 'rhe firet C-errronstra-tion tlna1" ,sr:-cir a coirt¡e¡'sion

ciiC occur. iïas ilad-e bJ¡ Brandr CahÍ1]. a¡:d. Harris (l-935) r,rho, sho'¡¡ed-

that in a cJrs'uinuric ind-ividual r¡eti:ionine, in contrad-is1¿lnciion

ta cystii:e, tnar'l.ed.ly increaeed. the u-rir:av¡¡ cystine. Tili-s

iroæothesis ìl,a.s la.ter confini:eC. by ihe use of isotopic sir-lphr.Ll'.

Quite a nrxiber of -investigators ha-.¡e studied- tire effect

of tire i,rl¡'iou,s S-ccniaj.ning aloino acids on cysiin-r:ria aid. iheir

resu-l-ts iiarze been suììilarised. iir the accoi-æa;lying table (rable t).

.îr'oi,r -ûirese i t i,s cl-ear that tire eraror in c¡siinuria lie*s in tire

abnor.ii:a.l metabolisn of c¿æieine (v,'Ìretirei' free or coi:ibined. in
protein as in reduced. lacia1.burain) a-nd. rneihionine. Jn no case

cìii. 'ti.:.e extra cysiine obtair:ed a-fter feed.ing netìrionine exceed.

'chat oirtaii:ed. Íri¡in a coni,:arabl-e d-ose. of cystei¡re ghici: suggests
*¡,j-riìt tìle activiiy o:î me'clr-ionine is ::e1a-ted. io 1is ability to

fo¿'Iu cysiei-ne" Iioärocysieine çíicb has been cited. as a n¡oJ:abl-e

iliterl:ed.iate in 't,Lris coli-ì/e:lsiol: (-ühough ii h...s not 1¡een ti-etecteci

dlrring the reaction) i*u, uzrC.er ihe saiiie eci:i-itions as ii:etitionii:e,
al-so bee¡i shown '¿o give rise to el{tr.a rrrinar;. c}'Ëti.ûe. lhe

t¡eleij-ve effec'¿s of horrpcysteine ard. cysteine he-ve not been

i.ete¡,:rined- in ti.ie same patient a--r, -r,i':,e sai.re'i;ir,re, but the lro¡'ii

' -i-,iidH%a'E FT.,r , ',r : ,i,rrrt r Fwr?trrfrarqFæ
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(: ::at-!õ. el a:-. (1935) ind-icaies tile.i ho¡:ocystei¡e i.s llo

rJ::e effectiVe tìr.an c;,'steine in i:::odr-icil:g ext¿'a irrinary cys'uinen

:;¡ci:.oxl¡-r,re-r,hiobtttyr.ic acid. (nut not ff-thiobu'tyr:ic acid-) also

;¡ielo-eö- eX-,I'ä cystine a-nd- s;-lplute, ti-rcugh Jess the,r did.

cürj'eslronoing al::otr-nis of rneti:ionine or hornocysteine (Br-and,

31oci; ancì- Cahill, \%7).
The ef-i-ect of rriethioníne in increasing ti:.e d"egree of

Ci.s'r,itìur--ia Jras beer: found- to d.ec::ease ¡¡ith increasing pro-Lein

lnialie (tre,vis et al., 1935; iough et aL., l9+l; Brancl, Cajrí11

a::d. liasse3-1, 1-938) r'lhile .si;-fpha.ie excretion 1i,a,s increased.,

ir:ri.icalbing ïlta''u util-isati¡rn of n¡eihioni-ne \Ta,s llol'e eff icie-rli at

higìrer l-eveJs of protein j-ntaiie" I,ewis et al , (1936) also

o'bta.ined. less cys'cine frcrn cysteine on a high protein diet,

l:r.lt sulpiute e--ccretion was also lorr'er a-nd- the result coul-d.

tii.:r'efo1'e be aì;tributeC- to ::eC.rrced. ai>sc¡ption.

¡, s'cucì;1 cf c¡'st.'r-n';rics h':s led. to tÌ:e bel-ief thai
ti1ou¡.r ci'sieine anC. cystiirs ai'e to sor:le extent intercçnver-r,ible,

i"ie t.:e'¿abolisii: of the tlro ani¡to a-cid-s nust oLlfíer'. ft lras a=t

jlj":-;-;t åifficul_i to e:;plain uì:y c¡,rsii'ne excr.eted. in the r:¡.ii:e cf
î;ïîirì'*r.ics shoulcL be coi.:it1etel). o¡licliseC. idren fed. to the ;oatien-u,
;i':rú,:::sdread-y e,-rpla-ined., j-'r, riâs suggestec- ti:at cystine in 1Jroteir:
",:¡as ir.'bsot-bed. as e coirlflex ard-'tha'i, tite netaboiic error i-;,as due to
e f:'-:11¿re ic oi;id.ise ihls conpJ-e:c norllally" ilra-nd., Bloclc, liassell
r'::a OeliifL (I9j7), horvever, snovred. tnat boiÌr r:etnionine ærc1 cysti-l:e
- :ì -. -,i n* ai -..^ .-,,d'¿ iitr uiru.i-r.lLs ',ierc ueta-bol-ised- in 'bÌr.e cystinuL:i-c Índ.iviär-l"al- in the
i13.i.,3 ;a..y= as 'i;Ìie Íl-ee al_:ino acid_sr. ¿ind_ tl:a,c if the cystine j-n a
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;)rotein rlere reduced. 'La qlsteine tiren -r,here Tlas, a narl:ed-

i;:crease jn cyst1l:urie (tlassell et aI., I%B). lhere therefo re

seet;is no C"oub'L tha'c fallure to dispose of the cysteir,e lead-s to

its accunulatioi: a::d. ürat tne eti-ura cysteine is collverted. into

cystine probably d.iring its irassage tìrrough thre kid.ne¡r.

Jn inosi cystinr::'ics suJ-i.:hur-free an:ino acid.s have

failed- to increase cystii:e excz'eticn. íìerÍne gave a negative

result in a cystinuric repo-'teC. by Brand. a¡:d. Cahil-l- (a%5);

gJ-u'canic acid- d-id. not ir:crease cj's'Linu:'ia in the ca.se stud.ied.

bj'Robscn (L929) anC. gi-¡7cine givei: vitir g'luiar:ic acid. &1d- not

affect the cys'uimrric stud.Íed. by -{nclrevs et aI. (1935) rrho,

incid.entalll'¡ gave a Tatìner v¡ealc response to methionine. One

of trro cases reported. by iless aird Sulliva:n (tgLrZa) shosred.

inc:.eased. c¡rsf,1ng excretion rvhen glutanic acid., glycine adr
rnore pa-r't1cu1ar'1y, a.lanine were fei", though none of these tr'iere

as eífective âs r{ethionine. IÌ:e fig.;res given in their paper do

not, houeve:', ind.icaie l;iætÌrer tire effect of the sulphur'-fr"ee

as¡ino acicls coul-d- b.e a'ctr.ibuted. to an i-iæ:r.ease in oveira-ll

i.:etabolisn bruught a.bout by theil calorigenic effect an0 not io
a- specific action on su.l;ch-uz' r¡et,a.bolisÉ.

In solile q¡stinurics a siucy has j¡een rriacie of the ac+"ion

cf clifferen'c protei;:s on ihe Cegr.ee of c¡'stinu::ia. Îìre effect of
increasj-ng lxotein inÍalce on tire recovery of c;;stine frorr

itetirionine, a-rid- of the reduciion of cystine 1n lacialbr:*nin iu"ve

al.ceacliy' beei: i:efer.red.'to. Siililarly looney et aI . (t923) fciu_nC_

tn¿-,t -i-nil-e 'r,ì1e a,il:solu'ce value fcr c;rstine exire'cion llose -rÈtir
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u;:-î-, :,ï.o'L,ej--t) :t.ta-lte , iìr: p.tio of :ie rr--bi.l-l- ;:u1',:hit: b o to-be.l-

.,"_i;.,itu:l.e-icre'l,cr- ciec:.easecl siri:efj'ti-r:3 tli:'¡ s-+11;i:1-l:,.:u-b;.1:cl_i¡l_:

'.:c.z \)c!: cfÍ'i-cio^ri . î':: ;r.trc'.iiicr: -ìcl,'i ol: ( il2:. ) ,:otei- trat

---:,.;.:-'3. c;,"s';ine 5i-fien iil .':-O-bteif: r-i:Cì i:O; r.3.iSe tì:C,.U,.iila1.-J- C¡rS'Cj-rie

1:v;1, and- "'-ri--'eç,s accl- .ì:.::d¿r] -L (f-9j5) obtc-i¡.tcC. ali::os-t ,;he sal.:e

i.':i,-'r,e o Í c;,';-l;iir:-; e::crc'uicn -rù9n '¿Ìrc 1o'; r..cte!n inta.l:e (:: jt:1.

-r3rr ,:,2.:J") ,li.E it:crea.secì- b;¡ iiicl-i;.c11ite 55 g:.t" el¡l';r9-be1r.i ii: .iÌre

¡,: --,L r -, - --(r.Lc'f en -rils jlíjaûe iilicj:- al-r.:ost cìo':b1d. the i:i-irogcn c:ict eiiötj*
-ii5i;.!¡1 liicilrails c-:i. l;l,ral-1;oo.l (1fi5) fcur:c -til-ai on a. 1ov pi.ctei-il
Ö-ie'i cyi:j'üine excl'eiicn r.¡¿:s not cori)es icr:ciirig'l;: re.fiicec'ì-, íiroi.ig-r

i-b r:cu-l-i. l¡e a-fl-:ost d-ou-l;ie,:i b;¡ feeciing iurge r¿ua.ntiiies of t-ie:-r.-¿.

llic;'' -bÌier'efo:'o as:juì,:ed- ¡jil-'b ur-ir;a-r;r c;rsiinc .,l,as ei:öo¿elous j-n

or.i¿ir: ¿:.nc '¿ìr¡-'L it ccir.ld. be a-u-grentec. by feed.ii¡ e-:i-b1.a -;roteirr
b :c;-ric e i T¡; l-i,:-'r,'úrì:a s tiir:l-rl-a'¿ecl end.o geLtc Lr-s ca_tabclisi.:,

I.,ooney (!923) u:ir:g a col-o.i.'r¡e'cr.j-c ir:e,c.::oci_ of ausai¡e

founcl- tì:a'¿ e-r-aiis ire,-.1.63"eå 
"lc 

e:rcreii-c¡:. of cystine" Thic,
jto'irc./el, Ìrac nc'r, been cc.:.-ifiz.i.:ed- iiitl: otirer- cyatir:ui.ics (ï,e;j,:J

ar.¡c- Ltri-rgir, 1929; ?,cbsoil, !929; Brc:r:,J, r-9j+) ¿-::i is ¡rot a1:,ixrz.ei:il-y

of ieneral cccu:relce. .ìLto'r,irer. factcr';iÌtici.r r,ta;r infl_lzer-ice

c;;l:'f:j-:te c;çc::e-i;ici: is c::e:.'ci¡e i.;l-úcl: _Ij_cl;,ia;:s ¡iiid_;:r:lal-1,;ood. (fgtt)
f cui:ü -,'F.ís â-:Jijoû j.i,-i:e d. ;i-L lt aa i¡:crrea¡je in c;,¡;-i;1i.le e::c.,c-t io;: ,¡lúc i:
'riir-íi ilot accoi.r. jû.üied. j;;r lr ccrrespoi:cl.i;rg ¡ise in niir.cteJj. îiri,:
i:1,"'ll¡i irl:c -.r. l: 'l',¡,^.r c,i-..Â-ì ¿1,' ?--' ^{-'.a,a-,i ; -.,--^^J-: .-i-^--- --u :-:c-ú jju u :.,vv-- jf rr!:!-rrü- b7 0'cj:e-f iiivcc';i¡.:.i;ol.s a-rii. r.:a_y

l;cr;g¿1ìi fc:r sor,le cf -i?re c- iscrc;r;-jrc ie¡ i.o.;or--; ei. ir: 'i,i,:t J-i te:_.::-iiii.c,
':Lì-¿r;tci-ilar'l;i r.s rJciii. c;s'iin-.iiicr; t:eie nc-l; c,¡;if iriec. to bed-

cì.i:::ir:¡¡ tì.:e ccl -ì_cctior: c:î -.*.izte i,.eci:.:ens,
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,i.lte erpe:ii,ietts selioriecL ii: this 1;l:e;is hove been

::-:'-.ia,ð. c,,ii On t,,,þ c;'s tiirr-r-z'ic;-; ¿ti:ci -i rlcluie a siuiþ oÍ c;''oii:fe,

. 1¿ì -! r:-ii.rc ,.-,^,6i g11'l nltt-.te er;cle'tion ¡i-î-;;er.the in3'e,:iion of vai.r'iou.s
".e 

t¿-----)L-L.\Lv

:i.:i.i^c ecicj.S alol- p:otCint " Ï';O L-¿ìpeT-Ë Ofr iiriS iral'j.; ir-aVe lluen

_.-,;-:isii.ei. (C1-eLanci f"945 aiiO" 19i:5) i'ïd- i'' third. ins been a-cce;:tec1

jc:'.;-,ubl-ic;.-r,icn" ¡r -.}¿l-'] ciisc,,'-s¡;ion of iile ::estlf'cg l¡iLl be fo¿ncl-

l:: -b'Ire D.ccc':':1ran¡ti::3 ::ep:'-ii:'ls ,iCase I: C"lel-encl u L915 9.t:d-

-i.:.--ì'.,rj'rl-ir;ireCL :tÐ.Ðerr; üase ii¡ Cl-eIe.nc-,., !iL¡1), For ccnvenie¡.ice

ll:: ;'esu-l-is cf tne effeci of 1-::o'teir-rs oil c¡rsiinr-r-rj-a' have beer:

t;¡..'::,:a.rised i-il îai..¡Je'i-I .

![¿g-eg.: ln neit]:ez' of 'dle ii;o ci¡stÍn'.rics e,re;lined. d-id-

:r:gesteC. c;rstinu' ir:c:rease -i;ile e::creiicn of Ì;his a¡::inc acJ-cl,

ti:or-:.3'n ti:ere i';as a itis-i'l-ed- rise in u:-ine.:'y s'*!-pì:s''be" l, lov

leccl./ea.r/ of e:<tra- sri-l-trÏp.te t¡l-s associ¿L'ued- ¡.-:i'¿h a lcv ni-brogen

e-i:c?e-r,ici: e--,ri 'üiir-c siLir¡to:.'-i;.e iile su¿gestio,-: ìù.r.'i, ¿ì. greate:: p"cpol-t-i.o;.

of d-ieia.t:y c¡r¡ii-r1" i¡¡ use,i- Ío¡"cissi.-e -re¡:lace,,:e,:'ü vheir the irrotej-ri

inia-r;e is 1cv, i.e.r.tic-¿1e.=IT t,îier c. ciei¡illtsriir:g i-i-l-ness as iraÕ-

cccul::ed- irr boiil '..i:ese casìÊs . 'iineí\ tlre e:¿:eri-i,-ten'ü v¿ì-,5 repeated-

cn Case I eigÌ:teen nontns -r..aier ihe i:iti'c3elì exc:,'etioi: i;r,s nealli'

triice ?[J hi.git, ::::d i.toie '';han -üire ihecretice.]- a,i:ount oÍ e;.:'¿ra

SUI-;iL'.1: VE-s eiacr:e'rc.i- âS s.:-1:;::¡.¡e Éi:iteL. f,re ir:¡;es'iiOr: cf e si::c.il

:ì'-'^iì--i' ai ^--íilro. !l:i;; e:;ceigir¿e'.]..,r- iri-g'il- ¡e¡u.'jt -eol" el:-r,f';i su11-.h:'-teVI .VJU

is bel.icy+c-j 'ic ì;c-: ti.ie to -Lì:'J conct::t ti:'b ii:c=o¿::;e i;r itr'otein
c:'i:,:.bc-l :i,:ir'.t incr.i ciieci ì:;r ¡. r ise i¡: ri:-.í'[lirt]trr r:i--b-'ogen oi: 'LÌ:a day cIl

;Ïcl: -¡i]e 
"l,,i.no ac!C. i¡¿:s Íccj-. In ¿-l'j câr:ìeS -i.,-.:re iie-s :- t-l¿ifkeù ri:;e
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ii: 'c?:Ê ',.{--ul) of Sul?¡'äte StÜ-plrr-r-r' -r,O niilOgeil e::c=e'beC iü 'r'ile

illine, lïjlil-e'¿ì:s 1-ê-'r,io cf cJstiiìe aild-::reihionine s-;J-*:hr-r'r: to

ü.litic.l:y nii,.o¡¡e:r ?el;1ainea- L"ncheila-ed. or ield-eõl- ';o fal1.

î-i:eee reËults are 1-rr agreeillo-Â¿r, ';;ith th3ge fOU-¡ril-

for ctirer cyst-inlr:'ice , naijlely ihl-t cysiine is lr.ietebolised'

I^Ol:,lal-lJr.

ftr¡c.* eine rocÌ:lor'íãe: In e,:i,rltlr:ìst to c¡rsiine tìre inges'cicr: of

cysïeine i:;d-::oc1:lolld-e ',Jes aíjsociatec. *itl: a si;ial1 ¡'ise in cystirie

e;lctetion iil Case II ¡'+:cL a ì:lai'jied- inc,rease ii: Case I" In tile

folner i-r:dirrið-uf-:- 5i:!, of ihe ingesteil arriino aej-cL coliid. be i'eccvered-

as ey.Lra a¡s';¡ne, bu'i as tiris ç'as accoiæaijiecì b.y' a coi:l'eÊpcDcì-ing

inc::e¿rse in u-:.inary nitr.ogen rt coil]-cl ire a-b'cributecL io an incr'ee;ie

in ltrotein ca'taboJisi,r âs a viroie ancl not tc e specific effec'¿ on

cysiei¡e. Jit 'chis respect tiris c¿rsiinuric cÌiffe-fs uitir oi:e

e:rception (liess and. Sul-l-ivan, I9\2a) fror-l o'cher cystinurics'

i;eai.ly iralf ii:e íngesteci- c-;steine couid. be reccve-':ed- as e-t:ra

sulphate - nor.e iÌ::,ri i;i:.s cbia.ineå e-fter' 'Lhe inges-t,ion of ellllj-val-eil-L

ailo-,,u:ts cf c;etine. liris djffez'eiice is ir:obrrì:Iy e.-! leilst ¡eLr-r,l¡¡

d-ue to 'ü'he i-ìoi'e ra-pi'.i absorlliion of c;;siei-lle h-.'ô't-ochJoz'id-e'

1-¡1 case T on a l_o.; p.roteiz: cLiet j6o,!" of -r,i:e ingestetl-

c;¡sieine ir¡-cì-::ocii-tc;.id-e i-.as e:.cj'eied- as sul-ph.et-i:e -br.r'i; liær'e -'!reij

ciliy a- sl,EiJl iilci'ea.Se in lil'inaly c;-stir:e (''ne;: -¡esul-'cs llei'e

e.r.lltessed- as cystinr: e::creted- peï' flr'ari of ni'brogerìr the itrc"ease

i/3.s i¡o:-e cci:L;¡;icuot-';l) " :.'ilei tìre'¡lro*,3in in-b¿-l:e vas 1'3'iSed' tc

i::oile¡':-te ievels ti:Cre iias a st.1all- incr:ease in -'j're ]:eccve:-y oÍ

c;s:-ûeine a.ri sr-r.i.rZrate 
'$fifi) a::ci anoi'ner 2A;1 cou.lld- i:e oLtc'iiie Ò ¡¡'s

,r+ftFæeeY1ìÉ:rrræùrr Fe¿"!,4Ðffi@ {Y-F*:jWær_ì
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c-¡isiirte. il'le ini'¡i¿¡--l loii recc 1¡ei3;' ise -L be--l-ieve, due to 'biie

-rr.-bilj-saL'ion f or tissue r"eplace::ieni a.nd. r'e-rair of llucil cf 'l-ir.i

f;,eciion of c,)rsteino .;liricl: j-i-¡ t-r-sUall;¡ e::cseied- 3.S cTstii:e sír:ce

a-r, 'ùt1':É 'r,iì-le protei-n consu,:1.--, iii'i':. i-ias ,Loi'r aÎil re,¿r.iirel,ìell-r,li ì7ere

;r;.oì:irbJy i:rgb. I'oj.creiO::e ccr:sii-e:l .;lÉt, sir:ce -r,ile r¿Lt:io o:î

cys'cir:e to iritroAe;.r e-1;cre'ùei='- a:Îie;' c5',-:ieini' I.'.as gi'eater ai

',,ite lc,.-,'e¡: l-eVe1 cf 'ni,¡ro3e il e::crletiCr:, tilese t:eÍiu-l-'r,s a::e r:o-b

ii: cliSagt"eOi:le-r'i'i; Uit,-: -bire Sä53eS'biOri 'til¿-.'r; SUIpJ:ai'i;e llPOd-UCij-On

Ír'oi:r cysie:i:e j-s t,,cle eÍYi.cie.:t ";nen tire lroteiri intaLle j-s

rai sed..

i jethìoi:irre: In bot]:. cystrnu::ics afis::.iÌte inges'r,ion cf lietiiioniile

-t j'Le âiitol-r-tlt of this i:irino aciä- iÞcovcl'ecl urtchai:gecì in th,- urine Y,'3.'s

i.:,itnin 'rj1e no::mal :rÐ'nge. îi! Case f, ILO;eVef, f:lo-fe 'rilofì 20;ã coUld-

a.l-sO i:e i:ecgVereû a.¡ e:cire c¡',-,'rine .;¡iÉl-e in Case Il ihe inci'ease

ip cystine r.;as gO sl,el.l '¿l:a'r, it is clOuì:''rrf-Jl ',;hether" i t has all-t

si¡nifica.nce, pcLr"i;icularl-y a.s -bhere ües no ali;c'i'a-bion in tjle ::atio

of ci¡siine e,xc:.eieiì. 1-ìe3 gr.¿1r: o:Î ni-bj'ogen. P.ecove:fJ as s-:-1=:iri-+"e

1n the laiter caíie 3-t:rcl-r-Jl-Lerr- ic 66f', 1nd-ica-tirg fa1r1-y eff-icient

oxid.fatic¡ af t¿:e me'¿hionÍne, Since 'biie l::o'ce j-n intake r,'¡as J'o*,

'r,ire 2Ç{ of ingested nle-,,i:.ii'nine not a-ccouniec- ftrr' vy¿is p:'c'bar-bl¡r

utiiised. fo1' t iss:ue replÊce:.ìent.

In Case f ¡iot c::1¡r üas 'ùìe cTsiiire e-.(e1'e'üion unir-sua1J-y

h1gh, 'o*ij t¿:*o sr-rl---ii:-.ie e::cre'r,ict: 1-iû;f J-cv aai-, iii a,:11, oi:l lt ¿i,tou'b

' 
P17iìí r-,ri r"ìâ'1:r'ìr ^7ì'r 

-,. â CO,;_.1_ti- be ¡-CCOf¡-l-igd. :ÎOf ; pf e:U.tab_L;i -r,he :'e ;:;i I.IASv vtV t:lv V--Lut¿LLt

33 ill.i,'3r.ì- l¡;r '¿iie t:i.ll;--les. ('t-';::iLl :--.iier:i recoYer'J- oÍ g.:-lr--llteic

f,-r;i,t e-Ll- titz'ee sul ti.r.¿r-coc'tir-rairl3 trì.li¿1o ¿icid-g i¡as I-oi,-¡ çhcn ';Ìre



----.-- t ò --= ::-'-: --3-- ù:;Cl.a',;ltil -:.-'l.ì iOV). C:. -Ï;e O'CriCl llC-;:i- ',;ì:eii tìte
-í::-' : u''

^-, ::-.zi--,2¡l:Ê -,-=-'c re:.:'3å'üeå c-:Jjl-te e:l i.loll'r,1i5 1¡"ter t r-'t'l tÌle :j8'tiente-- :-

:-..-jc cL-L;-La-,:' !-- -:o:'-er-:Lie :)r'c'i.'*.: c1j-ei -r,ife incJ'e¿r-sed- e:¡c'::e iicn of ''']:o
..---ì' v-'-''-¿

!.r--a,32 c--.ri-:-rt--j f:.ü.cticr:s c:;:-.:-i¡ieci Ï;aÊ hi-¡ì: ¿r-fi¿r' -i:he il:gcs-t ion of
:-Y vv

,-: -^ ^;-.i-ii1 l::1-:3 r -:--r..'r r-Íi !'-!; u -- i' u - : Ð i-LrL 1*!c- u

r-:.arnai1¡.;'J -.ieli.. ?ife €l,CiìiìS V3S lfobAill-y d-Ue iO 't'ile COII C¿-''t'et'*
!-:Cr\J- v sÈvÉ¿ v

r,-=Se ig i:i::-¡..:9.1 =aa"-3'i;!-r::¡ :1::Cì fOp t]1ig 1:e3sqn ihe::eCOVei';¡ Of all-

!i ì:1a= .c.¡1'l-.ì-1;--- ..¡aCtiOi:S iS -ì:.Cbe.bl-;'¡ iOC ìriÎi:. --iVefr ta'1:ii:3 'il:i S
!-j:- -v uu--J-----

!i-¡.i;o coi-õiie::i:on tìie l'esìits si1a1ï e i,lore efficiezri u'tiliaation

,-:rr¡:- *1r.a ---.li¡i:: iniake IJC|S inc?eá-Se(ì.. 'Ih-e fi¡i-lreStof r: eiilic;i-l:3 i;lgil iJ'i: - - -'L

ir.;eVe-f , a:-e i:o'ù silic-[1;; eC::ì]:i.r-1¿a'CIe iåiii 'r;hCSe O'Ì-rtaineir in i9ii5

si-¡:ce a s.leiier tesi dose cf l.:e-r,i:t"-rat-r,* vi:s gi-','e-r: in ijre l':o-¡e

3ec e-¡ì.t e i:*J e i=ir-le ]:i s .

at¡c,*i -,t a.
v_? L) u¡:- v. case I, afte:' tie iir3esiic-d cf J-.1 5.r. ltoi:iocy.iiir:e,

sTcrred. a lise ir-2- c¡rs+,ilte, i-:eiÌrionine e'nÖ euJ-?haie erícretion

a-1-ul:ougÌr tc.ei:e \las a Íl'.1-1 i:: urli:ar;r t:i'ulcgeü. Tvo other

C¡'s-r,iÊ1i3i-eS Í¡-ileC1 i c e:çc:'9ie 9]:'';i-e c-;¡Cii::e a-fter hOtt:CC¡re'uir:e

(see Ta'ole I) altircu;lr. tì:ci-e ïa3 u- =i*= 
j-n urinary sldl!ho*'e' Oile

oÍ iil=ser a'-îd- a-ncthe¡ c;'st:t:''rlic elicreiec1 elri=e cyc'r'ine afíe:¡

iaÌcin5 iror-:cc;r5|eine. Il] -iil* ]ìrosent case iota]. ]ecovsr-J¡ cf

suJ-phur i-¡t-S ilc',, ver:'hlgii, r:tCst cf it a'ì!es-l'ill'C aS e:çt1.a e-y-s-r'it:e

cî t-æibioi:ine a-nd. ¡- ii';iLe ]es-* as s'..1-1.r1:.'re' lhese l-o.r ::es,-''l-ts

' --^¿ -.-itr.ibr¿ir-ol-e tc ü:e cí-;--cr-'-.3it fril ln ili'i,Ï'o¡-eneile in,)ilr'û i-!iriJr'IULLiJi::uJ-tt uu u-u çii¡-v'*-- .

e;icreiion sil-ice suf-1:he';e e:i-¡:.etio-:. !e" gl'all óf 'rliirogen 1Ía:i coiiì:lil'r.-

abl-e';itJ] ilÏ.'u cbie-iiied- i'ft::-'eil'.:'iva'j-erii €rlloLr'il-t'[i cf i':etìriclir:e cr

ifei¡üle-lhec;'e'bire:::i-';lc5ei:'rlcì':etiLionir:e:nit::cgeir

l
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l1tios ï¡e:le ìriiire::. ?1:c eÍfect c,i'j i-loi:iioüi-i:e e::cretloir is

rra¿''tiCLlJ:ll"1¡r i1:l r-;1'eS'5 ì il¡ It ilci Sl-r-L':-eíiJ¡,C ei -i::,C;:' CO: .,'re'CitiVe 1r:hib i'; iCl:

of ';¡et-:ioni::c -ì',,r'eL1;rìoir'rl ìl¡,' ìloi::cc¡rl:tii:e ol- ';iìe conve.fsion oÍ

i:oirioc¡rstiiie io tre'oh:-cnine. l1:'c''l-l evicle¡:ce ;.J:'elrd.;i proclt-tceci Lt' l:.:-,s

i¡ee;:. su3gesieCi -ú:.e'¡, bo:.roc¡'cte i,.te i¡ nct a -ijc3i-lûl i,lei:ijJoli'i;e ar:ci- iit

'¿Ìij.¡ -:esreci ii ls oí j¡.tc::est io ncte iÌ;.t altlLough si.:!l-e::

s.i;:oir-its of c¡r3f,if¿-^ tJe3g e::c.'c.tecì-, ûl:tre sr-rl-pi:eie recoverecl frcl,:

hoi:ce¡.stine ip.S iess iiian i¡ol.: e'-1uivalei:i s¡-Lolli:ts of l.: ctirioi:i:ie

a t'esu-It v;irici: r-¡oul-d' toi it" o:ij)ectec-L if iroi'rocJ¡steii:e ''lei'e â t¡ue

ini e¡'lred.iaie.

G-Tyclne: Glyci-re , âs en acce¡tor" of iletiiyL gîol1¡-rs, r.iight be o-

lirriti-ng fa-ctor irl riei;l:Íriiine 'r,:e't,abol-isri. if so iis ingesiion

should- be accci-t:i-allied- b:¡ e-n incrlase ir ul-ina-z'¡¡ c-¡-siine. 1i1sr,ì.gil

in'boih cases stuåiec- -"lære va.s a i'isc in cystine e:lcretion, '¿iris

1TaÊ asSOci:-teå ;itl: iìl e'':UiValent .incr'ease ii: uri:-,ary ni';l'Oge;r

e-r:d- tr:etl:.icrtine :¡l:il-e lhe incre¿ìse ir: suJ-.-iæ-te iJa-s 1'e1r'.ti",'eLJt

grcatel.. Sicce -i.:e rise i¡r suJ.ltili-:.te e;:cletiol: vas not at -ulfe

el:iretise of tìl.e c;stine e.nc']- r.le'chicnii:e , Lt is r,rnlihe];r 1Èa',, gLycine

s1:ecificaily ilfì-ucilces l.rctl:i:;ni.rrc c" ¿;r'ij'üeine lleiabolis:r. !ì'ie

r'lse in s -,:1pÌrate Ì:ta;', itoi.'ever, be a'utriirt-:-'ù e¿ t c e:l iltcl-ee-se 1::

the cataitorisi;l oÍ i:roteins ricl-r =t c7::'rine.

.ìgair: ri:e;: tiycine i¡¡.s live;:'ii: ccnjui:c'i:ioi: -''Titi]

i-leti;icr:.ine in Case i ';.ile j:tclease ili sd-1:i:a.ie 3--;cretion uo.s ìrigh

ÛA;:: i;t3os'r,cc-,- i.:cti;ir,:lrte) c'-i-d. ..¡i-1,::. -i;i:e e:l.l,ia cysiiire (16.t;3'; l'-lc

;,:e¡ llior:iire ( iC;1) -l.l:e '.Ç'cc -,.¡o:ei'' s,'-l--:l:r:-' e::ceeC-cci tire tle c::c-b:-c:-L

L.-i.Ð--ylt. !:ie íj::cciE i-:. '-.:.u'olù1¡' ,ii:.e -ûo 'iÍte s'i:ii.ll-r-Iei'cicil of lu1-¡lir:.-ie



lÕ
:L,

e:-creiicll rJ¿¡ "llre ¿]ycine' 'i-1'¿llo'i3ìr- recoverl-i' cj:' e:;t;r'a i'lethic'li:re

-".',c -¡'Ê-l-,.j1 =¡ 1()î -i;l:c::e -ias n i:i3ir r3-''io of l:e'l'j:ic;:'ine -r'o uric'ar;r
L¡!:ù

.-i*'.¡nr'â,r srr-.l 'biiai'¿113 13eÊeilce cf 3l-;rcille 
'ì-o3õ 

not c'll-)e3'r to
)i i- - v'u v ¡-,

lric::ea-se'¿i:e-nteof:i¿'cl:it-'t:i1:e'l|)lel-:iicl-o"-r;j'
c.',- i -¡ìê r
'--:-L --.t a Tjre ii,gcctio;] of alairilro 9 oii -.,i}e o,ú119-:. jl:l-,1c.., ii:ci.ci.:;ec].

'bi].e reiaiive e::31'etiol o-i c;'ß'uitre' ut ilid- noi a].ie-z'eiüre::

l¡e-i;ì'i¡r:i.1le or sui-li:ate ,c::cjleii':'ri' ?i:ie eÍfeci is d-iff iculi io

--^'icuJe-r-1;i as it va-¡ itc+" ¿:gsociiited- vi'-u;i all alier'âtlo::
3Ji-)leI]j'¡ lj¿'a'L'tr

ia oiher ,=quJiil::' -fr'ec'uicns. 'i'ìrougir rLanil:e i-ìa¡' ¡" fo-¡r':ed' du-i'iÎg

i:re ;l:.od.uctiorr ct T=i2i frrcr¡ cysteine (!roi':a3eot et 4.1.r 1!l;o;

: _-l^r--_.i ! * r.aco - : -^ Vitl, j.O.

Sn¡r¿n", 1-9.15) ii c-oes no't' inhibi-r' -t' lese ?eâcÊl-oj:íj J-ri

In coliT?.sL,¡ vl]gll ala-nil:o -:a's given' 1-ti'rir rte-r'bionine

in case I tÌle excj'eiic-r of e:':-t,3a c¿rstine ar:d' i:letl:ior:ine and- the

iIrG"eâSe:-nc}.siirreancir.:eiirionineg:icreted.j;e.fei:elnofni-r,To$9Í

i:ets ].o,Jer ii,an r¡ircn iire s]-anine ''''tas reiilaced' b'l'leu'cine' 3ii''cinq

'o= setine, aDô'ühe g:íc-r-e'bicn oÍ e:ç-'r'i'a suJ-1l1æte ':las ÌligÌ] Qô'1

i,r3ihicnii:e). '' 1i:is eff.ect l-le¿r r-rcSõ:'b1y be ¡'el-ated' to -r'he il:c1-eÐ-ÛOrl

efficienc;rçii'let]lionilieo,:iõ.eiiora.iiii3il.1.,loiein]-eve].s.1:e.z.lra.ps

i¡: the 
'i.ese'cc 

oí e:.ceGs al-a-::j-r:e (or a' irr¡ir p::oiein iniai;e) 'che

r,:etiricnii,ie un,le::gces sorìe cliffelei:t :-le'¿s-l;c1ic cì13-i13e ol: 'cire ala.ilr:

ir:hj-bits citc of 'dre s'ue1ls -Jh!cl:. i:orr-;ai1;'' leacì- io fiie l''r'c'-l-i-ictioil cf

c;t3-i,eiile.

i.erLrrcz íjer-.iâe ccul-ci a.fieci flle i.ieiabol-isi': c:- ii''e sulpÌrtr-l-col:tc':-:li;:3

:.;lino acid_s ei-,;irer ì:;i r,-c,iii.:c 3.õ sul-çirur 3-cce1)'r,o1' f,'cl: rlci:ri-cni':e

cl by rniribi'ci.3 iiv;r clesulpi:*j'ese ';¡.iúci':' cCllvelrr'Ê c7;t'elle -t'O t''2'-"

;rn f-rro fnn7,-ri? cs-re c;re ,;oi,.J.-f ;:1>eci, i:Ì=n .Êgîillo ïieg fei-, -'La fi'lll-
l-l U:-v :v!i¡¡\

:n j_ncr,?...-<c r: c¡ir:iiilc ,.1rd- r ::ec1,-icticl: ii- i-r;'ù-r;ir,,:iire bu-b nc
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a1-r,e1.¿-.,uioïl -n S r,j-;ti::-'ce c::c-'eill-:; i:l tile l-=.'r,iol c3-iie i-:eij:iclriile

e::c,:etion r.,:uìä'oe u::cj::.'.1:gec-ì., cys'b:i::e Ìrigìlc;'arrd- srrJ-1irr.':te 1C"'o"''

.esur--. ts cb'r,ai.,.:ei. .,;itr Oe-sc I inci-icLt,e 'cÌC'.t seIine tr:'-¿¡ i-i:l:il¡ii

c¡isieire c:licì-aiic¡: ii: tiie c;+r'citrlrlic '
'.:?ien selii:e vls 3i-ve;: in cÜn.,iìIlctlcn ritll t:teiirionii:e

'!:':e lecovor;' of ,;he ].a.tler as CJrs-r,iile, l::ethio;:ine i:l:d. sr-r]-ph,rie

a:::cu.iried. io l-5, 1! anci 59í5 :'ee.leeti-'rel-y, vc-3-'''-e.: -;L:-ic]1, o.'iljg tß

e concuîi.ertt rise tt ¡;ii'rogen, are -i)rcbãbi¡' -r* higb. llul'ni:¿:te

e;rcreticn llez. grai:l of ni';t'clei: -\Jas EJ-sc lcl,', ì:ut cystine e::cretior;

t'¿r.s no-t co;.res:lo::èingi¡.' inc:eased. (as 'ias fclr::d riren Ðeriile al.cile

vas given). 1i:.e inh'!j:i'¿j-cn of sulphrte 2rocìuctiol an¿ ";Át"i-"*
i.estruc,ciol: uas tÌ:e.sefo¡.e noi as gïee'i,;;¡hen sei'ine i-¡as given vii;h

lr:ethi-onine, 1;ossi.b]y because Soxie of tÌ:.e serine \las converted' to

hol,ioserine cìu..r i;ig -bi:e r:etal:olisr¡ of tletirionine.

ieu-cine: T,eirci::e -¡ag :tr-Sed- 6r-S a Ccn'ú:3Ol a.ifinO ;:CiC' ir: ihese

- e-r;Ðerilrents'ùeceu-Ëe ii is biologicn:i'I;r raii:e.r: i-¡:.'eri aid' 1s not

il1o,.¡Ê to be invoLveô itr +,il.e L-letc.ì:ol-irsl,: of il:l oulrli:-urr'-ccniaii:it:3

at::ino acid-s. It -r¡aS ti,erefOre Sul'i'-ìf iíf ir:g 'r,C Í1nd' t'r:r! in Case

I ailtiiougi: s-ril-.r:i;.te i.-.:c-i ir:erùiliolirtc'e:lcleticlf ".iei'e ilo'ü aÍJÎecterj-,

-¡,ìre inges-uion of l-euci-¡ic -tJas g.ssociai:d. ';i'o:r ail ii:cIeL:se iil

ci-s-binuria.

¡iL:il-a¡.Jy ;inen l-ci-lcinc ';as gi.rei: ii: conjulc'cioi: ',iitil

ti:eiþicr:ine Tre ';cr ceir'l -'ec¿-fe¡i¡ c j -'¡he l:i-i,ier ae c;-;s'r'ine va5

.r-:aèr *¡.-," 1-.hçtr çl1ei: ]-=ncil:e ;.,aS f OlL1:Ced. b;- CÌ,l-Ii;:- ¡.i-linO aCiCiS,
J: UU- uvr url:-ri

ii:c- 'i;::: rtOCc y'J?-- .:,S su,l---'iru.'ue 'i!t:.i la'birer l-Cr.' (Sg:1) l''-'r'üi'OU3iyi;ire

e:'.crcij-rr: cf í,:ail.litl-,'i,e ¡c-i: l;:--1 ': cÍ ;ìi-ii"ciei'l ;;;r; i:i¡'ìr - ii: ijlis

- -,*. ;-;':sj;:;i FÐF-- Þ*:it#d*F'.-\^
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-,;l eei c:-iffe=ii:g f1'ol-l -i;ire ec'bici: oÍ ;:e¿'ilre ir- i';ilicÌ: l-oi¡ su1¡'ra-le

- ---.-15ì-irl.- :.-:'.-s t:{jgccil'rlei- '.¡.r-'ci: a lov sui;':hete : nitr'cCen lT"rj'c "
J--J- *

-.----i--ô -:i-:".JÍOr.e, ¿'Ð:je3.I'íi '¿) f'e¡'¿fj-Ci';i:e O::ÍCiaiiCi: c'f C;¡gtei;:e
_J --v

-, a 3 ::-¿l-f -c;:ee '

=O:e.-rlq.: 
I:: o-'c-l-e= to ied-üce '';ile c.ùlcei:-b¡i-iicn of cJ';tiire iii the

.--:-1?e oí C;=Ì;inU¡1cs it is ir-s..'.el ',Ú,) ac-lvlse tlie cc-Ìlsuitl-'iicil cf [t

-1':¿ ioi.'i.rj -'::otein' fn SOi-:e cysiillu-::ics, Ìlotieve'''1, a 1O-; i-':'Otei-¡

i:-ia..e ir¡-s r:oi been âccoi.-Ill&iìied- b;' a co¿'f,es¡oniLing recsction i¡:

c;:s-,,-ir:e e:ccreiio¡t. ßie ef:Îect of cliffelei::i -¡l-oteins on cys'cine :'rd'

::3i:iio:liile e::cretion i:: -tire ivo cJ'Êtln-i--rics stuelied. has been

si-:-.:l^iâ3ised. in Îable fI.

Iït Ce.se I o¡:.a 1-OV 1l:'Otein cr.iei tire r¡ethicnine arld-

c;'stine e::c:eiia:l lei.:a-inefi- alr.:olt consiant "'tren ihe irzo eijgs

i:.: t]:e baSa] C.ie'r, We4e r'ep1aced. b;r er-1u'.r-ygieili ?i-'lO-t't-ilts of

gel-ailne (r,nich con+,¡.iírs li-r,tl-e cystine or Ll€t'hionine) o* ileat

- {;;ilci: ccntai.r.:s r.bou-; -] iieti:iclrir:e anC. j¿ cys'cine lrresent ia eggs) '

lve¡: ;Ì:-en tj]e protein in-,,aiie ï.JE.s ir:creaseci io r,:oåe.rate' l-evels iìæro

,-,.,âs âi] iuc=ease i-r. s1]pi'late but no aL'¡"eraiicn ii: i.iethicnine ai:C-

c¡;sii::.e e:ic::etion. a:.:c'ì- r'e1i1acel.:ent of tne t',-'¡o eggs by gelatinc at

ilÉs level- :'esultei, i¡i ait il:c::ease, ir-'^:l. nci tire e:ilecied- ùeclea-se,

in ur-il:a-ty cystine. ?ire e:lcretion of cysti;re al:d- rrleii]icnil:e :-e'r-

Gl.ar: of nitr'cge:l ïJej"9 i:c'L} lc-,-,'eI e'6 ri:e iligirer Jevel- of -''.cteii:'

co:rsur.:piioi:, iniiicai.iu3 t:lore efficieili u-¡,ilisa-rio¡ì' of these alÉnc

:-Ciö-S .,¡lierr 'thc- ilSC'i,?l1l ::l'ia.l;e i]Lìi'q I aiSeC iO i-:Od-ef'ate 1 eVgl-S ' In

tlfS CySiif:-,f iC, t:=rr, ';ile ii:Ci';tSiCr: Cf 1;i'O-t,CiÍìõ r'iCir ln cySti;ie

cì1 .ì i r otlr-i n,--rl;:g j.r:. a c-:iet cc-;i-¿..ir:ii:5 1i'¡tle oI i,loCl-ci'e--be ai-lc¡-rr:t,---; oî
.--¡: \- ¡-: vv:-!U i¿J

i ¡r:+"*c¡îc&u¡4¡qFÈmû"r -ã'\<ñ.:?iwläçlF.€f¡ iæãÀ .qqr \
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=?ci?-i:: diÕ -:ot i-Ilcz'3â'se iire i'cgree cf c¡stiril'-rie''

InCa.seTis.il.li]-r".i:i-esu].ts?ej.eo'or]¿:-i¡:ec.¡itirecgsa.fr].

;efa;j-r:e - i¡a+, is, t:re -:e:-.1:'-ce;.Ent cf 2 ei3s Þy ¿ela'i'il-¿e cn e'

:-:'l=-"atc ;;:'ote'rn inial:e

-;cl-'i;-ol of gel,ltile "w

increasoíL üre ciegree of o¿rsti'r-]-rjlJiâ'"

iire j¡asa.]. i'iet con,cair:irrg tire eg,:;S cìj.cì- noi

c3:se es 3l'ea.i an ir:ci'ease ir: cy-stii:lr¿'ia as cìicì su'bstitution'

.-e-i:jc::i¡:e e::cretj-cn -Jas ftot g,rea't1y a-fíecied-, 'ìlll-i' -uerrcied- ''1) lle

5g:i: ;ilen gela'uine re=-rla'ceci the e33s

. on the o+,Ìler hand- re-olacei::eni of eggs by casein (girich

sc'ì-r,eins'a'oout tÌre Saile a-i,lou¡.:.t of ilethioniie e's eggs but Verl'

l-ii-,,1-e cys'"i*e) resul-'ed. in tire gfeatest'eiicl"e+'icn of l¡CtÌr c7¡-i;i::e

a=d_ ceihionine :r¡:.ci- i.lte þrea.iest ratic oî c¡'-stir:e ând- r:e-t'ltionine

e=ereted. ,:er gfarr of nit:'ogen. Oonsid-er;b1;"- lcSs Cyll't'i:i3 t"}d-

r:eihicnine (al:d. a Lo'r;er ratio of e:.cretlcn Pel gral:r of tritrcgel)

:;eì-e obiained- r-¿j:en casein ,;as givea irr ad.d,ii ion -t,o -i,he eggs, thou¿iht

i¿ the case of cysiire, ihe é:;cretio-n vas h:-3hel 'r,i:an ihat obtainecl

;l:ei: an e:çtra- 2 eggs (e.-luive-1e;:1 to ii:e ad-C-ecl- casein) i:e4e given'

Frol:theseresultsitcani¡eseerÌ-r'iiaialthouSircys'r'eine

a^:i. t::etirícúine ltay ¡" the solr-l'ce cf urii:a-¡;'cy-stine ir: cysiit:uria'

the a¡.:ount e:icreied- is bÍ zic i:lea-ÍÌs 1'ro1:ortiona'l io iire intal'e of

i.:ese ar.:ino acicis, ¡::d- tl:ai -r,ire eXCletic¡: Of SuJ-1lhUr-co-r:'tainiAg '

:::i:rc acj-d.s ila;'ire ',lrei:iez' at 1c';Í ti:an at r'l3cr;e::ate levcl-s of

_:rc-r,ei;: inialçe çiriLe the efficienc-y oí *tilisa'r,iorl is cci:r:es:-roncr-inl:1;'

-:r¡;-¡--.-n=Ã -r-n ;alt,iC'¡:.La:: i t Sl:Otr-li. i¡e riO'r,ed -i.tat ihe CySiinUf'1¡
.- v!-!!U vL:a LL!

;.âs ieast t';hen, s.'i;.nod-el¡ite jeVeJs of ''-'r-Otein inÌ;aÌ:e, ihe l':a' jo:

s¿-L-ce cÍ l|Ïoieii: r:;as eJg,s i-;liici: a-lc ân e::celle:ji E'c'wiI¡ce of ilc';::

*,È-rtrFwarqFfljt!* Ç':i¿ g4çFlgËe*-ffi.@Filtw
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c;'siine æld- t-ie-¡,irionine; eirrC. '¡'he-¡', ii: the one case sttlc''-:-ed-'

le¡lacei.:eai of ea¡-:s by easein whic?} coni¿rined- aLi'rost '¿Ì:e sal':e

e¡iOur:t cf i.:ei:riOr:ifre bUt t,Ìi'.cil l eSS Cl.S-r'!ne i"G'S eccor-ljrenieå b;r ¿i1

inc::ease in c-.¡rsti-n¡-r-r:-a. This saggesto ';ilat 'Ûre pi'esence of

åietar.;r c;'siine inþiþits -,,iie excreiion cf cysiine (in i:otn

cystinurics -r,h.e raiic of c,r'siine e:'ccreied- -)ef' gr3'íì of niircgen

tenöed. to fall vhen. c¡Is-r,ii:e i-,es ingesied-)' ft. r::ust, hoveveit,

be rer¡er.icerea tla'ü efjgs ccr:iain faeto:'s otirer tl]an ili'oJúein t¡hjcii rnnT

iof .uer:c e l:etiricni-ce r¡etabo l-isi:l'

Tir.e excre'r,io4s of so-1*:irur-conteining araii]O acids ¡'-¡hgr

tl1e protein inialce ias higir sere not d-eter::j-ned-.

ÐrSCÜSSICII

: An analysis of these resuLts and- of those o'btaine'l

frrcrn otlrer c¡.stin.:ries ind-icates t?rât cystinuria is the resul-t

cf sor¡e deíee'u in eys'r,e1r:e (and- no',, ia cystine) netabolisrir; and-

that i,:ethioriine, in ihe.t it 1s a poten-',iaJ'source of cysteine,

rpy also be æsrronsible fo.,r cystin'uria. Tbe Aeiree of cystinuria,

ho-*ever, r:a;.r be ir:fluenced- by Íacio.s otirer ti:an iire s'*11lTrur-

coltainir:g ar;:ii:o acid.s, for e:;al.:pLe tbe .intal;e oÍ o'ühe:'' anii:o

acid.s (leuciae, serine anä alanine, but no'c Sl)rcine) o* so:Ie

s-u-bstance 1;esent ia egijs. T,i';iIe, hoçever, i:as been saici- a-'i:cni

;h.e :roint in r,le-i,abolisr¡ ai r¡l:icn'clie öefect occurs - a d-efect

r-,'hich !s by no Íì:eans col.il'lete since at l-eas" sol:le of ih'e ii:gelted'

c-¿¡sieine is c:iiciisei. ald. eÐrleals in -tiie urine aS ii:or'ganiC

su11tÌri::te .

!ì:e e::cessive i.::c;.c'|icri cÍ c;'stir:e ccu-]d- be due lc ;:t
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:r.jlnc-fi:1al-i-¡r 1o';,' ¡'enal 'Ûli¡eshol-c" CT iO a-Ð i¡:cl'easoå -:r'càuction ol'

'"cl-i'i:iitcc-id-estructic'rofcystei¡:eo:toall'¿iri'ee',
If c-¡rs.r,in.ü.Jiâ- uere due go]-e]y io i¡:z.easec-]. ':::ociuction

of cysteir1e tllen it i:oul-c- be e-iÐccted' thai s"ili:Ïre'te e;ccretiori

çou-ld. rei.:ain 11ci.:19-L, s.rici, if l:etirionine îiei'e ihe Éo'ur'fcê oÍ e::-bra

c;',steine, -r,hen i.teiÌricnine e:cc'¡:etion ..1;ou]-cì be reduced.. Iir a1].

cysiinrr:rics stuc-ieci *r,l:.e s*l-pirate exc:'eticn ÚLas uilLr-Fju'a1lr-y 1ov' so

tha.i e:;cessive cysteine 9rocli-rction cannoi 'oe ihe cn1;' cause of

cystinuria, thor:gir it coul-d. -'Ìre o- cc.¡:tri'¡rtilrg factcz" -co"'eve-f if

the :ate of r:etirioaine 5-estr'-rctiolr vere unusually high and' tire::efore

excesslve cysieine i:rod.uciicr:. nt" å ccñ-":ibuting causet iiren one

y.,oul-cÌ exgect 'r-ha*r, in ',,ire c¡rs'uinuric ind'ividual netirionine exereiicn

,,¡ould be coÎÎe4)ond.ingly lou :¡¡d- that little if a'n:Í unchanged-

netliionine r¡oulå be -4ecovered afier the ingesi.ion of a test d'ose

of this ar¡inc aciö-. f;rd::evs et al , (1935) foun'J' ihat nethionine

excretio-" :" a norn:a'l- ai:i s- c}¡sti-nl-r:'ic boy :Jel:e silr:iI:'':: al:c1 in 'ci:c
hq

er,perinents sr.rbiJitigd- fo:'cilis thesis netllicnine e:lcreiion e-t:ciO1:e'r:

cerrt oí a'r,es.t, d-ose cf r,]eiìrior-line reco'¡e¡'eci -L1nchell'ged- ir: il:e tço

c;rstin'.r3ics st'¿d.ieiì- ï.l3S of ii:e SaÌile orcl-ei ;'s L'iB'*u obiainec-L fo¡'

no::ri:al individ-r-rals. 'jire a.ciion of hol::c'3¡'stine in ii:crea'sii:g

l¡e-uiúoàine as -t,el-l- .,s cJisti;:e a¡d- s*1.:r:¡-'üs e:;cIe-L'ion ir-rû'ica'ies

-i,iX¡.-b ii COt-:;:C'r,eS äi''ir lfe'ti':.i-Cfii-ne fOl -r*:e ent;¡-']e O1'e;tet'tS 3eS-JOnSibl-C

for. it,s l::ete.l:oJis:.:, an effect '.¡iricb ";cul-d- 
not be e:çected if ';i:is

l,:eciu.nisl': r.'tïÛ "'r:i:ellall;¡ ;:'-i;la i:': ii; :.ciicri' 'f :-i':iJ:rl}r o'r'r131'

::.r.:ino c:.ciC-s r¡iÉch i.:i¿r-b be el¡ecieci ic iìtclee-:e -r'Ìre ¡'ate o f

c:est:"uc,¿:-ctl of i¡ei::ir:1:.llle -i:; l'-:=l-l\;i;'¿ Srii';cibJe acceptot'$ (suCÌ:

IÌ,
'.' ,,rrytr# Y!aëhq.*+es** ,.. ",-r-¿!+frS{T 

ryT;
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es g1;rcir:e ¿:S a i,le'uhyl êccepior anô seriile as a:ì a-ceeptOr of

sui-phr-rr') cìid. no-b 11.-ve a:ly ap:lr'eciable effec-r, ci: r-:etÌrionine

e:<cretiott evcn viæ¡: -ba:cen i;: co;rjunctior: '.-,1-Lir a Ì-rsovocati-'¡e cl-oee

Of 'r.rleti:io¡rir:e. lilese r3s.-l.]--r,S d-o not suppor'-u ti:e ir¡i:Otbesis ti:ai
.uire con./.-.¿'sicr: oÍ l:le-uhionine to c.'sieice is unursual-l}¡ rapicl in

the c;õ'i,inuric.

C:re of ',.'ne Tttrzzling featlres of cysiÍ-nr-u'ia is iìrat

cystine itself is cci¡2leieL,'r o:cid.ised-. Failr.re to recoves 10ci3

inges'r,ed. c;¡siine as s:-l-piraie is ai't,r'ib'.rted- b;r llickr.:e-ns aDc-L

3ua-1luood. (lg:') to incor.pl-ete absor'-rtion e.s 'ûris aæ.ino acicl

(ur:liire cysteine hyi.rochlo¡'ii.e) i" oniJ' sparingly soluble i:':

riaierrbut::ranycesere::i::a-urr:inarycJ¡siineisnoiobiained-.

21re-¡e is, itoçevez', orte aspect i¡hich iras not been e:e.t,lineci. i.Íost

investigaio::s have ú.sed- eitj:er l-c¡isiine and. l-cysteine c i' have

d.ei.ived- il':.e aL,iino ¿-,cid.s f¡'cnl biological r-lateriaL and. have not

öeten¡ined. 'cì:e rota'ï1on. ?ecenily .11baaese (f-9+5) Íor-''.nd- 'thet

everÌ in itotr:al incl,ivid.uals l-O;i cl-cystine tr,'¿=.s e::ct'e'bed- in ti:e u.vir:e

i-rncìre.ngecì, lÈis sugests tuc possibl-e ca-rt-ses of c¡'s-r,inuria., el'ùite..

-bhe eys'r,iti*:Í-c is ii:cc.pabJ-e cf d.esir.o7t:t¿'¿i:at polti-on of i--c;rsiiiis

no:'ir:ail-y f ori:e d- in ';:te crgani si-¡ o:r' 'r,irai abnon.iai â-lrlolL1ltÊ of the

unnatural e-cic1 a:e Íoli,:ed-, o.!, 'corou3i: ihe l:eio ercid-s of i;:e'ciiionile

aitcÌ c¡isteiner or the bneiil;clcur oí cys'ceine 'uo alaitine, c;¡rsf,ing e.ilil'

IÞS es C.esc3ij:ed. by Frcna-geot et al. (fll+O) . DL1 Tígnea'rt-C", ï;oo,J

ar:ci- T:i¡:ìt (tg:g). i:a.ve chot¡n ì;i.ç'r, ille:'e ie sol.:il lirVc¡'sion of ber::er:s

i-erivaì;ives cÍ d"-c¡i¡;'ceil:e i¡l:t¿L-r,g; ili'esi:i'lajrll'- the se.t,ie ¡rec.l:anisi.i

::oul 'i- cO,:Ve1.i cì.-C;',3¡9i-ra" -i;o i-c;rsii ei:rO i,l l:roi:i;el- il:ô-1-¡iiua-lS .
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-',Ss-L-n-lillü iits,i sti-l-lf.rie c¡;siil..'e ei:i- t::eijric:: j-::e e3e o::ic-risecL t o

9:11.1]lâ-i,e 
-D}. soi.:e ct]::r 1lr..iil. 

,¡jlig ..Ðtr-l.-:' e:;¡].:in ';ir¿'' oii Ìri¡i:'

:-,:ctein d.iete i.lole cf e test d-c:e cf Llct::j-cii':e is e-t:c':e-i'ecL aS

su1*lrai'e ¿-r:d- less 3's c;'.stir:e' îiie ,--roì:Ji:l-t :1'1-resrs io be col':e";it¡'t

c.'lâiagclr.s io lthe:i;'Jl-,eior:u-ri¿i i;l:.icil siÌlf i:e 1ll'ocuceil in rrorl,iai

iirc-,-iviciir-a-l-s l:ir feecr,ir:3 C,-pircrr;rl-t-'l-alri:te (i-enlose, l?-ç5)'

Tjte i3c'6'cit¡.i c;,s-lin:ii'ia h.;s Êoi:ieiil.les jreen eÍßcci;:-';eci

.¡i+,h tþe e-.:cl'eiicn of -b;"rOSine alcl- leucine ¿'riÕ' a ¡:ela¡irtel¡i 19i';

r.atio of üair:'.vJÍ uÉãea r:i'Jjlogen io 'bc'cal ni r'r-ogej'r, l-ed- to the

n of rlilno o.cicLs in g"r]'=t.rl \ies ilvoived..s.-ESeStl-CÊ t.rtû.t i.ea,.:ir-i,--'r,ion of ¡,i,:ino acic--s in 5er:ercr:

IlOgeVe.C -ul:e e::CeSSiVe exe3-e-i,it--n OÍ SU11::nr-'-fi'ee .ei'linO :'CiiLS is b¡i

-ilo iilgâ11's a co:ls-t'ani f ii'ciir:g iir c¡rg'uln¿:'ia' no? ias tl:e3e bee;: ai:;'

otirer. evicielce to suaest tirat r,'.es;tii:atioi: r¡as et faul-t. VEJ-lies

fo=, ai,'t!no-ni'r,rog'en g-iven'ì:y ll:-c:i-nans a':d- lii-:ell',¡oOð- (!935) a-i:C'

?¿--r:son (]¡29) tlei'e ::i-ií-:-irr -ii':.c :rcr;:a1 re-r:ge anc1 d-i'd- not VaJ'y

ap:treciabl-;r ;i¿i. ::.'l-tez'a-ticns 1n tire 1''roteirr ir:'¿âi;e'

. l.ed-es (19i9) r.t" iscii..ieci frlcìi:l íirr"= ,,rt e t:j7,.1e s;.J'úer.:

fi¡iCh CrlllVei,-r,S C;-S'r,::-l:e iO Silll-*rifaTe afid. aifO-:,Ì.e1', ;OSSibl-;;.:C:-t

cf ti:e fo::'.,c.:, ,;--icl:. ;.;tr--c.:r: c;isiei-ne ¡uii¡hlnic Lc:-C' 'i^''s 3Ci:::Ctt

(L937) found. t.r:eic '¿::s ;:u]-lthinic ¡LciCi Ò-!c1'nr,-i iuve a t,íe-r,rìionine-

s¡a::ii3 e-c'bior: on a -j cç :.le'cl:roni:ie uiet i'ü is '-r-r:Jilreiir 'ujl3-'; r'

C-efect ai '¿-lis -:oii-r; lolll-lì cî -r.J 3 ': ¡lstlrlti:ia' I-u is l:oveve::

c3iìceivc,b-Ì-e tjlli i::e c;siinp::ic i.:a;i irc rr-lll-Jllc',,o l-'rinS ¡'bcrr-t 'ùl:3

iniiial- Ë-Le-,-. ir: ';iril S.:lle:-lo of c:cid..--ui'rì. llle fc'ie of ihe 1o;siì:1c

ii:teri,:ei,it',,e , cy-tl;cti.tt.c .eul-l;ìre¡ric acicì., c'r' of i-le g:-'-l-llllinic acid-

-j-if C;lC';ii-ilr.-'-'LC- .li-i-r ll'l; j-r3.,:. 'ì,r:; 'i;-l:'---'i3'--- . --! 
"'i¡-i- 

i:J:'i'l¡-l' iiri-j-V:C:'lJ-.':,

,Æd¡ftsÈ"¡-' {:'ðFf'4F t!R€!æ *I
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c::s1ÚeLc acici 3ii'es ri sÙ' '''i llo e-'':'i'ÎÐ' c;s'cii:c ::,:¿'- \'e1'lr f 1i'll-e û::t"3

s..,i;;iraie (_.;:ri:.e-,;e e,ú r-l-. i \%5) a,:d- C¿^trllC'; 'Ìre cc'side¡eå l'"3 ¡'i-ì

! -:t c-l'. :e clia- te .

Ti:e :,scl:L,:i¡': c'¡i llç'' :riod-:c-Ûio¡r Í¡':'i'' c;'ste in'e i:r ::cl:-:af

illc].iviciil-als is not ;,e.i; cIe¿:.¡. îj:.e s.15- es,.,eC1. :ì¿t1, 
jfî'-;ig iuvoive -"']-'e

..t"odr¡-..ctio^: of oitiie:.-::1:-i:ine o:: iile::e'l;o a-cicr-' 1-'¡-r:uvie acj-c1' !l:e

e.lLZ!$íia s¡,.siei'j r'eS.-onslble fo.',.. ,']:e ]-c--I,iei ,'c,:-ci!on 3.p:)e 9.i.g io be

.:JoÊe]-y r'e-La,cec- iû c-::,ð lcssib].y idcn,¿ical riii: ,¿ìlai .r¡]:icir conve:]ts

c;er lneic:)j,3ul,icaeiå.,]inceSel.iller;asfcLlacltoinirl'oitcy-sieirre

ciestr-i1)h-t'reÊe (3i-r:t:l-e-¡ , L9L"3) it 1-'ûs tlto-rgiri ihai -'r:e ingesiioi: of

se¡'it:e alor're ili-¡'h-u i;:c::e¿se cjrõ't'ifre e::creiioÐ if sucb a- ;:echal:is':l

liasofi:;ç,ol'-r,ai:cei¡:thelivir:3¡'iii'raL'J'úiesignificant-''ile'tin

til.ese e:çe::ii.le¡:ts a sil4.1]. â111o..-1ot cf se¿'i;:e ITas fo,:ncr to incraeaÊe

c¡,stine incl. io recir-rce suJ-2ira-te e-cletio::' I-tJ i= io be noted- -''Ìi¡-t

ci¡e-r. srlJ=--'l:ur-fr3e e-;.,i-r.ro acid-s ',irich iilci'easei' c;'siine el;cre'uion

ciiCr not l'eäu-ce üie tlr"trar;; sulphi'ie;:'-" r'lre saÌ:e ti:-:e'

On -ujie c,úilel. lai:d. ii i.:e o:;id'-:-b lon invcl-veü- tì:e -'-:oci"'c 1;io:L

cif :.-lc.i:i1e ¡rs s-J-gce'cec-ì- b¿i i1z'ct-:ageo'; ei a'1" (1-C'40) tl::'e a::inO ::Ci"i

',igh.b be e.]:Je cteC]. iJ c_-e;.:--eis Cl'Ê-r,eitìe c:iiÔa-i,ici:, ' lhou:jl t.l'--;.i

Ío*r:i, il;'[ c¡;.-';L-a iL¡Cif a..c.;:ot a];';:ii:c ii'-:iì:itli=' -'i:'e:'ee-c-iic;rt

I - . ---*.r. a .l c::, 3, i.i: c fc ir-l:cì- :,at i.1 l:-ii:fe c11c i:oi ii:::ir-'-!-'
(Il';lre.:c c c:ìc-' "'1.:-'rìG r :->t '':

i12Ù i]Iot.i¿c,úi¡rl fr'cij '3;.íjtei11e -..å,rir the e.ljz-],'l:le c.;-;¡ste:.: ,t]:e],' 1...-sed");

rri .Ì;,:liir c;ril,r,!nr3¡,is, s-i:.--rc-.iec- b;' i:o , t,i il: one of ivo e:;arllir:ed' b;¡

lless a-r.ld- il;,]-Jivall , (j.)l',2=.'; e-j-'-i:i::e i1:':-'er¿--33d c¡r3'¡i-"" el:cr'eiiC;i'

lit cne cf irte fcli,llr caseij, n:t;cv?1, i;llen :--ìa'nirlc ]"¿ls Sivcrr Í-i

,'ir' ,i -?-r-r,-' 'i-.trt'i r;ii:r l.::'t-:i-;:.::-ie, ;':'le :':c':;li 'l:i::: sui;ìr.'-'-- ;;:-i i':lc'J \:t1'3ú'-
vlJ 

^ 
j Ll r:;¡v e +.J ¡¿
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Êg Srr-l-ll*te r:: {r leSS a;3 C }''íi-¡ine :=- :rri- i.le-[,]li':':iile ';l:''r-ir i; i-i ii -lll C

o,i-:o:: :i'.tl-i itui.-flee e.i-:i:jo :rci C-g -'ir'icl-ì- - :-r: c-,iÍcct cii-''-'-r:--i;i;'; 'r'--:'t

-.-â c lr.i ¡ir ..-^tCir: c=-ie-,, a-¡:i1 oi:e a-i pfesei]t i::e::;r1ir:c'J:f e' urt o*''
ij- c.- f-:g.rt

.,f CÍlC-i:'ú l:r¡.Oç-lOd-¿e O i- l:Ol'1.¡¿i'ì iilr-1;)jlL1j' i-'ì'3ie:lC-jfl' i-:'

Tì." !i:cle¿-.le ii.r effi-ci eilc;r cf le';iri-orline L::=tübol-ier-: ',;i:i-cir

is a.sscciated- i;i'cil l- iri6h i;otcin ¿iet :u¡¡;e;ris tlni iioi'l6

coûstitrr-ei:-u cf *--rc,teir: r.:ii;,. ì;g a 1:lrriÌ;ing fr,,-ctcr' il '¿he Ì¡ r'eal:clo;.';.

cf c-J¡-q'ueille to sul-1;h;:ie, '¿irculSh at :::esei-]-b it ires r:ot bee¡': strolirl

tca.i ;r.oteii: intal:e iff-^cis ¡ii.¡i1eit'1;r 't:.e efficieiTctr of c¡rÚ'isi'.-I*

.i,retairolisin. .'_ror:le ccl¡1e:: s=¿1,:iLEr ic ct¡strrih.icciiie l.:1girt be foi'i::oci

ii,:¡.¡eÕia,c,-l;r pl.io:. io tlle t'efsr=Ç3 of :2i, l,r:d. it 1s csilceivebl-e 'ciiat

at higit -,ioteiit l-evels sucÌ: a i,:ecjrariisi-: i¡"s6,',.135 ai1 il-:---br-'baii, ,:e-';irvii¡-

for the jt::eaiicì-oi-¡¡: cf cysteine, anci "r-:.at in ii:.e c-¡'-siil:uric tj:e

i'ireC-orillnl--Ace of s-"cl:. a ¡'eaciicn is les¡oilsib]e fo'¡ ihe bsitel

util-isa-r-,io¡1 of i,le'CÌricnine ';;i:ei: ';Ìie 1;rotgii' i]-l'¿al:e is inc::cagCd''

One ílirtire! posslb!1i'u¡r g1r-3ef;iÊ :-tself 0-s a ca-nÉe of

C¡-Ê',,i:iLrJia, .!il abnc:'iila11¡' l-CV renal ti:¡e:i:Ol-d- íOr c¡'Stei;ie :'':L¡]t';

be ¡.esllo,tisible f c¡:- a!ì e:iceSsive e:;c'-':tion of ci,¡;l-bir:e. ?"e ;il-:lrì:i¡i

t:':e l:¡e¡-l:c.o-*¡: of c;.,sieirre ]lLl1.i']a.ì 1;,¡ Ccc t-f 3 ln tìl.e 1i'"'e]., c.. .-.,o31,i.b1;

i;t';ile'r,iúÍ-u.es ¿-Ici -J:efefor-e if, a l-cl¡ ¡Ona-l 'r,Ìl''esiro-l-'.i' l'IOl'e 'lile

oitl¡.. ca-'-se of cj,i-r',,in-,JjliE: oj]e 1:/ol11c.,- iloi e:t¡ect a l:r-.];ic'iilr'1;'r r-l¡-::-;eC.

iaeõ;-,OpSG iÐ'¿.j:e ilSeS'¡iOii Cf c;rsteil:e ::iCl frO i;:Clea¡e i-il c;'etiniU'ii:'

;iir: i,le'¿l:iclti::e. Îïic c¿,;'iin--l'i-c;, oile sieLciied- -ny I:css l-lrtl- ij'-rllive-l:

(1o¡,ç>n) :::.¡ì i-r:+.r*.ìrei?:ìrr;re (Ciei-ai;i',, f9li5) '.;c'"rl-ci fall- i:l-l;o ¡'-'=l': c.
\ -.r- >L! ,- a-¿ ) ,...1: !- r- J w uf -v -

ca.'t:eLOr:1, ;::ð- ti:e f¡.'ù'ue -'.' i-: ::riiCi.rlir ;.-,;Cr:tS ilO fa:-li]¡e i¡r

iiCi-:-:¡.1- -:'r;il isû'úi.O:: OÍ "i;ire Si.r-11)llL-L.il-r,:Oi.'Lr-ir:1::¡ :'l-li:.to ¡-ciÔ¡ ''¡i'il-e ;"ìle

^r,*e,qew+a*iF!Fre..&*Úìf'*É+ÂeÞ"*^'*'-'"''*¡sit)-'i--nie-qtF 
Gú?'ttt



^ô¿()

âvei¡¿?-ge cl-ai1l; c".stire e:':r:1-eiic,: i'ias l-::r-ci.r -l-o?;t' tl:i:l tirn'; oÎ i,:c' ¡:'i;

c-,tirer c¡-stì-n¿¿"ics" Ft-r-:-"r,?rû:-, '6-;;o of -fhlee of ilis rel-a-r'i'ol:e

e,;a;iitie d- ShO,;;eCl a .,-'Atl:ei- ì-:.i¡ì: l-eVel' of s:rS-.,L1-:? e:'-c:::t:'biOi: ii161r-gii

tiris ç:¡ siiìJ- r;:r-'b jÉ,: '¿ite :.to?,,:aì- t'a..:ge eS givC:i t-l;i SUilir¡an C:ilC.

Ïess (L%6) .

,lCilOilr¡I01;.

Froi-i n :l'eviei¡ of ,ii.i= I itera-'uiu e a¡rcl- f;'ot:l e ;¡leri:-le::is

s'url¡;.ti'ciec1 fc: this '.lr.esis -ùre .:OSSij:Ie cal:-Ses cf cysiillu=ie c:ln l:e

su:-;i::a:'iseci. !h.e clefeci a.;peai's '¡€ lie in ihe ncri.:aL o-licìatict" oi

cys,ceine (bu'u no',; of e;=siine) ¡.--rrC. is noi i.r-'ie io o'lcessj-ve i-,rod.i-i.ci;ioll

of c;rsteirie Í1.oi.i i',te'uhic;line . Jto--t a j:r:cvled.3e of ::ôrr.lal- c L'1plrul

r¡ctabolisra it is suggeetec-l tìlai tite farilt I ies eiti:cr in ille

,eb¡rO¡:1,:al fo rr,:atic;: or' ;letabolisl.: Of ths unn¿li;n¿'al isor::e:r of

i¿'sti.ie or it is iÌ.'"re to ÍãiIui.e to cc'l\u'e?t c;reieirre to Ii25 or

cJrjjteine glllphenlc aciC- :,i ii:e no:'i:r3l- 1-e'r,e. In ce::tain c3.ses c;.'s't,i1l9

t,:etaboLiSlr d.oes äct See::l io be Serj-Ct-',s1;r .i-er:rirgecì-, ¿'rilcl it iS

itossible tire:t c;æiinuria in ihese câses is cl-ue to a 1ov i'eru.l

tirresiiol cl-.
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Ta n¡ 'lf frl a'l ^ ¡Ä

:.:J2:j cf .lc-pci. ecceìrted- fi:: i-,-ii¡iic:'¡ic,: i-,: ,'.il;.'-'-lrl l-ial .Toui--'.i--1
c I ::,--lcrj-i-:cl ua-] 3io1o:;r. )

Cystcj-ne atld- r:re iÌric¡:ine e.3e ¡1o1T corÌ¡iicìered- to be the

c::ie f soLlices of uri;:,a-ry cys-r,Í-lte i;: e¡rs'uinul'ia. ,tior.-/ever i;he

z:ictetLoi: of ertre cystine fo]lo,.¡ing iÌle i;lgestion of Siven

a;-:cuit'r,s oí these an:ir:c-acid-s is variable and. iiess ard Sull-ir¡a.l:

(lg+Z) ir¡-ve rerortci. e- case i-¡t '¡,'hiclt cysiine exc"eiicr: zas

i;:ci'easeCr. vher: eÍtirer glycine o:' alar:ine vere iaken, a-ûC- Clefand-

(1946) o'btai;reo extra c¡rstiue a.fter giving al-r.r:i¡re (bu-t noi

gì.ycine) to a cystin-.rric. liris peper gives ijre resuLts obtained.

çhen leucing, seririe, ala.nine and. glycine as ileJJ as sorre oÍ the

suJ-phur coi¡'üaining atitino acicìs \?ere glven to a c;,'stinr-uric.

ir:?:P.f i il.l9,:-r, ll T,tI i-.3

Tire cystinr:-ric 3atieirt r,¡as iire y-oìrirg \-roì.ran or: r¡hotr

sor:re irrvestigaticns ìrad- a1r"early beer: ca.ruieC. out (Cle1anO , 1945).

Since 'bire ccr-l'rletion of these ea.¡:l-ie:: stud.ies Íreç¡u-ent Iúr,-íû$

anal¡rses have sliol..'Â no e'¡ii-etìce oÍ ne'.¡ sicne forr-iaiion in iire

hrene¡' althcugir. tlle ru'ine coi:ti::ues to cor:iairi cystine cr';-sialõ.

Jr_it- - D:-rir3 tiæse e:?e?il:e-t',"s -:;ile ;::-;ient, '';i:o vas -;iol.lij-rl3,

cor:srr-r.jed. her ncrtrtal óiei :-.'¿icir usira-1l;,. consis'ced. eacì: C-a;,' of an

e'ejgt orìe riej'ye of neat, a 1;in-! oÍ r;ril-l;, celeals, f:*it and.

vegeiables. The'cote--l-'t:::otei;: ii:ta;:e ç¿is a.bort'¿ 1.2 g-i-r. 1re.r k11o.

-=i:tiric !^eiÕ- iuo¡llst,:er:is lire ai:ino aciè s:.pp1e'ner:ts r¡ere ta.,:el: j-r:

gela-iiîe ca,::g1-¡1gs ;jr 't¿i3 t.rc-.',r,i-;1.5 of 'lr:e da.;r incica-beil. Tn cr:e



t

serieS of e].ierillenJÙ,S t]re s..r1lplel;ient col:sisted- oí 2.5 8T1.

:;ieihicirine 'co3et-'er ..:i"h üle l¡ol-ecula:: e;irrivalen'u of lepcine'

se::il:e, 81;,icii:e or a].airii:e ia];en oi] -1,'J3 coi..sêci'1.üivc. d-ays. IÊ

,¡,]1e o,¿}rer sel-ies ine sirpp].eillent vas 15i.:. c}'Stir:e o1l ite

erluival-ent of '1.:eiilicnine or horlcc)rstine, I'3 5l-l' seiline' aLanine

o-!. gl¿rcine ot 2.2 gü. JeUCine ea-ch- ia1len on oi:ly one occasiojl'

Îi:e &L-set'ine l/es obi¿:.ined- f¡ci'r Gelaiin ?i'oduets iÌ:ro-:r'3Ìr

th.e kir:iLn3j3s of Ðr. J. rr-r-ion of îasrrington, anc-r- 'cire d-r--hoü:ocys-i,i11e

-r,hrougir tbe coul'tesy of !l'. Y. cu '/igneaud- oí cornel-l- university'

c-ystine ras isol-aied- fr-on rool and- 'ú1e ¡,ie'r,Ìlionirre, slycine ar:d'

alanine catüe f I'oru J,. Ligiri ar:d- co ' Ltù' e LTay ar:d- Baiier s'nc1 3' D' ä'

resPeciive-'l-;u-

*þooe'-Tiret:]e-r,hod.st:.sec.lJeiaeihosed.escribed.inllrevioiis

-caper's (c)-etane, L945 and' Lll¡ro) '
TS .i i ì I I I 5Ci.rlj5I

P.esuLtsel'esh'o';''ninlabl-esL:-l:C'2anC'Fig'I'

Theelçc'¡e-r,iCnsofe:;trac;'stinerneiiliOnineancisr'r-1ph;a'¡'e

sulphlLi' folJotting ihe ingesiicr: cf -uhe ar':l::o'acicis ]Íelle calcuJa'ceil"

for üre c_ays on r.rhich ilre;i uere fec. ad- the fo]-l-ouing ò-a':¡ ' i::ic]alrl¿l

values \ïere obtsined from ti:e one or ir¡o c-ays 'lreced-ing ihe test'

lire resuliS riave also been e.i:)a'eíjsec1 e-s 'r'Ìre ::e-'1o of

cys-t,ilre, r-:eih:-oiline arci S,rlpila'Ce sulp?rr:r e::C::eiecl- per Srlai'l oÍ

nirro¡e;: (5'tg. I).

In cot:1::.r,ing '¿l:e efiects of ecuive'Jerlt ¿r':ci-rnts of a'::tino

¿fcid-s -Lt slrcuJð ?:e =eLleL-l¡eleli ths-t r.¡rere -U-{E lriì'rogerl e-rtcsei;ror: iL;

ic,¡¡ ( irt,*icr-';j-Ê3 Ici:rced- lro-bein ca';abolisrt) l'alLr-eÊ fori;be



')

rgcovery of etrtra sulpÌlur rÈJ-] tei:d- -i,o lJe lci¡ ancì. t;1e e;;c:'e-Lic::

of sulpirur -f îac'üions ! e1' eilaln of -r:iirogen vil-l- iend. io i:e h:--iL

iìtil e -i.ne l:Ovef'se ccz:ciitions i:oLd- ''--lhen tbe r:iircgen e:;c::etioi:

is irigi:.
,il:e 4eStti-r,g Ci..ii be Ci-iSeUSSed- rt::'-ief tÌ::ee irer-C-l-:¡s.

I, lire llffect of Jingl-e :ria1I -i)oses of Su1::iLr-r-Contai

lf¡ ¡

Acid-s.

s,r,ine - ,iis r.;'âS foìtnc1 p.leviousl;r, 
"i1e 

iil¡'esilon of c;'stii:e ï..:.î

íol-toued-'aJ e l.::.-3lied- 3t-õe in L'-:'in¿-r")r suJj)ir¡-ie. T-:c €:itlc'- :,t-;l:i-tu

OtiC?ê-r,ûd. O1t. ijlig OCcagiOn iraS, Ì:CrleVef, $1'etrue1. tira-f: CO'-1'l'i- 'ir?

eccounie¿ for b¡r the co;:rplete o:;id-ation of ihe cr-;iiile, anc: -ii:s=c

..Jas also a snalJ rise 1n n:etiticr:irre e:ic:'etion. this e::î.:Gc:'í.-i:ù

effect vas 3.oba.bly due to th.e concu¡r'ent increc.se in i:.:i.rLl;'

nlirogen - tlre aver-age excretion ber¡g !o.2 gru. I per d.ay aj';cl'

cystine and. 9 gñt. per d.ay f or tre tvo c¡'ecec'ing da;.s. T::e elfeci

of cystine can tl:.erefore be botte¡'shcvn: ili'ren ihe i'esul',;; Í:i'o

e-rt)4essecì- as cj¡siiie, r,:etirionine and- str-..LrtÏrate sul,ci:rr e:<c-':-tcù

!c.f gl-aüt of niirogstl (¡tg, I). Tiris sncrrs a d-eÍini-"e :''ice ii:

'r,he ratiC Of lt¿.iriar.y Sulpira'ue ic iOtal- lfi'r,rogenr an unlltc:":C'

irleiirionir:e: ¡itrogerr rai;io ani. a ¡'s-latr-Ve fs-11 i;: cylt:r:e

e:'rcretion.
.I'l:.ese resr-rf-ts are sil:il-ar io 'r1to3e ob'r,e-i-i:ed- i:'c'. t'-'-e

salite cJ,siin'¿::ic o.botit l-8 rlcn';hs :rreviousl-y ar:d' sl:or -¡'l';'" i:"-':¡i'cc

c;';tir.re is nct e soll-i'ce of eli-r,34 urinary cysiiile (c;-s'-i;:c

e:ccreticn i;end-s to :îa11) jru,t is al:.:osi coi:ipìê¿¡,sly c":il-icei. -;c

sr-'.l-cirate 
"



e+' f:L oni-lle lceinSes-r,io.I^lofanei:|tr.iv¿l}-^1lt¡,.'iÐLr-j.1toflre.b}rionine

t;;9-s a].SC folloi¡ed. b,- a $3eâ-r, inc:.eage i:: sl-l.J¡h:ite e]:c.f.e-bi.'n ìli-i.i;,

!.r: coLl-,,tuis+t tc 'i,be effec'c of cys-r,ire, t::is '!ías accol'lpanieo- by a

lL.êein.r-l-r.11}a]]¡,/cystirrei.lclll:etlriciriile.Ti:.ee-';.breeuJ--;irn'ie

e:{creted- \;s.s 5r'eater- -ulJe.Ïl could- be a'ccoun-ueo fo3 ily the cor':pleie

c::råa-r,ioir oÍ -,,ile ii:Ces"eò ai::ino aciù' ¡-ad- ti:is agai-n car: be

a-,-r,-lbûted. to co]tcu:'-en,ü .¡af,ia'uionS in Ði-t,::o3eÊ e]:c"e,|iol:, tì:e

evece-rebelng in tjris ca.se 8.8 $fir ii per. d.a;r a.f-r,eÏ. Ïiie-r,jrionii:e ar-ri

7.2ga.i-ifor"uhel':eced'ingd.a}".T::e"eticoÍu'¡:inarysulpi:ate
sulphu:: to -r,ota'l Ï1i't'fo$ê11' (FiS' I) after neti:"-clíne l'as increased'

to aboui tite sai:e 1evel e*ç a'íÌ;er e'n e¿uivaleni a:':oulrt of c¡tsiiae'

but -r,he-'e r¡'¡as also e si-nal-!- rise û'i J:Oiir c¡rstine ar:c' r.:etiiionine

exc-re-t,iol1 i)3I. gralr of nitrogen' ijre ¡.elaiive ::ise in srrlpT:ate

beir:ggreater-al-cinc¡¡stineanc"lle';::ioninelot¡¿ez''Lha-n-i'he¡'esttlt8

obtainecl 13 r¡on-uhs befo¡e (C]-e1a1ar I9\5): liris differel:ce is

noi -¿ne:cpected. fo' o'r,hers (I.,ei'ris et al., 1936; Lot€h e'ú A'7-,, 1941)

have soo.,,¡il thai; tire exc-ceticn oÍ e:rtL:a c¡rsiine foll-oui4s e girren

.luant1ty of ti:et¡icnine tenòs tc dec.ease -,'i-r'il' j'ncreasir:g p=ote in

intaj-erand-theaverage-l-re:icrei-iond-uz'ingtÌl.eea'rfie:er'l-reTit::eili

,Í'¡as onl-¡r I¡-B ElrI. Per CaY'

T]rese lesu.lis co;:íit.i:: -i;]rcse ob,r,s'iied- fi.ci-i ,l,he Êa;.le

cys.cinurie on e 1-ri.evioLrs occasicl:li: viricn ii:o'¡iricr:ile ?as fo'unci to

i::cz,ease cl,stir:e, r,leiirionire anð- sul-:i:a'ie e-'lc:re-r'iol (Ctetana, i9ii5 ) '

Ilot:oc:r's'tille - :lf , as I'ecc:':t '¿\r!C:'tLt:e si'gSests' ihe i':ai::1)ath i¿]
æ--
ihe b¡.eai:d-o-nr of r::eti:.icnine io c-¿'itine ir:vcJ';es iiis c-ì-el'ie-r']iy1:'ii;icn

to ho;-locJ¡g'oei-t¡e, ''u*el-:' nt rnuli- l¡c ellrlsct,3Ô 'ü'l:r''; -'l::e l-o't-i;ef (a;:iL
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¿ yLot.)oc-:lr,s-r,ine) rlou]cl ir:c-r'ease c;¡stinuri¿¡' IIol::ocyoteine iras not'

hoï¡ever, been isola-t,ed- froin 'üissLles, sitcL th'erefore l:lay r:ot l¡e

a tf.re intert::ec.ia1,e 'i,hough iis irleiabofic b;''ea,':rLo'i¡r] r'laJ¡ ÍofLov

-i,i13 sal::e ¡ati: as tlra'u of i::ct'bioniner '

In ihe preseli case, afie.,: i]re i::ges-bion of 1'1 s..1"

irc:]oc;rsXitre, ii:e.¡:e ï''as a rise in ui'inar;i S¿1ph¡"ie' c¡¡stine and

l:letÌrlonine ,.¡l:ich rloi:.]d. accou-nt ío= 7-5, IJ anet 2L" ?'e' ]-esliectivefy

of tþe ingesied- aii:ino a-cicr a]-thougl: tiie co¡:cu;'::ent nitrogen

escretion Íel-l fsoi¡ B.B to 7.\ gtilt.rer dâI.r. Ti:is apl-lears -bo þe

the fir.st "ecord- 
o-f e:çtra c;,-s,iine being e::c¡'eted. a-fter 'the iirgesiion

of ircrocyst:-ne., lcugh e'ti ai. (t94t)¡ ob-r'ai-ned no increa'se in c¡'st!:-e

e:çcretion ".iÏ¡en honocystin'e ïTas giveit to a cystin-*ric paiier:t i¡ho

vas consui:ring a ieigh protein i.iet, but r¿niie'¡ -J:'eee cond'itioos

rnetjrionirre also r,ras ineffec'r,ive, Brand., Cahil-f and- Blocle (!935') ,

recovered- about j2 p.c, irrgee ied- ]roi'loi;osti¡:e as s*Ipìrate ar:d' 24 *Ð'c'

unchariged. but none as cysiit].e" I{o;;eveilriÌren Ìloi-'tocysteiile t¡¿.]'s

given ,co tl:ei¡, ;:a.tie;i-, botir c;'stille and- sr-úp'tai'e excre-biorl 3OSê'

Tney a]so siate ("f. Eutg a,r:c]- du ],/igl:eaud., \932) iira.i tjre lugg-

SulJj-va¡ i:roi.ipinL'uion fo:' cystir:e i.eien:lnaiion (t'''nj-c1:' 1;ies useù in

-the lresent e,-.J)e1.li.jent) \.,'Ð-s tlot aÍfecied- b7 ì:cl'toc-yeti-r:er" ;fo i:La'l;

ii^je aÐi;aren-u rise in cysti]ie excl"etioi: j.n iil.e .,lese¡:i ceße ca-lmo-r,

be at-t îi-butei- to r-rt:cirs-r:ged- iroi'loe;"Ëtice'

urrfor.tälate1;i ol1¡i a Ii'tf,le irot::ocystine r-¡as av;'il-s:Dle

ar:d.'al-tÌrou3ha- stiall- alrcu;:'b ciid- no-r, a:ieâj' ''rÐ afÍec-b t i:e l'letnj'o;]¡i::e

iiiraiionrffrereçasÍnsuificientl:aterialiocoÍ-:fit'lì'r'Ìlese

res1-il-'ts, 11o?evcr,, âsr uil,---et' íl:e co;:ciitions of 'bire tli'':a-uiOi:,
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.¡rcL,t,hJr c;¡stine noÏ. c;.rÊ-r,eine r.=e o:ciciised. i,c Seei.]S unli]:e]-}.

-¡'r\9--u ho'r'oc¡rsiine -;oul-l-, irl;cr'jez'e ri-i;l: 'r'he estii'¿'-lion' 'leveril:eiese

i.t, s.noul<;. be bcîne i.i: l':i;:i -iile-! i-u ili 1;ossii:1e i]-l:-,t got:le of ij:.c

:siir-:ated- iteiilio-r-¡ine l.la;¡ :ae3-i-i¡- '¡r(/- c1-ur3 io ilol-:cc;':'r'ilie '

If -r,he l:ethocr for cr-eie;.,.:inii_l3 i,:e,;1:io¡:ine c]oes riot

l-nslu-i.eitor¡cc;'s'¿!lietì:en-tireinc;'ci-'-sed-e>:cretionfollo'''.Iing'ihe

ii:gesticnoÍho:^:oc;'stileqoul-c'l-l:e¡'-ii'r'i'i:u'cecitoii:eoynti:esisof

r¡e-r,hicnine f?o'r.t irot.toc¡,5'¿it:e; llei::':e -bi ar:i' loerrnies (W+e)' ar:iL iì-r-r-

vig-,reaud- et a.L. (L%ù ire.ve forr-r:d. iì=i u::c-e:: sui'r'aj:ie ci:¡cr'ri:stsrices

rats can util-ise ì1ci1oc;r.liine Lls a so-ur-fce of t1ethionine' Anotile.¡

e>q21a::aiion is t,'í:.a.-', lio;r:ociistei*e sg:ö r:ei:'ior:ir:e colìl:reie for enz;¡i'l3s

e::d- ,:lrbsirates rles-:CnÐible fo:' 'r'hei¡' C:":iCe-'i;icr: tO c-ys't'eizre' SO tiu';

r.:etiiio4iite o:iid-a'r,io¡ is inÌribiteci' Sii':i1a-jl:|7 1'ate cf b¡ealld"ot¡n of

l,eibionine'o¡., -t,hi' Aeeils r-ray be l-ilt:iied' vitec -t":e ir:ia]"e Of f:letirionine

is Ìiigir arxi c¿lsieine 1.,rocT--,ction fl',:.i:l ¡.dd.eci t-]e..,]rioz:iire çouJd- then,

-.be ..estrictgc1. sofle otirei- reci].anisr: ir¡uiri. tiren be l.esponsible for

iire ccnversicn of ii':eiìlionine tc iile e:':t::a eu11:inte obtained- a'''

iligir,-=otein.]eve1s.Ïnihisres:ee.tiiisofinieresttonoie

ihat alti'rou3ir e,-,ui-val-3:i'; a'¡oi:-n'bs cf lrci'loc;re tine a-ncr' t-letiiior:i;:e

ca.;seci sin:iJar'ir:cre¡-ses in c¡isiine e:.lcr'e'¿icr-I i':uc?: ilore e:i-t'-r"a

sul-:.,leie t:'as oi:'i;aired fl-oi-r l':e'ihj-oiLile'

1t lne :ifí ec" c,f Ë ô Ê*,':t ''l 'l 'lri,:1.,13 iino ..'-ciÖs '

jä. ri.æ - Bir:i;1e¡r a-lrl r1:_r Vi3:r:ec-i:.j. (t9llz) arö .:te,¿te:] (r*z) Ìrlve

¡.r, eseitted- eViC-ence 'i,O iicw ililrt il]e folJ-c-Oi;:g ?e':c'r'ion can occr-l]]

in tissues: -
iroi-loc:¡steirre + sc-r'i;:e 

--à 
c;'lieiti:



I

li is tlic::efo:: e c.tic3ív3-ble tlla'ú 4.1ì ine'cie:rLlÐ-te se¡'ine iilta-l:e

nigÌrt lle a lit,:iiir:1, f:.ctcr' in i,le 1--'r'od-r-r"ciion of c;nte'irre'

C:: the c-,,her iLa:ld- 3ii:l;l-:7 (f9l:3) æðL Laui:ence anCi

,f;t;rti:e (r9r+;) i.arre sho;¡r: th¡.'b in so;e a'riinals ',Úhe e1E-J1'ì€ riricjr

cortve::tsc;¡steine'tc¡:;rrü-yis¿:cicresel'ùles3'lc-Lr'iâ]r-llc'Icr'-ei:iical

uith u'rÉ-v viticit J:real:s ioç¡r: serine ¿-ni, -ù:-a:i i'¿s i-ction is

ir:l:il-ri.u3d. j:;, serine. If tjús is so tiren a irigh serii.te ii:tal:e

riright lir,rit iire ¿gg'r,I-ur-c-',ion of cysteir:e e¡cr- so jre res?o:1'si'o1e

fo r incz'eac ed- cYs'citlr-:J'ia'

,;ftten !.3 3n. seliÏ.ie ï3.s SiVen to iji's cJrÊ'r'j-nl-tr'ic tllere

çJas e snall rise irl c¡rstine e:-:creiion ené a co1':lespoi:d'ing fall

in sulphate e:cc=eticnr 
-vrir!le the urina-ry- r:ethionine aocl ni-r'rogen

tfere scarcely affecied.. The gitra cystine l¡as nea:1y 3s ¿:rea-t

a.s afÏet an eoSiva.lent al¡o'Lr:]i of hoi.loc.'¡stine but, as e-llead'¡'

e-'plairieo, ti:e effeci of 'uiie Jaite:' iras ilroba'bIy been uncle::-

estii,ia-iei- al:d- tire real d.ifÍerence sjpul-.ibe g::eaier' llin exai'rii:-

atiO' CÍ Ìig. I, \¡ller.e -t^je s;Llpir'.:: e::c=eij-cn is -rel-e'ted' to r-iri-rrar¡;

niirogen, 3lves A bet-rcl- inc-icaiiol: of ihe relative efíecis of

'r,l:e,se t-i;c a.nino acid-s.

ee¡:i;re, ll1eri, c-ic.. cause a e|.ieJ.1 r-ise i:l c;rciin'e e::c_.eiioi:

e't -t'-jle e"-pene e of t-ce uf ina:-;r suil-'iu'te ' .

*iianine - iiess :i.irl- i-i'-Jl-iv¿r-r.:. (.r9L+2), foui:C. -dla-t al-e-nii:e ii:ci'cc'lci-

the cystine e:ccu,eiion in one of tl,n cy-sii::''-rrics str-rd-ieÖ. Cl-:;iarrö-

(f9ll5), i* anO'CiL'3i' c;¡siinu:'ic , a!=o íoUlrcL 'r"il-::'t' e:ii::a c7e iirtc -;e¡

ob-u4ir:.eä ¿ît* iaìiil-i3 alanine a.lrd. st¡ges-uecì 'üLc-'t it r-:ignt i¡e c"rr-e

,uo a icvei.sal 0f 'che ÎeaC',,ion i;Ì:.icLi is ?es-;onsible fol'-bìle

**i ._ec18-;--r.-
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ío¡:,¡a'cio n aî pleline in iissue slic"'s cul'ir:g ''i:e proir:ciior: of

l;2|.;froriicysteir:e(,ci:'c.:ShireitÌ:er-Tr'oi:la5e,rt(r9ll0)'1ror.-.La.T.ielìce

âtd-l;i.li"¿he(f9Ll))Íou';rd'a-i:¡'iiuribiiicninvii::o)':ii:ciirs:':

ter:-rc-ti'¡ee:';--r1:Jla-r,ioil'¡E:siiraia].ar:inei-ti3h-'uber-l''5ol1Ïceof

seri;re ';,'¡Lic:r l'li¿h-i' -he a liniting factcr i;:' c;rs'r'eine fon'ìa'''icll'

In ';Ì:'e :t'esent eese' vl:en 3'tJ 2;:'t'' alc-l:ine r"tas ¿iven'

.tlre.ce ïie.s o. fÓ.].1 ii: u;.i::g-::7 niti.o3e-i: c oj.i-e€1]or:ciir3 
,úo a 'eårict 

ion

in proteii: ca-baj¡olisiit ciur.ing tlfcr-,, *)eriod' a:rd. tÌlis rredr-reiion ï.]alr

have icasl:ed- ar:¡l a'bsoltl'r'e ii:ct'ease in cl.;t-ne excretion ca-u's'ei' b';r

tile alarrine. ?iràre ïJe-g' lto\ïeYer., a veï-y' ilefieiie ::ise 1n tile

ratioofc-l'stinee=c-¡eted'.i-)ergraiiloÍr:i';rcgetl'a¡d-esti:is\Jes

notaccollpeniedbyacol,respond.ingincreaseint,hez'elative

e::c;,etion of srü.11Ìre.te al:d. l::ei]:ior:.ine, ii gì-€gests iløt in

this case, -'co, a1a-nine causedl an increase in c¡'gtine

e::cretiori.

Gl:¡cine3.ecarrsel.:ei]:!cni::eisrrtililed.fo.r..itsi.:etny]atioi:'
glJ¡cine r:i3ir,c be e]c:;ec-i,eö: ta lnÍ1i-rence i-:etit'cnii:e i:lgtabolisi.:.

I,ucxand-Âi^:sd-en(fg¡f)'re;o:"ted'ti:ai'L'oc-ogs'

¡a¡er:te::¿1e't]¡inistl'r'tior:cf'er'linoaci'ösinclud'i::ggl;rci:leand-

a-lani;:e sti[,!,l-eied- actil pro'r,eiî catabo]-is': a.rd' sul¡il''te c:ecreiion

uid-l-e Lejrci (i?39') , cj¡'i,aiitecL a i,la1"lcec1 i;:c¡ease ii: ui'j'i:ary sul'-'hu'r:

i;i:d. nitro3e-r.l i:ut a- fall- in -ihe r"aiic cf s:lili:ate to ili't:rcge-;'

e:.:c?eiion.l.-ï c-o5s';Iere 3irlei:large icses of sJy-cii:e end al-anit:e'

(Z¡ a-nL jt .g,t z'es:rec'i;ively) '
iless ii:c'i- l:ul-]-lvan (t9ti'2) t Ícur-nå -;hat 8l-i¡cine inc::eßsecL

cys'bine e-'c'-ei'io¡l i-lr ';lle sai ì9 c;r[)i:Llllii-'ic ';''lc le l:]c]:i'ed- i'¡ 'l-l-a;:iíie '
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i;:his\-,4s"ç39"1--i'::ie"il:;'e'licci::"'^'i':Îrj-sill-3i:liiei'IlcLi-:a;'-hL'¡e

b¿ea cltie ',,c. i-::clea-ced. c-;li.oùeilc-r],s "ie't'3¡O1isi-: I¡a'uilel- 'b}an io ¿1

sj)ecific e,ctioIl ,--ì11 cllsti:]e. :;o iric::ea-se'-ir c¿-stllluj'ia Éi-Í'Ûei iire

lnSesticnof5$l:1egl;'einei¡asob-1,¿-rinec-î:o;.:iireoi;]:ei'cJrstiî..J.l.ic

stud"ied-b;'r::e(Cl-elar:d-rfgii6)e-nd-thetrlarked-riseinurir';"r;r

sulpi.ra.i;e r.,ras accoill-¡aÊied. b;r an e.ruival-ent ine:'ea-se in nit=ogen

excretion. oÊ ihe oi lier bai:c-, in 'uilc er-rLicz' e 1;?e'cir',e-lts oi1 '¡h e

pr-esent 
'atie't 

(c1eland-, L915), _-';,ber: 
gelati'e (r-riricìr cor:'r'ains

Ja.ge ai^olr-nis cÍ 3i;:cine) \Jas subsiiiuteri- fc' other i'loteins :-r:

tb-eäiett:rec;rs'r'inerr]e'''Ì:ici:ineanô-il:nar"r;icul-a¡'iiresul'lllâte

excreiio-rÂçe::egrea-;erti.,arrVou.]'d.havebee-¡'re:'*oectecìontil.ec:.e-t,ica.1

gi.ound-s, a-id., otr -r,be i::ed.iUir: ,;rote.r-n diet (:l e:lcretion - 7'8 g!t/Aa¡)'

the ratio of uriiiary su]2i:ate to r:ii1logen '!ies iuc::eased'' Ï¡-r ilre

present e:rperii,rc1r-,,, af-i,er a si'ng1e S¡ila-Jl dose cf glycine (1'5 gi't')'

cl:s-bine and- ri:e'¡,ilic¡:1ne e:lcreiioil liere urialteu'ed' br:'t tirere r;P-s a-

.r-ise ii: tj]e raiio of urinar¡r su1;lraie io ::itl'cgeil i;-nicir r-ias nct,

hc,;rever, as greai a.s a.Íte:: si:ail-ey i.oses cf 'cj:e õ-ccnta'!:inJ u:-':ino

ac!ås. fÊ -uhis ind-iVid-ua-1, iiren, ;l;rcir:e -ttòt o11l). i¡::cl'eased- t:e

end.o geno 113 1¡ro.,ein ::etaj:o ].isl.l 'c urt ¿:Iso, eriÖ 'bo a r"er ci;iveltr

greaier extento stinu-J-a-iecl s-ul¡jira'r'e e:'cr3'i'ion' Ttris 3-lrpese-riiy

S:]eelfic ac-i;ic;: on u:ir:a::y en:l1',haie iray be i]ere].y a. ref]-eciion

cf the t¡,r,le of "2:-ctai:r ]leir; catrbcli-eei'r (e'5' tÌpse rich ii:

c;,rstir:e Éuch aB Se;..ir.l irl'o'beirs), rather tlen a s'ecific ac'r'iÛt'

oiì t:ìetl-Licnj-rie ,t3-rÐ-'boJ-is:;:' as 'bhcre 
"Îas 

not a col-l'cspor:d-in3

fal-l in cl./s-uine alrtL r:etrloni-r:e e;lcre-¡io¡1'

rcrr¡,:-,.,ê - .._s leucii^e is bio1o.¿ica!\:¡ -'ai-l]e¡' iner'-b ai:d- l:'as not
-.1-jirgU*r-!

t

ì

t
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;¡ot-i¡eel: ej:ol.¡j: -r,o be in'oivod- iil'i,l:e irretabolisi': of anT o!-LÌre

i-ccr:ts.iningai:inoecid-srit';ascl:csci:asasuite'þleconi=cJ

_, c:: -i;bese e:T)er.ir,ren-bs. T'ü r¡as ti:.e.ce Íc¡e sr'.r¡riei:-¡r' b finö-

ibat 'cir.e ingestic,r of 2.2 $i:'lr Jeucir:e "'¿s 
fcll-oreci hi a lel-¿''ii-r¡e

¡.1-rC- a;t a.i:sOLU-r,e r¡se ir: cystine e=c::e';j-On :¡hi1e i-lethionine a-¡ri

sul-pire-r,e e:;cr.-eiion vel-e ljr'nctic:.11-y -r-r:raltg=ec-. Eo-''i) cn t lÉ s

occasion aild- r;jret: l-eucine lie.s given -t-n-tj} i'retjrir¡nine the ni';roJe¿i

e::creiiol: 1;¿r-s u-¡:usi:ell-j¡ 1o"¡ ir:tl-icaiin3 ttrat Jess 1;i'otein vas

being catabOlised.. Iil e-'ic=.,-i-r,iOn i'h'ege ?eslr-I--r'S Cnli¡ incl-ud-e eli'r'3a

sulpit-rrr e:ccz.eted- õ.';ring tire da.;' on çi:ich the arcino acid qas fed''

îne r¡a-l-¿e giver: for ex'ü¿.a sr:lpÌr-*:' e:;c¿'eied- ars cys'cine Ís iire¡efore

ico lov. If irese =es::rIts ar..e to be compa:'ed- vi-r,ii tlmse obtained-

after oiher a.'r-:ino a-cicls anõ- in i¡äcìr coi:c1L!'l'ent niirogen excreiion

lrâs apirìi.eciai:1y higìler, '¿Ìren it sircul-Õ' be ler:'lel-'ìilered' that the

value fcÎ sulllhr-t:' e,=<cretio.(l --rs¡ $1'â'i:ì cÍ' r:iirogen Vill- tencL to be

irigi.:.çhennit::o5ene::creiicnisrurustlall;llo.,f.
U4fo;iuni'ue:-:y, oving 'co tlie onset of t-ler:s'r'l:ua-uicn

e1;ecil::e's Of u=ine ,,¡e3e nc-i, cOl-ie Cted- of: +Jre fOll cüiDg d-ay artc

l.:enstrua-uion iisel-Í¡ i:iay Ì:ave affecied the llesìlits'

-:hsr-!ree .'r.'.ì -na .lcld-s i-n Co;: unctiol .,-,i.th
3 . îire lífect of ¡u-L

2, . .L-e-utlioniire.

?:ionir:e lr'¡. Ci T. r_ne jrfihor-rgl: leu'-cii:e -:Ei -';gei' aÍi e cc-;'irol

ai¡iirO acicì a single si¡a'l i ciose 1Tas j]ound -r'c i;rcrease c;:lti:-e

e:rc:'etici:, a-nc l,Lrcii i -! 1-,es ¡i',reir :-r ccr junc'r'ioli ;i*u:: :-::-i:-ionine

i!.,e p.c. c-î tire þ-'¡tei I'ecove¡:ed- as c¡sÏLne (23 ,:'c') ol e::c::eied-

--,.1j. rl?.\.-ì or" r. iTas ¡i'erLie;. L:a-n afie= ihe c'iire.' a-:''i-::o :'c1gs t:'iecì'
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I
I

llle e;lcreiicn cÍ sulp-ru-ie 51er L1Ï'r..iJ of ii ua's also iLig;:er"r'l1a1i

af-r,er- oiher ,ces'r, doses of i:ite c-i.iir:o acicis ::lì;ilcugh iiris

acco..tntei fcl ctlS-¡r 5C ir.c . r:ietirionir:ef illÌ'ù, as al-read-;'' e:pIair:ed''

tire :,bso1uie i e:ccretion is olcbabl;¡ too l-or'r ''';:d' the rela'i1ve

e;'rct'eticr:tcohi¿'h.Joncu:'l'ezttr-rctiii':r:ii:es:;c::etiotivasno-l

afiected. ì:i'ti-:.e ad-c'iiion of l-cucir:e io a'ües'u ciose oí

i:ietitionile"

lletnior:i lru ct-
-Ocr ¿ter.ine Îre -!osl-ribili-i,7 'UÌr;:-i 'J]e varj-aiiorre in

Ì;he Ð.cr recov:lrJ¡ of t,re'r,liorire e-t, C-iff er-er:'r, -l-evels of ¡iroteí;i

intaLre i:igirt be ö:e in ¡:Lrt to i;red-ecitta^te si:p1l1ics cf soÏ'ine has

alr=a¿;'bee;: disc-oseed., (C1c1a.:1d., t9,li5 ai:c. f9ll6), ¿'¡i' it 
"-¡¿s

thor-rght iha-t 'rì:e z'ecover;¡-of ertt'a cystine froi^l a tesi d-ose of

r¡ethionii:e rnig!:t be il}cre¿,.sed. iÍ ad-d-itional seriije T/e?e avaílable

at ihe sal'le i'¡re. -fter ialiiiig a totel of 5 $'lr1' nioihionine ar:iì-

3.5 L1:1. Serine ti:e e:-,i¡a sr-l-l1,h-o: 3eeol¡ered- a-s c¡'siine, i::e'r'hionine

L',nC. su-lpire-r,e er.ìCunted. to 15, 1U md- 59 'r-r.C. L:espectivel-i', Vali-ies

viúcit, orj-ng'i,c a coilc''11:'ent::ice ia,ritroSel: e::cre-bi-ont iì'?e

,:=ob;-loi-,r ioo higil-. ',rhet. coi.:.:äz'eil- çj-trl 'Ee :nesuLis obtair:eÕ- ¿-f'úej:

l-eucine a¡:cl r.:etirloline, -ijrere 'i:Ð-íj ârl al-ttlost ic-ei:ticeJ :eecvcxT of

eX'¿j'a Suiph,-.-'Ce, â -u?3Ce i.loile i.etl:-ionir:e ¿-rf'j A--.---'rfeCirbly 1e:;S

cl¡gti;:e r.;l:el: serlne rïl:.S L'-Ëed.. iliese ciiffe¡er''ces ¿ire of tl:e S:-l'Ì-le

OÌ.der. As tÌroSe Ol¡tLineC=: r.-;¡erl S'.:a-l--']- ai'lC-;¿iS Cf Sel'i¡13 C!- I eirCii:e

a.l-one t/ere girlen. Ti:o¿¡h ii i¡ :-'ossij-'l-e -f hLt soirle cf tlie et:t"u'

cj¡S-bi,1e iJ¡-íj c:-ue tc '¿l:e; effoc-t, oÎ tl:e ge:'i'--: -ll:j-;¡ cctl-]-i- nOt hl'V:

i.¡een !-el¡r 3::er-i a::d- ço J¿lci: of scrine ci.rr::ci ;le co'':;:ic-ie=eci as e

l-:ljc.- f'-rcior'l-il':iü':3 tilc :-r-';'--.c:ticr: oÍ':7s'Ùit:e f:-'ol"l Ê'r-r"":eiL

t
I
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-'^+ 
^1 ^---v v--¿v i:i:: e ',j:!:d. .ilc.nire ,r,s vi-bl: leucJ-i:e, LL sl-p-11 iiose of a-1,1-:iit:L'

';¡a-s f,c'ðcl- ¡c -i:crease ti:c lLl!na;:;'cy;;tiire r'i-'iirolt'r, i::Îiecii:lg tìre

su11tl.-ra-ic- ajtd. iìetlticnl¡re e:rc¡e-rloil. Yei i:her: al-ai:ii:e '':as ¡;ivei:'

'.-É ä: i.:e'r,liíonii.:e the L-::cl'erüici1 cf G:lti'¿-' c;ic-bi::e e';:ci t:lciÌlio;:ii:e c]lö-

il:e i.r:c-i.ease il u:"i¡iat}. cJi.';ine a.¡icì- ll:ti:ioniüe o:creted. ;er [ir:]:11ì

of ¡:ii:.ogen \.'ç3e lover'ule.n r¡lær: i;lte cthel- a-i-lino acic-i-s r.itlle gi-vei:

-,iiËl tl:e r:etiriOi:ine. ,_'he e::cretiOn Of e:;ira Si-rlpÌre.'Ce S."'11lhUl' i-;aS

z'ather itio.ir (73 ::.c. ii:3esied- tie'chicni-i:e) ¿ürd. the to'r,a1 exi=a

tì.pi:-.r.ar;r sullthur accc',;tl-ueö- fo l" 93lrcr of the 'ir.:e-thioni;re. -.'itl¡

a-Lr.Âizle siioulC, resiric'; i,he e,-{creiioll of cystine Í?ci¡.: l.:etlú,:ni:.ie

vl:en b;r itsel-f i-" i¡lc:.ea.les ihe ,r:'ina::y cystiile is d-iffictilt to

d.ecid-e. Feriral;s in tire !?ese¡lce of e:ccess a]anine tire i::etìrionine

uf16er-gces scile ð.iÍferer:t i.leiairolic ::eec'r,iolt o r tie alanine ii:hibiis

or:e cf il-- ete¡.si j.n lis -"'g1;-a-1 bleal';d-crn -¡,o cys'¡,eir'Le. iTeitirer of

ihese iose;1bj-Lities seet.l:artlcufar];'s3-tilrfactor';r. Its acij-ci: oir

ne'citior:ine l,:ete.bclisr: -',;as si:.;il-a-¡ to -u'rø-t of a- irigir ,lrctein '...ii]"r;,

anC. 3ossibl¡r iiis sâr:le f actors t-:e-y be i'es1)onsibl-e'

T-o iiricr:ir:e ar:d Cl-:,'cir.:e C i;øci::e ¿rfo¡le r¡as f oi.rncL to inc¿-ec.i-,c

tile Srrl¡ti:Aie er-c:.eiio:t, b';ri nOt Li?i-lial';r c7c'Cit:e CÎ r::C¡irioÍ;ilie.

In cor:jui:c'r,ior -i:itl. ;:etjlicri¡:e 'cÌle eulghaic e::cre-ticil Ya'S iiiEì.:'

(78 I,... 'r.:etì:icni-rte ) e-ilö, 'rhe e:;i;'a c;'siai¿:e (L5.A .i ¡c. ) v,as o Í '¿lie

saiìe ot d-e3 as efter se!'ine e-li- I.ietÌrionine, :rcì 'ii:.e i.:etL:.ic::i::e

(l-C 9.c.) sot.le::'h¿ii lci;'er:, i;Ì.ru-¿Ìr no'c aS 1O:J l'-s aítei'alai:i:re i.¡ìd.

:reiì:ic;:iae. ',iren 'i,iiese l-esitl-ts ere elÐressecì- a;j e;':-riir:G, l:ìc-iilioirii-.c

¡:.r1 1ì ¡,.-f --¡..,'{,., -.r-l-rl-::-n Õ--..:i-'''¡êt- -'a r-:aî'". ¡-l' :rì -!--rnr'¿-'r-' '-l',C Ve]--lCl¡L-ri.-: L \.é..::^(¡ uu .ij'-t ',)jjJ' Y-'U-' j iCL. -. --' L;--"'1.: !-: il¡ u¿ vÜv:'

L2



reÊie:,ibl-e tbcse ob-l;:,:nec'i- ¡:Í'i,3? e:1-r1'l=.1er:t a.r.:cur:ts o f 1 ouci:-c :_i!-_

t,iethi-cnii:r', 1.':.e 'bot';1 g'-ú'rhi1"' reccve.¡:od. vas g::e::.'üel' -blp.i: co.*1i

,be acco ¿i:tecl fcr b;. -bÌle i::e tiiioi:i::e a.lri ti:e e:;cess ras i-.:'cb¡bl-,"-

C::e tc ',"j:e s-bil-l-i'l:t-io¡: cf sul-*,'irate eríc?et:cn by 'c::e g1¡-cir:e.

Gl-ycine, tirer:, i.ici ;:o'c e.ffect a'it-:-'eciLbl;i iilu- e::c:'c-lic-:

of 'JLle su11;hti.r: ccni:rir:ír:g Lrj-,'ia.j,c :cid.s cle:--ivec1 f:.ol,r aôcied- l-:etiì.c..i__;,

bir.t u::illE.r¡r si:]1ihi.;ie i;as v,3lt;; ¡.:ucl.-:. gr-ee't e1..

j-J:: _!3..Y

s-':lphu::

-ry'O1-llâ11 .

?ctaL niilcge;r :,i:c'- c;r¡lir:e, l'leiliicniae cnd- sul;irate

irave 'oeer: ieier;-:ined. ii: tÈre ut'il:e cf a cys'ciiruric

f r:ges te C- cys'c ir:e ir-l c:eas ei. u-= inc-::j¡ s ir'l pir^a t e -r,ut d.i d-

not e.ffect tl:e exc.r.'eiion of S-coi:ialni:ig a.:ino a.cicis.

Boih L.:etl;íoa!¡ie andr ho:,:oc;'siine vhen tal;en b¡' r,:cuth.

inc::easeC. ti:.e e::Cr.ei io-r: of c;-stir:e, raetl:io-¡rine a-lriì. sr'.l]ri:c.ie su]-;:ìri.'r-::"

Sir:g1e si.râ.ìl- cioses of serine, al,t-:-nlt:e and. l-eucine c-ì.iö

1).oi, a.!-"e! I,tr='¡l:icnittt e;;c¡etiol: i:u'ú ii:ci'ea¡eci l:f i;:lry c;t;:iii:e ¿::..

in ii:e c¿ì.se of seri::e peCi.::ced. tire ..r-:rizr¡-rJ¡ s.ú¡trate.

Glycine tai:er: b;r r-:ou'l;Ìr ca.r'rsei- a ;:-r.:,oå rise in u.ril:ti-tJi

sulpinte bilt iiie e-:cr-eiion of tÌre su11rÌr113-ccïliaii:itrg er.rii:o acicìc

1'rQd :rna1 *a-,r.rÄ
;:L.Ð 4LþL U.rl vga

iìecc-irer;' cÍ *r:cirai:3ed- i::e';iricirine afte¡ a te¡t ilose -,¿s

gr'ea-t est (l-l¡ 1-,,.c. ) 1Í 'l eucine or sc=ii:e îe-r.e C: /en in a.clclitic;:,
¡ f ^ 

(. -¡-nd. lea-<t (7 l.c. j ,ùen iJa.nine vas ac-"ì-aed-, ,',fie:: i'.d.c'Lii:¡* rr:

e':ir-r"ivalent a.ltcuilr of Cl:.'c:-ne l.O l.c. o:? ih.e i-ic-t lrii>l:il:e ,:{Ls .f ecc -ii--'ecr-

ui:chan3-e CL"

!ìre Íecc v:t';' o:1 e ::';::e e.¡,:i)-;:e irici,: ¡:.c-rrì-ec-ì- i,le'Í;i:icltii:e -..ì-'i

t^

I

i.:r;'Ê/¡ffiÈ1:¡teewft6¡Y4 :1sÆ,w
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'L:ea,;es,u 
(2j it.c.) vhen l-=t'.cine -!ias SiVen a-s a sr-rp¡llei:ient aniì-

least (B p.c.) ni:en aJanine \.,aS ac1ded.. 'JÌren -bire su1:itle¡,¡eirt rias

serirre or ijþciire 15 anii. lJ p.c. resi-'ectively of tìre li:etl¡ionine

ccu1cl be accou-nieii fo1. i'-3 el;'t'ra c¿tsiil:g'

Ð:ct-ra sulpllate after' 'r,ire tesi dose of r:ethicnine Ï.as

59 ÐrC. r-¿Ìlerr ser'¿ee oZ' 1e-¿ci:le l¡ere giVen in ad-ciitl"nt and- lQSe

to /B ;o.c. r-,,irer: eq'.1ivaLeirt a,.:ounts of ala¡iipc or glycille '.¡ere

used.

Possible interpre'r,ations of thede z'esrr-lis are

d.iscussed..
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L
tr no I nt

t,¡
a

o
miLs. ¡ô+ lle

cTt 25
26
27
2B

29

9
3r

I1
2

3

4
5
6
7

B

9
10
11
12

t3

14
t5
L6

25
26
27
2B
2A

30
1
2
3
4
5
6
7
(t

9
10
i_l-
l2
r3
14
T5

24

6so
820

r35o

tl-3o

L100
t570
1070
720

1U0
1610

900
1050

o.06
o. oB
o.15

o.I7
o,18
o.!7
o.I2
o.og

o.19
0.16
o.og
o.10

o.15

o,12
o.07
0.10
o.l2
o.16

o.24
o.11
o.].J
o.o8

7.6
8.2
7.9

7.5

6.9
g,B
7,5
B.o

l_000 10, o o.I:)

10
o

o
alo

107O

750
6co
750

r.160

1160

t760
630
600
6zo

].O.7

B.g
8.8

10,o
8.5

.6

.lI

.6

.B

B.B

10.5
7.3
O-a). (
9.1

1100
870

1200
720

l4¡o
1050
850

1150
1150
1020
u70
17BO
IIN
920
56c
9Co

l-ooo
754
Stio

]-:o.2
9.2
ÕeÕ

f0.4
10.o

800
754

Il-c0

o.I3
o.11
o.I3
o. og
0.16
o. l-o
o.J2
o "!3o.11
O.lip
o,l:)
0.15
o,14
c.10
o.c7
o, l_1
o.12
o.'ög
o, og
o"10
o.10
o. Lj

B.B
o.)
B.l+
7.5
8"5
(.c
9.9
7,3
B.J
7.2
O-Q¡ I
B.g
Ilj
8.1
9.8Ê.-e"l

0.0¿+
o.04
o.05
0.05
0.06
0.05
o.0g
o.o7
o.05
o,o7
0.05
o.0B
o, c5
Q.C7
o. 04
o.o7
o. 08
o.o7
o.06
o" oB
0"06
rì ní

o5
o6

10

07

o.11

0. L2

O.L3)

O"
O.
0.
O.

o.0h
o.o5
o.04

0.10

o. og
0. oB
0. 06
0.06

o.l4
o.oB
o.05
o.07

o.l3
o.05
0.05
o.05

2.59':t, methionine +2.2 gn. leucine
2.Jg:n. nethionine +2.2 gn. leucine

2.5git. rìlothionine +
I"75 g:ro. serine

2.Jgm" r¡ethionine +
1.75 grrt. serine

2.5 gmo:msthionine +I.5 gril. aLanine
2.5 grn. methionine +

1.5 grilr a-lanine

2.5 gilr nethionine +!.25 ffic glycine
2.5 girìr methionine +I.?5 gnr glyeine

1.1 grn. homocystÍne

!.J gm. serine

1.3 g,a. alanine

1"25 gi,:. rnethlonine

i-.J gn. glycine

2.2 gt.t. Ieucine

1 gn. eystine

q5

ã

o.36
o.36
o.32

0.60

o.7A
o.37
o.35
o.37

o.67

c.v2
o.36
o.27
O.LÊ

o.82

o. 62
o.34
o.37
O.34

o.62

o.82
o.37
o.3I
o,34

o'32
o.27
o.3!
0,61
o.Jg
0..i4
o.3g
o.33
O,32
o.28
o.3I
o.4Ll
o.3r
a\ 7=v. JJ
o.3a
c.55
al t:1,v. )LF
o,27
A.!+3-
o.49
Q "Z)(\ .):,
v q¿r-¡
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Atnino Acid. SupPlernent

1 gr'rr Cystine

I. 25 grr'lo Iiletirlonlno

1.1 grn. HoniocYstlne

!.3 grrlr Senfne

I"3 grn. Alanine'

!.3 gr[. GlYcine

2.2 gnlr leuclne

5 Sr. I\{ethionlne + 3.5

5 gro, Methlonine + ¿+.4

5 gn. Iúethionine + 3.O

5 g11r iiiethionlne + 2.5

0.o2

o.06

o.06

o.01

o

0

o

o. L5

0.lli
o. oB

o,lL

0,40

0.50

l,4B

180.ø+

24

$rrlr ÊjerÍne

gllr. Leuclne

$1T1. Alanine

gm. GlYcine

6.8

B.O

7.7

9.O

6.3

10. o

B.O

9.5

B.B

o

o.o3

o.17

o.?5

o,09

o.LB

14

t3
7

10

O.Olt

o.05

o.07

o.35

o.02

o,63

0.64

Q.74

O./L¡

t5

59

59

7B

7B

23

16

B

t7

f
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by JO-IN B. CLELÅND



CYSTINE, METHIONINE AND SULPHATE EXCRETION IN
CYSTINURIA

by JOÁ'N B. CLEI:ÀND

(F'rom the Institute of Medical anil Yeteri:rary Science' Adelaide) '

cceçttd' f or ynbticøtian 26th' Jume' 7945')

t.
ponse to differell.amino aeids it seemsl

actvisable to examine as wide a range of ."bñãt"äoa "onditions 
as possible' Irhis

päpãJãi".* tne results obtained wilh a eystinuric woman'

EXPERIMENTAT, DETA'ILS.

invariablY Plesent'

Di¿t' 
tainecl each tlay the same number od

in cereals, fruii ancl vegetables'.. the
As the latient was boarcli¡g it was

n gelatin
to2gn
available
16th was

same pre-

MethoiI.
The 24 hou¡ specimens of urine were pre¡ervetl untler tolueue' The total nitrogen was tleter-

binert by the usual -"d;;;ä Ki.tá^ii "ì.t!ra 
,od th. total sulphate gravimetrically (Folin) . A

eo*patätor was usecl for measuring the pfl'

_!
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The Lugg modifcation of the Sullivan proccclure (Lugg, 1933) \vas useal to determine
the cystine cóntent of the urine after it hacl been standing for three clays, but otherwise no effort
was made to include the "bou¡tl cystine" rvliich has been reportecl by Iless ancl Sullivan (1942)
:rlcl Sullivrn and Hess (1936) to be present in the urine of cystinurics. 'iVh¿n cystine crystals
were pì.esent the urirre t'as centr:ifugerl, the deposit tlissolçetl in 3 p.c. HCI ancl the cystine con-
tent ãetermined separately. Results given in the Tables iuelutle both the cystìne present
Íu solution ancl thaù obtainetl as crystals.

Methionine'was determinetl by the method tlescribecl by Albanese et aI. (1944), except that
as most of tle 24 hour specimens of urine n'ere of rathe¡ lorv volume the estimations were clone
tlircctly on the ncidifiecl samples rvithout plevious concent¡¿tion. The estimations $€re tlone in
tluplieate anil gave eonsistent results. In vierv of the possible_ intcrference by_cystine _present in
thõ urine of this patient a series of cleterminations rvas carrietl out on samples to rvlieh extra
cystine had been adrled. It rvas eonclutled that eystine tliil not interfere's'ith the cletermination
of methionine in u¡ine ulttler the conclitions of tlie experiment.

Unfortunately iletails of this methocl of estimating rrethionine rvere not available until
4 months after the urine samples had been collectetl. During this periocl the specimens, 'which

hacl a pH of 7-6-8.0, ancl had hacl toluene acldetl, 'were kept at 4" C. In vierv of the results
ühere seems no reâsorì to believe that there .rras any consitlerable loss of methionine tluring this
period. The claily methionine excretion ¡vas found to be of tbe same ortler as that otrtainecl
t¡otn a number of normal inilividuals. Trventy-four estimations on urine from trvelve atlults

2õ0 to 640 betrveen 300
se et a1.,79 ra,nge of 247
c¡eted each t'etl to stancl
es for 8 we

RESI]I,TS ÄND DISCÎ]SSION.

Tho ¡¡sults are slro'ffn irr Tables 1, 2 antl 3 ancl Fig. 1- The exeretions of extr¿ cystine,
lnethionine antl sulphate follorving the ingestion of ce¡taiu anrino acitls ancl_proteins were cal-
e¡latecl for the two ttays on whieh they were fetl ancl the following tlay. Normal values were
obtainecl from the two, or rshere pos-
sible, three tlays prececling the'test
periotl.

Cystine.
'When cystine was fetl to the patient'

the effect'was simila¡ to that obtainecl
with other cystinuries, that is, there
was a rise il urinary sulphate cluring
tle folloving 24 h
in eystine, In fac
there ¡¡as a slight
tion *hich rvas not accompaniecl by a
corresþontling fall iu nibrogen erc¡e-
tion (Fig. 1). The per cent. of cystine
recovere¿I as sulphate was lower than
that obtainecl by the majority of rvork-
ers. The most probable explanation of
this is that, the protein intake being
unusually lorv, a high proportion of
ingestecl cystine rvas usetl for tissue re-
plaeement. As othe¡s have founcl, the
rurinary sulphate excretion hacl ¡e-
tu¡necl to normal 24 hou¡s after the
ingestion of this amino acirl.
Melhionine.

The increase in urinary exc¡etion of
sulphate antl of cystine which followecl
the ingestion of methionine rvas simila¡
to the response obtainetl from the
majority of cystinurics, though the
per cent. recovery as cystine rvas higher
antl as sulphate was lo'we¡ than usual
Lough eú ø7. (1941) antl Lervis ¿f al.
(f936) who usetl similar doses of

ê
{¿

G.
è

Fig 1. latio of urinary sulphate, cystine
ancl methionine sulphur to total urinary nitrogen
excretecl eaeh clay.

¿\ Sulphate sulphur (mg.) : Total nitrogen
(g-.).

fl Q'stine sulphur (mg.) : Total nitrogen (gm.).
O Metbionine sulphur (mg.) : Total nitrogen

(gm')-
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TABI,E 1.

Ilvfl,wnceofproteinøndofS-contøiningamin,oaciilsonurimor.ysulplturinclstùntlria.
SulPhur (gm.).

Cystine. Methionine. SulPhate
D¿te.

ml.
1,300
1,650
1,200
1,870
1,200
1,7 50
1,320
7,575
1,870
1,770
1,980
1,850
1,100
1,470

1,040
700
550
600
750

1r050
720

1,200
610

1,090
810
810

1r140
700
670
950

1,300
1,270

720
730
600

Aug.21*
oo*
ot*

,, 24
,, 25
,, 26
,, 27*

9Q*

,, 29*
,30
,31

Sept. 1,
n3

Oct. 161
,, l7t
,, 18f
,, 19

,20
,, 2T

,t 22I
,t 231

,, 24.1

,25
,, 26
,, 27
,, 28

,t 291

t, 30t
,, 31

Nov. 1

,13
,14
,75
,, 16

,, L7

Substanee fetl.

2 gm. cystiue

Yolume. Total N.
gm.

6.1
4.7
2.5
5-2
3-7
à.ó
4-4
5-6
4.6
4-6
6'2
5.0

.4.2
4-7

4-6
5-4
5.1
5-2

,, tt

0.11
0 .08
0.06
0.10
0. 06
0. 07
0 .07
0 .08
0 .08
0-12
0-15
0.07
0-05
0 .08

0.15
0.72
0 .07
0-72
0 .07
0 .10
0. 10
0 .10
0.10
o-74
0.27
0-77
0-09
0.13

09
07
08
07

09
05
05
06
04

0 .07
0.08
0.07
0.07
0.05
0.10
0.07
0.08
0 .08

0
0
0
0
0

5.2
4-8
4-7
5.4
5.2
5-4
6-4
6-2

7.0
5-0
5-3
5.0
3.4

0 .21
0. 16
0'07
0.38
0-22
0.18
0. 15
0 .19
0.19
0.2L
0 .37
0.23
0.10
0.22

0.25
0.25
0.25
0. 33
0-52
0 -50
0 .32
0-37
0.28
0 .31
0.28
0-23

26
.27

.31

.16
'38
'óó
-25

-30
.35
.36
'Ðo
.20
.65
.44
.50
-44

2'5 gm- methionine
,,

2'7 gm. cysteiDe hYtlrochloriile
,, ,, ,t

14 gm. gelatin replacetl 2 egg$

tt tt ,t ,,

3 oz. veal replaceal 2 eggs

,, ,t ,t

No specimen collecte¿l.
5-7 0.16 0
5-3 0.13 0
5.0 0.13 0
6.0 0-13 0

0. 14
0.14
0 .10
0-10
0-12
0.18
0 .10
0-L2
0- 10
0.16
0-10
0 .10

'L4
.12
'13
.10
.08

.74

.16

.10

.r4
-12
-26
'16
.15
'13

0.07
0.06
0.05
0 .05
0-06
0. 06
0 .06
0-07
0.06
0.07
0-06
0 .09

2 gm. cystine

0
0
0
0

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0
0
0
0
0

,,

8.2
8-5
6.8
7-4
4.5

10-0
6-8
9.7
9-2

0
0
0
0
0
0
0
0
0

'These va.ltres usetl in calculatiag average Ìâlues for 1' (Table-3')

t ññ; 
"ãioã. "t.¿ 

in caiutatin[ averaãe vâlues for 2' 
- 
(Tabte 3')

i ñË; ;;il; ñd t" cal¿datinã averaãe values ror Table 3')
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Recently experimental eviclence of the way eine

n". tìà" o¡íaindd. Binkley antl clu Yigneautl- antl

dl.'se¡ine were shaken ¡r'ith ¡rt liver slìces l-cyst owIl

tbat cystine tlon
of the isoto sm of cYstin
the amount onine woultl
of serine an the rate of c

cvsteine. ñhen the rrrotei¡ intake is low the c¡
sËrine ancl methionin-e, but when the protein int
to cysteine may alreatlY be at i
incróase cysteinc procluction antl
woulcl mean that at high Protein
cystci-ne
ine anil
protein

Inf

el thougtr the normal urinary methionine was higler'
l'organìc sulphur fractaion-a-s reportetl by most -other

workem is largely rlue to methionine, as the R-eietlict-De-nis rrethotl of tleterTining total :ulphur
t-tiãl i. "*iriy' ".éã¡ 

i. t"or"" to give unreliable results rvhen nethionine is present (Masters,

te rise in methionine exc¡etion after the atlminis-
rise in cystine ancl sulphate excretion' This no

s. B¡o¡r¡. antl Lewis (1941) found that in normal
a ¡ise i¡ plasma cystine antl that the organic
after anèquivalent amount of cystine, while
urretl more rapiclly after cystinè.

TÀBT,E 2,

. Extra sulçthur ercreteil, øfter cystine, netllíonine øn'itr cgstein'e hgitrtochlaride.

Substance Amount
fed. feil.

(gm')'
Cystine

t,
Methionine

Cþsteine
h¡rlrochloritle

,t

õ'4 Oct.19-21
6'4 Nov.26-28

5.3 0.02 2
8.8 0.21 20

4

,t
5

Date.

,Lrg.24-26
Nov. 15-17

(gm./day). gm.

4.8 -0.055.2 -0.09
Àug.3G-Sept. 1 4'8 0'28

Average N. Extra sulphur exc¡etetl as
excretion Clstine. Methioni¡e. Sulphate.

p.c.

-,
-5

10

gm. p.e-

0.34 32
0-25 2+

o-28 26

p.c.

-5
-8

26

gm.

-0-02
-0.06

0.11

P.c. amino
acicl

recoveretl.
eo

24

62

0
0 06

00
50

60 56 58
70 66 91

CE st eùw E y ilr o chl, oriile.

the latter case dicl the total recovely as cystine
orkers (80-98 p.c.). This can also be attributecl
here is little protein in the cliet.
to HoS, pyruvic acicl antl ammonia has been
mythe, 1943) antl nriee (Binkley, 1943) which

resembles an¿ may Èe identical rr-ith that rçlich protluces pyruvic acitl fron serine. It is con-

ceivable that il thã cystiluric the¡e is a cleflcieucy of this enzyne so that excess cysteine acsumu-
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lates ancl " 
timc the fa

eltra sentr oxitlation o

In the n intake- (t
ingestion o -ethionine
paúetl by

ßcptlacement of Eggs by Geløtin or Meat'

olling, 1944):

GYstine. Methionine'

Egg*
Meat

4-0
ó'ó
0-8

p.c.
p.c.
p.c,

2-l
1-1
0.1

0
0
0
0

0
0
0
0
0
0

0
0
0
0

0
0
0
0
0
0

1,4
10
10
11

.08

.07

.07

.07
-07
'07

16

óJ
28
D'
oa

p.c.
p.c.
p.e.

a retluetion in cystine intake of the ortler of

; "oa 
*ìt"" gelatin replacecl eggs the retluction

TÁ'BI,E 3.

Erpecteilanil,obserued,iliferencesinsùphurencret,ionuitl¿oøriøtiønsinproteini'ntake.
Av. S (gm-,/day) Expected S (gm',zday)

excrãteal as excretion as

Gelatin

Protein level.

Low (1)
Low (2)
I\fedium
Gelatin rePlacecl eggs

1' ,, ),
Meat replacecl eggs

Date,
Àog.*
Oet.t
Nov.l
Oct. 25-26
Nov.21-22
Oct 31-Nov. 1

Àverage N
excretion

(gm./day)

08
06
06
07

ddt.É
-'ã9rilg.ãËË.9

ÈÉË.8ËEEz.ÍOoÀd2,jts

q)

¡
Ê.

(t)

30

29

0
0
0
0
0

4.8
5-2
7-0
5-2
7.8
5-5

0. 11
72
\2
72
15
13

0
0
0
0

*, l, t See Table 1.
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Aîect ol Diferent Leaek of Protein Intake.

Throughout these esperiments tle
occasionally fell to values which were les
In most c.aies this scems to have been tlue
of urile as the rcduetion in nitrogen cont€ut

circumstances' n excretion tluring
til*,îffi 

.Jt""t-"ii{
same. A possible

patient was still convalescing after the- ¡emoval
òf protein antl S-containing amino acicls (pre-

, SI]MMÀR,Y.

Total nitrlogen and eystine, methionine and sulphate sulphui have been

determjned in the urine of a cystinuric woman'- 
WLe11 cystine was fed no ãxtra €ystine or methionine was excreted, but there

ças a markeä rise in urinary sulphate during the suceeeding 24 hours.- 
Wh.o methionine was fô¿l thère was an immediate rise in methionine excretion

followe¿ by a slower rise in cystine and, sulphate excretion 'which continued fo¡

fed the methionine excretion remained
rinary cystine and sulphate which wars

s raised from 0'9 to 1'2 gm./kilo.
ionine and eysteine as sulphur in the
urics. This is believed to be d.ue to the

sma consumed- during these experiments'
take 'was increased from 0'9 to I'2 gm./kilo there was a

rise cystine, methionj ate excretion' The pro-
pãrtion of cystine f titrogen was 

-less'.and

ihut of sdphäte su er level of protein intake.
Two lãvels of gm'

protein/kilo. One level was d-etermined' gone

ã severe surgical operation anC showed ogen

and sulphate sulphur.'Whin the two eggs in the basal diet were replacecl bI3o. equivalent aT,ou:r-t

of gelatin the expect=eã. fall in cystine, rethioninõ aucl sulphate excretion did not

oo",Ëìiti;uacement 
of the egcs by meat was not acco*pa'iecl by a fa.lt in

su-lphur exeretion.
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The use of plant proteins in preference to those of animal origin as a means
of reducing the cystine excretiõn in this patient is considered unwarranted
when the protein consumption is low or mod'erate'

Possible interpretatious of these results are discussecl.
' 
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CYSTINE, METHIONINE AND SULPHATE EXCRETION IN
CYSTINURIA

by JOAN B. CLEIJAND

(E'rom the Institute of Medical and Veterinary Science, Adelaide).

(Accepteil, for publinatíîn 9th Ayril,1946.)

.4. number of experiments have been carried oui on the urinary excretion of
eystinurics (Andrews et aJ., 1938; Brand, Cahill ancl Harris, 1935; Cleland,
1945; Hess and Sullivan,7942; I-.lewis et aI'., 1936; Lough ú ú., 1941). In
all these cystinurics the excretion of cystine was about half a gram or more each
clay. Sullivan ancl lIess (1936) found that the cystine excretion of fir'e normal
individuals was about 100 mg. per day; and another normal individual examined.
by them (Iless and Sullivan, 1942), excretecl about 150-200 mg. per day. This
paper reports results obtained from a man who excretecl about 250-350 mg. per
rlay.

EXPEBIMENTAI, DETÀII,S.
E&torg.

The subjecü of these studies was a man 65 years of age who was ad:nitted to hospital on the
4th September, 7945, with a maculo-papular rash of unknown o¡igin. His temperature was
103o F, ancl bloocl cultures a,ncl agglutiaations we¡e negative. On the 9th September he began
to vomit ancl tlevelopetl i¡t¡actable hiccough. Uri¡e exa-inecl on tìe following tlay was loatlecl
with cystine crystals, Wbile il hospital prior to this the u¡i¡e was alkaline ancl fairly eotrcen-
tratetl (S.G. 1,030-1,025) but the centri-fugerl cleposit w'âs not examinecl. On the 11th September
he received sulphathiazole with alkalis anct copious fluicls, antl this treatment was eontinued u¡rtil
the 17th September. The first 24-hour specimen of urine for analysis was colleeted on the 19th
September.

Di¿n-

The patient's basal cliet vas such that on each day he ate 2 eggs, 1 sewe (3 oz.) of meat,
I pinü of milk anrl an unlimiteil amou¡t of cereals, fruit and vegetables. The total protein i:rtake
was about 1'2 gm. per kilo body weight.

The amino acicls given for experimental purposes were taken in gelatine capsules with break-
fast on the moraing of the clay indicatgd.

Cystine, methionine or eysteine hyrlrochloride was given in such arnounts that the intake
eaeh tlay correspondetl in sulphur content to 2 gm. cystine. The eystire was isolatecl from sheep's
wool antl the cysteine hyclrochloritle was prepared. f¡om thè cystine by recluction with Sn and HCl.
The methionine was matle available through the courtesy of Mr. lI. R. Ma¡ston.

Five gn. glyeine (May antl Baker) were given on two eonsecutive rlays (cf. Iless ancl
Sullivan, 1942) but unfortunately onty 3'2 gm. alani:re (B.D.H.) were available arcl this was
given in a single close.

The two eggs in the basal tliet were replaced on Octobe¡ 15th anil 16th by 14 gm. gelatine and
on October 31st antl Novembe¡ 1st by 16 gm. casein, each of ç-hich eontain an equivalent amount
of protein. In adclition to the basal cliet, 14 gm. gelatine were eaten on Octobe¡ lgth ancl
Octobe¡ 20th;2 acltlitional eggs on October 23rd. ancl Oetober 24thzrð. 16 gm- easein on October
27th au.d. Oetober 28th. As this 'was not aecompanietl by a markeil rise in urinary nitrogeu there
must have been a corresponcliug recluction i¡ the consumption of vegetable proteias.

Metho¿ls.

îhe ûrst specimen of urine eollectetl was alkaline and the speciÊe graviüy 1,020. No cystine
crystals coukl be tletectecl, antl iluring the whole series of experiments they were onty oecasionally
present in the eentrifugecl tleposit even though in gome cases the pE fell below 6 anrl the urine

I

I

I

i
I
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t4

antl the methocls usecl were those clescribecl
rtr a prevrous
exeept that a

1e45)

ya! Yer¡ concentratecl' Efforts made to obtain erystals by aeiiliffcation, enncentration and
hydrolysis were not suecessful.

. The cl_aily excretions o.f_nitrogen alcl of cystine, rnethionile and sulphate sulphur were deter-
minetl uncler va¡ious contlitions. fn aclclition the eontent of cystine wãs cleterdinetl in 24-hou¡
urines_from oue tlaughter ancl tn'o gtantl-chilclren; aucl fastiag urine speeimens from his two
other tlaughters antl tço grancl-chiklren were examinecl for tlie presenee of cystine crystals.

The urine was eollectetl uniler toluene

a.

=þ
è

Ê

=

qsI( usetl by Lugg, the blank solution con-

RESIII,TS ÀND DISCUSSION.
sulphate, eystine an¿I 1, 2 ancl Burinary nitrogen ex- extra cys-

following
: Total nitrogen aeicls were

(g-.). ealculatecl fo¡ the tç'o tlays on whieh they
! Gystine sulphur (mg.) : Total nitrogen (gm.) were fetl, antl for the following tlay. Con-' trol vâIaes were obtained from the frvo
O Methionine sulphur (mg.) : Total uitrogen preceditrg the test-(gn.). ' Yalues- used for compariag the effect

rì¡ctins-rhe-average ex-crerion ror the two crays oo *r,i8f tï'.ï:t*"lStiåu:iärfl:t?åTr'"t*lË
dgy. Results obtai¡ecl on October 14th, lSth and.22nô. wereisecl to calculate the excretion ol
the basal tliet.

As the total nitrogen excretion variecl somewhat about a mean, tle ¡esults have also been
give¡_as tÏre ratio of suìphate, eystine autl methionine S respeetively per gm. of nitrogen ex-
ereted per day (Fig. 1 and Table 3).

S ulphur - cont ain ín g Anino A eid s.

-As with other cystinurics tJre ingestion of cystine itself ras not follorved by an increase in
cystine excretion, but there was a markecl rise in urinary sulp}ate cturing the following 24 hou¡s

acid.
ine has been variable. fn some eases there has
Harris, 1935 ; Cleland, 1945; I[ess ancl Sullivan,
uria increased ouly when the protei_n intake was
ionine hacl no rlemonstra.ble effeet (Hess and

sligirt rise i¡ the ratio of cystine sulphur to total
s recovererl as eystine. These ¡esults are of the

y lless and, lSuliivân (1942) for a no¡mal i¡diviclual ancl thent. Ilnfortunately only 2.5 gm- methionine were available, ancl
results woulcl have been obtainecl if more methionine had been

given on the following day. Hos-erer, there is no tloubt that the methionine
was oxiclizecl cor¡pletely, as the e:tra sulphate obtainecl woul of the ingested
dose. Another 12 p,c. of the methionine was reeoverecl as o acicl, fvalue

SEPfEIlEER
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-+-2' to that obtained. by,{nclrerrs anrl Ranrlall (1935) and Clelantl (194-5). These ¡esults
æ:,r.f i¡.die¿te that metliiónine, except possibìy in ìarge tloses, cloes ¡rot affect the degree of
qr==z.E¡ia il tìis subject on a motlerate protein intake.

TABLE 1.

Influence of ynoteitt, ond S-contøi¡ting ontinn acid,s on urùtary sulpthur iw cEstinuria.

-i--ìet€.

-:i

2.7
2.7

gm. cysteine hydrochloricle
gm. cysteine hytlrochloritle

3.2 gm. alanine

2'5 gm. methionine

14

14

gm. gelatine replacetl
2 eggs in basal cliet
gm. gelatine replaeetl
2 eggs in basal tliet

Sulphur (gm.).
Clstine. Methioni¡e. SulPhate'

0.08 0.06 0.21
0.12 0.07 0'33
0.06 0.02 0-r7
0.07 0.04 0.37
0.07 0.03 0.38
0.10 0.07 0-37
0.06 0.04 0-27
0.07 0.04 0'26
0.07 0.06 0-34
0.08 0.08 0.44
0-05 0-04 0.20
0-07 0.04 0.30
0-07 0.0ã 0.37
0.08 0-r2 0.66
0.07 0'05 0.37
0.07 0.06 0.40
0.08 0'05 0.36
0.08 0.05 0.62
0.12 0.06 0.78
0.08 0.06 0.35
0'04 0.04 0.29
0.08 0.05 0.36
0.11 0.06 0.35
0.09 0.05 0.43
0.09 0.06 0.37
0-09 0'05 0.30
0-10 0.06 0.33

Substance fetl.
Total N

gm.

7 -1.

8.3
4.0

5'2
4-5
6.2
3.9
4'5
6.1
7.9
4.2
6.5
7-2
6-+
5'4
5.9
6.8
5.7
9-3
5-7
3.8
6.7
6-6
8.0
8.2
7.0
6.9

Yolume.
mI.
680

1,310
960
880
970

1,300
730
940
910
910
7r0

1,330
L,520
1,430

970
680
780
770

1,630
1,010

520*
1,230
1,370
11150
1,210
7,220
1,360

19
q0

21
22
:õ
21
25
26
27
28
29
30

1
2
t

4
5
6
7,
8
I

10
11
a2
13
a4
15

16

l7
18
19

20

2t
22
ôt

24
2ã
2g
27

28

29
30
31

1,480

1,100

8.4

8'5

5.9

2 gm. cystine
2

5 gn. glycine
Ðr, t,

0€i.

0.11 0'06 0.50

Nov

850
850

1,130
750

1,2õ0
1,850
1,000
1,360
1,130

1,460

1,140
1,650
1,350

700

1,000
1,080

6'8
7.3
7.8

8-2
8.3
7'4

6.7
9.1

0
0
0

47
46
47

06
06
05

0
0
0

09
08
07

76
40

0
0
014 gm. gelatine in atlclition

to basal diet
14 gm. gelatine iu atltlition

to basal diet

2 eggs in arlðition to basal tliet
2 eggs in aclclition to basal tliet

16 gn. casein in aclclition to
basal diet

gm. easein in adclition to
basal diet

16

850 8.3 0'06 0.52

0 .06 0 .51

0.68
0.44
0.65

0.11 0-06 0.72

0 .09

0.10
0-06
0.09
0 .11
0.07
0 -09
0 .08

0.11

0 .11
0.14
0. 14

L4
11

0
0

0
0
0
0
0
0
0

0
0
0
0
0
0
0

7.6
6.2
6-7
8.2
6'8
9.5
7.5

06
06
07
06
05
05
06

05
04
08

07
06

0
0

.41

.42

.51

.5L

.50

.55
-45

0
0
0

1

2
3

16 gm. casein repìacetl
2 eggs in basal tliet

16 gm. caseir replacetl
2 eggs in basal tliet

0
0

r Specimen ircomplete.
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îABLE 2.

Ertra sulphur eøc.retc¿l efter oarin,tÆ o,mino a,ci¿Is,

Extra su-lphur excreted as
eystiry. methionine. sulphate.gm. P.c. gm. p.c. gm: p.c.

oaa

Amino-aeicl fecl.
Cystine
Glyeine
Methionine
Cysteine hyclroehloride
Alaui¡e

. .A.verage
^å.mou¡t. ¡.ittogen.(sm.). (e*.).

4 5.3
10 6.1
2-5 5.9
5.4 6.9
3.2 7.3

Àmino-acicl
recove¡etl,

P.c,
360

0
0
0
0

01 80
54

z
505

02

0
0'05
0. 07
0
0.01

72

0.38 36
0.19
0-35 66
0-52 49
0.06

GI1¡ ci,ne ønl, Alanine -

3 cysteiae ç:c¡stiae f E¿S * ala¡ine.
Èimythe (1942) was unable to eonû¡m the equatiou, and his results were more i¡ acco¡cl with:

cystei¡e <è pyruvie aeict f It2S f NI[s.

Variatío¡¿s of protein Intake.

Dr:
O(1, I
(tsE. l
0¡t. I
(}.:.1:
(Þt. :
Urt. l.

iI
i
I

1, ^ìEw{s
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râting aD extra 2 eggs in the basal diet. Tbjs rlicl not result in any
nitrogen antl it ca.n therefore be assumed that the eggs replaced

223

appreciable
some of the

Dafe.

TÁ.BIJE 3.

Ef ect of dif erent pnoteins on eøsretion of S-contøini,ng ømino aci,ils.

.A,verage

. u-rinary e. e. S.
Ätklecl protei.n. N.

Oct. 15-18 14 gm. gelatine 7.4
Oct. 31-Nov. 1 16 gm. casein 6:7
Oct.14, 18,22 2 eggs 6.9
Oct.19-21 2 eggs f 14 gm. gelatine 2.9
Oet. 27-29 2 eggs f 16 gm. cãsei.n I .1
Oct.23-25 4 eggs T.z

0.01 0
0.06 0
0.27 0
0-28 0
0.33 1
0.54 1

-28
'¿ó
-26
'26
-26
'28

11
56
59
70
15
18

0 .38
0.47
0'28
0.31
0 .38
0.34

13'5
18 -8
71-2
10 .5
12.6
12.5

8.0
10.4
8'3
7.0
7-0
8'3

0
0
0
0
0
0

The estimatetl clifferences_in cystine anrl methionine eontent of the tliet during the rli.fferent
petiotls can be seen in Table 3. These rvere basecl ou the ani¡o-acitt co¡tent "a;t"t;;;i"."'"':.:tååï-f ."'iif f "'.î-ullg;i-ä.îï1""3åH:aud vegetables-rsas consumetl. The atlclition

reciable alteration iu the ami¡o-acicl excretion
of nitrogen was reclucetl,
tion of glyci:re., On the
¡educetl by substituting
methionine the same as

i*'"*liî'jiä'*i
tio^n (either as total exeretion or per gm.
16 gm. easein but no eggs, or, ii. otier

.rt has been suggested, (creland, r.g45), that a high serine intake may pre-vent .normal- cysteine d.estruction while on a modeiate o, 
-to* 

protein dietcyste_lne production from methionine mav be limited Ël; tú. se"ine content ofthe diet. A rough estimation of the seri "

on figures obtained by Stokes and Gun
contain abott 40 mg. serine, ancl 16 gm.
content of eggs has not been cletermined.
only about 0.10 gu. cystine could be de
the casein used.. fn actual practice the d.i
when gelatine and. casein were fed in the
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Sm. Simitarly one would expect tliat if methionine oxidation to cysteiljl u'ere
Ëlocked by hõk of serine more methionine would. appear in the urine. Results
obÌ;ainecl using casein would fit in with this hypothesis. When, however, eggs'were
included. in the basal diet, the methionine excretion fell although the intake jn-
creaseal. This could be explainecl by assuming' that eggs contain appreciable
âmounts of serine. On the other hand, there rvas no concutrent increase in cy9-

tine excretion which should have occurred if serine were the only factor involved.
ft can therefore be assumed that if seriue is a factor which influences the cystine
excretion in this cystinuric, it is not the only one other than the cystine and
methionine content of the diet which is involved.

As the results obtained from this cystinuric differ quite markediy from those
found in the majority of eases, thef suggest the possibility that tb.e two t¡res may
cliffer in aetiolog¡'. There seems no cìoubt that in most cystinurics there is an
inherent inability to utilize cysteine normally, but in this ca,se the evidence does

not justify a similar conchxion. It is, of course, quite possible that the man has
only aveiy mild degree of cystinuria ancl that he is able to utilize cysteile qttdgf
all but exéeptional õircumstances, as, for example, when he became seriously ill
and clehyrtrãtect. Another, and equally plausible explanatiqn is that the condi-
tion is due not to a rneiabolic d.efect but to an abnormally low renal threshold.
In this respect it is interesting to note that of his three relations examined, two-
a daughtei and grand.-claughter (agecl 12) excretecl relatively large amourrts of
cystine (160 mg. and 140 mg. per c'lay respectively) tho_ugh-these are still con-
siclerecl to be within the normal range. The other grancl-daughter excreted about
60 mg. per day. It was impossible to examine 24-hour specimens of urine from
other-memberi of the family, but a rough colorimetric test on single specimens of
urine showefl that little cystine was present. No crystals of cystine were found
in any of the specimens examined.

SUMMÄÌ,Y.

Total nitrogen anil cystine, methionine and sulphate sulphur have been deter-
mined jrr the urine òf ¿ mild cystinuric who excretetl about 250-350 mg' cystine
per day.

When cystine, methionine or cysteine hydrochloride was taken by mo¡th
there was a rise in urinary sulphate but no significant increase in cystine excretion.
Twelve p.c. of ingested methionine could be recovered. unchangecl in the urine.

Glycine incrèased. urinary nitrogen, methionine and sulphate in correspond-
ing amoults, but clid not affect the cystine exeretion.- Alanine cause¿l an equivalent rise in methionine, sulphate and total nitro-
gen, but the increase in cystine was relatively greater.- Cystine and- methionine excretion lfere least when the basal diet, consisting of
two eggs, one serve of meat, one pint of milh, celeals, fruit ancl Vegetables wars 99n-
sumed; and greatest when 16 grn. casein rE)lacecl the trvo eggs in the basal diet.
Yalues intermecliate between these two extremes were obtained when the protein
supplement to the ba,sal diet (arranged. in order of increasing cystine excretion)
was 14 gm. gelatine ; two ad.ditional eggs; 16 gm. casein. 'Wlen 14 gm' gelatine
replaced the t.wo eggs in the basal diet, the results were of the same order as
those obtained 'çvith the basal diet supplemented- rçith 16 gm. casein'

The uri¡e of tn'o of the three relatives examined containecl more than the
average content of cystine, though the values still lay within the normal range.

Possible interpretations of these results are discussed.
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INTRODUClIO}T.

rnvestigations on trre relative toxiclty of cineore are
of interest because thls terpene occurs ln most of the essentlal olls
of thoee eucalypts whlch form a large part of, an. ln the case of
the koala bear the only, food of aorne Australlan fauna. rn those
leaves nost favoured by the koal-a about I% of the 1eaf weight con-
ÈåsÈs of essentlal oile of whlch cineole 1s the maJor constltuent.

The only mention made of the destruction of .cineore d.er-
lvatlves in the aniinar bod'y is the re'corery of /3-terprneol sulphate
fror¿ the urine of dogs given'keto-cineole (Ilasc'erpa, 1g3o) . The
detoxlcation of open chain terpenes has been stud.red. by Kuhn et â1.
(1936)' who isorated' dimethylhexadiene d.icarboxylle acid after feed.-
lng ge'aniol' cltrar and geranie acid to rabbits. Asahlni and rsh-
ldatl (rg¡l), showed that the ad.ministratLon of cemphor to anfunals
arso resulted' in the fornatlon of a carboxylr.c acid., fn this case
by the oxid'atlon of one of the central nethyt groups. other produ_cts
(hyaroxy derivatlves) or caaaphor if,ere excreted 1n conJugatton rBlth
glttcuronic acid'' Harvey (tg+z) found. that slteep forme¿ cr.¡¡nlc acld
fron c¡noene; phellandrlc aci.d, cJmene and ca.rvotanacetone fro:n c{_
phelland.rene; and, th¡zno1 and carvotanacetone fron plperltone.

i 1n stra I and T ox ic ft ofC o1e.
Rabblto, rats, gulnea pigs and opossuuas (Tric;rosi-)-*rs vur_pecur_aì

trvere fed by means of a etonach tube with O.l Ên clneole per kilo
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body weight. "Doses ?rere glven at weekly intervals and. were inireased
on each occaslon by 0.1 gm. per krlo for'gul*ea plgs or 0.2 gm. per
k1lo for the other anlmars until all had been kil1ed.. . L.D. 50 was

obtained by assumlng that all anlmals which were killed. by one d.ose

would also be killed. by all larger d.oses. Tbe results are recorded.
in Table 1.

rn edoition 6!, opossums each recelve¿ a slngle d.ose of
cineole ranging from 0-9 to J gm. per ki1o. The d.eath rate 1n these
cases is recorded in Table 11.

11. Colfg,cllqq=g{ Ifrtag.
The animals were kept in metabolism cages and p4-hour

EPeclmene of urlne from these and. other animals wblch had- recelved.
clneole $ere collected. without preservatlve for two d.ays fol1orång
the administration of the cineoì,e. fn certaln cases urlne speclmens

¡rere collected for a week after the ad.mlnlstratlon of the d.rug.

lii. .

' A smalI opantity of urlne was uáed. for the dete¡mination
of the gluouronic acid. content by the method. of ldaughan et al . (wtg),
except that the colour produced. wlth the naphtho¡esorclnol rèagent

Tas comparecl wlth that obtained. from a stand.ard. solutlon of glucuronic
acid containing 20 ng- per- Io0 cc. ï{hen neceasary the urine was flrst
diluted.

A rough estimation of the reduclng properties of the urlne
was also mad.e using colers ferricyanld.e method. (cote , lg73).

Resulis are shown in Tables 111 and. IV.

E



t

The urine Eas dlsttll-ed and the alkaline d-lsti1late was

e¡tracted with erher whlch was then allowed- to evanorate. The treàcle-

coloured resldue was distilled under reduced. Þressure (uslng a Eater -

pu¡tp) and. several frastlons were collected.. T{hen doses of cineole

exceedlng 1 gm. per kilo were glven to opossums , and. more partic-
ularly with the laa¡ger doses, the first fracticn collected f¡om the

ether extract ylelded. a clear viscid llquld. which read.ily crystãll-
lsed.. lloet of the olly matter wae reaoved. by placing the crystalllne
materlal on a porous porcelain plate and the remainlng solid. was re-
cryËtallised. from petroleun ether fron whlch it formed. thin white

need.les. Tq¡o recryetallisations were necessr:-ry before the raelting

þolnt remalned consta.nt at 69o C. The materlal was read.ily soluble

in alcohol, ether, acetone and chloroforn; and an 8ol solution in
acetone was optically inactive.

. A felq crystals were ai$fveA la alcohol, anci. to 2 cc. of.-^
this solution 0.2 cc. l/o p-d,Lmetþylaminobenzaldehyde tn SOfu aleohoL

was ad-ded, 0n the ad.d.ltlon of I cc. conc, eulphuric or hyd-rochloric

acid a purple rlng <ieveloperi at the junctlon of the two layere and.

on gentle shaking the upper layer became deep blue. When benzalùe-

hyoe was used as the reagent a purple colour with a red. fLuorescence

$as obtained.r t{hile with vanillin on tbe addltj_on of conc. acid. the

initial green colour became purple. The first of these reactlone -
the development of a purule ring wii;h p-d.imethylamlnobenzald.ehyd.e

and. conc. acid. - Tras used. to d-etect urine contalning hydrolry-clneole
ln reasonable amounis for extraciion.
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A microshemlcal analysis of the crystalllne material was

made by Dr. Eerger and_ Mr. John Mi1ls of the Chemistry Departr¿ent

of the unlversltyT of Adelald.e. r am gratefur to thern for the
following lnforuation:-

Elementry nstltutlon

HydrogenCarbon

Materlal supplied.
Sublined materlal
Theoretical for 0,gHß0a

7o
7o
{o

6)fi
63o,1

,7r"a

10.
10,
10.

76,4,
6zq"
661,

. the uaterial reacted wlth p-nltrobenzoyl chlorld.e to
form a monoester of H.P. 1O7oC. vshlch was found. to conîtain 64.:.;¡rp

carbon and. 6.76þ hyd.rogen. Theoretlcal requiremnts for a monoester

of hydroryclneoLe are 6J.9zf" carbon and. 6.6jf" hydrogen. rt ls
therefore assumed that the substance lsolated. was hyd.roxy-cineole.

xldatlon with IOtnO+ ln acetone gave oily prod.ucts frorn
¡rhlch no crystalline 2-4 dlnitrophenylhyd.razone d-erlvatives coulå
be obtained..

The origlnal crystalline prod.uct had. a falrly clear
melting point but on ïecrystallisation lt melted over the range of
67-79"C., so the mel-aing polnt was te*en between glaes cover stips
on a hot plate ln such a way that as part melted- lt could. d.raln aw.a.,

fron the crystals. Melting started. at 64oc., and most of the
naterial raelted. at 6l-ag c?, but Êo&e Large orystals were left
unmelted. at BZoC. this ind.icated that the supposedly pure naterlal
neltlng at 69"c. was a mixiure. (rt 1s poselble that onry one
isoruer Tvas synthesised in the body, aad that others were d.erived

*T
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fron it d'uring the isolation and. recrystalrisation ).
since the r¡ateriar was rather too soluble for easy recrystal_lleatlon and' appeared' to be fairly volati1e, fractional eublimatisn

Fas carrled' out' At ,intervals the process was.interrupted. and theeublimate scraped off- Four fractions were óbtalned.:-
&. coarse prisms. M.p. 64_57oc. About 25% of total

b- Ètou need.res. M.p. nalnly 64-660, but soüe up to gooc. Aboutjùf, ot toral.
c - Large needlee . M.p. 64-9z" c ( inoetlnite ) . .about 25¡- ot totard.: tong needles. M.p . 9-_97ac. About 15% ot totat.

The naterial FaB.then syetematically ¡esublimed, the morevolatile fractions being subliqed'first and the less volatlre frac_tions added gradualì.y as the process was contlnued. Even after thethlrd cycle of resublj-natron the separation wae incourplete, thoughthe more volatile fractlons were reachlng a con'tant M.p.. as 
'lke-wlse Tvere the less volatlle fractlone. !,¡om about 1.g g*. of mat_erlal the flnal result wae :_

a. /O0 mg. f tne needlee; M.p. 9o_9iJo0.
b. 6/0 mg. need.lee; M.p. 7O_9OoC.
c' 420 ng' more granular; M-p - 63-66"c., traces up to 7ooc..,Losses B,ere about 7 þ.

.A'n attempted. recryetaltlsation of one of the intermediatefractions fro¡a x 60 eolvent was not very encouraging; l0sses FereIarge anri the M.p. ras very llttle alterred .

The e¡fy naterlal oþtalned from an Attempt to forr¿ a phenyl_urethane d.erivatlve from somê of the hlgher_melt1ng fraction was

T
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d'ipirenyl urea' The remalning resinous nraterl.ar had not eryetall-
f sed. after many months,

rd.enticar- methods were used. 
'n 

an atterapt to ,1so'ate 
a

s1¡ri1ar compound' from the urine of rabbits whlch had, been given
si-ilar doses of cineore. A coÌourÌees oiry riquid d,rstirrlng at
about,the sa¡4e temperature ås the fractlon from oposaum urlne w.iclt
contained hyd'roxy-cineore was obtained., but ôesplte red.lstll'atlon
and the use of seed crystars no crystallisation occurred. The olly
fraction from rabbits gave a ¡ruch weaker test wlth p-dlmethyramlno-
benzal-dehyde than d.1d a simirar fraction froa opossuns.

lhe urlne fror¿ rats fed rsith clneol-e in sirnirar doses
also gave an olÌy fraction d.lst111ing'at about the õarne temperature.
This Eave only a faint puiple rlng wLt.tr p-dimethylarninoìren)ataenyde.

The olJ'y prod'ucts obtalned from the urlne of koara bears
(rrortrq excruslvery on- E. eraeoprrora)by a srnilar proced.ure gave a
negative test v¡'t' p-dimethylaminobenzald.eh¡rde.

other fractlons obtalned by the distirlatlon of the etheroF uRrrsl

éxtract,.from opossums, rabbits and rats did not yleld crystalline
producto and efforôs to pu::ffy an. id.entify them have not yet been
carrled. out.

v. . Detection of Other prod_uc ts of Det oxlc at I o a

lirê rorrowing rnethods l?ere used. 1¡ an attempt to isolate
sorre of the prod.ucte of cin.ole d.etoxication:_
a' Preclpltaion by'harf saturatlon with a¡amoniu¡l surphate as used
by Qulck (tgz+), for the isolation of menthor grucuronate.
b. Precipitalon with zinc sulphate as used. for the isolatlon of

.|llÈ'

-rfl--' n*€e¡.-r+,{@ffiffP1^' i'Þ1&x_.s,!è..,ê .i1r;<thr:"
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borneoL glucuronate. (q¡rcr, L927).

c. Precipltatloa with baryta çater and lead acetate as used by Kubrn

et al. (t9t6), for the ieolation of terpene d.erlvati.ves.

No detoxlcetlon products were obtaineri by any of these netbode

DISCUSSION.

Symptoms of cineole polsoalng when they occur¡ed usually ap-

peared. Ln 2-7 hours, though sometimes ln rats they were noticeable

wlthin half an hour. They conslsted. of an ataxic galt (except ln
opossums wb.lch were ""f""p during the d.ay) and- shlverlng foll-owed.

by clrculatory and- (more particularly) resplratory faih¡¡e. In
guinea pigs death from resplratory fallure uaually occurred wlthin
flve hours, and ln the other anlmaLs 1n !-1O hours, though aa oc-

caeslona1 rabblt or opossum remained comatose fo¡ more than 2{,, and

ln one opossum for Ê, bours before death supervened.

Macroscopically the dead anlnals sbowed only extenslve con-

gestlon and. occ&ssioía1 haemorrheges ln the lungs. Nó pathological

Leslons were observed. ln eectlons from kidney, liver and. lung tis-
sues from a guinea pig and an opossum which had each been receivlng

clneole twice a ¡yeek for several weeks ( tne opossum had. r€ceived

40 BB. cineole in four weeke),

Maipbrerson (1925) states tbat tineole affecte rbe norvous

sysrer0, and the syftprorÀs noted. by Barker et aÌ. (1918) in dogs and.

cats poieoned. w'ith cineole, antÍ the results obta,ined. ln the preeent
experiments with rabbits, rats, opossuüls and. gulnea pi.gs are in



I
&greement wlth thls' congestion of tbe runga te arrü s cÉ?Í:grl find-
lng and. has been reporte.d. ln two cases of d.eatþ frca e.uceLypt-us pois_' oni.ng in humane (Foggie, 1911). ,

The flgure of 1'68 gn. cineole per i¡llo glyee by Bicwnree for
the L'p'50 for rats w.'s lower thau the reeurta reporse'l for ¡he saraespec ie s
e*uiæa:æ in these experlnentB- on the othe¡ hanci tsarke r e¿ al. (191s)
state that Brunlng found, that gulnea plgs coul"d rrl_ubatani ciosee of
O.9 gm,,eucalyptus o11 ( equivalent to 0.65 goo. clneole ) a flgure
which ls a fraction r.ower than the ìtr.L.D. obtalned. for gurnea plgs
in the present experlments.

I'ron a comparlson of the M.L.D. and tbe L.D.50 for tbe an_
inals used- ln these experiments it cau be aeen thât tbe opoeeun
appears to be just as susceptible to rarge d.osee of clneole aÊ ¡ab-
bite and ra¡s, though less Bo than guinea pigs. $rhen the L.D.5O is
expressed as gm' cineole pet 2/3 porrer of body weight the s1m1lar1ty
ln the first ¡hree groups of animals le even more strlklng.

' A rough estimate of the quantity of clneore consumed. by the
koala bear (Phaecolarcios cinereus) was made fron the average welght
ße gn' per kilo) or eucalyptus leaves (e. elár,eopboraj coneurned each
dayr by several koalas. The cineole confent of the leaves was obtaln-
ed from the tables given by Baker and. Smith (fgOa). The average
da1ly intake of cineole was found. to be about o.z gm. per kilo
roughly one quarter of the M.L.D. for guinea plgs or one sixth the
M.L.D. for opoeaums,

' Brounlee (tg/;o) found. that d.aily doses of o .5 gn. cineole
per klLo when given to rats resulted in oeath of the tb¡ee anrmals

.,., t#.49-.-"
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uaed EithLn 1! days" rn these experlments, too, there was .evi.d,enceof the cu¡¡ulative effects of the polson since in some aninals the
e4n¡e d.ose produced. synptoms of toxlcity onry on the third. or fourth
auccessive <iay of feed-ing. Thls cunulatlve effect was only noiiceable
witir dcsee exceed.ing 1 gm. per kllo with the laìger anirnals that
is a dose more than five times the average cj-neole consumption of
the koala' rt should' also be remenbered. thet the essential oile
eaten by tbe koala a¡e taken wtth other food. , and. the total intake
ie distrlbuted over a perrod. of eeveral hours, vrhereas with the
experimenial anlmals clneole was glven 1n a single large d.ose and.
was not dlluted wlth other food. uraterlal

'an interval of a ¡reek between d.oses appeared to be edequate
for the complete recovery of experlnental anlmals from cineore in-
toxicatlon' Glucuronate exc¡etion feLl to wlthi.n normal limits in
four days, and' the toxlcity of cineole to opossums was no legs when
lt was given in single d-oses ( ra¡r¿r) than when lt was ad.ministereci,
once a week ln grad.ually lncreasing amounts. (raule 1).

1

An exami.natton of rables J ado { shows that ln opossums and.
rabbits tbe ingestion of cineole was accompanted by a rlse ln the
excretion of glucuronic acid. and..red.ucing bodies. The presence ofthe latter suggests either that the .glucuronic acid. d.erivatlveis €l+å€* read'lIy hycirolyse or that conjugation d.oes not involvetbe potential ardehyrie gro.up.rn both species with mod.erately hlgþdoses of clneole about half the lngested te¡pene could be accountei 

¡ov
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as increased glucuronic acld. 1f 1t is assume.d. that one.nolecule of
glucuroalc acld. ls equlvalent to one of clneole. Large d.osee (over

7 gm. per kllo.) l?ere associated. wlth a relatively greater àxcretion
of glucuronic acid, in one opossum accounti.ng for Boþ of the cineole
this euggeets that conjugation with glucuronlc acld. is secondaly to
Êor¡e oiher mechanism, possibry- oxid.ation, the extent of which rs
linlte<l so that with 1arge doses of cineole a greater percentage
must be combined witÌr glucuronic acid..

Ïlhen guinea pigs received clueole a much smaller increase
in glucuronate wae obtained and. this accounted. for only I4f, of the
cineol-e- rn thls respect lt is of lnterest to note tha,t the M.L.D,
of cineole for gulnea pigs wae only half that for rabbite; ra.ts or
oposÊums

Glucuronic acid conjugation would. necessitate tbe intro-
tiuctj'on of some polar group into the cineole ntllecule, and, 1n the
case of the opossum, hydroxy-cineole r/ag actually lsolateo. The same

coEpouno could' not, hoçever, be isolatec from the urlne of rabblts
or rats, but it le possible that 1n these animals other lsomere
of hydroxy-clneo1e were formed.. By analogy wlth camphor and open
chaln terpenes the formation of some carboxyllc acld. rvould. also be
expectea.

Mascherpa (19Ð) obialned þ-tetpineor surphate from dogs
whlcb had been glven 2-keto-cineole. rf such. a conpound, were formd.
f¡om cineole lt seeüs likely thet ln nany animals it would. be ex-
creted as the glucuronate rather than the sulphate. Ketones have
been known to be forned from other teroenes in the animal body
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11.
(cf . carvotanacetone from or-phe11&nd.rene a6 d,escrlbed by Harvey,
Lg42), and' keto-cineote prod.uctlon nay werl be one step in the norm-
al B¡cdr¡c'tl-cn metabolism of clneole. Clneole and. keto_cineole have
slmllar physiologlcar propertlee eo that the toxlcity of the forruer
couLd posslbly be att¡lbute<i to the fornation of the latter.

o xida t lon

The r¡icrochemical analyeis of the crystalì.ine compoúnd.
ieolated from the urine of opotssums after tlie ingesticn of cineore
showeci tbat lt contained one nore oxygen atom than cineole and that
this was present in the form of an hydroxy $roup. several lsomers
Fere partlally.separated but lt is lnpossible to eay-whether these

' sere all orlglnalry excreted. 1n the urine or whether sgme were forn-
ed during the lsolation and. recrystallieatlon of the conpound..

By analogy wlth other terpenes o¡idation wouLd. be expected
to occur at CE

\,
I
c

c
I

c
0

3

Such a compound' wouId. have an assyroetrlc carbon atom
anci would therefore be expected, to yield. an optiually active
compound frorn biologlcal naterlal. This rsas not obtalned.. 0n the
other hand' oxid'atlon at c¡o wourd. yield. an optically inactive
isomer' For chemical reasons substitutioa at ch ls most unlikely

a??t'(e?<E@:r " 'tr+:'nu4'fu1 r
\
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to occur.

rrlthough subr;titution 1n the nucleus is not very common
in the biological d'etoxicatlcn of the terpenes¡ aone of the hyciroxy-
cineole leolated' resembleci quite closeì.y in the felv properties stud*
led the cis and' trans forms of Z-¡y¿roxy-clneore as given by Ganciini
(1931) ' one of the isomers isolated- by hirn and believeo to be the
cis form merteci at Booq, subl"imed. readily and. gave a purple colour
r;ith- vanilf in an. Hc.. a ?-nþ solution in acêtone was optically ln_
active' The other lsomer (trans ?) v,,hlch occurred in small amounts
meltec- at-t08o0. Separation of the two ieomers was only obbained.
by lsolating suitable derivatives and. obtalnlng the original hyd.roxy-
cineole by d'ecompositlon of the prod.uct. rt therefore aeems 11ke1y
tha't the two less vo1a.tlle fraci;ions obtained.'from the urine wer.e
the cls.and trans forms of Z_¡y¿roxy-clneo1e.

unfortunately, owing to the failure to form sultable
crystalline derivatlves, it has been impossible to state at whlch
point the hydroxy groui? occurs in ti¡e hyd.rory_cineole r.eorated.
Shree isomers appear to have been gbtained and. tço of these 

"u""å-"Àthe cis and trans fortns of 2-¡sxo-clneo1e, No clue to the structure
of the third- isomer (u"p - g-ea) ¡¡ae been obt'ained, but by analogy
with other terplenes oxid.atlon at cå woulci be expected..
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SUMMARY.

The relatlve toxlcity of cineole vas d.etermineci in rats,rabbits, opossruas and gulnea plgs, and. the L.D. !0 wae found, to be
almost the Êame ln the f irst three specles (2.5 gm. pex 2/J power
of body weight in ki10s), whlle for gulnea pigs ir wag only ha.1f of
thie.(t.2 gn ). -M.t.D. ïras l.b, L.Z, L.z and. 0.7 gm. per kilo
reEpectively' lTith larger d'oses there wae evid.ence of cumulative
polsonfng when cineole was glven on coneecutf.ve d.ays.

there was no evidence of speclfic resistance to clneore
poisqni¡g in opossuns, but the M.t.lJ. was about six tlmes the prob-
able intake of clneole by the koala bear which lives exclusively
on eucalyptus leaves. It therefore see&s unlikely rhat speciflc
reeietance to cineole would. be necessa¡y ln these anlmals.

Ingeetlon of cineole led. to an iúcrease 1n the excretlon
of glucuroni.c acid. in rabbits, opossruns and., to a snaIl extent, ln
gulnea pigs.

Hydroxy-crneole was rsolated from the urine of opossums
given clneole, but the s&üe corapound. could not be isolaterL froun theurlne of rabbits or rats- The hyd.roxy-crneole lso'ated. fi.as a,
mlxture of several lsomers whlch could not be separated., so lhe
exact composltlon could, not be determlned.. fn properties and neltisepoint two of the isoners resembled. the cis and. trane forms of z-
bydroxy-cineole .

Other products of detoxication could_ not be obtalned..



REFERENCES.

Asa^hlnl, T. aad Islrldatlr -M-. (I93il: Ber, .Che4. GÊs. 68, p94T 
"ae quoted by Kuhn et al (t976+.

Baker¡ RoT. ar¡d Snlth¡ HnG. (1904): A Research on tbe
Eucalypts, Sydney.

Barker¡ t.F. and, Rowntreer_Lr.G. (f_gf g), Tra,ns. Assoo. !fi.
. Pbysic. 37, p. -86.

BrownLee , G. (L9 40): Quart , J. pharm. L7 , p.LJO.

Coler S.H. (1973)t Praot, Pbysiol. Cbe!û. 9th Ed.. Ca¡rbrld,ge.

Foggle, TII"E. (r9:-r): Brit. M€d. J. I, p.359.

Gandinl, A,. (tgl7)t Gass. chlm, ital., 67, p.11r, Abstraot
avallable ln rr Chem. Soc. Chen Abst, (L977)t
TLr 6644.

Ilarvey, J.M. (L942) z Unlv. QueensLand papers. Dept.Chem.IrI{o.pJ.

Sohn, R., Kohlerr-F, and Kohl-er, L. (I976)i ZeLt. f . physiol.
Çheu., 242, p.L/1.

!ÃacPherson,. J. |p;gzil: Med. J. AustraJ.. ff , p.108.

lÍascherpa, p. (1930): arch¿ lntern. pharmacol,odynainle, j9,
p.119 e 129. Abstract availaiole ln Am. Chem
Soc. çhem.Abst. (l.97J-) z 25, 5933.

Maugban¡ G.B.: *31åå: r¡;t:'nl¡äT?*d' r.s.t. 0%Ðt r. biol.

Quiok, A.J" (1924)i J. blol. chem. 6L, p.667. ''

Qulck, A. J. (L927 ) t fbld , 7 4, p.771 .

T



,

I
I

t
I
I
Ii
i

i

I

'
I
I
Ì

I
Í
I

Guinea plg

nsbblt

Rst

Oposeuu

ET

TIlæ TOJ(I OF

TABËE II

Gramg cineole per Kl1oIfunber
of

Anlma].s M. L.D. L.D.50 largeet non
.Tatal Doee

L.D.50
por¿

Kl1o 3

7L

7L

7L

30

OrT

L.2

L.6

L.2

L.75

1"9

7.2

2¡2

216

3.2

4.6

4.0

Irz
217

2"5

2.5

TOTICITT gINGTE I¡1 0P0s
a

Doee:
gro.1k11o

So. Dead

,o\
t

0.9 l12 L.5 1.8 2.L 2.4 2.7 3.0

ol8 L/8 4/8 2/8 2/8 3/8 tl8 5/B

\



TAB I rr.
rHE ET'FECT OF c E ON THE EXCRET ION OF

GTJÜCIIRC¡ÏI AOTD Â}TD RSDU CTNG BOD Isg

Gluçuronlc' Aold
(ng. /day )

Reducing
Bodl es
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THE EF'FECT Otr SALICYLATES (A) ON THE ESTIMATION
oF THTAMINE By THE THTOCHROME METHOD, (B) ON. THE EXCRETION OF'THIAMINE

byJOANB. CITEITÄND

(From the fnstitute of Medical and. Yeterhary Science, Adelaide)

- (Accepted f or pu.blí,cøtion 23rd, June, 1943.)

Ä. rHr IFFECT oI' sAT,rGyÏ,ÀrEsfår"irir*"f;fiTlf.A.rroN oF rr{rAMrNE By rHE

' Using the thiochrome method of 'Wang and Ilarris (1939) for estimatins the
thiarnine eontent of 24-hour speeimens of urine from hospital patients, it was found.
that when salicylates x'ere present the isobutanol ertracts gave a blue fluorescenee
whieh resembled ancl masked that given by thiochrome itseif ; in some cases the blank
showed gr:eater fluorescence than the unknovn. The takins of a single aspirin
tablet during the test was suf'ficient to malie tlie titrations difficult or impossible to
read accuratel-v. This interference by salieylates has not been recorded in the
literature. ff, however, the urine was made markedly acid with concentrated HCI
almost all the salicylates could be removed by a preliminary extraction with
isobutanol. The titrations could. then be carlied out satisfactoriþ and the Gerhardt
test was found to be negative or faintly positive. 'When larger quantities of sali-
cylates were presel.t (giving a purple colour with ferric chloride) it was sometimes
necessary to extract the acidified urine t'lvice or eren three times rvith isobutanol.
Urines rvhich ga\.e a malked positive testlvith ferric ehloride in dilutions of 1 in 10
required still more extractions, ancl recovery of adcled thiamine was poor. As'ÌV'ang and Harris (1939) reeommend a preliminary extraction of the urine with
isobutanol to remove other'fluorescent conpouncLs, this methocL of removing sali-
cylates takes little extra time, ancl is satisfactory for all except urines containing
very large amounts of salicylates.

The recovery of added thiamine from urine containing salicylates and treated
with acid was mueh greater than from the unaeiclified urine (Table 1), and except
with very large amounts of salieylateslyas almost as great as that from normal urine
or normal. acidifrecl urine (Tabie 2).

Methoã,.

Four estimations w'ere car¡iecl out on e¿eh specimen of u¡ine using the folJowing clilu-
tions: (1) 6c.c.uri¡ef2c.c.water. (2) 6c.c.urineflc.c.rvater{1c.c.concent¡ateclIlCl.
(3) 6 c.c. urine{1 c.c-¡vaterf1 c.c. pure thiamine solution (containing 7 or 2y thiamine).
(4) 6 c.e. water f 1 c.c. concent¡aterl HCI f 1 c.e. pure thiamine solution. Each urine was theq
given one o¡ more preliminary extractjons n-ith 5 c.c. of isobutanol ancl the thiamine cletermined
by the methocl of 'Wang and Ila¡ris (1939).

Besults' 
TA.'TJE 1.

Auerøge of thi,amíne es¡ti,mations on 22 wilt¿s contai,ning salicglates.

Âverage thiamine in 8 c.c. urire (7) "ï:;iiïi or aci.' "iïiii:ii.it,".'*
ÀveragethiamineinSc.c.urineafte¡ 0.78 (0to2) 1'76 (1.31o2.6)

atltlition of 2 7 thiamine (7)
A.verage p.c. recorery 30 (0 to 60) 62 (43 to 90)
Gerhardt test * to *** - to -È

,**_-É**g_-l&*,e Ç-ú..s¡. _- !
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TÂBLE 2.

-álerage recoì)erA of thiarnine front normtil urine
On normal urine.

Thiamine acldecl Average p.c.
per sample (7). reoovery.

L77
263

,A,fter arklition of acicl.
Thiamine adtletl Average p.c.
per sample (.y). recovery.No. of samples.

.7
4

lVithout acirl

Äfter acitl

1 81
63

.t
2

obtai¡ecl,

TÄBLE 3.

rnfl,uence of tsotrume of tnathan'ol on th.e recouerg of added, thiarni,ne from^urine.

No. or rhiamine (7)_ 
*'lì:Jrt3::¡ 

i;:i,fi*I, ïU.?:t î:frt"t;*åtitfìÏ3.
samples. ackled per sample. ertraction). voh¡me. voluñe. ^

3
3
7
3
3
3

3
4
à

2
1
0.4
0.4
1
0

o-4
1
o

** to ++++** to ++++
** to ****
++++
++++
++++

90
94
99
0*
0
0*

99
90
94

69
80
89
0*
0
0t

91
61
75

ì

t
ì
í

!
I
¡
t
¡
I
t
a

i
I
i
I

(
.'

I
I
t

I
I
t

i
I

ì

i

+ ln one case blank tube shon ecl greater fluorescence than unknown.

B. TEE ET'FECT OF SÀLICYT,Á.TES ON TrTr ¡'¡1¡ARY EXCR,ETTON OT' THTAMINE.

Samnels et aL. (7940) reportecl an increasecl excretion of ascorbic aeid when
salicylates'were given to grinea-pigs and rats. Daniels and Everson (193G) and
Keith and Ilickman (1938) noted a similar increase in excretion with children
though Yonmans (1937) failed to confi.rm this effect in adults. It has been kno'wn
for some time that salicylates increase the urinary excretion of total nitrogenous
substances and. uric acid (Grabfield and Knapp, 1928) ancl allantoin (Grõ¡'and
Grab'6eld, 1934). This section reports the effèct of salicylates on the excretion
of thiamine.

Duriag-the routine exami¡ation of the thia.mine excreterl in 24-hour -samples of urine from
a number of_hospital patientsr_it was noticecl that in five patients low, or retãtively low, values
rvere recordecl tluring prolongetl therapy with sodium salicylãte. On the other hand in foui out of
six-cases.relatively high values'we¡e oitained after single tloses of, or short periocls of treatmer.t
with, salicylates.

Methad,
The thiami¡e was estimateal by the method of Wang a¡il Ïfarris (1939) after the salicylate

l¡atl been removecl by the methocl alreacly describecl.

Besults.
fn Table 4 the thiamine excretetl by ûve cases of rheumatic fever in whom treatment ¡v'ith

soclium salicylate lad- been continuecl for ten or more tlays is shorvn. In all cases low or relativeÌy
low values were obtainecl.

_ f-+ 4g. 1 the thiamine excr-etetl per day antl the effect on thiamine excretion of single rloses
of salicylates are recordecl in five oiher cáses. In three of these an increased exereti-on after
,salicylates was noted. The clinical history of cases Z ancl 11 rv 8 hai
been taking up to seven À.P.C. tablets a clay for several ¡veeks, taker
twenty-four hours befo¡e the test was staited. Both the case e ha,f
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Before salicy'ate
therapy.

.A.verage daily
excretioa of
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0 a¡tl 0
0 antl 0'

105 ancl 70
88 antl 112
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TÂBI,E 4.

Ef ect of sal,iaylate therapg onuri,rwrg encretinn of thinmin'e.

During salicylate therapy- Äfter salicylate therapy.
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1
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ftr[¡mins (7).
181'
t24*
729r¡
2301

100+

17 ancl 21
11 and 12
32 ancl 33
40 ancl41

50-60 95 and 96 10 a¡cl 11

88 a"ad 86
138

3 a,nd4
8

I
t

* Âverage from patients in same ward, I dverage from same paf,ient before treatment.

reeently shown s¡rmptoms possibly tlue to tlefieiency, the one of thiamine ilself and the other
of vitami¡ f,' s6mplex, The case notes of these trço subjects are :

Case 9. Man, agetl 32, who fo¡ t¡vo months harl been having a poor rliet ancl intermittent
numbness of the 4th ard {t_h fürg_ers of-the left_b¿ncl. The sya¡toms clisappeared after receiving
4-mg. thiamine hydrochloricle_ t.i.tl. for 2 weeks, but reappearecl 3 weeks latei-(about 6 weeks beforã
thie estimation of thiamiae in the urine),

To¡ several yea¡s has had
has a high carËohyclrate rliet
ioaally taken supplements of
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TTME (TW'O DÄY INTERVAIIS)

Fig, 1. Xffect of single closes of
salicyiates on excretion of thiamine.
(fn each case aspirin was taken tlur-
ing the ûrst twelve hours of the
twenty-four hou¡ collection period.)
For particula¡s of cases see text.

¡¡

Ë

s
_õ\

t¡
ìË

Another case (Case 6 not shown in Fig. 1) receivecl 50 grains aspirin trventy-four hours before
tle test rras startecl, but noue tluring the test. The a.verâge thiam'i¡e exeretecl per ¿lay for the
lext two days was g4 mie¡og¡ams. I{e then receivecl õ0 grains soilium salicylate per clay for fve
tla¡s. Duri:rg the õth clay 180 mierograms thiamine ryere exc¡eted.

Experiments ¡çe¡e then ca¡ried out to see whether the io¡v values obtainecl after salicylate
tlerapy] or the high values obtainetl after single doses coul¿l be att¡ibutecl solely to the salicyìates.

The thiamine ercreted in the urine each d.ay b¡ 9 subjects (five normal persotrs ancl four
hospital patients ¡çith no evidence o¡ likeli-hood of thiarrrine cleflciency) rvas mèasured over two
periocls of fve consecutive tlays. .{t the beginning of the thirtl tlay of eaeh periocl tìe subject
¡eceivetl aa i¡t¡amuscular injection of either 1 or 2 mg. thiarrine. The seconrl ûve-day peiiocl
was startetl on the same clay of the week as the frrst periocl (i.e. trvo clays after the completion
of thefi¡stperiocl) so that byarrangement the menu offcred on corresponcling rlays of each periotl
w-as practically the same. During one of the five-day periods the subjeet received I0 to 30 graias
of aspirin ot soclium saücy'ate each alay, the first dose being taken at the beginni:rg of the tist.
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Subject.

' Particulars.

Salicylate (s) ) grains taken
Aspirin (a) J pcr day.

Thi¿mine excreted
per tlay
(micrograms)

TA,BLE õ.

rhiamine eøoration çtor,ag for fioe itrags uíth'and, w¿thowt tøking aor,íogr,øtos,
Salicylatos talcen during ûret

6-rlay periotl. - 
___ Salicylates taken during eeoonrl 5_day period.r fi rlr ^_ IV v vr Yrr vrfi

H:ilååi-t, 
F.age26, T.a,goz1, F.iie12, r'.as:87, _F_og; !7, M.asezl, F.age2e,

pregia. normat. normal, psori¿sis. 
"#;l;r. 

t'l¡liìL:t 
normal. normat.

IX
F. age 62,

- 20(a)
199 280
81 141

300 480
196 265
146 238

Oô

(s)30
160 106
85 115

154 180
72 763
74 247
22

778 137
L28 90

11

s)-
104
46

120
93
98

1

aõ(s) -774 715
150 98
630 236

day
tlay
d¿y*
tlay
clay

1st
2¡rtl
Srtl
4tlì
Stlr

150 118
L12 108

00

65 92
183 100
138 540
256 754
42 84

11

194
330
220
156

t

\70
474
288
342

2

20(
141
136
237
2t6
207

1

10(a) -141 105
t54 90
22r L82

- 30(s)

146

30 (s)
158
770
350
190
306

o

10 (s)
77L
102
44L
113
113

2

normal,

- 15(e)
56
92

340
186
150

2

174
119
115
138
200

o

Ci
o
Þz
tr
oll
ÞdFÞ
3

180 201 136 143 742 Lõ2 737 135



fn Table 5 the thiai¡r'i.e excreterl each ilay i¡r each of the nile test cases is reeorded. These
results have been examinecl statistically; in each case there was a signif.cant rise in the thiamine
excretecl while salicyìates were being taken. (Mean claily excretion of thialine rçithout salicylates
1447; with salicylates 2167. Stanrlarcl e¡ror + 10.) This ilcrease was of about the sane ortler
as thé irereasecl exe¡etion of urie acirl antl tota. nitrogen (Grabûelct and Knapp, 1928), ancl of
ascorbic acid (Dauiels ancl Everson, 1936; Keith antl TIickman, 1938) fountl uncler simil¿¡
ei¡cumstances; but it couìcl not be cor¡elated ¡r'ith variations in the volune of urhe exe¡etecl

As approximateiy the same rosults were obtainecl with or without takiag i:ito account the
i¡creased exc¡etion alue to the injeetion, the salicylates must affect the exe¡etion tather than the
âbsorptiou of the vitamì-n. Iu trvo eâses (subjects 6 antl 8), however, the total i¡c¡easecl exeretion
of thiami¡e n'ith salieylates coukl be aecounted for by the increase oceurring in the 24 Lours
followi-ng the injeetion of thianine; but in both these subjeets there ÌYas little or no immecliate
respotrse to the iljection untler normal contlitions.
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DISfi]SSION.

-A,lthougìr the number of cases is insufûcient to rrarrant wide generalizations,
the results shoryn in Table 5 and Fig. 1 inclicate that salicylates may have a markd
effect in iacreasing the urinary excretion of thiamine over short periods. This in-
creased excretion is not the result of increased absorption.

In some cases (Case 5, Table 4, Case 6; Case 8, tr'ig. 1) the withclrawal of salieylates rvas
followecl by a reclucecl thia¡nine output for a ferv clays, presumably until the cleplei'gtl bocly stores
were replenishecl. The large öfferenees betwe ¡sithout- salicylate
treatment in subjects 1 ancl 2 (Table 5) are , as in botå these
cases the periorl with salicylates precetletl the eases in which no
appreeiablè ¡ise in thiamine excretion s¡. f¿lri¡q_sali€Ylates (.Cases 9
anã t0, Fig. 1) hacl both recently shonrn vil¿min B tlefeiency; it seems
reasouáble to suggest that in these ease eady b€en clepletecl or rvere il-
capable of being mobilzecl.- 

Samuels, Rlfz et ø1. (1940) fountl in rats, following the withtl¡awal of salieylates, a similar
fall il the excretion of ascorbic acid beìow the original eontrol level. They also observecl that
gui:lea-pigs receivi.g less than a sertain quantity of ascorbic acitl i¡. thei¡ footl failetl to excrete
larger quantities of ascorbie aeicl when saìicylates were given.

The amount of thiamine excretd, in the urine in 24 hours depencls therefore
not only on the thiamine status of the individual at the time, but also on whether
salicylates have been taken just prior to or during the test. Variations in thiamine
excrótion due to salicylate administration ,Fill- not alter the clinicaL interpretation
of the results if the thiamine status of the patient is very low or very high, but with
borderline cases it may have a marhed effect. l\fany people take aspirin or A.P.C.
tablets frequently and, ilt particu-Ial. for conditions such as "neuritis" where an
estimation õt tne thiamine status might be of use to clinicians. It is possibie that
some of the inconsistencies observed in this method of evaluating the status may be

due to the effect of salicylates. IIore constant agreement has beeu obt¿ined between
the quantities of thiamine excreted- in t'wo consecutive 24-hour speciÉens of uri¡.e
since patients ll.ave been ashed. to refrain f¡6¡1 fsì<ing salicylates for several d.ays
prior to and d,uri:rg the collection of the samples. (When necessaxy some other
analgesic was supplied,. )' Ironge* periods of treatment Tyith large doses of salicylates (as in rheumatic
fever) appear to lead. to a red.uced. thiamine output, plesumably due to a loss of
body'stoiõs during the preliminary period of increased excretion (see Table 4).
It is, horvever, a iittle difûcult to reconcile these low ûgures with the absence of any
symptoms \yhich could be attributed to thiamine deficiency. No records of thiamine
deficìency associated rvith rheumatic fever have been found., though llinc,hart
(1935) has record.ed. a number of cases of scurvy associated. wit!. rheumatoid ar-
thritis treated with salicylates. Possibly the symptoms of salicylate poisoning
develop more rapid.Iy than do those of thiamine deûcienc¡ so that salicylate treat-
ment iì stopped befoïe the latter are recogrized. It is also possible that the low
thiamine eicretion is due to a raised renal ihreshold, and that the mobilization of
the body stores of thiamine is partially responsible for the action of salicylates in

--*-.*,-dÈ.¡{ 4qI i1'1-Il:f. :si% *.æESa li
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SUMMARY.

7

relieving pain. rt seems reasonabre to suggest that_e,are shourcr be taken to ensure
lfår#i:':'" undergoing salieylaiã ;ú;";ii *toul¿ uuo" 
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give a blue fluorescence in r4traviolet light ancl therefo¡e interfereome methocr of estimatins thiamine. cF.y;;;t ¡emoved bv thery extraction with isobu"tanol unless tn"".orit]ioo has beeu made

cretion of thiamine in urine, but
he significance of these r;;ii, ;
d.iscussed. ft is suggestecl that.ã
therapy.
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- 
fn- a previous expeniment (Cteland ,79+3), it u'as founcl that in the few cases

studied,- the aclministlaiion of salicylates \I'as'associatecl rvith an increase in thã
amount <¡f thiamine excreted. in the u¡ine of humans. Ijncler similar co"¿iiiã"s
an increase in the exeretion of ascorbic acid ças noted by Daniels an¿ nve"son
(1936) and Keith and Irieliman (1938), while samuels eiq,L- (1940), founcl thâì
in rats the increased excretion of vitamin C rras associatecl rvitL a iois of it from
the liver and brain. The present paper reports the effect of the aclninistration
of salicylates on the thiamine stores of rats.

LfETHOD.

Erperiments were macle using both young anrl adult rats ryliieh rve¡e fecl on either the
no¡mal stock tliet or a thiamine defrcient iliet of the follorvi:rg composition:

20 parts casei-n
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suerose
6alt mirtu¡e (Harris, 1938)
ilrred.. autocìaved yeast (Evãns et al., lgàg)
eod liçer oi-l substitute

-A,rlult rats of the dividerl into pairs- of approximately the same age anclweight. One rat of eac by storua¡,h tu¡e O.S c.äi lO p.". .odio- safi.yfaie eaclday for eighteen tlays, ¡eceivecL 0'5 c.c. ctistillecl *"ini ãt the same'time ancl
unoer tlle same co¡dltlol rr-ere killed after eighteen clays and the thiaurinc contentof various tissues was clete¡minecl.

When young rats (
ilucecl to 0.3 c.c. 5 p.c.
means of an aclauted svr
¡als rlerc fecl on eithËr

t fo:: sir wecks, .while those oD the defieient cliet
tissues rvere then ¡emoverl for analysis.

r iT,i' ifi:îl{iål irä:J*n:"åäff i"i'j:lå::
the rat, whire samuels et at (re40,).,round that TJåliïXtJå,','Jjtäììö"lH jlåîiilå.jïî:3i
asco¡bie acicl from the lire¡ and the brain.

RESULTS.

... TL. âverâge antl range of values obtai¡ecl for liver, kiclney anil bocly weigtrt and forthiami:re eoncentration i. Ìiser, kid'ey and L¡ain for .".r, àia.i."'t Ài*p ät rats are show¡ inTal¡le 1. Thcse have bcel examined siatisticailv.
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l{o. of
rats. .{.ge. Recciverl.

12 aclult q.ater

72 aclult

12 aclult

72 atluìt

JOAN B. CIJEI/ÄND

TÀBLE 1.

FTcigltt o-nã tltia¡nine conient of ret tisswes.

_ _ Weiglt (gnt.), _ _ thiamine corccrtraiion (7,rgm.).Diet. Tct¿rl. Liver. Kiclney. f,ive¡. Kidney. È"-Y". '

normal 203 9.04 1.55 8.00 I.7g 0.91 Äverage
L54-276 6.81-11.65 7.40-2.0 1.9ô-4.S3 0.S1-8.14 0.58_1.41 R.ange"

72 young water normal 139 8.09 l.7z 2-l6 2.20 0.gB Average
12+-180 6.15-11.49 0.89-1.48 1.33-t.45 0.e9-3.82 0.42-I.t8 Range-

72 you-ng saiie¡lates normal i44 8.47 L.z5 2.rB 1.94 1.03 average
116-171 5-8J-7i.¿,4 A.92-I.52 1.69 Ì.29 0.84-2.96 0.4õ-1.b9 Bange-

salieylates lormal 198 9.54 1.56
749-262 7 - 7 6-13. 04 7. 42_2. 24

¡rater thiamine 195 9.35 1.86
defcient 156-255 7 -77-L3.10 7-õ7-2-7'í

salicylates f,l¡l¿mi¡s 198 11 . 63 2- 01
defcient 156-25õ 8.13-14.79 1.75-2. õ4

3'91 2- 06 0.97 Average
2'10-7.77 1.26-3.18 0.4ú-7.48 Range

0.-¿2 0.39 C.55 -dverage
0'20-0. 43 0 -22-0. 19 0. 39-0.77 Range

0'40 0.39 0'53 Averagc
0.29-0-81 0-2ù-0.73 0.4G-0.70 Rairge

0.2L O.I7 0.21 Average
0'12-0.40 0.09-0'33 0.10-4.35 Range

0.15 0.27 0-21 Âverage
0.05-0'24 0.11-0'32 0.14-{'36 Range

12 young water thia¡riae 56
tlefcient 3E-80

12 young salieylates thiamine 63
ileûcient 41-80

2-49 0'93
7-72- 3'23 0-63-1-44

2-74 1-07
2.01- 3.81 0.72-1.27

'With adult rats on a normal cliet it can be seen that the¡e rças little rlifference betrveen
weight, kiclney
olYeyer, hacl a s

0. e y / gm.) . 
-'li:t 

Jr;X,-"ïìy io.,.*.d eo.cen-
was not statistically signifs¿¿¡.
wâ! al even greâter increase in liver weight

nt rise in thiamine coneentration ia the liveiof
f actor-s_ stud.iecl-borly and kiclney weight,

re rmalterecl.
efcient cliets, animals r
s, though they tended to
organ 'weight so that th

of thie.nine- rlefieieacy .was not affeeted by the
cl that on the normal stock cliet thc o]clei rats
concent¡ation of thiamine in the liver than the
the adult rats beilg about 8.5 ?/gm. anrt from
e gtoups the eonceuiration was about the same
. o.9tisw.).

the thiamine clefcient diet the thiamine con-
.) exceedeC the eoncentration in other tissues

rats.

e concentratio' in n the

cterlr-in_the young five¡
gm. botly weight t

DISCUS.SION.

The e experiments is the relatively greater
weight of which recei\'ê.cì. salicylates. M;"rõ;;pl_
eally the engorged and. sectio-ns of three of thä;
showed n dicl not dift'er materially from thos; 

"fthe corresponding control animaLs. Because the thiamine concentration in ihe;;
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ü,-.i:,î::"*îî,:,:
is curious, though,
an be found in the

ìrffi ," iff ";iuï'î :,ä,trf ï1,î îï i fträi;
days. It is unlikely that this would be

sufûcient to prol'oke hypertrophy, and the results given by ihem shorv nà *is"ifi_
ficant difference in this respect bet'ween treated and'untreäted animals.

was greatest when pv-ruvic aciil or clitrydrox¡

carbox¡'lase system and the riisn¡';tation
injectiols of salicylate ',vere asscciatetl
it is somcl¡orv conneetecl with carbohycl

The inereaseil concentration of thiamine in rat liver does not suggest an ex-
planation for the on founcl when salicylateJivere given
to several normal inistration of salicylates appearõd to
inerease the efûci ine was stored (to a iimitecl eitent) in
ad-ult ¡ats. This, holvever', did not occur in you¡g rats, and- symptoms of ttria-
mine defieiency occurred jugt a readily iu young ãeficiént r'atj re-ceiving salicy-
lates as in the control animals which were given ¡rJater.

The thiamine concentra'r,ion of the tissues of young deficient rats probably in-
dicates the minimurn concentration compatible *ith life, since these ãgure, io.""
obtained from animals vhich died of thiar ine defrciency- It is of interest to note
that under these conditions the concentration in the tùree tissues studied. was
about the same-that is, about 0'2y per gm. rn the adult rats in which the de-
ficiency rvas not nearly so severe, the thiamine conceutration in the liver and
kidney was not significantly greater than in the ¡-oung cleûcient rats, but the con-
centration in the brain wasmuch higher. This suggests that the br.ain has first pre-
ference on available thiamine ancl that the content of the brain is less labile t-han
that of other tissues. With a normal diet the conce¡rtration of thiamine in the iiver
was greater than in the kidney'which rvas greater than in the brain, but when the
diet rvas not adequate the greatest loss occurred. from the liver and the least from
the brain. These results are similar to those obtained. by other workers (Ferrebee
et ø1.,7942; Schultz ei a1.,1939; Snre and Ford, 1942; Sarett and. Perlz.weig, 1g43;
Schweigert et a1,., 1943).

SUMÌvfÄRY.

Ädministration of salicylates increased the liver rveight per gr:r. bocly weight
aud the thiamine concentration in the liver of adult (but ñot young) rats, on bóth
normal and thiamine deficient diets. Thiamine concentration ln kidney and
brain, kidney weight, and. the rate of development of syrnptoms of ,r.hiamine de-
ûciency in young rats 'r-,'ere not altered by giving salicylates.

In young thiamine-deficient rats the thianine concentration in brain was
lorver than in adult deûcient rats but the concentmtion in kiilney ancl liver .iv-as
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ryug-h tþe same; on a normal diet the concentrations in kidrey and brain were
similar ¡r1 ¿À,rrlt and young rats, but the thiamine concentrati;; in the liver was
signiûcantly higher in adult rats.

Possible i.nterpretations of these results are discussed.
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