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Unlike neny organdc compounds, oiterisc acid wes not originelly o ayn-
thetis laboratory produst, It was firet recognised by Schwele (1) when
ho precipitated ite calotum salt fvom lamon julos, Its izt relation to
andmal biologiesl proccsses wes indicated more then a esnluxy later when
Scahlst snd Genkel (2) denenstruted ite presemoe in milk,

The firet quantitetive determinstions of eitrie acdd in kologloel
fluids appeared in 19203 in biological tissuse, in 1936, These rovealed
that elthough it 15 preseat in sost marmalisn tissuss o the extent of
sbout 2 mg. perosnt, cwrtain tissues end fluids deviate markedly Dvom thip

The fact that oltric eodd is very videly and unevenly distrituted in
tispuos and flulde sugpeeted thet it may be invelved in scne of the charao=
torigtic end fundesental motebolic processes of the bedy, lere recent work
has demonstrated sueh to bo tiw case.

Shortly after the discovery of aitrio eedd os en enisal metabolite, end
oven before the evelution of an analytical method for citric ecid, Thunberg (3)
exenined sixly orgenic acide, incinding eitrie, for thalr emidisabdlity in
isolated andmsl tissues end fomd that of these ecids, eitrie, lactie,
sucoinie, fmarie, palis, and glutende disspreared rupldly with s trenafer
of hydregen to metiylene blue, which ho used oo indicator, lost of Ghds
work was dome on susole tissuo and tho results indicated that tie above acids
mey be involved in corbolydrate metebolisn, eince carbolydrate is knsm to
be the chief metebolite of mupals, Hatelli and Stawn (4) even proposed that
the oxidstion of thess aelds in musele can be identified with the respledion
of the mwele cslls,



Marting and Hneop (5) and (6) clusidated the fivet step of the tisswe
trealsiown of aitrete shen they found thet & oitrie delydregenase fren Liver
coaverte it o o <isteglutarete which they dsolated as the 2iedinitro~
phenylhydresone, Hwrebs ond Jolmgon (7) confirmed this fer mesale, ,

~ Martiue (8) bes shown further Ly changes in optisal roteticn thet
sitrate existe in tisauss in equilibwium with isositrate and clo-asonitate
and that the couversiem to ~=-hetogluterste proceeds directly from isccitrate,

Erebs end Jobnson (9 demenstratod end mesured the metebolic bweaidown
of «-iwtegluterste to susoinete iy misele tissue Ly cbsurving the carben
dloxide formation fren o~hotogiuterate in s manomotris spperetus,

Einbeok (10) mnd (1)) bed already studied the reactions of suocinate
wammmmmm—mwmmm
comoluded that fummrabe, and later melste, ere axidation preducts of suscinate,

Oraloscotate wus distingnished ss the metabolie addetion produst of
saleto by Hohn and Hearwenn (12) and (13),

In addition to the resctions dosoribed, it wms Qlooovered ly Susente
Grorgyd (14) and (15) thet succinate, fumsrate, malate and cxaloatotate
merkedly insronse the auygen uptals aud earbon dloxide produstion of andsml
Slesue out of proportion to the rumntity of the added subetance amd semetimes
without its dissppearsmoe, Kreds and Johnmon (7) subsequently established
the aase phencmencn for cltrate, ide s result of his cbeervations, Opente
Grorgyd (16) doveloped a theory in whish euceinats, fumerate, melate, and
amloasatate are integratod intordepenidently into an cxifeticn-reduvction
systes opecifically cancesned with Lydrogen transport frem aotivated motabo
1ite to the oytochsrone mystem,
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I% ia therefore now consldered that these orpemis substences, which have
been sghoun to undergo coxialin cuctesalive reactions in cameoction with mstabdo-
1isn, aot only serve as vl in the erpanienm, bub exhiibit alse o celtalytic
aotivity in the respirsiiom of tlosue, OFf parenount inportencs in suppest
of this vime s the chsarvation of Smest.Ovemsrd (14) that amalcapstste is
as easily reduced motaholically %o malate, even in the presence of molesular
axygen, o8 salate is mcdized to amloscetate, snd say even go to susoinate,
This ip not a genaral cosurrendd in awdabolio procosses, most of wihioh eve
predoninantly oxidative under serobio ponditions, end the finding of o rese-
tion so canily reversible ss melate —— emlcacstate is responsible for
Ssent~Gyorgyi's suggestion that the canlsncetate — mslate — fumerate =
sucoinate equilibedus reprewsents a catelytie lydrogen carrier ayotem,

Sallsan (17), Simols e Alapouse (18), and freusoh (19) et this time
reparted the synthosis of eitrate fron wmloscetete in various organs,
Krebs, iggleston, Keinseller, axd Sty (20) ecnfireed it for mpele tlssus,

Krebs (21) also msde She intaresting cbservetion that succinate mey be
formed fron Duarete, mslste and mmlossstate not only Ly & redustive prow
oses, bud, 30 this is inhibited by melemate, YW en alternate, cxidetive
proceas,
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the repidity of coddation of oitmute, lscaitrate, cis-coanitate, and ceietow
glutarate iz pigoon iwesst miscle, wiich notabolises carbolydrate extresely
energotically, the gynilcsis of citwwte five added cmaloscetete in misele
tiogue; and the finding thet sucoinate can bo comverted o fumarste and
MWWM“ﬂMMwWMM;
depsnding on the balonoe of eotive engymep ~ Hrebs (22) has formulsted s
hypothetical "oltris anid gydle” which sesves to esplain the relstios of
oliric aold to cardaydmie metebolism and to guide in the fusther invegti-
gation of the role of oltric asid in intermsdisry metebolism,

Espantially, the soheme postulstes thet, following tihe sccepted view
#mmxwwmhmmwmu,mw
vate condenses with omlnecotete to form sittate, Citvete ia tuen is oven-
tually azidised to amloacotate, which re-enters the eyele to cmmdense with
sove pyruvete frem the carbolydrate soures to form oiteis seld,

The evidense for this particular order is in the fivpt ploce furndshed
W experinmts of Xrebs and Eggleston (21) vhich shewed that in ninced musele
wruvate sposifiselly de ocddised wore repidly than and dn preference to
other substences derived fron ousboliydrate, Seocondly, Simels and Alapeuso (18}
heve shown thet the ediition of gyruvate to verfous tiseues loads to an
inorenso in olivete conlemi, As indlouted sbeve, wmloscotote is & procursor
of tispue citrete. Slwe the gyathesls of cliswis from mmlensetete neves-
serily invelves condensation with ansther substance, it seems ressonsbie to
suppose that this substence is pyrwvete. OCiteute is them eedddsed theough o
sariss of eubstances, including clewsoculiate, lscoiteule, dwivtogliuterate,
succinate, fumurate snd melate to cmloacetsle as described sbove. The crder
of cuddation ~ puosimete to fumarate to malate - had been detersined, ae
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abovo seutioned, Yy Hinbeclk {10) and (11); of melete to emsloscetate, ly
Habn and Hearmenn {12) and (13); and the conversion of isccitrate to
amietoglutarate, ly Hardius (6). It remained to estelilish the order of
eitrute, clowsoonitate end isvgitrete in the myelo.

Rperisente by tood, Werlomn, Hemingmay and Hier (23), using the iso=
tope O%F ghoved that i cxmlescetic acld 1o used se tho tagged sterting
product, the isctoplo ocarbon oppoars mostly in the carbuxyl sdjecent to the
keto group of the deketogluteric eoid, If thip twanufor takes place pori
mdly through eftric ssid, there ig no reapon o vxpoct sush a phonomenon,
imagemoh gp the terminal curboyls of eitric acdd are gymwiricslly eituated
in the molecule, and the fsctopio carbon should be equally distriluted to
both terminel carboxyls of the o-ketoglutaris acdd in accordence with
schens 1, ’
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Howover, Lf $he oxidation meshaniss of cmaloasetic aeld to - -iptopiue
Serds acld invelves the formation of avonitic ecdd ep im echens 2, 4% s Se
be wpeeted thad only e tersinal corbegyl sdjecent to the heto growp of
d-kstogiutaric aetd wadd eoutein the dsstopic cazbn nbome
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Erebs (23) hes compared the relabive mwtes of the folloming five resc-
tiomg in tisguess

1, eclo-lomitete — > lgcoltrete

2, Iscoltrate — -ois-econitate

3, clo-lconitate — — altsste

4e Citrate — - cls-noonitate

Se Isogitruie — — «<wtogluterate
Ho found thst ab piysicisgles] concemtrations, resctions 1 and § are such
more Fapdd them wesotions %, 3, and 4, These findings indleste Shot the
main flow of materiale in the citric sold aycle puspes tiwough edg-nconitate
and dgositrate rether than oitrete in the fovmation of ~ketoglutarate. In
view of the findings tesed upon the use of lsetople easbon, ¢, and upen
e relation of cltvic acid ss o posondary product weversitly joined to the
aycle through cls-asonitate. Sohemo 3 ghows the precent comoopt of tho
citrio acid oycle goconding to Kreds,
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I vivo aperinets sulstantiste the conception of endogenscusly formed
citric aeid, Hartemseon (24) reports & higher concemtrution of aitric acid
in vessus Shan in arteviel blood of wusele, Bookhly and Adame (25) found
thet & starving dog continmed to exerete aitric esid, Shommen, Mondel and
Smith {26) reported valusp of mxmreted oitric acld ebove the oitedo acid
intekie in doge. Shorr, Sembedis end Teuscly (27) found oitric scid to rige
anc fall sith tho ostrogenic gyelo, Ostberg (28) beliowes that urinme aitric
a0id rises in alkslosis, however induced, Dickens (29) showed that dey fat-
axtracted bone containg sometimes se wuch e 1,6 percent of eitric acid end
condluded that bone serves an & rossxvelr for citric acid in the body,.
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Pollowing his work, Glaco and Smith (30) eduinistered sediva hicerbumste
and sodius malete to rets end demonstretod that the resulting inmsrease in
urine eftric acld is not Gue 4o reloase of the oltris acld stered in bune,
Thelr work idmplies that the endogoncus focmation of eitric acld 1o otimmw~
lated by ingestion of alkali, 7he finding of Simcle and his collsberators
(31) and (32) that certain organic substenses eonvertiblas te cerbolydrate
in the body when fed to mto ineresse their eitric asdd cutput and beheve
as precursore of eitric acdd suprorts tho view that oltrde eold 1s a produgt
of intermedlary metabolisnm,

As canoerne carbolydreto metabolisn, Sheremn, Mondel and Smith (26)
found thot urine ciiric acid showed a tendenay to rise in dogs fed n high
ouarose, low protein diet although no suoh tendengy wos manifept on & low
carbolydrate, high casein diet. Goeenwnldd {(33), as far dack ap 1904, hed
aduinigtored sodive cltembe to phlorisinised doge and to & pationt with
diabotes mellitus and notiosd o rise in glueose exerotion, looisy, Corne
and Wiok (34) later found that oitrie acdd, and to s losser extent sodimm
odtvate, aduinistered to rate is doposited ag liver glycogemn, These euthors
also demonstrated the antilmtopenic effect of eitric acid on fasted rats
end its officowy in relioving insulin ahook,

lony observations recorded in the literature by diffevent workers point
to relations of sitrie acid and ealeium metaboligm, Dickens (29) pointed
out that the pressnos of the highest concentraiion of cilrste in thet tissus
whleh 1o richest in caledum provides striking evidemoe for the pertieipation
of citrie sold in coloium metabolims, Ihe ides of o citrute-like substance
acting oo colvent for bone salts detos for besk and Creonmnld snd Gross (36)
and (37) in thelr studiss of paratiyrodd activity went so far es $o postulsie
the forsastion of suwoh a substance thoeugh the agengy of the parstigreid gland,



.

Thumberg (38) end (39) end his associaton have comtimually sougit to con-
nect efteie cold with calelvn motaboliem in the body, Schereten (40) has
found o high content of oitrate in senea which has mons five times oo s
caledus us doos plasms. Enteyenic tissus (30) and the sholls of birds' eggs
{32) end (39) are alse rieh bedh in caloium and in oftric sold, Dickens hes
elso shown that bome citrete is mich more affocted by dlotery ond hesmenal
variations than ave the other bone salte and congiders 3% prodelle thet the
prosenco of citrate in the Sumediste vieinity of caleifying or dsoaleifying
bono nmight, Yy its solvent estion, play en important vele in preveoting prew
mture precipitation of bone selts in these regions, In this comeotien it
i interosting to note that in vecet yesrs dlssclutden of urinery eslould
formed of calolus salts hes boen attempted with edtvete buffer lavege. In
pertiouler Albeight and his cowsoriere (41) end later Suly (42) and Rewls
and Wost (43) heve made sowe progress in thde direotion,

Sabbetant {44); %o euplatn the effuet of citrate in prevesting blood
eongulation, errived st the hypotbeale that caloium forms s complen iem with
adbtric scld, Wiley (45) measured the dogree of dispogisticn of triealoium
citeute in valter bty eonductivity metheds. Hestings end hie cowewlmre (46)
seagured the dlssocistion constants for the eiSrates of cslofum, magnesium
ond gtventiwm by using the frog heert methed eb pil 7 or above, in o remge
in whigh eitrie eold muy be regurded e cwpletely dissosiated. They found
two stages of dlesvoiation, of Which the firwt ie complete ~

Cng0ity = o™ % Cn 01t
The oooond dissceistion is thet of & ~eak ecloctrelyto =
On 038 =— Od' %\ 0it”



Ib cai Lo desoribed by the equation «
oo ] [aae?]
[mmﬂ “Ege = W0
o8 pi Tody 22° 0 and tho fomde strengih, « - 0,155 to 0,166,

s and iehel (47) chocked the omstent by applying o chemisal method,
Thay brought. eltsute-conteining selutions into equilibrius with solid eal~
edun iodate end fron the soluldlity predust of celodus lodate caloulated tho
calodun fon in solution as caloiun citvete, Thay were slse allo to estond
their observations to a lower pil rengs than thet stteined by the previous
workers and were thus shle o deternine the dissociation of caledum hydvegen

citrate -
Oa B 046 ——Ca'' + 1 G2t
ond fomd -
mﬂ- —am" L
e e @
gl -
[57] [oss"] e

From these results, lolean snd Klspmen (48) have consteustod o somogram
whigh facilitetes the caloulstion of culcdum ion concentrutions at various
pi waloes in the presence of oitric acdd and which has buon used to estimate
the quantity of lonigped osledum in citreted plasms,

mmﬁﬁmmmﬁtummw
beer in mind varistions in temperature, ibereas the solubility of cdteie
ecld inoresses with terpersture, caleium clttate hes s nogutive Lemporeture
coefficient of selubdlity, The cxidatioms of citric ecid sre aleo affected
by temperature, ond, additionally, bty catalytio effects, CGreville (49)
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found thet in the emayme cxidaticns which he studled, magnesium lom is s
component of the sasyme system involved and had to be added o replace the
magnesium fon removed by the citrate formed (50). |

The oxidatlon of ¢itric acld in memmalien tissuse 1s effected through
the agenay of certaiu ensymes which catalyse its breakfown through the
dicarbozylic and trissrboxylic ecids of Brebs' oyclo, lNon-ensymie oxidation
of eliric acid, so fur as it known, caxmot be performed hy this route, Oxi-
Gation by permanganate in scid golution is related to the in vive oxidatica
of oitrie cold in somws of the lower forms of life, in whish the oxidatien
begine at the hydresyl group and yields mcetome dlcwrbexylis acid and carben
dioxide. Walker and hie collaborstors (51) and (52) found sestone dicar-
boaylie acid to be & produet of oitric acid oxidation in cultures of
Aspergillus niger and Pesudsmonas pyocyanea. Acetone dlearboxylic aecld,
however, is extremely labile snd exists only as an intewmediste preduct.
Fuyper (53) has studied the effect of temperature, the seld used in the
oxidation and the quantity of molecular exygen present on the exidation of
citric acid in acid permenganate. He formulated the following equations to
explain the divergent courses of the oxidation «

2. cl:xgcm | CH,COOH
2 ?(aﬁ)mju 0p—>20 = 0 + 200y + 2 Hyd
CH5C00H CHoCO0H
Citrie aeid Acotone dicar-
2: At temperatures below 60° ¢ «
CHaCOOR
2 fl.‘s:{) + 545 02 —> 2 CHgO + H COOH + 7 00g + 3 HgO
baoon
dcotone dicar- Formal- Formic

baxylic asid dehyde acid
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boeylic asdd

The firet stago of tho cuidstien et ony tenperwture is the formetion of
soobone digurboxylic sedd, e progross of the omidatien from this point
depends on the temporutuve snd the exddising potential, At bigh tenpertures,
mmmummmmmmuamw
M“HWMM&“MM‘ Fast addition
of pereanmanate end nes of sulfueds sathar $han  aootio aid have been found
to premote this, it lows tompevetives, no scvtone Lo formed, and the metn
producte are farmmldelyde and fermic acld, Hith repid eddition of pornen~
gensto the amount of ygen found in the reaction produsts wes oqual So thet
mammnmmummmm F.1: ]
wwwmmﬁmmmﬂ,mmmm
contained 28 percent move cxygen tlen eould have cers frem the eitwate and
DermangrRnnto. umnwmmmmmum
MWmmM“Mm-thWﬁmw
epeed of pernanganate saditdon, Acration with cxygen resulted in 36 percent
wosess axygen ia the products. Nuyper concluded thet molooular axygen entsep
the resstion and affects the course of the oxidstion, No podnted out the
mmumummxawwﬁhdrn—
peratures o its mepid cxddstion in tho body,

mmummnumwmm
1. 4 gtuly end improvenent of the Pucher-Sherman-Vickery methed for the
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Getevalagtlon of odlidc seld, 2 The reletion of oltrie acid metebolism to
Poual culowll fomutdon, . The melatlion of sucnisate, glutanate,
slitrale ingesblon bo uwisary clivule excretiocn, 4e The rale of intostinal
bagterial abllon in the produstion of oitwlc astd,



The study of citric eeld motabelism hup been seriouely limited %y the
lack of an snalytienl method suiteble to physiological msterdal, The main
difficulties arige in the low consentration of this substence in tissues,
in the psvalty of chemisel resstions apecific for it and in ite chenicsl
sipilarity to otber substances of binlogicel impertance, A review of thn
Uterature roveals that two methods in particuler have been used to inveg=
tigate the ciirie acid content of the enimal orgunism, The first, developed
by Thunberg (54), depends wen the ssties of & spesifis aitels delydregenass
Mhmmmmmtymﬁmm
Vickery (55), depends wpen the charesteristie property of eitric seld to
becone ccidised, under cortein conditfons, to scetons dicarborylic eotd and
of tho latter to treninate to pentebromacetons, wideh gives & yellow coler
with sodium sulfide, Docause engyme tecimique 1s smoh more edspteble to
blological fluids than to solid tissuso and exarets; and also besceuse of tho
trouble snd core reguired in the preparstion of She ensyms, the chenioal
procedure hus a alear adventege in 1ts universel spplicabdlity,

IV soemed deslreble to eummine the ohemicnl method fyem the podnt of
view of smeothing et vardous wcertainties reperted ty oll ite users and
to shorten the ¢iwe of the deterninaticn,

o method oonslets in the conversien of sitvic aeid to pemtabronsce-
tone acoording to the scheme -
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and in the treatment of the latter compound with smecus sadius sulfide %o
fove o yollow complex whioh can be sseeyod coloringtricelly in terms of
oitric sold. 4 ealilention curve go devised serves to eveluste the altrie
aold eontent of unknsem sslutiona,

ihe experimenta) procedure, es delinented by Puoher, Shermen and
Vichery, is e» follewms & solubion gontaining 0,1 to 1,0 mg, of oltrie aold
is placed in o 150 ml. bealer with wetler to mako a volme of apprecimately
75 nle To this 16 added 2 ml, of 1 melar potassium beeedde and 20 ml, of
1.5 nurmal potessivm permengsnets, After 10 min, stending, the solution 1s
degolorised with » sultable emeunt of 20% ferrous milfate solution or 3%
bydrogen percccide, In the lattor came, the reaction sixture is firet
thoroughly ehilled, end excess of the resgent is carvefully avedded, The
solorless solution is then sbaken in o separetory funnel with 26 ml, of
potroloun ethor (B. Po 35-50° 0,) %o axtrect the pemtabromscotone formed,
the aquecus loyer is drawn off and the ether washed onoe with 5.00 ul, of
weter, The wash fluid ip sdded to the sguocus seluticn, the other is tveng-
ferred to » second separetory fummel, and the aqueous solutisn is returned



to the firet and re-axtracied as bofore, The socond ether extwmet is added
to the fivgl, and the condined exirects arv washed four timee with 5 ml.
portions of wuter, The weshed ether i» extrooted succeseively with 3, 2,
ond 1 ml, quentities of & freshly propeved 4% sodivm sulfide eelubion, which
is quentitotively dramm off iate o 10w, volumstwie flssl: eowteining 3.5 nl,
of pyridine used to stabilise the solor formed, The selution is diluted %o
the mevk: with 507 pyefdine snd mesd in o spectrophotonster ngaingt o dlow
tilled wmater blank,

Johnson (56) eonsiders the ves of dicsmne as finel dllvent to be lese
objoctionablle tham ;yridine, and Dickens (29) hes foumd the use of feorrous
eulfete to decolorine permanganate not consistently relisble and prefers
hydrogen peroxide. Mo recommends g blank of soddur sulfide snd diesene,
fhie ie thooreticelly correct insemmch so sodium sulfide is on umstable
. ecmpound, ead the preparetion of 1te solution is not eanily duplicetsd frm
day to day, |

The folloring experizents ame comeermed with the preparatien of puve
endy 20 far oy possible, steble reagents; the essenbly snd developmout of
saitablo spparatus; and the study of the resction conditions fyon the view
point of the time end the reliability of the amelytiesl procoduve,
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SAERUENIAL

The best grede of eitrie acid evaillsble on the merket is & sdwtuwre of
anhydrous ¢itris aedd snd ite nonchyimie. Ihe preparation of the pure mono-
hydrate is compliceted by the tremendous soiubdlity of oitris scid in water
giving a ayzupy oelution fvom which the acid presipitetes es s misxture of
the monolydrate end snlyrdrous ferss, In preparing a standamd sasple of
eitrio seid for wse in malyais, eevernl trials showed tho necsssity of
exploying the mdldest possidble heating and deying provadures, In genesal,
an sxeees of the Uy B, Pu sold wes shalen in hot water, hested in s boiling
water bath, filtered and allowed %o stend overmighi in o refrigevetor,
es indicatsd in Teble I, Ths produet So, 7 mus origioally selssted as
stendurd, later trisls showed She desiraldlity of prepering & pure asalyrdrous
materisl vhish was substituted bessuen of its better keepling qualitiee,



Product

1. USSP Remgent

24 UuS.P,. reerystallized onos
first fraction, heated 1./:: hr.,
ground, drisd in alr 5 hra.

3« UuB.Fe meoryeiallined ones
first fraction, hoated 3/2 hr.,
ground, drisd in sir 24 hre.

4o U.S.P. recrystallised onca,
first fraction, heated 1/2 hr.,
ground, drisd in alx 48 hes,

S5e U.8.P. rourysiallised once,
second fraction, haatad 1/2 1~r.,
ground, dried in aiy 24 hva.

He UsSeP. mocryatailized onoe,
both fractions, heated 1/2 hr.,
ground, dried evar sulfuric
geld 50 hrs.

Te U.8.P. moorymtallized onoe,
firet fraction, heated 10 min.,
dried in air

8. U.5.P. reeryetsllised once,
first fraction, heated 10 min,,
gyound, dried in wmamm

over phosphorva pentoxide

Height of 0,1 Formal
Bample, Sodiom Hydvoxide,®
- Blite mle
01050 16,25
00700 10454
0.0700 10,63
3.0700 10466
20700 10,71
D060 12.51
00700 10400
0,0640 Fel4

% Phemalphthelein wnn uasd as indicator, throughout.

Anhydvous
Citrdie fedd,

e

0.1040

0,0675

0.0680

0,.0582

9.0685

00873

0.0640

0,0641

rous

99405

96437

9

VTedle

105,00

91.43

100,29

Anhyd Wetor of Crystal-
citz-i; hedd, nsativg, cale'd,

0495

3.63

2481

2e54

2408

8,57

Holes Water per
Hole Cltrin leid,
eanletd

0,30

el

0.31

0,28

0.21

Honohiydre te
Standard,
1.00

Anhydrous
8 tandard
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The epparetus was sot up e shown in Flgure 1s A mpecially oonstrusted
wooden atend held the requisite mmber of maribed 129 ml, separatcry funnels,
The ende of the fumnels were bevelod off short end o bemt capillary tube,
& woe used to remove the last dyeps of liguid from the ssparntory tube,

The initial experimental procedurc adopted was se followss o ouiteble
dilution of the Cilrie Acld Nomohydrete Stemdard wee msde in ¢ velumetrio
flagk, Aliquot portions were drawn off into mumbered 126 ml, erloumeyer
flasiks end diluted %o ebout 40 wl, Lach of thess, after eddition, fyon
plpotte, of 3 nl. of sulfuric acid, 2 ml, of 1 molar potassium bromide and
10 nls of 1.5 novmal putesoium permengenate, was cllowed to stend emotly
fifteon nimibtos, Then the flask was quickly cooled %o 6° C 4n en foo-galt
Mmumm:m:wuwwuthdtu
permen;anate colow, The bleached selutlon was trensferred to e soraratory
fumnel, 25 sl, of petroloun ethew, B, Fe 35807 G, sdded, and the fmwmel was
brigidy inverted seventy-five times, 4 few preliminary trisls demmmstrated
that shaking couses fommetion of undesireble amulsions, The mumber of
fmversions was sslegted ty trisl end arpur to give the most efficient emw
traction of the pentairenscetone and washing of the ether layer, The
aqueous layer was dresm off into an erlenmeyer flask, the remaining ether
layer wue washed ly teenty lwversions with epproximately 5 =l, of distilled
weber, and the wash £luld ws added $o the relenmeyer, 7he entire oontents
of the erlenmcyer wos poured into o seoond fumel end extracted with ansthor
25 nl, of petroloun othor, fifty inversicos belng used, The etber leyer was
vaghed ao befores The two other lgyere were conbined in the fivet funnel,
the ascond being rinsed into the first with epproximetely 10 ml, of distilled
waber, The ether was washed with this by thirty-five inversiens end was
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cubssquently weshed tiwee times with about 5 ml, portionms of weler with
teenty inversioms, Two mimutes were allowed for thorsugh draining of water
from the other layer at this point, The ether was then extrasted fifty
timen with 3 ml. of & freshly prepared 4% aguocus sodinn sulfide solution,
The sulfide extract was drawn off inte = 10 ml, valumetyie flask containing
245 nl, of diozanc, Iwo additional extractions, using 2 ml, of ecdium
mulfide eolution with thirty-five imversicne and 1 nl, of gedimm sulfide
with twenty~five inversions respectively were similarly performed, The
volumetric flask wes filled to the mark with 507 equecus dlomane, inverted
thres times aud the contentes transferred to o Klett cclorimeter tube in
wiloh Teadings were made o o Klott-Suzmerson Phodosleotrie Colorimeter (57)
Boe 163 with the P, (green) filter, Analyses were perfomed in duplicete,
mmwmmmummm&mm In these, blanks
of digtilled wator, water end dicumne, snd water, dicumns and sodinm eulfide
were used to check on the influence of the bLlank on the aceuraay of the
doterninetion, Figure 2 shows that the weter-diomanc-sodium sulfide blank
geve the best results, 7This wae mob unsupected in view of the fast that
eofium sulfide is an unstable ao well as deliquescent compoumd, and dully
veriatione in the composition of its soluticns are umavoidable, The water-
dioxane-sodium sulfide biank was, therefore, edopted far further determina-
tions despite its ocomplexity, The addition of sodium mulfide solution %o
diocmone is exothersic, It was found, however, that in prepering the blank

if the full 6 al, of sodium sulfide solution is added to 3,% ml, of dlommne
et the time of the first sulfide extrection of the sasple, the temperature

of the Bank eand of the senpls is the seve at the time of the colorimeter
rendling,



TaBIE IX
BELRVTIOE O A SUTTALLE: ILAE
Colorinetar Fas
Hank Adjusted to
Citrie Aold, wgs vabes ater-diozne Sulfide=dlomune
Oul9 32,8 132
32 28,3 D 15,5
0udS FA My 3443 2246
0.56 476 36,2 2940
TABIE IIX
DRI T COLOGIMETER REARDINGS
L4220 MUl DRENALS)
Golariscter o 38
Citrie Aeld
ngs ustor fieter-dicmne Sulfide-dicene
0,19 32,8, 29,3
Ge 32
CulS 2e3e 202y ey Wk 21WEy 2Wudy Wb

0u56  4Tuby 4642y 46s2 3662y S8y 3245, 322 940, 205, 20,2



25

80

Loaandryg

|

“ .oc_\_ P!

L0 @“_o S0 | 40

} | !

OB DlulD

¢0

DURXOIP-2PHINS &6
2URXOIP-J2TEM 0—0
J2)BM 00

SMNVvId

40
NOsigvdlioD

]
¥ 1
i i
| !

;

| |
! i |
{ ’ i
i i
i i m
| m
| | !
| m !

i

<=

i L

i
}
|
i

I
AL ORI SSPAIE SIS T

g

[+
B




26

It wan notioed during the course of the fMret experiments that the color
of the solmbions faded, The degree of fading is reflected in the eolorimster
rondings reportad in Table IXIX, The pressmce of Lubbles and odor of hydwogen
sulfide in the colemed solution sugpested interference frow Lwynritise, an
attampt %o find & weve band inpensitive Lo drift was sede, The P42 (purple)
filter wms uged in soveral subseousnt deterainations, nt the drift was not
eliminated (oee ZTable W), Alkall end sodiue gyunide ware then tried te
stabilise the color, bub aley withoub suoscess, Substitution of sodimm
thiosulfute and of sodium hydrogen sulfide solwtions for the loss stable
sodimm sulfide prodused a yellow coler which wes relatively weaker than that
of the godivm ewlifide ond was thwe discerded, Sodium tetrethionste snd thio~
glysclio seld gave ne eolor, The purity of the pstroloun ether wes nest
investigated ao o possible faotor in cumualng the drift, Twanty ml, of
petroloun ether wuo phalen in o separatory fumnel with 5 ml, of 5% sodium
sulfide solution, The resulte showsd that the othor trestusnt laft e turbid
water layer - probably dus to precipitation of sulfur, Ether dried by
osvere), woaks' conteot with anhydreus sodiun mulfate, on the obher hand,
left o clear webter layes, In order to remswve ths interforing impurities in
the ether, it wes redistilied in un allglase apperattus within the bodling
range of 35-50° o, |

I wus obvious o this point that the probles of drift ia the eslerie
woter readings wes atill not completely salved and that an investigatfen of
the other reagants imvelved vas indieated, In ordor to gpeed the work, it
was decided to sturt the mwalyiionl precedure direstly frem pentabeomasotens,
and, for this purpess; the espound wes prepared ascording to directions
given by Dickens (25). 0,6620 gn, of Gitric Acld Nonchydrate Stendamd
yielded 1,4273 gn. of pemtabrumsostons, WP, T2° €, 4 singlo recrystallizetion
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from 505 alochsl peve s fired frection of 0,4045 ga. (355 yield), P, WU® ¢,

The alvisability of welng o final diluent other then diwmne was condie
dered, The prossnee of peronide compounds in the conmercial dlcomne used
way girongly suspested, & test with culfwris sold and potassion lodide
indieatod this to be tiue, and abtespts ot vemoval were ssde withoub suo~
aanu. Soveral obthar solvents wore bested fur peroxides, as shows in Table V,

B,0071 gmy of pentalrasatedons was mede 9 to 100 ul, with pelrolem
ether in o volumstric fNask, This corresponds to & J g % clirie ecid
solution, 10 al. aliguot poclions were used, 4 coupavative zun through
nenomethyl obher of stiyyleae dyecl ee fina) diluenis, Rosulis are given
tn Tohle VI, 4 potaseiun Glohramsts soluiien (yellow) wes used es sendard
of comparisen to show novmal error i solorimeler resdings taken et various
intervals, The netlyl sbher blenk appesred duxk and apperently oontained
metallic mlfides, Tis mellyl ether wes, therefore, redistilled et 118~
1%® ¢ for subeequent use, The orude ether gave & white preoipitete with
saifurto sold, whewes the redistilled produst remsined clser,

Jecsnee of vardebility in commerelsl semplos of sodium sulfide end
ingtebdlity of Ite solutions, it was Jeuided to prepere i directly from
saliticns of soliwn hydroxide sod hydrogen sulfide gas, These svlutions
were used within six howrs of preperation. An apperetus was st up (Figure 3)
for tho preparation of sodium sulfide solutions {rem sodium hydroxide end
hydrogen suifide, Steck 1 norsal Sodiuws hydrozide selutien, carbonate
free, woe adjusted to 0,5 nerasl and chosked Yy titimiion sgainst a sulfamio
acid standard using phwmolphtislisin ss indloater, 50 mi, of the hydradide
wee pipotted into the sppevetus end gaesed with hydrogen sulfids frem a



TARIE XV

TAMIE ¥

DR oxane *
Diozane Eept Over Soddmm, 7 mo. *
Pyridine e

Eoncuetlyl Diher of Etlylens Glyoel -



$ABIE VI

fllused

30 45
Heuane 5  Salfide-dicemne ] 15 Y i
Ddoxans 42  Sulfide~dicmne as o7 &5
Pyrifine « « = o «pooipltats « « » © o ® 5 = = . = ° -
Hethyl ether 5  Tater 2 1 123 123
HSetiyl ether 54 Sulfide - mothyl ether 22 4 o 7
Mothyl ether 42  Weter 326
Dohrovate 42 fntor 23 230 233 B3
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eylinder, The gas flow wes adjusted so that the memisous of the solution
in the apparatus finctuated between two mavrks ebout a quarter of en inch
spart on tube b, The time of gassing was exectly twenty minutes. S50 ml,
of 0,5 normal sodium hydroxide wes pipetted into the gassed solution end
mixed,

Mo OH + ¥oS -——>Fa B3 + Ha0

—Na B9+ WeOH-—>Nag8 = H0——  —

In this woy, it wee sepumed that metellie impurities, so deletorious
to the dolorimetrie procedure, were eliminetod end the somcentration of
sodium sulfide, difficultly weighable because of its deliquescent character,
maintained constant, Preliminarr rme indieated that most of the drift in
the colorimeter eedings wes eliminated (Tebls VII) by using sodium sulfide
prepared ag above,

To determine tho r=liahility of the wsthod at this peint, the colori-
neter was calllwated in terms of sitric acld, %able VIII shows the read- |
ingn obtained whem varying amounts of pentebremesetone {(0,0118 gnu.% petro-
lounm other solution) were used as samples, Table IX glves the veadings
obtained. shen eitric acld monohydrate was used as standard (0,0009 gn. %
aqueous solution), Values of both tables are scaleulated to anhydrous eitric
arid. The converslon factor of pentabromacetone to anhydrous eitric sald
is 0.,4%2%; of the monohydrate to anhydrous eitrle aseld, the conversion fac-
tor iz 0,904,

It is apperent from the graphie reprosentation in Plgure 4 that the
converslon of ¢ltric ecld te pentalromecetone is net quantitative, The
degree of ceuversion, as cstimebed fvom the cuxrves of Figure 4, is giver in
Table Z, For an empirieal method, Figure 4 shows a satiefuctory eslibration

curve,



TAME VIX

0sb

% Bulfide - mothyl ether blamk, FSi filter,



0,10
0u25

10,0
2940
G20
80,0

300,06
1255

3
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04300
G500
0,700

0,47
04665
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mmmwmmmmmwmw
procodure secmed to be in eliminating the perexide tyeatment, To thls end
several reducing substances were investigated with ths findings shown in
Zable XI,

The pespibility of using exalic seid preosented itgelf, when, howsver,
nmmuﬁ“uﬁmh&%ﬁ%ﬂh#ﬁ&mmmwwn
mmm.mmmmm;mmm
tion of the pentabromucetane,

u.mm.ummmummmnw
ot al, end Dickens that pentebromacetons ip destrayed Yy musll excesses of
hydrogen peroxide or during titration with 1t st roam tespereture, Rwparie
nenta performed in %hie divection led to the oonclusion thot ss much as
llﬂ.“ﬁ“ﬁ,t&“hﬂ»ﬂ“wﬂ“mm,m
mmmmmm-tmmuMuahumm
fma properly washed out before the addition of sodium gulfide, The pre~
mwmu&wmmmm-_mmamﬂ
sulfur, Ghe weshing procedure required for the removal of other inpuritiss,
m«,mwam;mmmmdwm
(scc Zable XIX), én intevesting cbeesvation came to light - monely, that
mn&mm#mwwmummmn
lowor theu ot higher temperetures, suggesting that the renotion is of a
higher veastion axder. The isportance is purely theoweticsl and beers mo
mm,ummu:mnw“muhm
tims Saguired for tho titration,

mmmmmmnuaumnmm:ﬂmﬁ
ummmmmummmmmmm.
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Forale Acid

Forraldahyde
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mlie Acdd - 0,50 gn, sdded at anoe

0s7% go. added at onoo
0,50 gu, edded ab ounoe
1,00 gny edded at ocooe
1,00 gn, afded greduslly

Heture of Reducing Aotion

precdpitate with teomine

noarly omplote



TABIE XIX

Dato of Colorimeter
heading,
s
B2 De5® Usnal gtandard method, 0
B2, 2 05 Same, after 2 min, shaking g:a
with peroacide,

Bem2ied 2 D40 Umml standswrd method, 0
e 0.5 Same, with 2 nl, excess 250
poroxide,

Bmlimi 2 Qe 500 Usual standerd method 4]
Smfml Do Same, st room tempara-- g%ﬁ
| ture with 2 nl, excess
povaxids,

s St O §re Vol stendard mebthod, 35.0
Bt .58 at roon 96,0

mmﬁﬁaﬂ:m“ -~
' perocdde,

e e
mmm«m-.mummm

5 al, aliquet of 0,0009 Citrio Avdd Momolydrate Staadard in 100
- agueous solwmtdon, " e



Witk 3 nl, sulfurie sold per aliquot, colorimster No, 761

0,65 150
0s15 6450
e L 8430
0,30 17,00
030 17,00
0,20 17,20
D50 -
0,50 35.7Q
0.7 45:50
0,80 49400
0,80 80,30
0,90 53,350
: 1,00 Gls 00
B 63,20
With § nl, sulfurle seld por aliquet, colorimeter No, 260
* 02 16,0 '
02 16,0
0.6 42,0
De 4345
046 395
10 Tie0
| 1.0 70,8
| L0 The5
1.4 P70
ed 1016
' 9 05,0
1.4 7.0
1,8 3126,0
L8 128,0

& 10 mgs § aguocus selution of Ankgdreus Standamd,
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I% has else been found advimshble to cheeck the uniformdty of the Klott
colovimeter tubss and to select matched tubes or to uee alwaye the seme two
tubos for blenk and fur samplo,

Bubliles due probebly to alr end %o hydregen sulfide appear cccasionally
in the colorimoter tubes and lower the colovimeter readings, This Qifficulty
is most likely to bDeccme manifest in hot weather. It is overcome ly stirring
the volewed solutions and Iy keeping them in o challow pan of osol tap waber
until thedy trmnafer imto the Klett tubes, Accurete tesperatwe contrel is
miparfluotp. '

e ase of 5 nl. of sulfurie acdd per sesple instesd of 3 ml, of sule
furie scid improves the wniformity of results.

Blological sasples yequire preliminary trestwent to remove iaterfering
subptances. The prelreetment was performed essentially as suggested by
Pucher ot al,

Drines the senple to be enalymed weo thoroughly miwed ond a 4 o 5 nd,
aliguot wag pipetited inte a 125 ul, erlommayer flask merked ot sbout 40 ond
60 ml, lovels, The sample wne diluvted o the 60 al, mark swith distilled
wmter, 3 or § ml, of 508 snlfurie sold wms added, end, efter mixing, the
satple woe placed on o hot plste Lo eveporete repidly to the 40 ml, mark,
After cooling to room temperature, 3 ml, of saturated bromine water wes
added, and the mixture was allowed to stand for ten simdes, I tho snalyels
ocould not be performed Smmodistely, $he vessol wes covered end placed in o
refrigorator, The solution wap finally transferred to a 50 ml. lipped
gentrifuge tube, centrifuged, and the supermatent solution sepermted fow
analyolsy

floods 1D =i, of freshiy drewn blood was pipetted inte 40 ml, of 108
trieshloracetic aoid eonteined in o 50 ml. lipped centrifuge tubte, The
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precipitated proteins ware removed bty centrifuging, The sarplo wae drained
into a 125 ml, marked arlemmeyer flask and protrested as for wrine,

Focos: A dar's suaple of foooe wus colleoted &n 300 miy of 2,5 N
sulfurie sold end diluted with wnter %o 500 n', is a large greduated eyline
der, IV was allowed to elend in o covered jar for abmt tivwe days or untdl
peptised, The sample wun then filtered through o coarwe peper and a 25 to
50 wd, aliquodt pivetbed inte o marked 129 mi, eorleowsyer flask, Inough
solid trishloracetic acld wes added to moke s 5% eolution (2,25 or 2,50 goele
After standdng {iftcen mimutos to preeipitete the pretein seterial, the
sanple eas centriluged, returned Lo the srlenmeyer flask, diluted to the
60 ml, mark and pretrested thevsafter as for uvine and blood, but without
further widitdc: of sulfuric neld, ' ,

Deta fur aualyses performed tc test the resover of eitrde acid from
blologles). material are given in Teble XIV, Oolovimeter No, 163 was uweed,



Cal
Cu3

G20
Le220
imcovered, 1,00



“he pemtabromacetone method of determining oliric seld is enpiricel
and, o8 such, demending of tho snalyst, Its dependencs en solsy formstion
with sodium sulfide mekes it ectremely senadtive to the presence of metallis
ispurities, which precipitate as gulfides, and te percxides, whish liberate
soleculer sulfur, nocsssitsting esreful purifisstion of reagerts snd eomote
ing washing procedures, These have heen desevibed, Oocasiemel presence of
bubbles in the eolarimeter tube has also a deleterio:e offest; lowering the
ocoloriseter rending, This can be elimimbed hy etirring snd Uy keeping the
valumsteie oollestion flasks in a shalles pun of ecol tep weber during the
sulfide extmmotion,

The eolor dnyolved in the reaction appeers 4o bo cheolutely stsbilised,
in the absenos of interfaring impurities, k7 the use of the momemethyl ethew
of ethyleme glreol as a fiml dilvent,

The ptendsrdization of sodium sulfide has besa effocted Yy o repveducible
method of ite preparutien fron sodium hydrexide solntion and hydregen eulfids
gae in the epperatus depiried in Fisure 3,

Tho procedure of coolin: sanples during the resctions with pervanganate
and tronine and the eare to avedd alight axocsses of hydrogen peroxide heve
been shown to be uwnecesonly'.

The spparetus essembly adopted for the anslyties) procedure e ehown
in Figare 1.

The sehome finelly adopted for the analysis for citric eeid is as
follosas |
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40 i, of the protrested pwumple is eubjested to the axidation prosedure
with § sl, of 503 sulfurie eoid, 3 sl. of 1 moler potassium bromide and 10 ul,
of 1 normsl potassium permangennte for fifteen minutea, 7The excess permen~
enate and tromine are removed st roon tespereture ty delivery of an approxi~
mately stolshiometric quemtity of hydrogen percodde from & buvette, The
pentateummcetone is exteweted with redistilled petroleun sther (B, 35-50° @)
and the extract 1o wmshed with water, This extraction end washing is repeated
cnce, The two ofhor extructs aro conbined end washed agein, Finally, they
are extrooted with freshly gynthesised sodium sulfide salutiom, The mumber
of inversioms of the ssparetory funnel reccrmended for the exirecticn and
the waghing procedures srve indicated sshematically as follows:

Fetroleur Ether Fxtraction and Waahdngs

ihmber of ngﬂm
for Extrestion
Firgt Second Third Fouwrth
Vnph Vissh Wash Wash
First Extract 5 2
Sosond Zxtract 50 20
Conbined Fxtract 35 20 20 i
Sodium Sulfide Emtyeotion:
Humber of Inversions for Dwtyaction
First Extract 50
Second Pxtract 35

talning 3.5 nml., of the monomethyl ether of ethylens glycel, mede up to volume
witk this solvent, aud resd in the colorimeter,
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Caloium eitimte 18 mope eoluble then celoium phosphate, cxalate and
carbonate, and this feot combined with its low dissocistion suggests thad
1t tay emert sowe protective action egainst precipitetion of caloiua phos-
phate, cerbonete and amlate, Hartemsson (50) mentions thet it increases
the solubdlity of caloiun emlate and tends to hold esleiwm phosphate sus-
perxied, On the other hand, Mertenseon elso points to the presmos of
sltric aoid in vardous pathologicel caloiffcstions and conoretions in
anunte betwoen 0,1 end 049 peroent, Kiosin end lecks (99) found low
eitrete concantratiens in the urins af patienta with esledum urelithiasds
ond suggested that this may bave eticlogicsl bwaring on the problem of
stomo formation, Altedght, Suly, Remwls, Gest and otimrs have perforeed
succespful dissolution of rensl and vesicel stonos with eitrete tmffers,
Higgins (60) producsd stouce In mats by depriving then of vitomin A during
the astive growth pericd and Baswmereten (61) obbained similer resulto with
rate doprived of viteming 4 and D end megnesium, Although these euthors
@12 not conmeot the ineldence of lithdasis with oftrls acid metebolime, it
eppesved worth whils o determine whether deprivation of vitemin & snd
retaxdstion of growth heve eny effoot oo wrinme cltrio acld conoemtention,

Part I is cuncerned vith the stuly of the velstion of aitrie scld
setabolisa to rensl stume forestion in humsns and the effect of evite-
minoals 4 on uwrinery citris scdd in rate,
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Tho fivet subject selected for this etudy wes o thirty-thres yoar old
seventy-eight kilogran male with s history of thirteen years' recurrent
paseage of stome, Foxr years previeus to the etudy an operution had deen
performed to ramove a stone ispectod in the right weter, Shortly followe
ing the cporation, X~tuy Fevealod a sunll stono in the lewer celyx of essh
kidnays At the time of the study, both ildneye were infectod with stephylo~
cocous, Wlood end urine chenistyy was generally normal, blood wrwe nitrogen
v 25 mge$ and the basel metabolic rets veried between -9 and -20f, Tho

in anplyeis was performed on the stone removed surgloslly from subject 1
(Tebde XV}, The nnalytioel procedures uged were essentially those reccomended
by Nolntosh snd Salter (62). A few confimmmtory tests were mwm b altemmate
procedures as indicsted in the table, Tho stone wes prectisally puve caloium
cmlste arystal without matviz ond with ealy a trece afnixture of caleivm
rhogphete.

Table IV is representative of the subject's uswal diet,

Table XVII ehows the nitrogen conlemt of the subject's wrine, This
table was compiled bescsuse Hedes (63) found thet uven enbences the salubdlity
of calodum comlate. Mo alnormality in uree content was foumd for tho urine
of the mbjoot 1. The enalyses were run Iy the method of Rinchard, Orundahl
and Yoot (G64).

Urine sedinmemts frow the subjest 1 weve emenined, The codimont in
freoh urine epposred normel, Urine hested for helf en hour at 70° € end
filtered through o fritted glass funnel %o remove coagulated colledds threw
down orystals in o few days. These gave o streng phosphate test and wesk
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test for earbonateo end cumlste. Thay wore asgpumed to be mgnesiwn mmmonivm

phosphate precipitsted sz a result of allmlinisation of the urine threugh

deconposition of urea ly staphylocvcsue organisng in the urine (Pigure 6).
Freliminary trisls oo the solublility of csleduns comlofe and calsium phoge

phete stonee fn allaline oitrate solutisn ave reperted in Table WWILI,

Theee indleste that precipitetion of celofum czslate snd phoephate is inhie

bited by the pressnce of oitmate even in ellmline gelutiom,
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TABIE XV

aorossoplo sppearences Iho stene was pulley-sheped, 7 mm, in dismeter,
2 om, thick, and wolghad 0,08 gm, It had & ovystalline sparkie and oreesmy
oolor,

Hicroseopdo eppesrancet The fragnented stono wes composed of perfect
orystals with teianguisr faces, A tymeo of amorphous substance wme found,
posgibly due $o crushing, leo organde matyix was visible,

;
i



Brecifest
1 egg, 1 slice of bugon, 1 ploce of toast, 1 aup of eoffes, 1 orangs,

1 han sendwioh, 1 oup of coffes, 1 oupeake,

:

turlmy with dressing, letiuce, ssparegus end tomsto galad, 1 oup of
voffee, potatoss, 1 Coca Oola, 1 strewborry sundse,

G2
Ereakfast
1 oggy 2 sldcen of baoon, 3 cup of coffes, 1 evange,
Lomalh _
1 polmon sendwich, 3/2 peermt butter and jelly sandwieh, 3 cookies,
1 oup of eaffea,
Supper

1 slice of seet Yoa?, I drossod egg, 1/2 ered sandwish, & ohesse arackers,
1mncrmmmamm,xmmmm
1/2 glase of wilk,

S, 2
Erealdfast
1 oggy 1 eldoe of bacon, 1 slice of tosst, 1 eup of coffes, 1 digh of
boyeenberries.



TaBLE IVI, contimed

Lanoh

potato saled, mest loaf, noodle ssup, calm, boysenberries, clwoss,
Suppea

potuto salasd, cteak, berrics sud croan, squash, loo greaw, 5 coolkies,

S22
Ireskfast
1 egg, toast, 1 mp of coffee, 2 cranges, buysenborries.
Lunoh
soslloped potatoes with bum and choese, aspsragus, cerrot struws,
cugtard, cohs,
Suppor
potatoes, corn, park steek, 1 Cecs Cala,

25,2
| frenkfogt
] 1 ogz, 2 sausages, toast, coffes, plus,
Iunoh
1 salmon sandmich, ) calke, 1 orenge, ) Coocs Oola,
Sappes
tonsto enlad with cottage cheess, ham, opg, toust, poars.



The following date wefers %o omtrol pamplo 8~27-{3; volumos 1332 ml,3
plis 6,5 specific grevitys 1,018,

fldaquaty Stz Bsgult,
nl. '@;., [Eepez

doy
Uren nitrogen
2 6475 Gl
2 697 G339
Average, 9,18
Arewmia ndtzogen
§ 13420 04706
Total nitrogen
20 9460 10,19
um 250 10,28
iverege, 10,22

® 3340 dilution
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URINE SEDIMENTS FOR SUBJECT 1

%
QS

N
10X 10 _ oxw©o
Control Experimental
STONE OFSUBJECGT
-\
10X 10
Fragmented stone 15 X \8

Fragment of stone
Bincocular view

Figure 6
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A control »m wes wmeds ou seven 24 hr, urine specimens to deSermine the
delly output of odtwie acid ond sslolum and to cheook on the possibility of &
~ doviation from tho noemal in magnesium cemtent, A sisdlar comtvel yum wes
mado also on two blood ssples, 40 ml, of posteadsorpbive Blood wes dvemn
from tw vedn without the wee of anticoagulant, 20 ml, of the bloed wee
pipetied iato 80 nl, of 108 trichloracetie acld for dupligate oiterie acid
analysis, e ressindor woe reserved fov serum,

Citric aeid was determined by the method develeped in Fezt I, OColarime-
ter Hos 761 was used, Caleium enalyses were performad by the Glari-Coaliip
modification (67) of the Tisdall mothed; magnesium, by o medified Deuis
mothod (68}, Urine pil wes messuved wiih nitmesine papur,

The rosults (Sable XIX) show thet caledun end megnosivm in wrine and
in blood were within the normal range. Urine oitsde acid wme clightly belew
averuge normal on the busds of the findings of Kissdn and Looks (59), These
authore give 0,63 gn, por day as the everage daily wrine cltrio acid for
sixteen normal subjests and 0,15 gme per duy for siwteen putiente with cale
clun wrolithinsis, Scherwten (69) reparts zmen hlced eitedo acid to vary
betwesn 1.5 and 440 mge § Oubjoct 1, sccordingly, presents o bleed eitrie
acid velue within the ncrmel range,

It is interosting to note that the presence of blood in urine semple
19,3 was comnected with diuresds, a shawp full in oftrdo aeid, apd & rise
in ealedum, Such phencmens may be related with ireitation of the kidney
and & tesporery dleturbanoe of iis fumstien,



Date of
Sampls

1743
Il
P B ]
1=E=43

1843
1eBm43

1-9-43
1-9-43

11243
11243

1-13=43
1~13=43

Jmlimd3
1-Lipd3

135-43
1-15=43

Volums,
ule

nurz

Date of
Zample

21243
2-12-43
2-12-43

2ud3mf3
21343
2e]3=43

TABLE XiX

ASALYSRS TOR _STBTECT L
Izine
pE Colorinster Citric ieid 0401 Bormal Galalum Golovimsbar Yagmanion
Resding, per Day, Parmungonn te, per Day, s par Day,
3.6
6e5 28.1 0458 143 0357
25.6 1.43
32,9
642 304 0,52 1,22 D267 1430
27.6 122 143.0 0077
T8 1.32 1239
645 Ted 3219 126 Ded30 116,0 0,008
3045 134 14640
6,0 2643 050 1.32 00303 1420 0,080
35.0 147 172,08
by 36,0 0,54 149 0,209 172.0 a,082
32.4 143 150.0
Gody 31.3 0,58 1.42 0,334 1642 0,090
&8s
G802 2340 0.51 92 0,06L
Average, 0.48 Aversge, D0.330 bverage, 0.083
Blosd
Colorivetar OClitrie Acid, 0,01 Hormel Caleivm, Colorimater Hagnesium,
Peading, ug % Pormmngunn te, ng % Reading, vg
F54 nl. ¥54
11,2 1,15 T
10.0 2.01 112 11,37 5965 LT
1.08 105.0
Gl 1.0 10k.2
Gl 1277 %w 16,90 101.5 2,13
30

hverage, 1.89

dverege, 11,04

Averege, 1.94
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Subject 2 wee wuother stonv case, 7Tlres years previous to this siudy,
bo had boan hospitalised for trmmatic injury to the loft kidney and fruow
tures of elbow, wrist, »ibs, end possibly slmll, Infection eand e sepbicenia
reaiglant to pulfatidarcle trestuant nesossdisted nephrectemy, Six monthe
Ister, & stone was dlscovered in the right kidney, loplwelithobeny was pors
foemed, The gtone venoved wus cocxposed essentislly of caletum phosphete,
Gos year leter, the mubjeot had en sttack of kldney colio without eny
visible evidence of stome, 7Tho attack passed wnoventfully, 4t the time
of this study, subject 2 wes tuenipmiive yoars eld, weighed slxtyw~eight
klogrems, and was in gved heelth,

The analysee ol his urine end blood sve gives in Teble XX, Urine
eltric acid was low, wine culuivm wao low, wrlne organde solds weve normal,
and volume and spevifis grevity reletions indicsted correct kidney functien,
Hood edtrio sald wus la the mormel renge.



TARLE XX

#, FOi
Uring
Dute of Volume, pH Golorimetar Gitrle feld 0,01 Hozeaml Calalun Speeific 0.2 Hormsl Orzande Aclds DSeogidine
Sample Bla heeding, per Day, Permengans te, per Day, Gravity Hydrochlorie, per Day Test
54 ke nle R ule per kg.
FelPed3® 29.8 0.73
7*17043"5 835 &‘ 26&9 0&19 QQ?B Qnm 1.022 7.45 7013 i
Tl 3% Fhe2 0,20
Juellomd, 3% 1485 T0 31.2 035 0,75 Da224 1.014 700 13.88 -
7’31‘“’* 56-? 0-96
?"31"41}“* 1583 605 6133 Qolys Oa% 0.19& 1.@2@
Average, 0,32 dverage, 0,182
# 2 ml. aliguol
2 3 ml. sliguot
Blogd
Date of Gelorise ter Citrie
Smmple foading, Aeld
P54 B

3 dmded, 16,0

FeBdmiids 16,0 2,75

Belmfd, 0.5

Exlfd, 20,5 3,51

Average, 3 «9
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On the besio of Kissin's date thet urinesy lithianis is commected with
a low urine clteic acid, it coomed plausible that other pathelogleal seleis
floations sdght present the same pioture, Subjeet 3, with remal tuberculo-
#is, wop oelocted for fnvestigetion of this possibility,

Subject 3 wes a mele, forty-four years of age, end wedghed elghviy-ane
kdlogrems, lis cass history showed that ten yoers previous to tho study he
bed hod gymptoms of renal tuberouloeis, 7Two yeers provicus to the study,
ho tmd hed an epididymectory for tubsroular epddidymitis, At the tiws of
the study, he was confined at the Tubsreulosis liogpital for trwetment of
filwotio obstruction of the bledder, I~reyo revesled calaificstion of the
loft kidmay, ureter, snd Llodder, Fyogenic pyeloneplwritis developed after
wetossopy. The patient died of miliary tubexoulosis five monthe after
adniselon, Autopay confivmed the presence of caleifications, Doth kidneys
wero affected to some axtent, The caleifications wers in the form of
plaques, Thero wmas no stone,

Teble XXI shows that, s in the case of subject 1, blood citrie acld
was in the normal renge and wrine oitric aold was Jow, Urine calofum end
total orgenic nolds wero normal, Bemsidine tests (70) indicsted hematuris
in one ingtance, livtable is the resemblance of this instance, sample 7el2-43,
to that of hematuris in subjeot 1, samplo l-Owid, as to the unnmally low
oitrio acld end relatively high celoium, The low specific gravity mnd high
volume of urine for subjeot 3 suggest ispairment of renal fumetiom,



TABLE XXI

Uring
Date of Volum pH Colorimetar  Citrie fcid 0,01 Novmal Caloimm Specifia 0,2 flormal  Organie icids Bammidive
Sample tile Roeding, paT Day, Perusnyamnts, per Day, Gravity Hydroshlorie, per Day Teat
¥54 Hitle 219 fra:: Y mly par kg.
Fuwd 2mf3 T2 0.97
el 23 1750 547 T8 D.18 0,96 0338 1.007 550 BT +
7"13"/13“ 3515 3a72
FudJeed 3% 1266 508 4540 Vadld 0.85 0,199 1.001 4480 5425 -
Prddpml 38 2ha’ 0.84
Foddpmd 3% 1760 546 23,0 0433 .84 0,296 1,009 490 TodT o
Average, 0.30 average; 0.278
437 pyogenie lufesiion -
Gl 340
Gadmd 3 2520 6.0 3.0 0,05 1,011 -
Blood
Date of Colorimoter Citrie sodd
Sasple ieading, 2.3
P54
FadGml3ns a7 2,72

® 2 ml, aliquot
% 16 ml, sumple
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Coppridge (71) and mamy others heve remurked om the rarity of stome in
negroes, It has been stiributed alternstely to their purportedly low cal-
clum diet and to their suppesed lummity to progenic infeetion, Litersiuve
disclosed no data on the reblo of celelun to citrie acid in the urine of
negroes, Subjest 4, s normal negroe tweniy-three years of age and welghing
seventy-nine kilograms was evailabile for such gtudy, His urine showed s
high normal value for citrie acid and a low normal walue for caleium
(Table XXTI), A stedy of many cases would bo necessery to establish the
aormal uwrinery cityic zeid of negroes and amy relatlon to the low incidence
of lithiamis among them,

Subjoet 5 was o forty-nine year 518 meleo with e recent insidence of
stone. The nalure of the stome was uwlmown, Citric acid was high, esloium
was low, amd cystine wes absent {Table XXIII), If the stonms in subject 5
was composed of osleium salts, the uripary citric acidecalcium ratic was
exceptional,



bels of
Sauple

1143
1143

Date of
Gopple

Sw2mi,
Su2mid,
5m3mbd,
S3mid,
Smiymih
Sulpddy,

GGty
SuBmid

Vol

-1 N

1300

Volume,

zile

235

1252

29

pH

6'5

pH

5.2

53

Sed

Sed

jifrt]
Colorimeter Citric Aeid 0.0 Bormal GCelefun
Resding, per ey, Feormngannts, per Day,
5 74 £ia ' e
53.0 0.95
50,0 1.05 Ta95 D207
TABLE EXITX
ARALIZES FOL SUBJECT 5
Brine
Colorimator Citrie jeias 3401 Bormal Coleiom
Reading, por Tmy, Permmganate, per Day,
P54 fie ul, g%
93.0 077
9R40 0,92 073 0,213
102.0 877
102,09 0.89 Q.77 0.193
122.0 074
120,0 103 877 0,185
0 0.61
9240 0,72 Sa03 0.137
dverege, D.69 Avernge, 0.182

¥ 2 wl. aliquols wers used and Colorimeter Ho. 163

TaBLE XXIT

Speci fie
Gravity

1.018

Spocifie

Grovity

1,034

1028

1.023

1,023

0,2 Horymal
liydrochlorde,

.

549

Bensidine
Togt

Organds Aeid
per Dey

par kg.

7.&

Cystine
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Galeium lithiasis in rets has been voported as s sgymptom of vitandin 4
deflciemey, In 1943 lidggine (60) reported in ¢ study on coe lundred and
£ifty rats that eighty-elight peruent of the rets fod vitemin 4 deficient
ratione doveloped bladder stono end foriy-one percent developed remal stene
in two lnmdred and fifty days, The following experiments were desigped to
dotarmine whether aviteminesis A results in dooveesed cltrio asid outpud
in the urine,

Fifteon reshitic alxty-dey old male rats wore fed balmnoced retions
ad libidum for ene weok, st which time riciets was ssmumed to have disap~
peared, On S-lé=43 the rets were grouped into three eages, five mats to s
oage, and the groups wite desipgnated O, I, and II, @nob ret wes ear-maried
and recedved sn individuel mwmber, the susbers ruming frem 1 ¢to 5 for cach
cage, PRate arv designeted ly cage end individual mmbers, To illugtmmte -
05 1o mnt 5 of cage 0 13 is rut 3 of cage I3 20 15 ret 1 of onge II,

The following basic diet wap given sdlibidnm to oll three groupst

Grade groumd cegain 8%
Dexbrin o5
Olive uil, heoted to 170° ¢ w
Ground yeest 2
Salt mimture 5
The salt mizture centaineds
RaGl 17.3 poe
NgSOy 7 B0 She’
NallgPOy, Hy0 7
K HgPoy 95eh
Ca(lPQy )n Sp0 5440
PeSY, 7 Hig 1,8

0a(CsB107) 20,0
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Group O was used as contrel and was given a drop of cod liver ofl per
ret as indlostod further, The sdninistration was bty dropper divectly imdo
the moulh of sach rete Groupe I and II weve used for experimental purposes
and were given vicsterol instead of cod liver oil in exsetly tho ssme mamer
as group O, Wheat geem odl wes glven to all fiftesn vebs individually Wy
drepper in the dowe of one drep per rat pbout ence weskly, The amount of
food cunsumed ly the mubs ot verious tises is given in Zeble XXIV, Wedghts
of tho rats were recorded periodically, Figure 7 represents growth cuwrves
of the control and the experimental enimels, At intervals, o 24 b, urine
specimem wus collected from oech rut Yy mwans of an individusl metabolisn
enge (Figure 8), Thic wss constructed of o glass fmnel 7 in, in dlameter
topped by & arlindricel housing of wire, ¥he cage flowr was an insert of
the sane wire cowered ly & oirele of finer wire, f1he fumal sten contaimed
& glase wool plug end dipped into e 25 ml, gredusted cylinder containing
1 al, of toluens, 4 wooden stand wos used os funnel suppart and wooden
#labs, welghted oo noeded, an ecage covers, H-mwa-mm-
matlo delivery flask strepped to the cage. A tall, marwow food boxt wes
strepped inside tho cage, At the end of tho collection period, each fumnel
was cereffully rinssd indo the gradunted qylinder with distilled wmter
delivered ly atomizer, A1l the ruts, vhen first placed on the basie diet
end vitandn supplonenta, took about tho sume emount of food « 10 gm. par
yab por day ~ and tho some emoumt of water -~ 20 ml, per et per day.
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The fivet urine amalyses were ™ one month later, The 2§ hr, wrine
parple wae diduted to 50 ul, end 25 ml, was used for analysls, Coloriseter
of eod liver ofl and oash axperimental rat cme drop of viosteral at about
throo day intervele. The average uwrlne citrde ecid of the control growp
wes 0,80 mge deily; of tho aperimntel snivals, 0,46 mg, dally (Tsble XXV},
Tvee of the ten oxperissntal animals developed mild mswophbhalinia, whish
did ot appeer in any of the controla, During the peried of winw colleos
tien for this mm; the osontrol growth owrve was rising faster them the growth
surve of the oxporimental animals. |

During the sonth presoding the second urine collection, the experimen~
tal animals s3il1l regeived on the everege ane &rop of vissterul esch evexy
thren days, Docanso of gn inereasiag ineidence snd severity of merophthnlmis,
wonimens, end a repidly falling growth curve, they were also cosasionally
given cod Jiver oll as neoded to protect them, The contmol rets remwfned
entirely well, Their growth curve, howover, showed « tendemoy to flatten
mibe At the time of the seeond urine cvllection, the experimental snimale
were eating more than the cusirels, Tils wos assumed %o bo due to inoreased
setebolic efficiensy dve to aldition of vitamin A following vitemin A staxve-
tion, The grewth curvep of both the contyal snd the exporinemtal groups
wore rising, thet of the exporimentel group more @o than thet of the oo
trol, The wine aitdo ecid of the esporimental grovp everaged 0,76 mg,
per vat daily amd of tiw controls, 0,69 (Teble XXVI), Urine pil was rougbly
the sane for all groups end chowed wo significant diffsrence,



TABLE X3V

JREE CIIRIC ACID POR RATS
Ret Date vine  Oolerimeter  Odtrie
Runber Volume, Ho, 761 Aold,
ul, g
e
o Gl 3 5 4040 1,248
' B | E =
oh OmdOmi 5 0778
05 GudOmi3 5 2342 0,720
ivarage, 0,799
1 Dl o3 2 12,0 De3%,
12 i3 ba3 21,0 ouess
% 1 e Ou522
15 e 3 N.7e 0a 46
M . 3 26,7% D498
b Pl 7ot 3 3 740 0,212
P B O B &
25 GulOw}3 3 26,0 OulOR
dvornge, 0,462

% Colorimster Mo, 163



TARIE XXVY

i ) Yate 'Z!rim ?E;d.'m Colorimetey Sitrle
e e g,
0 20-1243 5,8 8.7 2,0 0,830
02 101543 9 b2 32,0 0,952
e 10=20=43 8 O« 10,0 G 206
& Ao=20-23 8 60 25,0 0,740
05 102543 o5 545 20,5 0,610
iverage, 0,606

u 10w1243 2.4 %45 11,9 0,388
2 op f 8 B =
u 101543 3 63 26,0 0,770
15 102043 35 Gud 25,0 04740
2 10=20-42 4o Be0 43,0 1,284
P B B 8 B =
2, 101543 6a0 643 12,0 0,960
25 10=154,3 5.8 86 19,0 0566
iverage, 0,762

* Colorimeter, Ho, 163
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During the feliowdng Viwee weeks She growbh surve of the contzol rets
rose slightly. The growth curve of the experimentel veis declined, They
doveloped infiammatdon of Lhe legs, espyems, sovere mesophthalais sud hosas
turise Cod Liver oil wnd milk was given theo individuelly as mecessary to
kesp them alive, Usdne collewied ab this Lims assayed an average of 0,92
gs of citric acd dailly per vat fup the contvols and 0,85 ng. daily per rat
for the mperisentel cnimals (feble WII), Urluary pil fell for all groups,

During % {lnel experinentel perdod, the growth suive and food iataie
of the ommirol wlimuls ross very slightlye. Ule growih curvs of the expordie
mental aninals declined sbwrplye The eontyol animals remsined healtly, The
eperimontel omas il hed mevepbihaluin end meny cowtiousd Lo have puruleat
infestions, Vicelerol was not given, Diluied eod liver oil wee eduinisbered
“ keap the animels alive, Tho urine elirie enlé for the controls wes 0,76
Bge por rot dally and for the experimental aninals, 0.36 mg. per vet delly
(Talkle XXVIII}, dnawy pi reuedned low for Loth $he omirol end i eperie
nentel animals,

x&mumﬂmmmmmmmawmm
Mate of growth sod gemeral boslih, Decatse of the pecessity of adminigtering
vitanin & to siok aninels, the varistions in vitasin D sétendact wpon varia-
tlons in cod liver oll end viesterol inteke, and the varistioss in isiske of
the B grouwp of vitauias with chenge in sppetite of the salmele, it wes not
possible to demonsizels the specific affest of vitemin &, Fosbmorden asamie
nation did reveal typical avitesinsels 4 gymplems in )l the eoperimcntal
andmals « purlent infestion of lunge, sers, nassl sisuses, and the genito-
urinary tract, Hedtber eutopey nor two serdes of Ierays telwn during the course
of tho experimente showed any stones, The control andwele remsined in good
health throughout the anperiments end were ot seerificed,



TAKLE TAVIX
IETHE GLRRIE ACTD FOR RASS
Mmtor Volums, pii
ul,
% 135w43 2 ;;
a3 Tiaes s ’
o Lmlomt3 4o 548
05 12eliomiy3 g 5.8
1n 123 3 5.8
12 Wl 3 7 545
13 Limdimd.3 8 55
it Umdimics 8 5e3
15 Lmdimt) 10,5 5.8
2 Lntinl,3 5a8 509
B Tiads > et
- A
25 7

& Colorimater, Yo, 353

72

Colorinetor fitvin
Reading, ® Aodd,
3 e
2.0 gog
80 0,654
70,0
20,0 0. 584
Average, 0,918
13.0 0,39
480 1,430
1.5 0,9%%
225 0,668
28,0 0,830
62,0 1.2%
D5 el
322 0,058
1740 0508
” 0, 504
iverags, 0,825



TARLE ZX¥IXT

Falb Duto Totng Theing Colorinatar tiheie
Huter Yolume, pR Reading, * aaidy
mle » ML YEuw
o 0 57 545
o2 1-15-255 15 SaT LR gﬁ
a3 15.5 547 42,0 Co533
Gl P R b} SeT ANGL0 1,480
o5 5 Se7 B5ed D772
iverage, U7
n 1.5 8.7 .8 0,536
i A dGemlde 1dns 57 e 0,325
L 10 5e7 440 0. 508
A d5eid, 10 57 L0 0,290
18 A2t g Se7
i 3 1 2Bmi 1.8 5.7 5ed
2 A dldl Sed SeT 2046 CedB§
23 doe A5l ] 527 1547 Da&l7
2y 32544 g Sa7 29,6 0,430
a3 254, 3 545 14,0 V220

® Colorimeter, Mo, 363, Analyees vun on full 24 by, ssmplos,
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The formogeing eporimente polot to the obeervation that in one dlagnosed
case of caleium stone the welght for weight retic of urine oitric aecil to
urine calofws had the walue 1.45s in another cese of s eurgioally removed
caleiun phosphate stome, this value wes 1,77 at Sho time of the etudy; and
in o came of renal tubereulosis with extencive coleifiestion of the kidneys
and of wrinary pessages, the velue was 1.09, In contwest, o noemsl megre,
selocted for study becsuse negroes are beliewed to be relatively Lmsmme to
caledum lithiasle, presonted the valuo 4425, and n case with s mmell, silent
rencl stone of undeternined compopition, 4.89.

Thess regults intimate the possibdility that the mechanisn of caloifien-
tion mey proceed tireugh the desteuctim of the labile oitrete redical end
the consequent release of cnlciun fon for precipitetion with suitable enfens.
Exsesaive wrine caleium exaretion or exvessive eitrate rediesl degtrustion
fron any caupe should predispose to urinary calelum 1ithiasis in such an
ingtance,

A roviow of the distary habite of subject 1 falled to vevesl any ebwious
peculiarity.

Becouse magnesium iy a constituent of body etsmywss concerned with gitedle
egid produgtiem and because Hammarebten believes that magnesium enhances the
solubdlity of ealodun cualate, quantitative analywes oo magmesium were per-
formed on the bloodl and wrine of subjeet 1, Both veltes were norpal,

Ures, zepocted by ledes as selvent for celeium omelats, was eleoo present
in novmel concentration in the urine of subjeot 1.

Hormel blood clipris asid plgtures for subjects 1 and 2 suggest thet a
high rensl threshold for citrlo sold exsretion or an energetie oxidation of



75

the oitvete redical by remsl parenclyms mey scvoust for the low velue of
eitrle aold in the urine, |

Studios on rete indicate that deslining grewth end beelth lower eitrie
e0ld netebolisn sad ewpport the view of NMortensson (24) thst urine eitvie
acid fells during the ocourse of inflaemstery disease.



Erebs, on the beals of in viieo aperisnta, designated cortain four-
onrbon dioarbesylic acids the precursore of cdtrio seid, 16 wes ilmmedistely
intevesting Lo know whether in vive eperiments would substantiste these
findinge, In 1958 Simcls and Ecpumen (32) reported that sodium salte of the
precurscre and chemioally allied substences fod %o »ats in the ratic of
&0 mge of eodium to 100 gu, of body welght caused increesed citeic acid to
be exgreted in the urine, 1w onder of inoreasing effectivensss wus gluceaie,
glycolie, edipic, mleic, comloacetio, fumeric, malic, pyruwie, o-ietoglu-
taric, asonitic, suosinie, malenis, ecitwacenic, pyruvic ecld sidel, and
glutarie,

The findings suggoeted a possibility of protecting ehronis stone formers
from precipitation of enloium in the wrine ly releing the uwrinery clivie
soid omosntretion through the feeding of & sultable cuupomd, The question
romained as to whother the inoresse found in rets could be produced eimilarly
in humens end whether this state vould be obtained without & simuitencous
ingrease in the exoretion of osloium,



A control study of the wino constituents for subjeot 1 hed slrveady
boen made (Toble XIX). e wap then given 2024 gn, of suceinie acid (Mallino-
krodd) in four doses deily for four days. The ingestion resulied in sn
immediete rise in urine eitric woid and wus acocupanied by & 10-35 me, dvep
in blood pressure and o fecling of werwth, The calorigenic effect subsided
in twenty-four hours and the eitvde nold began to drop towerd contrul velues,
o the fourth day, incvease in gustro-intestinel motility, nausea snd oresps
teruinated the ewperiment. The citric eeld valuws st this peint wes slightly
below the eontrel valus, Calofum vemained novesl throughout (Veble XXIX),
tut showed an sverege rise of 0,05 gm. per day.



Date of
Sample

DX Fl3
YTl
QulTewl3

21Ed3
ZmlBmiF
2=13-43

2-19-43
21943
2-19-43

220043
2u20-43
2-20-43

Voluma,

1360

1197

1215

6.3

6.5

6.1

640

TABLE XXIX

C R b
Urdng
Colovimeter Citeie Acid
Beading, per day,

¥54 e
38.0

#0 0.81
8.2

3562

36.3 0.73
3645

30.2

3lak 0.61
3249

21,0

2343 Os44
2640

Lverage, 0.65

0401 Bowrmal
Pavasnganate,

Ble

1.36
1.36

147
1.66
1.68

L.46
148

Avarnge,

Galoium
par Day,
e

Q370

gﬁggé

G400

04357

0u378



Subject wes next given 15 goe of glubazic aold (Bastesn Kedsk Co,)
in four deily domse for four daye, A rige in oitric anid osourred o the
firet duy of ingestion, but, pevhaps bocsuse of o sualler dape, wae lese
maried thep in the osse of sucednic seid, The resulte wore alss pomevhet
leos uniform, although the tendency of & drop in citeds ecld $o mormel
valuee Wy the fourth day woe otill evident, Colotum showed a 0,02 gn, per
duy vise for the fewr dxy period (Teble IXX), No piysieloicsl @lssenfort
was reporied,



Date of

22343
2233
2=24ml3
2e2hd3
Bu25s3
2=25-43
2543
22643

2m26m43
Fm20m4,3

Yolune,
mle

bk ]

1356

g2z

TABLE XXX

OR SUBJEG
Uzing
Golorime toy Citrie feld
Bg, per Dey,
P54 Rs
375 0.71
2342 0:43
23.2
27.2 0.58
2?‘7
257 037
257

Avavags, 0,52

0401 Normel
Permanganate,

*

1.37
1.0
1.47

127
10&2
1.25

Le47
1.39
L.3®

1,87
1.88
L85

Average,

Celeium
per Doy,
e

G.344

Q.312

G.382

C.345

04346



Anmondum suocinate was preparved iy treatment of succdnde scid with
amonive hpdrccdde, 11 gne por doy of the recrysitallisced profust was neut
adminigtered in tloee domss, Ammondum succinate was selected decsuse of
the reperted clain (28) thet aeids temd to decresse oltric acid emcreticn
in urine and moderate emounts of slimli, to increese it, AL the gssuwe time,
the metabolien of the mmonium redicsl %o wea precludes ¢ rise in wine pH
which ndght be expooted from the use of & sall of sn alkall metel end which
ip penexally consldered contraindiceted in caleium iithdesis, The smell
dose of ewmonium puseinate resulted in en apprecisble rise in wrine sitric
acid, The subsequent docline appesred less alsupt than in the cuse of the
preocursor asdds, supgesting that s larpe: dose of snmonium guecinate might
sugtein o wine slurio eold rise for n longer times 15,5 gBe, oquivalsat
to 12 gn, of suotinio aoddy was given daily in five doses, The rise in
oltrio asid resulting fyvom this dose was grester tham one would expeot from
sucsinio acid, 7The subject, howover, was advised Yy his physician to sublmit
to sulfathiasole treathent to contyol infection, Moreover, hematuris wae
prepant a0 & result of gardsning. He reported else gastiritis. The experi-
Bont was postponed,

Aboat twelve days followdng sulfasthissole thevepy, the subject passed a
Jogged stome, It is intoresting to note thatl urine samples taken shortly
after this evestcaseyed only sbout 0.3 gn, of odteie acid, which was forty
percent below that of the comtyrol everago.

Aduindgtretion of mmonivm cuceinste was resumed Yy giving 16 gm,. dedly
in four doses, (Urinery oltric scld rose sharply., he value, as in previocus
erparinonte, dropped during four days to slightly balew the omtrel value,
although it wap then still gbout fifty percentebove the initial velue of
this experient (Sable XXXI), Urinary cnlcium was eseentially mechanged,



&

4 slight end trensient qiurceis ecoumpanied the inmgestion of all the
pregurput's given, M appreniable chanpe of urine pH sesurved, PMuctuntions
in ealedun volues were suall and well within the ncmal mnge. During the
course of the adminiptretion of the citric secld precursors, there wea apn
average five percent rise in uwrine calolum ebove the averape ewntrol walus,

in Yeray of eubject 1 token o week aftor the end of the precurser
series of experiments showsd no alteretieon in the sise of the ealeuld,
The subject hed tho dspreselon Shet the stens $a the 1eft iidney wao Some=
what loss donse then 1t had sppemred o be o en i-ray taken ssversl menths
previously.



Date of Volumna, © pH
8&“@1‘ als

3243
3e2+43 1593 645
3-2-43

3=3=43
3=3=43 1203 6.2
3343

Fmdmd3
Sendpmt3 1330 65
3mdpl3

Incroesed dope -

Fubued

B3 1230 b4
3wb=43
Il
Buebed 3 1658 6.3
3l 3%

F=T43% 1463 5e8

TABLE XXXX

PErST )
Colorimster Gitrie leld
Reoding, per Day,

P54 =
205

2644 0.65
7.8

21,7

277 0.52
27.5

245

2548 0453
26,8

2649

28.8 053
27.3

2845

25.5 9,70
30.2 0,67

® Bmatoria, Subjeet took sulfathiescle 3~6-43

Control check after sulfathiszole -~

dedd3

4=de=l3 1153 6.0
bl 3

Lm2eld3 108¢€ 645
Incressed dose of smmonivm suosinste -
b=d3

4=5=43 1676 64

18,8
12,9

15.8
m'3

37.1
mls

to 3~1i={3s bLe pessed B jJapged

0,28

0,31

0.75

0,01 Hormal Caloiwmn
Parmmngenate, par Day,
- £8s

1.0

1,02 0.322
1.23

1,21 0.298
1.07

1.07 0,285
1028

1426 0,312
124

1.14 0.376
1,15

1.15 0.337

otone 3-23-43,

1.37

1,36 0,315
1445 .

J--M 0¢314
1.05

1.05 9.352

Specific
Gravity

1.017

1,018

1.016



Date of
Sumple

4643
4ot

5oT=43
LT3

4 S~h3
=43

Voluna,
nl,

1340

6.0

6,3

549

TEBLE XXXI, continmed

Colorimater
Reading,
¥54

25,3
303

3047
RUn’

23,0
19.6

Avevage for

Citric feld
per Dey,
g‘-

0.62

0.61

Gedh

guceinate ingestion, 0,60

Permanganate,
ml,

1.1
.17

1.23
15

1.26
1.23

iverage for
sucalnate ingastion,

Caleivn
pexr Day,
e

04326

04340

04335

0,328

Speedfie

Gravity
1.037
1.016

1.017
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It soomed pertinent to find out vhother direst adnlnistretion of sitrate
would inoreape ite concemtretion in urfne, A neutral selt wes indigeted to
avold gastro~intestinel irriletion, Sodius citrete was chossn for this puye
Posods 125 gme of iypdreted sodium eitewte mus gives dally in four doses,
Urdne cltric aeid sose in theeo days from the coubrol walue of 0444 go, to
1.34 gue {Zable XXXII), The subject reperted s threo-pound galn in velght
and slight edema of the eyelids Wut no discomfurt. The doso was eut %o
9406 gne daily, Edens dissppeered, Urine pi showed o tendemcy to rige and
we cantrolled by orel administretion of 49 gn, deily of emmoniue chloride,

The length of the superiment was twentyethrec days. Frem Jawe 17 to
June 25 tho subjoct was on vacation ond contimued Saking sodium eitvese gnd
amonium chlorido, Soplos wore not collocted for thls time, Ho returmed
with a gross hematurdia, ebttriduiable to tuice delly ewimming,

The ingestion of sediwm citrate gave an ismediste rise in urine citrie
apid, In contvast to the actien of oftric eoid procursers, sodlum citvate
gave not only a sustained rise in wine oltric eeld, e a elinbing rise,
This suggests that abeception of sitretes fron the intestine depends on the
intestinal concentretien of eodium citrete. On the obher hand, the possibili-
%y thet a gredual elimlinisetion of the gastro-intestinal treet sey inflvence
intestinal bmaterial or other sotion on citrio anid or the perseability of
mwmxmmﬂmummm. in this ommnection it ig
interesting to nete that ingestion of mrmenium chioride dwring the sodium
citrate puriod lowered the urine oitric esid. The deily wrime eitrdie acld
on 8 9406 gu. dally dose of sodium citsete alome averaged 0,775 gm. and on
the same doge of sodivm pitrate with emponium chloride, 0,738 mu. The difs
foremco is signifieant in view of the faot thet the ingesiion of smmonium
ehloride wos begun vhils daily wrine eitrle seid ceatest wes still rising,



Tiw aperinet o sedlum cltrale 2230 1llnstrated the well-knom
duretie action of tiis substemce. About thirtesn persent of ¢he evelly
sdpinigtered sodiun olirate was recovered in tha wrine, 12,50 gz, of hydra-
tod sodium eitrute is equivalent Lo 6,73 gy of andypdroup eitric acld, oF
this, sbeut 0,85 gm, above the eontrel valus sppoored in the urine, This
anounts to thirtesn parvent of the guantily ingested,

Calolwm remeined well within norwal limits, b, a8 in the ouse of
experinents with oitrio sold precursore, showed an sverege rise of about
five pupcent sbove the everage soutvol value, 7This indicetes Gist the
ocbserved inereases in uwrine caledum for subject 1 were not dus to ncidopis,

Aoalyses for total organio meids, performed by the precedure olted Y
liswk and Bewgein (70), vevealsd no alnormality, The averuge rise in total
organie acide was 2,38 in terms of 0,1 nommel godd per day per kilogren of
body welght, Since 0,73 ml. would corvespond bo the 0,37 gm. per doy averuge
viso in citrio acld for this perded, i.05 nl, met represent a rise in other
urinary erganio eedds, Euyper (72) falled to detost such a riss by potentloe-
metrie measurensnt of the change of the titrution cwrwe slope for urine after
citrate logustion, Howewer, Sherwen, Memdel end Snith (73) found o sioe in
total nomwcitrie urinery scide.dn dogs and Seimok (7.) in husans efter feade
ing sodtun efteute. |

Chicrides (70}, ealoulsted ss sedium chloride, rese frum o ecutvel
everage of 7,07 gma to 8,27 gwe dadly ou sodium eitrate thavepy without
ammontun ehloride and o 12,42 gn, with smmonium eiloride, Diuesls probsbe
iy sccomatp for the first rissy ingeetion of chlerides, obwicusly, for the
mocond. ,

Hematurie did nob alfeot either sitvic seid o calelum veluos, Iais is
in contrest with remdis on the cantrel sample dated 1-9=43 (Table X1X),



—— e —
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The subject veported Lhat sr Feswg Gsben b the ond of ibs experisent
meminthnwdmm;

hmudﬁnhmniw#mmmww
subjoot 1 are smumeized in Flgure J.



TABLE XXXII

S0PTUR QITRATE SERIES FOR SUBTRGY 1
Urima
Date of Yolune, pE Colorimeter Citrie feid 0,01 Formel  Celefum Speaifie 0.2 lorml Organic Standard Chlorides
Semple nl, Rending, per Day, Parmmnganate, per Day, Gravity Hydrochloric, Acids per Sulfommmste  per Day,
754 ghie uly Il ml. Doy par Kz. ul, Bie

Contawl check -
A 1184 5.8 1.018 5225 5.65
b3 2.5 1.16
bmbmd3 1w 6,0 L 2343 Qa9 1.02 0,313 1,016 £a95 637 6493 8.77
GmSmd3 2145 ' 1.23
OmSml3 1ise 6.2 1.1 0439 121 0.280 1.0%4 3.70 3.75 Tu73 5437

4verage, O.44 Average, 0,296 fvsrage, 5,26 Average, 7.07
Sodium gitrste - }
6743 31.8 1.07
6—7‘43 1512 6;5 32.2 0.75 1c® 0.327 1-015 heH0 6&67 7480 6¢65
GmBioed3 37.2 0484
fogt3 1658 Te3 38.1 G395 Gu84, 0274 1.015 6,50 985 8,18 5493
6943 468 0,95
6=9=43 1967 Te3 a5 1.34 1.09 0,401 1.018 6400 10.90 Tl 10.23
Dooreaned doge of sodium citrate -
61043 28.7 1.8
61043 1i20 68 34e5 0.70 .24 0.344 1,018 5450 713 Ted5 Tel4
Hmll=f3d 24,5 1.03
Gmidel3 1935 6.8 247 s M 1.00 0.393 1.016 3.60 65400 €.03 7462
Gwl2el3 304 0.86
Gmlami3 1605 Te3 30,5 0,76 0,88 0,279 1,015 6,00 8490 7463 7260
6‘13"103 27-6 0-89
&=13-43 1804 T3 32.2 0,84 0,89 0,321 1,016 4a00 6e30 TahS D20
Gmlsmd3 2.9 0495
O3 1935 Tl 2.2 0,89 097 0,372 1.015 4020 5420 6,93 11.90

Average, T.62 Average, 8,27

Countinuoed dose of sodium eiirste, with ssmonium chloride -
6=15-43 348 0.85
6m15~43 1587 Ge8 0.1 0.80 0,81 04263 1,016 LoD 6,50 6474, 10.30
6=36mi3 32.4 1.09
bmlbml3 1625 740 2942 0.78 1.05 G348 1,016 450 6.50 5.98 13,06
bel7=43 25.0 1,24

6=17=43 196 Ga3 25,0 De66 i.2 04416 1017 4,00 6,00 6,13 13.10



TABLE XXXII, comtinumd

Dete of Volume, pH Golorimeter Citric feild 0,01 Normel Galelom Speeific 0.2 Noruel Orgunis Standsrd Chlorides

Sample le Reading, per Day, Pormanganate, per Day, Gravity Fydrochloric, Aelds per Sulfooyanste per Day,
¥54, e ul,. e #ila Day per ¥z, iy £ita

G=18=43 19.6 0.83

6=18-43 kL7 be5 14.8 0452 0484 D324 1.014 4e005 7400 6,73 12,73

Bu2bmi3® 1.02

Gl J% 1720 T3 25,8 D72 1.02 4,351 1,016 5450 .68 6450 13.24

[y BV 35.2 0,96

Gm27=43 e Teb 34e? 0496 .94 0,338 1.015 6,80 11.30 6080 12,09

Average, 0.81 hverage, D.342 1 ° Avorage, .64

Diseontimmed tresiment as of 62843

Gl 3® 22,1 1.35

T=3=43% 1202 6,3 25,2 Baddy 1.37 Ge327 1.017 6495 7483 6,21 9,10

¥ Pempturis
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91
RABCUSEI0N

It bap boun shomn thet an increased urinery citrate exsretion in the
human qon be effected by oral adminigtration of succlnate, glutamate end
citrate,

The resulite of prolenged ingestion of thess subslences indieate that
the rise in urinary oitrete is opposed ly development of aoddity im the
gastro-intestinal truot, regardiese of whether (he phenomemon arises fren
the seli or scid fed or from soparstely sdeinistered amsonium chloride,
Symptons of peneralised soldosis ave not imvolved, This suggeste Lho pos=
sibdlity of bastariel aynthesis of gitrlo soid in the gustre-intestinal
trect, modified by pH, or sn effect of intestinal pH upen the abporption of
citrate, or bodh.

Ingestion of a neutrel salt of sitriv asid gave a pervaneat rise in

urinary eitmte during the pericd of ingestion. Thirteen percent of the
citrete fod was excreted in the urine,

A slight, trangient diuwresis resulted frem the ingestien of sueccdado
and glutanie solds mud wmonium sucecinate, The ingestion of sodium sitvete
wos acgompanied by diweals lasting througheut the ingestion peried,

Total urinary organis scids rese during sodiunm elirete ingestion,

Urine caledun for subjset 1 rose roughly five percent above the averege
oontrol valus a8 & result of euscinate, rlutenste snd citmute ingestien,

So far 2o con be determined, the alove experinents represcnt the first
work done upon the prolenged ingestion of eitrie scid preecursors by the
human subjoot.



Gitrio seld can bo prepared commesvially by the astien of Citrenyostes
pfefferiamns er glaber oo eugar ayrup (75}, (76) end (77)s A ssarch through
the literature revealed only eno memtion of tho pesaidility that intestinal
basteris, alse, muy have tho power to gynthesise citele seld, Mertenseon (24)
 vemaried thet ¢ rebdit’s feces showed an lnoressed coutent of sitwie eeld on
slanding, The fact Lhat snisels, plante, end molds fovn citric aold walwe
it eandly probable thot some baoteria mey emrcise the sene function,

The following experiments were performed in en offort to determine
whother oF not the intestinal becterial flars may be in part sesponsibloe
for the production of oitric eocld in lumens,



93
BIEALEIAL

The firet method tried wes Wased wpon the pariial sterilisstion of the
intestine in vive and conocoudiant snalyscs to dotect a possibls dwep in
urine oltede acid, For this purposs, four subjects were given gulfpsusxidine
{socingl sulfathissels) in dosss of about 0.25 gn, of the drug per kilagres
of body weight per days This is the dose rocomended Yy Poth (78) for puw-
peration of the oolan for operetion, Urine oitric acid wns determined fow
eoutrol purposes for soveral daye before edministration of the drug end daily
during its administration, Fellowing the discuatimuance of sulfaswecidine,
vooasdomal detarminationg of urine sitrie acld ware mede s necessery to
ivece its returs to toeumal, Coloviveter Ho, 761 was used, The date a™e
given in Tehles XCXIIT, XXXIV, XXXV, ond XXXVI, and oummsrised &n Table XXNVIX,
Thrwe of the four mubjects used in these experiments showed s drep in urine
oltrlo nedd emoretion on sulfaswddine theragy. One fomalo subject shoved a
drop which pevsisted after dissantisvance of sulfasumidine, Thin is believed
%o be due to interference from the hormmal grole ss oited by Sherr, Bernbadm
end Teussly (27)y OCalofum values flustusted irvegularly within the nosmal
Tengs,

A1) subjests exvept munber ¢ reported semi~fludd stools oo sulfnsuxi~
dine ingestiom. This is fu eocord with Poth's findings, |

- Ocossionsl urine seaples were tested for gulfasuxidine by the mothod of
Bratton and Morehall (7). The testse indlcated lese thon five percent abe
sorption of the drug. Thip is alve the figuve found by Foth,



Date of Valuse,
th tile

Control -

1743

1743 1246
143

1843
T8 3 3095
1=Bs3

1nDuf 3
1-9-43%

1668
1-12~43
11243 140

1-13-43
el =43
1=li=d3
1=limit3 1172

1-15=43
31=15=43 1446

4=20-43
4m20=43 1186

42143
42243 1250

']
i1

B}

Sulfasuidine sdninistretion - 20 gn. daily in 4 doses

s
4=22m43 1290
L2303
Lm23=43 1390
AZdmd3
b Rdpmd 3 1360

T4BLE NIXIII

pH

645

Qe2

6. 5

5.5

5e5

5.6

Sulfesuxidine discontinned 4=26m43 =

12643
42643 uss

5.3

{oloriuster Cltrie seold

Reading,
P54

N6
8.1
25.6

32,7
HNed
27,6

78
7'1

30.5
26.3

35,0

=3 o

Seld
3244
333
3.0

m.s
218

25.1
22,8

157
1.8

17.8
12,7

17.9
16.8

18.3
1649

per Day,
Site

0455

0.52

.19

0,50

0ad4

0,58

0.51

Cudb
svarage, 0,47

-

0.32

0.32

0.37
&%mh, 0»34

0,40

Permngenaie,
rl,

1.45
.43

1.22
.22

1.3‘2
1.26

.34
1.32

.47
i.49
1.43
1.42

0,90
L2

1.52
1‘67

1‘48
144

1.30
1"32

1.6
1,65

1.38
140

1"5
138

&verege,

Averega,

Caleinz
per Day,
@w

0.357
0,267

0430
0,303
8.759
0334
04305
' 0,378

04365
04336

0.364
D453

0,378
0,398

04415

Specifiec
Gravity

1,017

1.017

1.016

1.017

1.037

1.016



TABLE ZXXIII, contimmed

Date of Volune, ol Gelorimater Clirie Seid 0,01 Hormal Caloium Spevific
Sampls wle Reading, por by, Porsmengans e, per Day, Gravity
P54 e la i ™

4"‘2?"43 19.1 103’3

L2743 1048 5e2 23..9 Qa33 Lu42 C.285 1.017
A28l 3 193 1.30

b 2B, 3 126 548 12.9 Ge37 1,12 D7 1,018
Bmlomdy3 2Uheds 150

Gt 3 244 55 2243 Oads 154 04368 1016
§-11-43 22.0 1,33

Sueldemd3 1074 565 210 0,36 1,32 04285 1.037
Gmdemb3 21.9 1.16

6=iend3 128 6,0 2.7 0,49 1.02 0,313 1.016
Bmbmd3 1.5 1.23

bn5et3 1180 6a2 2.1 0,39 1.22 0,260 1,014

dverage, G.40 AEverags, 0.3

% leoelurda



Date of
Sample

Control -~
B3=12-43
31243

| 31843
S=lB=l
31843

3-19=43
| 3Gl
31943

4143
b1mi3

bl
=243

2 ST
4343

lomlimi3
lmlei3

4p5mi3
LBl

Volumn,
-

100

2100

1760

1300

1590

1220

910

ol

5.5

547

Golorimeter Citric Aold

Reading,
F54

3648
3.9

Zéd,
29,0
25.%

36.6
38,5
32.3

4.2
0.2

35.1
32.3

2.7
31.0

4440
4ka

6406
59.3

per Day,
Eile

O‘as

.98
0.97

.81
G777
0,76
0.5

0,68

iverage, 0.86

Sulfasuxidine sdministraiion « 27 gw. delly in 6 dosesn -

48mi3
Bl

L9403
£9=43

43043
41043

41143
PRt

4-dami3me
PR

2890

6.0

5e2

1.1
16,3
i8.0

‘?.9
120

A20%
45,08

42,3
433

0'67

Ouk?

0437

Do

Qa7

svarnge, 0,54

Gy AB YR, OLD BONMAL MALE)

0.0 Morsal Galeoium
¥ arnengens oy per Day,
- £ie

1.21

.23 0,387
0,66 0277
0.66

0.68 4239
068

144

145 04314
D77

079 G228
0.85%

0,87 0.283
1,11

1.08 (268
1.36 ;

.60 04269

0.47
Jed

0,75
0,81
0,58

0,68
075

1.35
1.37

Average, 0,283

(a254

0,261

0287

0,197

04315

hvernge, 0,263

Specifie
Gravity

1.023

1,021

1,019

1,030

1.026

1,010

1,015

1.009

1016

1,025



TABIE XIXIV, conbinuaed

Dats of Voloms, pH Colorisater Citrie Aeld D401 Normel Caleiun Speeifie

Sample wle Resading, per Day, Formanganato, per tay, Gravlty
P54 i w2l [

Sulfasuxidine diseontinmed 4=12=i3 -

bl 343 33.7 0488

§e15m43 1235 545 36,3 b7 0u90 De220 1,020

4L 348 L1 |

GeLipm43 1220 Sa3 3846 67 Lz 0,271 1.023

4=15=43 70 1.30

b=lo=43 1045 Ge0 iBad 0,78 127 0.270 1.022

4743 2746 0495

L1743 2035 5.6 .2 0,82 0495 0387 1,036

o183 33.2 0494

41843 13180 5e6 3i.3 Q.80 .92 0,321 1,021

4~39=43 434 1.58

43Pl 1000 55 455 077 1.59 0.318 1.025

<] 31.2 Da94

42Bm43 1855 Ge2 2844 0,86 0.93 0.321 1,016

5‘4‘43 g’l? 1-00

Guipmitd 1130 Seb 45 . 1.06 0,233 1,028

Average, 0.79 dverags, 0,233

* 2 mi. aliquot
#% 13,5 gn. sulfesucidine



TABLE XXIV

PRIEE ANALISES [OR SUBJEDT 7 (43.5 ¥o., 35 T8, OLD ROMNAL FRMALE)

Date of Volune, pH Colorimeter Citric sedd 0,01 Hormal Caleiun Specific
Sasple ule feading per Day, Pormiynnaie, per Day, Gravity
¥54 it nils Hibe

Gonteol -

pES A 65¢5

P T ] 930 G2 55,0 087

JeGd3 525

Beliwd3 T1.0

315443 1018 643 T4al 113 1.87 D.381

e A ] 63,0

A=l Ted3 53ed 145

L X743 13263 &2 5540 107 146 0.368 1.007

L1843 61.9 1.80

LBl 3 1192 6.3 61,3 1.1 1.78 0adZ7 1.020

L1343 €0.7 1.20

LedF=43 40% 643 792 1.05 1.23 Cu204 1,028
Avsrage, 1.05 Lverogo, Vw343

sulfasuxidine sdadmintretion - 12 gn, daily in & dozes -

LBl 435 1.27

L2343 1440 6.3 L4haC 0.99 .27 0,366 1.018

b2 I3 1.51

fy=2d=3 1228 548 8.1 1.13 1,39 0,356 1.016

b 223 46,3 1.28

Lyl 1632 a2 4343 L4 1.37 Q432 1,016

42343 57,0 1,20 '

=233 1052 6.0 £9.0 Ca95 1.30 0,263 1,015

Sulfasmddine eduinistration - 24 gm. daily in & doses -

JRLYENA 63.1 1.77

L2hoed3 1208 5u8 66,0 1,28 .77 0428 1.019

LR 5un 3 1545 6.0 2 G.87 l.22 0.372 1,015
Awerage, 1.06 Avarags, 0.349

Sulfasexidine discontinued -~

dpm Bt 6347 L83

JpmRlrmdy3 972 5.8 Oyt 0,97 2,30 0.401 1023

5?"2’7"43 ‘56'6 10409

A 2743 1278 6.5 483 0.82 1.50 3,382 1.020



TABIE HEXV, eontimmed

Date of Volume, pH Colorime ter Gitede dald 0,01 Normal Caleium Spacifie
Bample #le Resding, per Dry, Pertanzunate, par Day, Gravily
P34 e ni, e
LpeRlimd3 F546 1,98
4“28’/%3 1532 6-2 T5e5 1122 1.92 G.éoz 2.016
L2943 65.6 1.04
Lr23=43 isrt Tl 723 1.16 1.05 0.225 1.022
g 3345 ) l.26
Sealrmel, 1305 * 643 3245 Qa7 - 1.25 04328 1,015
§d2et3 56,6 1.83
G k2wl ar5 6e5 56,9 GJTT 1,83 0,290 1,037
1343 113% 646 4.6 0,88 1.43 04329 3,018
iverage, 0.93 Average, 0,382
Sulfesuxidine administration ~ 13 go. defly in 6 dosos ~
S-AE-A3 Aal
Swlbd3 1196 643 329 079 1,018
51743 723
5-17=43 3050 5.6 599 1.07 1017
Overall mvammge for 7%
sulfasuxidine sdninistration, 102 (107" 0.360

# Eptinatoed



Pate of Yolums, pH Golorime ter Citric 4cid 0401 Normal Caleimm Speeific

Sempls ks Reading, per Day, Permansans ta, per Day, Gravity
P54 e al, e

Contyol =

P43 42,8 1.04

Pt 1800 6,2 46,2 1.25 1,04 0374 1.01¢

F==i3 573 1,00

Fubmd3 1337 65 5948 1.22 1.02 G273 1,023

TeJed3 G4el .13

Ve o 1355 Sel 877 1.18 1.15 0,309 1.023

Fedmd3 53.6 0.95

Tk b3 1277 547 4605 1,00 0.98 De24b 1,023

Fell=t3 35,088 052

Tlled3 3858% 5.0 30,.5%% R 0450 0.394 1.012
Average, 1.13 Average, 0.319

Suifesuxidine admindatretion - 20 g, daily in 6 doses -

Foldmbd 6440 1,10

T=Yiei3 998 Ga 57.0 0.93 107 0,217 1.026

T=lG=b 46,0

F=15=43 1213 546 45.0 0.86 0,88 0.213 o 1022

T=16=43 3445 1.02

F-16=43 1435 543 32,0 074 1.02 04293 1,018

FeldPemld 41,0 1.28

PuelT=43 120 5.0 37.0 0474 125 0305 1.023

7-18-43 12, 5% 0437 '

T=1B=43 42554 4e5 16,190 Duih 039 D323 1.008
Average, 0,75 Average, 0,572

Sulfashxidine discontinued 7-18-43 -~

FuR2mi3uat 2305 Sed 15,0 0.53 0.39 0,180 1,011

P23l 20,0 0455

T23=43 3617 Sed 20,0 1.12 0455 0,398 1,012

T=30=i3 35.0 74

TeB0d3 1584 Sed 355 0.87 0u74 Vo234 1.014

Emll=43 [ 0,58

8=31w43 1845 5¢3 Ghe5 0.9¢ 0,58 0,214 1,013
dverage, 0.0 sverage, 0,257

*®  Diuresis due o beer
& 2 ml, smople
##% Diarrhea not dve to sulfngmcidine



1
&
7
8

0.7
0.93



4 ssomd serics of aperivents o stady the famstion of eitrio acdd in
the lnman intestine oconsisted in the srel adninistredion of suscinate and
thismine to o luman subjoct and the cbsszvation of eiiric acld finotustiens
mummmhmmwmmmnmm
the time of adninmistrwtion, Sucoinate wng pelectsd as & prooursor of eltrls
soddy thismine as o baoteriel etimdent, Subject 9 of this stady was a
thirty-twe yuar old, cevemty-ene kilegren mals, Table XXVIIX pdves his
diet, for five days, whiich weo representative for the perded, Avorage fecal
mwmmmmwmmm-m
Swanty~Cour hourn after the firet ingostion of the substance in quostien
and ending twventy-four hours after disomtinuance of the ingestion, This
wne dono becouse Mwughly twenty-four hours are required for the passage of
food through the intestines Colorimeter N, 143 wes used, In geneval,

2 ul, aliquots were used for urine citrio acid snalywes,



!

ogss, toast, mbtter, coflfee

E

Ghow modn, twesd, utter, Sruit salad, coffee

|

hen eggs, iwead, uiter, prunss, milk

toust, tutter, frudt Suice, coffee
hot dogs, vegotehle salad, pudding, coffee

tomato ooup, btwead, tubler, liver and enlong, potats, rimbard, coffeo

De2id,
Breaklest
aoffen oale, ooffee
Lameh
vogstablo soup, beefotesk, potato, cheese, bread, tutier, jelle
Suppor

epaghetid, tread, tutter, Nmit salad, walmut oske, coffes



TASIWE IOVIIY, ccobizned

hason, eggs, tosol, briter, pruncs, coffeo

eamn flekes, wead, wtier, coffee

imd, potato, grawy, bread, butter, pears, soffee

I Didy
Oreaifast
ginnamen toasgt, colfes
Lok
choeso and poennt tutter eandmiches, vegetable salad, puar
REppoE

figh, potato, poms, btrend, butter, coffes



205

Table XIXIX phown that ingestion of sodium succinate resulted in o
merind rise in fooul citrate and was reflected in a rise in urinery citsete
valnes,

Tebdo Xk for the thiamine mum indicates only & swell rise in focal
citrate valuss during ingestion of thismdne, Theve wee & slight drop in
uwrinery oftrute, The eubjeet suffered an scute attack of mstima during the
lagt cxporinentel dsy, 7This precliuded the obssevetion of citrete values
after the ingestion of thiamine,

Urdne caloiun dropped slightly during the ingestion of both sucvinste
and thianine, %7he drop was not significant,



Date of Voluoe Golorimeter  Oitede Acid
sample nl. Remding, po> Day,
?"» ERe

Gontrol ~

FuBald, 1215 19.7

e VA 15.9 QuX¥

AwGulid, 22,28

3Pl 610 2T 0.20

BudOwid, Q.78

3wl 0wl 3635 9,7% 021

31344, 4540

Fed 3, 795 43.0 0.24

FdTwdd, 250

3Tl 1082 25.0 019
Avaruge, 0.20

Sodius succingte miminintration - 7 gn. daily in 4 dopes -

Fm20mid, 4.5

FmdOmid, 835 42.5 0.26

3’21-“ 5600

3-2dwld, 655 56,0 0,26

B2l 423

32244, 1210 44l 0.36

32wl Bes5

3-23.44 935 » 43.0 0.31

3"’%“ 25:0 X

3‘24‘“ 1865 2300 0:31

Sodiuwn succinate sduinistration ~ 10,5 gu. daily in 4 doses -

Fu2Gmfi s 32,5

325l N0 1330 325 0.30

Fm2bmid, 47.0

3=26=44, 907 46,0 0430
Average, 0,30

Sediun succinate discontlnued « 3-26~44 =

3-2T=bd, 28.3

32Tl 1605 23.0 0.32

0,01 Normal Caloiwa
Permangens te, per Day,

nl, -

1.00

1.02 0,245

1.04

1,06 Ged28

0,70

0.7 Qo224

1.18

1,13 0.l84

0.95

0.92 0,202
Averags, 0.197

1.15 :

1.18 0.20%

0495

2495 Dad24

0.95 =

0495 0,130

1.03

0.98 Q.188

C.65

0.62 0.237

0.72

0,78 0,200

0.75

0.67 0209
Advernge, 0.171

0.76

0.78 00247

33,088
42,5%%

240t

28,00
3640
36,0
113.0
5440
5346
26,0
26,2

2910
290.0

93.0
9040

Citric Aeld
per Day,
og.

13.96
7.60
4eT0

5020

3.61

12,80



Date of
Sample

32l
3~2B=bdy

J-29=44,
3dG=idy

3-30m4d,
3-30-44

# 1 nml. eliguot
#% 25 nle. aliguot

TABRLE IXXIX, econtimmad

Yripe
Volmms, Colorimeter Gitrle dcid 0,01 loymal Celedum
nly Reading, per Day, Parsamgann to, per Day,
54, m nle Plie
34.0 1,18
1971 3440 025 1.8 04253
%lly l.l()
803 3844 0,22 1.20 0,177
18.0 Q55
1292 19.6 .17 Ou 42 0,125
bLveraps, 0.2 Average, 0,201

#5% gubject vomited

Foces

Colorineter
Beading,
¥34

45,0

45.0

€7.0
86,0

0.8
5844

Citrie Aeid

per Day,

Ge23

13471

5496

Gitric teld Aversge for Foocas

8,68
8,63



Date of
Sample

Sontrol -
4 2B,
b2l

429=44,
)

4r30=44
4=30~4d,

YVolume,
ml,

1740

980

Thianine sdninistretion - 30 ng., deily in 3 dosem -

5-imid,
Sedmid,

S=ml
5e2etd,

S3miid,
5u3mdd,

Swbimlids
Geemlidy
Belmidy

Sabmid,
Sl

b

1030

# ULiuvesis dus to heer

4% § ml. aliquot

TABLIE XL

LHLACINE SRS FOR SULIBGT 9
Hxize
Colorimeter  Citrie icld 0,01 Hormal Cslelum
Berllng, per Day, Permmngennte, per Day,
¥54 Ghie Bl 2
2540 Oeh7
25,0 [« -7 0.49 0,131
3040 0,78 1
30.0 0.36 .73 04263
28,0 1.05
2840 0.19 1.03 0a204
&vernge, 0.26 Average, 0,199
254508 Jeh2
2550 0425 0u42 0,192
235 092
2345 0,17 0,92 04150
18.6 0.78
2245 0.X7 0.78 0,186
1440 0,29
b OudB 029 0,106
17-0 0035
7.0 0.16 0.35 0,006
Avemage, 0.19 Awerage, 0.154

Colorimater
Romling,
¥4

23.5
2440

30,0
300

51e3
51.3

640
66,0

Fe.2
764

5544
5640

28,2
29.6

32.8
33.6

2646
2646

Citric Aedd
per Day,
NZe

3430
4016

7215

9405

10.92

3.99
4ol

3463

Citric Acid Average for Faoas

Control
Por thimmine

5.92
6.7



109

The thind soriss of exporineats wns based upon inonbation of lnmem
stoolo with end without pessible eitrete precursors and mmeurement of She
eitmate oentent,

A sanple of feses wne woll rdsed and tritwrated, A 90 gn, pordien
wms diluted to 125 nl, with weter, Another 50 gm, portisn wes niwed with
75 nly of 2,5 normal sulfurie acid and diluted with wadter to 125 a3, Both
sasples wvere incubeted at room tesperatuve for four days, They wore then
filteved end 50 nl, aliquete ware protrested and analysed in the usoal wey
after adjusting the aold normnlity of ewch to ubeut 1,5,

Results of the annlyees shownd that eample 1, whioh had been inoubated
vithout sulfurio scld, conteined more than twise the amount of edtrie sodd
found in sample 2, which had been imestivated with sulfurio seld previsus
to inoudation,

A pooond experinnt wes porformed ainllarly, However, 20 gm, samples
wpe used and Incubation was out down to two daye, Four sesplies vere s
wit the firet with eulfarie ecid, the socond with water only, tw thind
with 1,28 gm, sodium succinate, snd the fourth with 1,19 on, sodfun dlensbo-
mate, The quamtitiss of sodiwm suocinste and of sodimm bicorbonato were
equivalent in sodlum content, lut sasple / wes move eldnline then sanple 3,

Anaiywes of 25 nl, portions showed sgain that the water-guspended
saple emteined more oftvete than the escldesuspended semple, 855111 mere
citrete wes fownd in the semple incubated with succinzto end even mowe yeb
in the alkaline swmie,

To repeat the smaperimmts with o 1ittle botter besteriolegiasl Lok
niqus, it wae deeided to suspend the feess in a buffer theb simulates Sutes-
tinal pil, A Clark and Lubg phosphate buffer of pH 6,8 wus prepared (80),
lagnesiuwm sulfste wso edied as recommended ly Greville (49), The tuffer
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weg dilnted o fsolenio consemtrulion, chwched with e glass elootrode, amd
slerilised ly bodlliag,

mmmmmmmﬁumw
we storilised et 215% for 26 howws in o &y oven,

8% gu. of feoes was tritureted with the buffer, diluled with it to
300 ul, aod ehaken in & sheking machine, 100 ml, porticns weve uped for
iacubstion, Semple 1 wes & Llenli; cauple 2 csateined 0.2 g, of sediun
suselnate, Incubation was for 48 hours st 375° G, 35 ol, pertlons wore
vaed Lor amlysis,

Eegulte showed ¢ marked inoresso in oiirate 28 e resuli of ineulmtion
with susodnste,

The experimant ws repented, usdng 138 gn, of fecss in 600-700 ml, of
ifer prepared ss before, 7Tho incubetion perdod was out to ¢ hrs, Filtrew
tin of the saupies wue omitled, end they vere instead {rested with 10 gu.
of 108 trichloracetis acdd and centrifuged. 50 ml. portions were used fur
enalyaio,

ks remulis vere qualitatively the puno as in the proceding experiment,

Table 211 40 o smoary of date oo the insubatdon rums,
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It hop beet demonstmmteod thet partial shberilisgtion of the intastine
with sulfempcidine lowered vrlnsry ollele aeld exgretion in thies of Sour
subjocts, In ome of the subjects, & drop cosurred affer stopping the drug,
This phonomenen 1s thougdt Lo be duo to hormons? interfapesse, The rosulbe
Inddcate thet part o the cltric aald evellalls for motaboliss in the hody
ordginateon in the gastro-intesiinal trsot, Interforenos of mlfascddine
vith tismw engme sotdvity e prodedly mded out hy ite low ehaerptica
Srem the intestine,

Ored edninistowtion of sodlm suoccinate to one subject remlted in an
ineresos of his fosel oitwate and o corvesponding ineresss in the urine
citrete, The lnmrease in focal citrete indicates s stimulated citrie andd
produgtion in the intestine, | |

Orel administietion of thiamine to the ssme subject produced n similer
vise in fecel aitrute sosospaniad Yy o fll in uwrine citrute,

In vityo studles of feces Inficate bacterial gynthosis of aflric osid,
Thie 1o mariodly enhemced ly sodium succdnete and inhibited YW ingotivation
of bacherdsl engmes with suldnio sald,

The sarked Inorense in citrato powiustion esused Yy adling sedium
bisarbonste $o fuoes is in line wdth obeeswatieuns that thw ingestion of
bicarbenate ingrwesss wrinary citric scid eworolion,
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eis has besn deseribed, The uwse of the memomethyl ether of etiylens glyeol
ingtead of pyridine or dimmne ip reccomended, Reproducdbdlity of sodium
sulfide solutdons has been effected by preparation fun sedimm hydroxide
solutions and hydragen sulflds ges. The decoloretion of polaseiun pereane
gmnate has bemn shortemad by amitting the cocliag prasedures, fimess hydvoe-
gen pevexids in emowsts withis 2 nl, In the reeotisn mixtuve was shown bo
have no deletarions offect an the courme of Sie enalysis, The camersien
of citrde acid to pentabromacotons by the mothod desoribed mas Twmd to be
66%, | ,

4 otudy of the dlet, the weine end blood compopftles, urize sedinents,
and atono of emo gubjoot with hilatorsl esloite oxalate ronsl cnloull revealed
o almormality other then & Sow citrate to onloiun retdo &n the urdne, The
gome aleormelity eppeared in enother subjert who had previously hed a remal
caloinn phospbate stems and in n mibject wwee wrimary neseages ssmioained
enledowm placues vemilling frea vanpl tuderenlosls, The cllivwio-calefum
retdos mee 1,45, 177, and 1,00, remectively, This retie fur & novmel
7agre sobjeot was 425 end for o mbjeot mlth a mall, oflend renel wiene
of wdetarsined somposition, 4,80, Threo morel mbjocts showed the retics
304, 3,00, end 2,54, renpectively, One ohvonile asthmitic hed the mlde 1,16,

Ol adninisteetion of vardouy ovgende aclds en? thely salite to sude
Jook } relsed his avine cftroto-gnlofim metds ns fallowss

Oentrol 145
Percimie Autd Y.t
Miotants rotd 1.5
Amonivn suceinste 1.83

Sodium eiteete 237
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Prolonged ingestion of thego substances revesled that the rise in
urinary sitvete is opposed by dovelopment of scidity in the gastro-intestinal
tract, regardless of vhether the phenomomen arises from the subetence fed or
fron omecnitenily sdednistered smmonium chlovide. Thwe eucoinis aodd and
Avtanio acld gave s temperary rise in winery oitrete excretion, Such g
rige wes sustained lomger with the lews ecld ermonius sucoinste, Sodium
eitrate ingestion prodused a climbing rise in urinayy citrete mhich wes
ropressed by additiomal ingestion of ammenivm chlordde,

The rige in urinary citvete exorotion with sodium citemte ingestion was
acconpended Wy & riso in the exorotion of other, unidentified organdc sedd
m

The Ingestion of suscimate, glitamate, snd citrete regulted in a sligid
riss in winary onlelun emoretion,

Bperinonts with rets oo a vitanin A deficlent dlet showed that develep=
zout of avitaninosis A gyuptoms end o decreased vete of growth ere connected
with decreaged sitvete exoretion in the urine,

ntostingl basterial gymthesis of ¢itrie acid in the humen wes demene
slreted in three subjects bty a decrecse in wrinery citrute excretion Guring
partial sterilisation of the gastro-intestinal twwety in one gubject, Yy
the inarecse of feen) citrate during ingestion of succinste, s cityate pre-
curgory and of thismine, s becterial stimlsnty end ly 4a vitro experinente
videh showed that feces insubsted in mulfuric scld solution showed & lower
aitzate content, end those incubated in sodium sussinate solutlen, o higher
elirate content Shon oomirel wemplee, The mavked ineresse in citimte profuoe-
tion found in focss inoubeted with soditm blosrbonate is in line with results
of the in vive experinente which showed thet sn slimline gastre-intestinel
traot reaction stimulatos urinery citrate excretion,
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