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PRICIPITATING REAGENTS FOL HIOLOGIC:L FLETDS

The purpose of this resesrch sas o find an fsprowed
precipitating substapoe to remove us high o porceutage us poesibles
of the mop-furmentoble reiucipg substances of wrime, By this
progedure the sutbor huped o provide a fuster, simpler and
possibly mores weourete cstimation of the lermantable aid wop-formen—
table reducing substinces of wine, The witer slsc held the hope
of diseowvering some reagest which would totelly resove all the nooe-
Termentoble reducing substonces of wrine, thereby slisipsting tbe
fersuntation procedure heretofore becscsary in the detersisatiom of
troc fersontable sugar, DBeccuse the work bas buen done with the sole
ais of formmlating the most desirshie _prwipxuuum#
biosuse the setusl redscing deterwioations foliosed rocogaised and
tested procedures, the sutbor does ot feel perticularly obligated
to g5 Sito the discussiin of the wwlutios sed ovalmstion of
reducing reegunts uged im the pest and present, The discropancies
bound to arise in the evolution of the avet desirzble and atcurate
ougsr dvterzining sethods undsubledly played, however, sn iuportant
role in throving resesrch ob precipitating reagents lato the bock
ground, Until witers could get compershle [igureas om kevwn sugay
sclotions, there was 1ittls jpolnt im trying o * oplit balre ¥ and
detersipe what apount of reduction in biological fluids wes reclily
sugar and bzt sas pot. The cosplexities of thic mﬂtmeu_eﬂ;
flivetrated by the historicel developuunt of the study of precipitating



resgents arl the reclizstion of ihe presepee of pap-sugar reduce
ing subbtances in Dieod, uripe ani lssues,

Jo say procedurs for the determimatiom of formontable und
note-furmentable roducing substences, the folloelng factors sust
be given considerztion:

1, welrsble sugsr resgent |
e Mul.ufmm L recntation ,mm

Ve Precipitating reagent which will remowe & large proportiom of
the nop-Iermontable reducing substapces bul mot the fermentable

4. Proc.durs wbich is fast, sccurate, adds litile clectrolytles
oed allows sstisfsctory il sdjustacet,

a8 regerds the first point I question, 1t is rewdlly seen
that the groporticn of fermentable mwd pon-fermentalile ruineing
pubstanves 1s golng to depend on the sensitivity ol"tba sugnr
resgent, m':msuwm {1} bad noted thet when he ndded 100 ug,
pergent of glucese to previously fermented bloed filtrztes, he
wm‘mu&ﬁhﬂuwmaumﬁh Still
befure the addltion of ths sugsr these same fermented filtrates
had soows with the sme resgent & resldasl reduction cuvrresponding
to from G~14 mg.perseni, Be postulated, therefore, thats
1. dthar the sum of the non-ferssstable substeboe abl sdded sugexr
wes oot cuoplately deterained
2e In the presence of sugar { though ot in its abeaence ) the none
fersented substepces are inactive toward the reagent, and the
result represeuts only the added glucose sr Wrus ougsr,
e, bimself, fovored the latter sspumption i mede no altenpt to



explain the wechanism, Thea, too, wbe finds that Bemsdict's
resgent averages atout 15,8 sg.percent lower tan tue Folineie
resgent altbough both were standardised sgeinst gilucose und the
decresse in reduction by fermentation should be the same, The
question arises us to whether this isy
LMMMmaw‘whﬂgdtﬂammm
Iwummm@u; |

£, Bunedict?s resgont 18 not senmsiiive to moo-sugars,

Just which 1s the case has not beon declded, though aboul one-
hedf s¢ such { in terms of glucose ) mon-suger ie oxidized by
Bempdictts as by ibs Folim-tu reasgept, It is the opiniom of the
mmmwmnquhthmu-
rtanderdised to glutose, there i1s 5o resson Lo sscume thet they
will give the ssee determdnutions on the mou-fermentable saterial,
particularly shen wo definite comclusion, s yet, bas bean recched
28 ts Just what constitutes mob-fermentebls reducing material,
Ope must eossider, two, warictions in identical precipivation
procodures shon dome by different workers and pii vawistions towerd

the alkeline side, sspeelslly wben mefturic solte are used Yor
precipitation, Bere & shift to the alhzling side nmay camse

t-h-uﬂlﬂuatn-vfﬁnmhthmm‘
In 195] Harding ond Selty (2) werking on formenteble sugur
in pormel wrine, decided that the problem of true sugar im biood

had received e saticfactory solution, The sclution o urine sugere



remains fairly well hidden, Methods fnvolved to dete Include
J-ut forventation, ssasones snd diflerentisl ferssniation by
bacteria, Some suthorts reports indicste oo sugar in urine

{ Lund s Wolf (8); Patterscm {4); fagle (5) ); cthars bave
found varishle ssouste ( Vam Slyke and Hawkins (6); Greensslde
 Gross-diaguire (7); Petavson and Seat (8) ). Herdimg end Selby
soncliuded that the copwrrence of ferssntable sugsr in pormal
urine was & varistle phencesnon depending on & mumber of Conples
fuctore,

The wodified Shalfer-Hartssam copper reagent hsg boss used ly
the suthor, he mitability of such resgente for the deternivation
of low concentretions of sugar hes boen shosn nlsy by Haxrding snd
Dowms (9)3 Eardlng and Van Nostrend (10); Birding and Selty (11}.
By weing thls reagent wxolusively, the somparstive eificliency of
various precipiiating resgmts should be sccarste sdthin the
iinits of exporimentsl error.

iven though the srgusent as to whether moPsel wrine coutains
glucoss still wexes emd wsmes, the suthor has detersined the
Mrﬂiummwh-m#;hm
;muﬁmmwmmumummm
factor of the rvagent, sltheugh it probubly copsists of lsstose,
m.mm.whm,mnn%
ntilisahle esrbohydrstes and nitrogencus substences.



ibile Lo the casusl obverver the use of ysust to forsent
the sg~tulled fermentsbile sugsrs in wrine might scem & sizple
and fool~groof method, it has bees Irsught sith Luswesc=ble
argunents as to methed of prepuring the yesst, length of lime
of fammtsiion poricd notessary and temperzturs st shich forme
sotation should be carried on, Older stiespte to obtadin true
sugsr values were based ob Ottets (12) srigissl methed of
deterzining the residusl reduction nfter yeast fermentatice of
blood ad subtractimg thila from ths apparent sugar ( total
reduction . This led to comfusing resulis, residusi reductions
varying frox O to 60 mg.peveent, One cause, of course, was the
different sugar resgents ueed hy varicus suthors. The main sourcs
‘afw,m,m-hh.um.ﬂﬁmm‘muar
reducing substances were given up Ly the yoset in the course of
m.mwmwmwam»hmmﬂm
cultures of yoest were used.

hmn-t-l(u}“m-&r&muwm
abirevietion of the ferwentetion peried, They found thet mwo
rmummmﬁu-mmmgxu-
which were suffisSent %o fsrment cuspletely b sogar in bicods
They imcubpted 20 sdnutes st budy tempersture, Correctichs for
mmummﬁummw\muuauam
the yeast, Somogyd (14) them found that 15 sinutes incubution



at roos temperature with a ysast susponsism wep sulfliclent o give
consistent fermenteble suger results for Wosd, In 1828 he mode
ified iy yonst procedurs to the sethed pow used hy the sutbor,
Eo stressed agnis the corsful washing of the yoest. Ihe impuritles
in ordisary yeest are s verisblo souree of error und probably
pleyed e major role in e confusion of the problem of Tesidusl
m Eegle {18} in 1927 had reached the conelusion thet
thers vers tertsiu sulstances im wrine thet sust be rewoved befors
formontation by clesuring with Lloyd's resgent, slse the resuits of
fermentation were obscured,

In 166i Harding wnd Selby {18) found thai e sivar but iy o
means negligidle error can be introduced iy yeust ia either wrine
or Blood filtrates ly insafficlent cesteifuging, 4 very ssell
nuster of yeust eells remsining in the supermatant liguid snd
thue being pippetted into ihe nodilied Shaflfer-lsrisany reugent,
ma-rm'imﬁmm In 1838 (17) these same
suthors reported on work in ohich they used yeast om diluted wrine
previcus to treatment with sercuric sullate-borium ﬁ;rhmb or
the sulfuric acid-llopds procedure, . Their formentubile sugsr
reculia vere very confusing and varisble,. It will be moted that
ml;ﬂm“%m«diﬂﬁlﬁgﬂumhﬁe
conclusion that wines sust ba given gpreliminery cleering bsfore
Torvsatation,

best apd Stedmsr (16) in discussing the fellure of Lund and
golf {B) to obtain carbop dicxide in thelr fermentation of normal



urines, considered ome of the factors o bs the presence im woe
treated uwrine samples of » nop~suger msterisl shich sight
inhibit yesst sction on small quantiltles of sugar,
Laug and Nesh (18) wused the morauy resgent of Gest {i0)
sod fermented both befors wod wfter precipituatios, l-nt.iq_
fourd lower valuss op fermentation before M;xﬁm then sfter,
The differcmce they concluded could bs inmterproted fm at lesst tsw
oy e |
1. in intorfering ssbet:noe ip urins wbich provenis cuspiete setion
of yossty ( This luterpretetiosn sgreee with Hest and Steiper (18) 3
2, The aclally of the precipliieilng reegept forme extrs formentable
esterial by hydrolysie, e
The sutbors diseounted the {irst suggestion becemse in control
experimonte glucoge sdded to wrioe ses eoupletely determined,
Herding, bishoison snd wrchdbald (%1} discount the sbove
hydrolyais explanstion as they polnt out that Hurding spd Seily (17)
found ferwentoble muger in humm: urines apd that they furmented
before precipitation, Howswer, it 1s to be noted that while Harding
and Selky fermented before elesring, Uwy sluo oltained variside
end confusing resuits, is previcusly steied, Bagle cencluded that
fernemtation must be carrled oul following clearing,
Bwrding et sl {22) by differential fermentetion with bacteris
fomt Shet urine cestained gluecas snd gulactoss, sad thad some
urines ecptained ssall ssounis of fructese or Damnose,



The disoussion of the woet desirable proedpitating reagsat
sl procedurs is unfolded in the historioml and smalyticel

saptione,



HlradSals

#hile the actual chesics)l Sdemtificstion of the substauces
of urine bas developed withia the last 200 years, the luspection
of urine as an ald to diagiosls in disesse dates buck us fur s»
4000 B,C, vhen Sumsries snd Babglonisn physielsns moted verious
changes io the color end omstituents of urine, Disewses were
eineslified according to the gross ap esrenee of the uwrine sweple,
Hinde medicime elsc iveluded the physicsl sxasineticn of urine es
an sid to diegnosis in disease during the pre-Greek peried ( 4000 B,C,
to 700 B,C. }J. The realimstion of the suger gontent of urine begsm
somodhers in the period betwsen 700 B.C,~200 A,D, whem Chareke end
Sugurata, Bindu writers, cbserved the sweot tasts of disbetie wrine,
Mnﬁu‘nmhﬁhm.dmmmmm
by owoet urine, and these lnscchs becase recognised &8 a sesms of
disgoosis, Hippoorates ( 400 8,2, )3 Gelen { 150 40, )3 Palus
segineta ( latter 17tk century Jj studente of the Sehool of Salerne
{ 2001200 a.De )} all employed and sdvocuied the esreful inspection
atmdmmumm;
. Themas ¥illis { 182375 ) by renotimg the fzot that diabstde
nmu‘wmmm,eWmmm.a{
rescarch op the redecing properties of wrine, lovonse Deliind
{ 1845-170¢ ) by first ovepereting urine discovered the importunt
fact that the change in color, taste and odor were dus o chunges
hmnhﬁnmﬂuexutﬁrﬂmlmm..km&ﬂu-



that uwrine sss composed of webter; sali amd tasicless earth or tarter,
Pobson of Liverpocl { 1772 ) sade an emasing experizent on disbelis
wine, He evaporsted the wripe end found a ssbe of shite eryetalline
residue shich he was unable %o distinguish frowm ccdinsry suger by
tasto or mell, Is 1758 Crulckshank studied the setion of nitrous acld
om the sysporeted extract of dlabstic urisme end on =ilk mugar, He
cenpluded that the tea sugars were dissisilar, In 1588 Heos recorded
a moihed for the analyeis of the suger of diabetic urine by the process
of eveporstion smd imcinerstion, In 1838 Boushardst and Peligot iden-
tifiod the sugar of dixbetic urine as grapc sager, In 124l Trosser
pmmmﬂmkmﬁuhumi»tiuotﬂ‘-pm. Be
showed thet sw slialine coppor pslt solution gewe 2 distinctive pre-
elpitetion of cuprous cxide whes boiled with & solution of prepe sugar
containing but one purt of suger to 100,000 parts of water,

It is interesting o mote that the wse of oopyer as a test for
sugur presusably dates beck to the lgyplisn ers when & mixbure uvoed
zuﬂ;qgumtmummmmmmmwmr
on hoating. The constituents of the mixture were verdigris { impure
me&u&h }, bomey and vivegar. It was not usilil 1818,
bowever, when Vogel of Paris first offered ap explomation of this
toler change, He sald that the mum or lwownish solored preelpitate
was due to the actisn of the sugar lo the honsy om the copper selt,

In 1844 Barrissell suggested sn improvement em the Trosser metbod,



This improvecent wse We smiditicr of ,olassiw tartrate to the s0lu-
tion to prevent decomposition on heating. In the sesc year Heller
sdvamocd the omsstic potash test for suger im weins. In 1847 Marsiek
ie Bis Bapibook on Urinslysis geve the procedures (or the deterzing
tion of suger ss the yuapt teat sad the oopper test of Troseer, Im
1648 rehling publisbed his sork oo the quaptitutive test for sugsr
i urize. Pehling’s conteibution consisted merely in working cut
with groster cere the details of fresser's ssthod. In 1685 Otto (12)
published the originel procedures for the delorsination of the reside
el reduction cfter yeast ferweniuiion of bloed. In 1887 Julmson l{ﬂ?
introduced beehloride of ssreury ze o prelicinary elesring wgant lu
e determinetion of uwripe sugar, tavreas previous suthorr (Pavy (24);
Salkowski (38) ) had sttrimted verions proportioms of the redusing
setion of urise to suger and glyocwwendc scids, respectively, Johuson
cume to the cupelusion thei the total swount of reduction effcetsd
wwmﬂmmrw&mMth'MWﬁnh
 which it contaimed, In 1502 Patein emd Dufen (26) uwsed scid sercuris
nitrate pentrulized with sa slbeli for the precijdtatisn of blood
protedns prelisisery to weigels for hleod suger. In 1918 Michsslls
(27) precipdteted lood proteins with collsidsl ires hyiroxide snd
beat, In 1814 Ghaffer {28} precipitated the proteins of biood =itk
gentlo heat, & few drops of acetic acid, eolloidal iree end sodium
oulfste. He then cemtrifuged and deterained the sugar in the muper~
notent liquid. BHe else moted that precipitation of the proteins



iz

with methyl alcobel did uet give teue sugar values snd that tho work
of Bang {25) on precipitotion with ethyl alechol gave ewen greater
ervor; that is, the rosulls were low, presumably due to inclusion
of pome of the sugar in the slcokiol precipitetes, Im 1535 Pliswer
{50} used basie lesd scetste as & prelisdzary usipe cieuring agewd,
In 1618 Bensdlet sud Ceterverg (51) used mercuric nitrate snd sodiua
bicarbonute to Tesipitete ibe son-fermemtable reducing substances
of urine, They resowed the excees morcury with sise dust st determin.
od the fersentebls sugar by fermenting et 85-38° O, for 18-20 hours
end dotesmining the residusl reduction eslorisetrically ty picrate-
plerie seld solution against & plerssie weid stamdard, In 1519 Folip
uad Su (82) published & wethod for U determipatlon of blood suger
shich stlll etande a5 ene of the wost used blocd protein preelplistion
methods, These workers procipitsted with 108 sodium tungstste sed
2/5 porsal sulfuric seid, In 1922 Folin and Berglund (53) preeipitated
uwrise pon-formentable reducing ggetuncss with Lioyd's resgent. In
1556 Folin and Ovedberg (34} the Lleyd?s procedure Wy precipw
itating urine with 0.00 ¥ oxalic scid and Lloyd's reageist, ehniing,
mmuudmmim@cmt,n_mm{m
nmmmmm;umxmmmum-ﬂu
firet end then used 0.1 N culfuric sedd smd Lloyd’s that be obtuised

vory conluslng resuits. If be precipitoted Tiret and then fermented,
hies results were more comsistent, In 1987 Somogyi (14} published =



progedure te aliminate the previous imvomsistenciss in the determine
etion of fermentable sugurs by the yuset fermsitation technicgue,
ibersas it had previcusly been the custam 0 swn roductione on the
yoart scaples thewselves mad correct the final result, Somogyl mow
mmmuwmuamwm'{m
munnts ) suspended in S-l0 parte of water, sentrifuging aud decanting
the water, This was repestad wntil e supernotent ligquid wes
prastically cleer sad coloris=ss and the wesbings gave & wero reduction
with cupper reagent, In 19EB Ven Siyke apd Hawkins {(35) devised a
fasoretrie nethod for the detarmination of roduging sugars spplicsble
te analysis of blovd and wrime, They precipiteted their biecds by the
Follp-+g wethod; the urime was not givem a prelisdoery clisring s
m&u.mmﬁn,ﬂMMMMmhm
wore igvored. In the same your Benedict (88) reported seme work om
the delormination of blood sugar, Be uwsed Folie-Tu flitratee snd
deternined the suger by & colorisetric pmoccdure, Benediot and
Hewton (57) used tungstomolybdic esid in the preeipitation of the
proteins of bloed, They cluised me loss of wworR~jEetels constituents
of blood ty. this metnod. Sceogyl (38} steted thet the farmentatios
of the filtrate lpstesd of whole bicod obwlated ote source ol GorESw
lonal error. Yo found thet some gsihological bloods shen mixed with
yuast rescted o produce reducing substunoes vven in the few minutes
requlred for the short fermentetlion procedure, %est et al {08)
found that the yrecipitation of blovd proteins with mercuwric sulfetes
barium cwrbopate techunique with the sodified hafler-lartoapn reagent



gave thes sugar velues which were pescticaliy ldentiosl with ibe
sugar values obigined by furmcptation, Peocsuse the proccdure was
fastory less laborious, sure accurste and left we ssli error, they
Pecomsended it ot coly for e deteruination of trwe bleod suger
g for pretrsotmest of urime, bydroiysed Lissues, ete,. Van Ulyke
mm(u}wumammmmm&mrﬂ-
tubile sugur of YWloed, precipituted their blood with a modified Folime
Fu tamgatic acid procedurs, Barding end Jelby {2) determined the
forsenteble sugar in sorsel wripe bW preeipitating with the Folime
Bergiund {58) procedure and fersentation per Somagyl (14}, Somogyi
(41} reported the uee of cupric sails sed ferric salte peutrsiised
sith sadius hydroxide in e preparaticn of grotein-free bHlood
filteetess In Lo52 West ot al {4%) found that ferric sulfute was
satisfactory in ibe preparations of blood, plasew, spivel (luid sad -
ellkx fllitrates, They steted, however, that iron could not be sutis-
fwmﬂ“ﬂ“hrmhm&eMﬂrmm
byiroiysed tissue, Ihey also sdvanced the point Lhat Scsogyi's ferrie
salt procedurre did mol reove e lvon eonplebely apd furtier tresaie
west with sodium curbonsts sus necessary, These soriers wsed 21%
ferrie sulfate and Beutralised with bericm sertonete; solid thoriue
sulfate meutraiized vith mriue carbonste, Sest and Petarson (48)
in work om the sugurs of wlpe sade & rather thorvugh sed oritieal
discussion of past preclpitstion procedures, sscording to them the
Bensdiet spd Jsterberg mercuric nitrste-sodima blosrbomate method



wiile probebly the wect officlent sethbod in the yast, left too high
& salt concentrstion in the filtrste snd iF oo mugh bicarbonate
mﬂ,mllﬂinﬂuuﬂﬂaumwmuﬁemhiu,
They alac reeched the comciusien, shlch hes boen osnlirsed by the
sutbor, el Wesluwent with um!.wdm-mwm-
fersentable reducing substanse, Sest ot al (29) hed previously

fousd im 1920 that wiik the wee of mercuric suwifste-berimm cariopate
there was Do approcisble sdditdon of alectrolyies and e loes of sugar,
Thepe woriers determined thedr reducing substonces with the modified
Shallep-linrtean: copper rosgent wits decrossed £I, JYewast fersentation
with weshed youst mccording to Sosegyl (14) was esployed, In )
Grasser ot &l (44} employed the Somogyl (41) tecledque of ueing zine
sulfsie-sodive hydroxids in thelr preclpitalioms fur tissue sugar
determinations, Laug snd NHesh (15) salontaiped that the wercurie
sulfetewbariun carbonate procedure hydrolysed substonees deponding

on the leagth of time ihe wixture stood with the mereuric sulfete

axd was therefore subject to unavoldable errors, Harding at al (45)
used lead subscelate ae & prisecy cloaring sgent snd foliowed Wy truate
wont with serouris muifste-barise varbmete in thoir deturaioation

of uclne sugays, They found more compiets resovul of mon-{erssuiebie
reducing eubstances by this setiod, iller and ¥Yam Slyke {(48)
precipiteted blood proteins with esdumium sulfete in 1.0 § sulfure

i¢ sedd and newtrslized with sodius lydroxide and bmrium carbomsts,



Curtis, lape sod Lest (47) ic wepublisbed sork sade the followlng
sdditions o lhe study of precipituling reagents, & cosparizon on
tha precipiteting efficieney of mevcurie sulfate { Sest ot &l-39 );
21% fervic sulfate; 23F ferric sulifante-i55 nercuric sulfste in 1.0 M
sulfertc seld; sbove ferrie sulfste-percuric sulfste sith Lioyd's;
atove ferrie sulfate with Lioyd's wes made, ALl thess resgents wers
peutreiised with bariue carbovste, Ihey found that the mercury-

iron and the wercury-iren—idoydls were the Bost ofTicient in the
rusovel of wres, creatipe snd ereatinime; (he latier buing ellghtly
bobter for the resowsl of oresilnine, Both resgemts, they tounciuded,
wore fur supericr to the oid sercuwic emifste-bariue eerborate, 1t
was foupd thst ihe meroury-iros-lloydfe was siightly sore ofiicient
in resoving sop-fermevtuble reducing substinces froe urine, hydrolyzed
Mﬁﬂdumﬂmmplmm They were both, however,
superior o ﬂu old wersuric suifsto-lurius cerbonste, Irvn-Llopite
ues gonerally a little beutter than mercuric sulfste~basrlus curbonate
iy recovipg mofl-Ternsuteble reducing subsbences Pos urine,



48 o the motual muchanism of Whe resctlion buteesn the
precipitadng reagonts and pop~foprventsbles feducing substanoos
not much io knowe aride from the postu.stbicon that certalin in-
sxlehle ® metallis mm,).ua& ¥ are.- formed with the pon-fermentshle
substences, Decanse Lhs sxsel huonledge of Just whel copstilutes
the noe~feraeniable reduclng substances is lacilng, the problem
is oven move baffling, Seot et ol (50) bmse Whe efficiency of
thelr werouris sulfate-berive carbobete procednrs on the affective
reecvel of intepfuering nitrogencus substsnces from Wologieal fiulidas,
Johnssn {25) bed said that the Wotal reduoction of sorsal uwine wes
due Lo wrle scid end crestinine, Ihe witer, hovever, wil. later
provent evidence (bat would Jead cpe %0 belisve that e el'ficiency
of the reagent iz notl indicated @y Whe percentage rescovel of nirlog~
encus subslances ruch ae Cruslinine, urea; olos,

Chaple in kis " Jecond Year College Cheslstry * (1V28) stutes

that orgauie coapoupds which contulp the secondery escoacl group Lend

to form suaplexes with metels, RN/
R/C
. . 1 " H o
1. Secondery Alcubol Graupo £>c—— 0:?. +44-
P o le <— 7_

s T e
P50, 1 R-G-on T/ &>c
s R

(6 CHO-Fu) ppt o albsllve soliions —> (- cHo- T X OH)
2s dulmo Groups g

[-fun) , ] f by b O — (7e- w4 ] (oH),
Analogous % A W) —— 4y (V4) (o4)

73 R- 57/0



There iz the possibilily, then, of iheass two feclors scting herss
i Thru secondary alecobel groups;
2, Thru swine groups { ~EBp or -iB~ )

If we pow consider the lermulas for the various kuowt aliroge-
spots osuslituente of wrime, it may be demonslrsted bow silber of

these theories ngy work,

Urpa
== NHZ_ am G4 0*’ - NHL
0=C_yy, i ey,

18

frea fs the least sifectively removed frem solution Wy any preciple

tating resgents uesd by the author,

=~ o0H
{ié'lﬁ’ “:&ﬂ Hy — ¢ i ' s IAI | H
ord d i e NNy
‘ -
HN ——é',-——/x/ ° N—C — A//

This sould thecretically glve I socondary sicobol groups whick
should isuressp the possibility of coaplex formation, The setallie
galt is probebly furmeu,

/NHL =0

In this cese there are mo secopdery alcchol groups, The curboxyl

Eoup i protaldy an active spot,



is

FESTTREL NS 1Y e T ) >- C—*O M

NH=CZ I, R NH=CT ey en,

SN(CHs)- cH,

Tbds L8 ome of e wusi iflclaptly rewoved subslancesy yel it
possepass Ul ons polential secvadery sicobel greup asd t-s;‘
seaetive uitrogen groups,

looking back over Lese fpraulue %W coupsrs thes with the
sificlengy of thelr remcval av shown by the sutbor sad Lest et sl
147}, one notes that the degree of ealliclent reseval resds:
1, Urde évid; 2, Croatinine; 3, CGresidmne; <, Ures.
Jthe uwric scid sot only Bas the wesd potenilal secondary aleoiol
groupe bul also ths most ~il- grouvps, Gresiiniue bhas two ~Hii-
groupe butl only one pelential pecundaly ascuBol group, Crselins
bas ope -lili- group, mo potentisl sccomdesy aleohsel groups Sul ous
sarbaxyl group., Ursa bas ope potentisad -il- growp sod coe pi.twam
Linl sccomdary alocheld group. The swtluor 1s lnciined to disvegsed
the Hil, groups ss utes, shileh buo eure Lhan euy of the rest, s
RO3Y poorly presipitatled, Fbon vwe sxlend cur fleld o cover the
sugars whiek ave in solution and siich therefors susi be reckoned
with, we note thal sugers conlainm 8 lurge number of secondsry
alcobol groups, I% becuses ab oase obvious thmi now we sust
elther disregard he socoixlsry alcobol group as & factor in pre—

gipitation oF elss give recuguiiion to the fact that sithough



gartais complexes form, thers is s diffarential seluddlity footor
which wdosbledly playr & part, The witer favors the latier point
of view, It is obvious that though s certain cospound hes more
poseibility of comples foreation, i%s solubllity ssy be such ihas
tho sctual pereentage rewoval asy be below what one might thooreti-
sally sxpact, Uroa 1z noted for 1ty great solutdlity, Oreatine
end crestinine ere more 4ifflcelily soluhle. It 1r poanible that
the folubility of wrea might cffeet sy insolubility produced by the
coeslex ion fermetion.

is uil) bo noted meny procipitating procedures mploy the use
of heawy metal sulto which are procipitated in ap alkallne solution,
The conplen detzesn the non-fermeatadle reducing subntonoes sod the
e=tels are undoubledly preoljitated as ifisciulle hydroxides,

Ihe author is inclined o bulieve that the secondury alsohol
groupe are the importent factors in precipitstise bt thaet the sol-
ubility of the meisliic eompiexes Ghus forped Lo seterislly influemced
¥ the originel salutiliity of the suhotence to de precipitated,

Hmmnsmhﬂsmmmtm}m
hthmmmdhmatmmﬁumsﬂ-uﬂm
ﬂdlﬂﬂt@ﬂnm-ﬂmumxm#kbn.m-
cant of gincoss; therefors it mus sals o ssowwe thai some obher
subsisnee or substances sers responsible for the greater part of
the reduction derived froa pow-{ersmntable reducipg subetences,

The same would undoubtedly spply to wrine, Ihasﬁmﬂll



latar shos dota that indiosten thet cltbough the preclipitation
reugent 15 velatively less efficient in srwsoving nitrogeucus redue~
J_.ngmtu'mnthmn%mutl;mmﬁd{hﬂﬂﬂ-ﬂ iy
sidll the resgont recoved ali the non-fursuntabde peducing cub-
sletoes (1w soveral Wiids pampist snd 1o oWers reduced the vaives
far lower then bhsd ever previously been deletwined,

#ith recent work indlcoating that porssl urines coutaln lsctloss
and geisclope wisme wod in view of he fuct ihal Wese teo sugers are
rotber heavily removed foom pugsr sclutiops by the sulkor's rosgents,
it i possible thal thiz say be & portion of the clue %W the ofliciency
of theoss roagenles on wine mueplesa, Just shy e high porcontage
- recovery of glucuse cun be obtalned {rom & stock solutdon by & precipie
,htiummluﬁammm-rﬂnﬂmhm
quaniitice of laciese wod gulsctise, the autlor is unabls o explain
to ber cwn satisfaclica, Presusably it Bss (o do wilk the sbility
o fore metallic ﬂ-,.lem and alpo the reletive solubllity of these
cozpleses shex formed, If a large part of the son~ferasntsble tee
Mummtmmmﬂ“hm,mmmmmﬁ
seay & good meny bours of sork., ALl greclpitating reagonts were
rup on elamdard solutions of gluvuse, galsclose and lactose; and
the percentage recovery of all taies a5 ope lndicatlom of the deslp.
ability of the reageat. | |



To tast the Meory that galectose adght be am important factor
in We nop-ferssntotie reducing substunges, e sutbor devised the
folioving experiment: 4 urine semple ses jwecipitsted with the
fervio sulfete-Lloydie-lend carvchate reagent ( luter referred to )
in the usual menner snd the ferwentsble and mm-fersentshle reduo-
ing substanvos dutermined, Io this uripe sesple wus them sided
volghed quantities of both glucoes and gulectose and the procipits-
tiom progedure sepeated. 0Oy this seinod the suthor sought to chow
the percutlage recovery of both glucose and galuctops from urlne
salutions spd eloc the effect cn the mun-ferseutsble of ihe aldition
of gulsetope, The results were ss follows: |
0,087 gm. glucose and 0,008 g, gulsetoss were sdded to 10 oo, of
uwmﬁ-;;h. mmwmmﬂtmarmmm
Gall =g, fermeutable reducing subsionce sad 0,20 mg. pon-fernentable
reducing substescef10 ec.. Thecretioally, after the eddition of the
above sugars, the fesmentable obtained would be 0,086 ge, snd the
non-fermentable 0,071 ga. presupposing mo rowcvsl of elther during
the precipltation, mmmuuuh_w
ren 0,005 and the pon-fersentuble 0,080, Therc was thus a 1078 loss
of glucoss spd w 05 loss of galeclose detercvined as non-fesmentable,
The effuct of the additian of galectluse L2 the non-fersentedle figurs
is resdily shown, The 30F resoval of galmcitoss by this sethed is to
b compeured with the OF remowsl of gelectose by the ferrie suifste-

22



glugys in oconjuncticn with the new roagent os o chech for feruen—
table sugnr recowiry, A duplicste wxperisent was run with csecntially
tho pawe results. Toe wuthor feels thut this polots ruther stroagly
£0 the sesoval of galsctose as ane esplenstlon for the efficlemecy of
‘the fersic sulfste-iloyd's-lesd carbonste resgent,



iEperinentel BOFk
loag ots

rloydts Alkaicids)l ssagent

Lead Carb.aaie-Sallinercdt’s gare

Barive Girbommte-Ballisercdt'e technicel precddiatedpdried
Yoasterleischrannts Joast weshed wxdd kspt a8 recosuonded by Sonegys { 14

Sugar resgoots: 1. ledifisd Jhaflop-fiarsvant gontaining 1.0 gue &1
per Liter and hept im & jyrex flusk, (#50)

2. Bodified Shalfsr-dortsazn for gslscios:, laclase
end glucess. ( 49 )

hhmmtfwmmﬁuzﬁm—n
ancunts of sugar-Somogyie {50 )

Grine-Sauples jreserved with & litile tolusme snd kept in the oo box.

Veroury sulfate-185: farric suifate-50%: eaduium sulfste-i0F% ia
2.6 ¥ mlfuric sald,

seroury sulfate=il,ifi: ferric sulfate—46) in 0,25 ¥ sulfurie asid.
{von HgeTe)

Bercury sulfate-28i; ferrie sulfwie ZiF iu 1 ¥ sulfurie anid,
{ 014 Hg-Fe) ;

Meroury sulfete-17.58: ferslc suifate 805 in 0.5 N milfurie asid,
Ferrie erloride-208s mereuric chloride-1SE in aquecus ssluiiom.
Farric suifate-L1% in agueous soluilon.



Composition of Cop o seagenis

gl Ao Jis VopE |

Suileravonogyh i50 S, pox Miter
Sedium Carbonate { eshydruus ) 25.0
Sodium Bicsrbouato 20.0
fochelle Salt ' N
Gopper bulfate.s E.0 T ot
K0, (ClB e 1) 100,06 es,
i 1.0

wwmmm

Sodiums Carbopste ( abydrous £5.0
fockelle Salt | 25,0
Copper fuifete.5 .0 40
Sodium Bicurbonate 20,0
Sedium Sulfute ( ankydireus smalytissl ) . 2000
EX 1.%
BEIDy 6.0 oo,

The alove reagats were used for all stenderd glucves,
urize end Blocd determinations; the #60 being weed in all
deternzinetiions cxcept on urines & im Tabis X1l vhere dilutions
of 4 bour volusss wore sade, w*nmﬁmmézw
sodiue suifete woe used In the latter cuse,



Soppar Joeagent for lbe Delerwminstiom of

L —
G _per liter

Sodium Carbosste { ashpivous ) | e
Sodium Bicsrbonete - A8
Hochelie Salt ' : 5.0
Copper Sulfate, § B0 ( 37.5 ev. of 208 solutiom )

£ .0
Ko , (18astel, ) 2000 oo,

This resgent wie used for sll detormisatlions on stendard
galoctoss and inglose solullons, |



ALl mercury-iros resgents were prepered by dissoiving the
required quaniity of forric sulfete is & portion of wursed sulfupre
ic seid of the proper mormelity, Aftler sclution suw efleciei, the
matorinl wao uvooled o 0-5° €, in en ice tath spd the worcuric sule
nuwanmn'am'mm-wm'w
after coch wdditlon to insure cosplote seluldion, The whels mas then
nude up to 10U es, velume bty adding the pecsssary amownts of sulluric
aeid, Upon eoccling to roce tewporsture; 8 cericin poriiom of the aor-
curic sulfute sepersted cut as the basis salt. This =as filtered off,
washed, dried snd weighed, Ihe corroct percasitege of wereuric suliste
in seivtion was determined from this data,

Sorguryevelelusslron:

#1 mwroury-cadiiun-iron reagents were prepared exsetoly ss the
weroury-iron wiih the ewoeptive that aefter the ferrvic sulfute wes o
solutiom, the cadadun sulfate was first iscorporated with the aid of
worter snd pestle and then this wixture was cooled as abows, Fro-
cedure from here was ifdenticul with the sbove,

i aguecus solution of the desired steength of ferric chlopids
wap propered and to It wes added the reguired scoumt of wercurie



abloride. kmmm“muhmm-m
tmto solutisn ot room tempurature, sed likesise mo sercury selt
poparsted from the solution on sbendisg, 3he writer hes found it
easily possible to ibtain & 3Uf soiution of serouric chioride

by usiag 28 little as 5% ferric chloride to add solution,

Yotes oo pther sheulgels twieds

Attespts o vee chromium sclfste, aisc suifute, sluminue
suifate, coppor sulfste, cobalt sulluie, pickel sulfate were
unsuccessful a8 sither the welalllic loms were wery lneospletely
precipitated by terise carboscie o the whols mass et to & solid

in the process of psutcallszation,



Apalrticnl Irogedupes

Erapsstian of LAikrataos

the ferric chiovide-tiercuric chloride filtcates were prsjeied
a5 fellowst Jo 60 co, of distilied mater 10 ou, of wripe was added
end 10 se, of ferric chicride-sercuric chloride reagsnt. 3o this.
eclution 4,0 g, of Lloyi's rcagent wus wided and ihe sixture was
. shaken thoroughly., This mixtare wes then meuteralised with 700 ga.
of lesd varbisiate and shehen wtll 20 sore carbon dioaide wms cvolved.
The solution mus filtered op & Buchuer fuspel with light suctiou. o
the filtreie 1.0 gu, of barlum carbonate was widsed and hydrogem sullide
gus bubbled through wotil & Mlsck presipitate formed and the soluticg
vas suburcted with iydpogen sulfide. This selutics wes.them filtered
with light suetion, o the filtrule Uuh oo, of sescentreied suliuris
acdd wae added snd alr mbbled through uniil ell excesr hydrogem sule-
fide vas resoved, 1he sclution was filtersd Wy grevity, the flltrate
returned through the filter peper umbil it sas elesr, v

& gemarsl procadurs for wsrowry-irsn and morcusy-caduius-iron
resgents was as followss To 45 ece of distilled msler 10 ec. of urime
was added end 15 se, of the prescipiteting reagent, I Llopd's resgent
was o be wesed, 4.0 go. of A% were added mow, The mixturs was meutrsl-
jzed to liteus with 30-40 ga, of berium carbenste and sgiteted umtil
ac more carbon dioxide wss ewolwed, This solullom wee filtered with.
light suction. The filtraie wes sade sedd %o congo red puper by the



addition of -4 areps of wacuptrated sulfuric scid wod wroated
with hydrogen suifide gss wniil the solutiom wes saturated, adr
was bubbied thevugh this sstursted selution o reavvs excese hydro-
gen sulfide snd the solution £iltered by gravity,

The procedure for the uwse of ferric suliste-lead carbonate was
ss followss To 55 oo, of distilled sater 10 ec, of urine was sdded
ﬂmmsrﬁﬁxmicmmm. 4.0 ga, of Lloydts
reagent were sdded and shoken in thoroughly. This aixiure vas then
neutralized ®ith sbout 0.0 gm, of lead carbonste and sbelen until
B0 sore earbom dioxide was evolwed, The soluilen was {iltered nith
Light suctiomn, To the fiitrate semcentrsted sulfuric acid mas added
nt&l_umﬂrﬁnﬁmmnﬁduddu_wmupﬂ, Tuis sole
'mummmuaw.mnmpmum adr
pus buboled through this colutiom wntil al} eucows hydrogen sulfide
bed buen resoved snd then filtered by gravity, |

Detemnipution of solueing Jubstonces

The filiretes vere prepared spd divided intc two perts, and
one part wes fermepied, § oo, W@dalﬂ-mtmmﬁu
were centrifuged, the superpatent ilquld decanted and the sides of
the ceptrifuge tubes dried with o smell roll of filter peper, 6«10
ob, of filtrate was wiced to esch of two yeant tabes and zilovwed to
fernspt st room temperature { 23-£4° C, ) for 15 sdmutes sith



occanionsl stirrinmg, Alter cemtrifugsticm, the fiitrate was
decnated through o seali: filter.

5 en. portioms of buth lurmented ant pon~{muented fllilrates,
in wiplicete, were pipstied into 25 X 200 sm, pyrem tubes, $ drops
- dlosior turned red, Hanks of distilled seler with phencl red sere
eiso i, mmﬂwdimd‘mm&hm‘
w@mauﬂm,mmmmaum»xym
watar bath for 15 simutes, The tubes were thes cooled to about WP O,
-dhﬁq,ﬁﬂl’iwmﬂ-mdhm:uumylm
of 1.0 § sulluric sodd blowm in quiekdy, { § oe, 2.0 ¥ sulfurie ecld
wore added when using galsclope-luotose sugsr resgent, ) lach tube
vae shuken, bald in plece, umbil the precipliats of cuprous oxide had
dissalved, 4ifter standing s fes minutes { 6-10 )}, the sides of the
tubes and the coveriog Wwibs were washed down with z fine stooss of
talor from a weak bottie, Tiwstions sere sede with 0,005 N thio-
milfste, § drope of e .55 stareh solution Weing ndded neer Use end
polot, Titrstions checkud witoim 0,08 c€.. Geleulations swere sade
in toima of glucwse reducing squiveients, 1.0 ed, of thiosulfete
tliration ie squiwalent to 0,113 ag. glucese, Witk the uss of the
galactose~lactose~glucuse ougsr reagent 1,0 oo, of shiosulfste is
squivalent $0 0,116 mg, of gluccsey U136 mg, of galaotoss)



0,200 nge of lastose, The differemee betowen the titrations of the
forsentad canples spd the Bdlank sultiplied Wy the factor { dilution =
£0 3 0,113 ) Indicates the ug, of pon-ferwentable reducihyg substanoe
{ s glucose ) per 100 ec. of wrine, Hisilerly, the difiesrencs bo-
’hmmutuumm!m(tm-ﬂmimtdwm
multiplied by Use faclor indicates the syg. of tar-nuhln mu@

subotance por LUC ce, of wrine,
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TAELL 1

Detorainution of the Porcontoge leoov.ry of Jtanderd
Glucose Solutiops sfter Frecipitation »ich Various

Leag onta
neageni ctanderd Slemdard-Bally Standard-Reagmt rror
{ 10 eo.) 1.7 e .42 -3
0. 7% Q.73 070 ) wih
0,78 0,78 Q88 w55
a14
{ 10 ee.) 1.45 1,58 1.58 ~77
U, 72 .89 .69 5k
Herw l.-!’ﬂ5
{ 10 ec.) 1,45 i 8 1,56 8%
Q.-‘l\"l 3,70 3,65 -ih
0.88 0,67 0,88 -5

1. ﬁm resgent contalus S04 hz(%‘}rm Oy ~185 Hgoly
Le Wow Hg-Fo contains 65 h,}nﬁ?u.s ; m u.ﬂ.tr 4
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TABLE 11

Couparivon of Aecovery from Glandsard Glucose Solutioms
Contelning .69 mg./ 5 co, Using Veriows Precipitation

veji LY RS 9ed S
1008 o6 wrs ]
100, 942 005 ———
oy ek o7s o
vay - - 962
B85 9ari - —
1008 95% — Y008
vei ubg - ¥

1. Hg-Fe rvagent contuins 0% hglm‘)‘_ﬂ.# w‘ in Uuh B B0,

G5 B Hm. ( =



TABLE 333

Uongaricos of Hegoweries from Slandsrd Gulaetose
and Laclows Selutions Using Varlous Precipitation

neageate® { Shaffer-Somogyl ¢ 80 )

“ndietope
Comcantrotion of G.70 mg./5 ee.

engent Cl.livagent = Poroontuge Hscovery

Ferrie tulfate-20f-Lloydte-

Barium Cerbonete ib o=, 100%
o # w i5 oo, 100%
Saturated Nerowrie Sulfate in 108

Sulfurde scld-Burius Curbonate 10 ee, l00s
' # . 10 es. 100%

Forrie Sulfote--dli-Buronric Sulfule-
8k 3n EE R Sulfuric m-a-rm

Carboncte . _ 15 oc. Ok
® @ » 15 ce. 885
Yerric Dulfste-d(f~-Coduiun (ulfetew

ﬁ:‘fnmmm oy o
ﬂ # » IS eu, eas
b ¢ plus idoydis ; is en. L=
" . _imay 15 ec, LN
Nev Vereury-Caimiue-Iron 15 ec, eof
. " plus Lioyd'e 15 e, 1085
dev Mepcury-lron 15 ee, P
a * plus Llayd's 15 ea, (751



Talg, Liles

Ooptipustion of Telde 111

g ol G0, feugont Porceutage Accovery
Oli Sercury-iedsius-loon 18 cu, 285
@ ] L] 15 eo, Pag

Fervio Sulfate-iOf-dlerouric Sulfate
CITE ia 26 ¥ uifuric ascid~Barium

Carbonste 15 ee, bag

# ® plus Lioydts . i% oo,

Ber Horoury-Cadsium~iron 18 ge. ¥zt

o * plus Lioyd's 15 oo, g1

Bew Forric Chloride-20%; Mercurie

(hloride=-iSi=Lloyd*e-load Curbopute 10 o, (25 4
Conewntretion m wg/5 eo.

Bew lercury-edaive-Iron 15 eo, bt

¥ ® plus Lloyd's 15 ve. wsd

1D ec, Ferrie Suifste-2i%; 5 ee,

Parrie Chloride-20B; ¥erecuric Chloride

lii-Lioyditewlead Cerbopute i cc,. 758

* in these delerminations dilutions of 127 wers weed ulth the
arxception of those with the fervic chioride-sercurle dilorids
reagont, in shich case n 108 dijution was used,
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TiBLE ¥

mawwnﬁmmum
Procipiteted in o Flasl Voluse of &) ec. with Perrie
Sulfate-Lioydte-iead Carbonste,

B L
Concentratiop Heduntios of Saducllon of  Totsl re- Percentuge
per o0 ee, | {irsi filtrste wishibge duatlon arror
&8,04 S8 Q8L e + 0,78
Q0,40 Shotd Debd 41,7 33
40,80 58,00 €.,00 ' 40,00 .
I1b2 Tt S o) 10,80 )]
Goledtlugo
108,16 88,72 15,7« A0%asd 4
$6,56 65,58 10,50 150,66 +*ok
BaCivs
Wwe3e 0 wera8 169 W ST 0,88
184,08 1566 PRT 8501 -0.58

In the sbove experlment precipitation wes Surried out in the usual
Manrier aud reluciions rup on the filterstes, The precipitation mass
on the Buchmor fussel wes broken up smd dissolved in 00 se. of distilied
veter and the rexulting mixture filtered, asiuctions sere run an
thepe Tiltrates and (be rosults added to thoss from the firct riltrite

o dutermine W totsl reductiom,
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Tass W

thowing tbe Pevcentage lemowal of Ures, Urestine

and Linise by
Sy Lane

{ Sas
g ¥ hgso,
Qaip
210 8.5
158 Ti.6
67.5 £6.1
CacaTING
120 £00
30 5.8
20 24.0
CasaTIRINE
120 €29
60 6,0
0 8.5

DAfTerant Precijdtating sgouts
: and Curtls 47 )

Het0, Feu(Sy)s Fes(Sg)s Mg (3
- Fep {50,y f‘;ﬁ.: - 'ﬁd:
L

0.7 &2 4.8 57.0 5.3
78,8  15.0 11,0 TTed 58,8
G4 1B.4 15,4 92 8 95,8
558 100 18,0 77,5 72,5
450 WL 0 AT 5040
2.5 LT 385 82,8 84,0
60 180 G106 9.8 7.2
Wzl 20,0 81,0 98,0 97,0
Q.5 260 0,0 95,0 W00



TalE 1

dotersisstion of the Percentoge hemowel of Ures,
Creatine and Crestinine

quE s_s&’g

¥ g
Qwuﬁ

13,0

5,0

Té.0

8540

Yie0
w0

Fo, (50, ) ~iloyd?s=PRO0,

8.0

7.0

840
0.0
e

87.0
78,0

40



TABLE VA1

Cokpuriven of Fermeotuble and Pop-forsentable dsduclng
Gubstanees in id-hour Urine Susples shem Preelpitated
by Ferric Chlovide-llercuriz Chloride-Lloyd®s—Locd Car-
bomate apd ly Ferric Suifate-Lloyd's-Barius Corbossteg

verrie Chlovide-Nercuric Chioride Ferric mifute

¥, - BJF. F. E.F,
2.5, 84 72 a8 186
B.3. 80 sil 75 - 188
E.C.* bl uz ST ice
Wele 58 82 57 2g
E.u, 120 605 16 358
0, 6o nil 4@ 1
N2, &8 185 88 A
WD, T8 ail 52 287
LR 5bb 145 424 bag
Hedod 852 184 — -

* Controlled diabeties

#mqmﬁﬁhumhuuuu_mamﬁn
(45 }« 1i0 ee. of 0.6 N svlution of scetste was wsed to 6,0 oo,
of urine, The misture was allowed to stand for 50 sdmutes with
vecasionel shaking, Filtratlon spd subsequent trostment with
ferrie chloride-mercuric chloride-idoyd?e-losd curbonets gave
recults whioh showed me definite lsprovesent ower our setbod,
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TaBLE 1X

Debersipation of hesoval of Bop-derseniable
keduelng Substanses from a Zd-bour Sanple

Ferric Chloride-20p
Mercuric Chloride-163

Lloydts~Leasd Corbonats nil
Ferric Sullnte-23%

Lioydts«Bariue Curbonute 227
Ferrie Sulfate-zZl)

Zarivm Curdbonate 556
Beturated Herourie Sudfete in £ K

falfuric scid-Llopdts-Berive Csrbonets RELY
Latursted Hercurie Sulfate im 2 W

Sulfurie reld-Snpium Carbonste b 1]

Ferrie Selfoteeild
Hercuric Sulfote-:50 in 1 B Sulleric

sold-Boriue Carbonate ( Old Uercury-Irom } isz
03d Heroury-Iron with Liopd®a 160
Forrie (hloride-85f-Lloyd®s—

Lend Carbonate nil
Untranted diluted wine “0oe

hs efficiency of the ferric chioride-~lluyd's and fervic chloride-
asrousie ehlevide-Liogd's is clesrly demsastested by the sbowe Sable.
The addition of Lloyd's resgent %0 the ferric suliate reagent gives
groster additionsl resoval than the addition of Llopd's %o the seturated

mayeuric sulfate or to the old sercury-iron resgopt.,



TaBie X

Grame of Forsentabls and Sonefermenteble seducing
Subsbances as Delerminesd in Poces Sem lee Using
Miferent Precipituting igents &

Sumple Gid Hg-Fe(ls cc.) HRee Rg-Feild cc.) Hew Hg-Pe(ld co,)
s, Ealls L Bale

K Hela
1% 2.0 1.8 1.8 1.0 20 1,2
20 1.8 0.8 1.5 6.8 1.8 2.4
4 1 5.1 2.k 5.5 l.h 5.7 E.2
22 9,7 2.5 07 Oy 0.7 0.5
3 5.0 21 28 1.7 N——
o4 1.5 8T 1.4 0.8 S —
% 1.6 0.8 1.7 0.8 O

% These detersipations sere rup on collocted fetes samples from &
patient vith only 26 Incher of smsll intesiine ressining witer
& Borles é! resettions,

Bow lg~Fe conteins ferric sulfste-48f; mercurlc sulfste-2l, 5%
in 26 B sulfurie acid,



TABRE 1Y
Peterminations of Fersontable snd Momeferwentobie

Aeducing Subelances In Urine Semples Using Diffe
apent Frocipitating seagemts

fanple HeERand - Eals
. 15 e, Pello-Hgll -

. 7005, (1) 154 1056
a " L © gl 208
. 16 {=0

Baooy (3)° F 1% e
" 8 # 17 428
. 15 e, PGl -PBC0, (4) 128 e

_ 1 oo, Fe

!‘?‘ ii}m {WM a2 282

L5, 15 oo, Puy(90,) ~Berd,

" ) 2. 458
. 15 ce. Felly-PUCOL(7) 108 208
EB.T. h;{m } — Ol

Ic{ﬂzzn (8) 58 210
" 15 oo, Feg{20,

S . s
. 5 ee.

(
Hi ,.I)z-t) Jhiﬂzla%}i!

. 10 ce, Fe
u{a‘n:ozf «M} a1 e w55



Ihe resgente wssd in Tuble X1 were of the following strengthsg
{1} Ferrie Chloride-§; Wereurie Chloride-f0%
{2} Ferrie Chloride-ilf8; Zereurie (hloride-153
{5} Ferric Sulfate-ill
{4) Ferric Chlorlde-B63
{8} Ferric Ozalate-203
{6) Az por B
{7) a8 per 4
{8) Ferric Sulfste-20f; Bercuric scetate-iSl
{8) s per 5 _
{10) Ferric Suifute-z(f; Nercuric Scetate-@8f; Lesd icetate-26%
(11) a8 per 8
Lloydte reagent mes used in all these detersinaticas,
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TaBLE 11

L Couparison of the Fermsntuble mnd Non-fermeutsble

heducing Dubstences in Urine W Two Procedures

Semple  Volume (50, ) =Ly p=BaCl,
oy Lt

ot, ,!,’“
1. B.5, 2425 18
s RFa 1380 =]
(A}  alaan 8
Se E.B, 1120 G
4y Starvate

ilon Urine 720 B

& BN, 1240 ¥
{a) Al.del &%
{B) » # ail.lz2 1 I
6, B,D.* e 5%
7. P& 2370 8o
B, KW, 1270

dilJe2 145

* New O mogri Copper isagent used im these doterminstions,

LA
e
L0

U

.
SFF
ST
740
ibe
18s

i

ka{ﬂ;:)r&m;:im
e =i
57 169
134 wii
0 -
15 nil
87 243
87 200
<7 mid
b st
85 s
A28 ail

Smlcl&ﬁi,l.hni-hemukuﬁé&.



Sample

Sl
e

P
B OGBS

TABLE Xt

Determinstion of #ooes iwducing

“ubstences

Using Fey (80, ) ~iloyit -nm, Procedure

Volume of Dilutlon Fermontable (gme) Houwfers niuble(gs,)

3000
300
3000

50
&0

i.86
1.44
1.48
2,78
pam et
Jaby
Lou
1,08
1.7%

.23
LeBd

2,08
1,75
1466
55T
.90
0,55
1.80
1,68

1,58
La91

* Ferrie tulfuete-llopd?s-Barium Carbonste Proccdurs

ihess siaples wore rum on the patient of Table X, 25 oo, of foves
dilution were placed in a lerge test tube with & copilisry tubs in the
mmmmmuamq-wmmammmmih
Iﬂm.urmuhmwutdhmmmuwrmiug
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FEEEEEERES

T5BLL Klll-a

Peternipation of the Tobul Ritrogen in the
Foces lamples of Tsble X1il

Voluse of dlution

EEEEEEHEEE

Total Bitrogen ( gw.)
S &
588
§.57
G.06
8,88
$.50
4,55
8,11

48



Semple

These samples are from the patient of Table I,

IANLE 0¥

Setermination of Urine heducing ‘ubstances

Uedng Fop (50, ) wLloyd?s-PbiD, Procodure

Fo L

&¥ou

£150
Z550
5100
S
%200
“are
Sui
5480

By

1110
1528
Do
U540
40,0

1520

186,0

68,0
68740
11.0
a0
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TASLE TiV-a

the Urine Samples v
Swple  Veluwe Total Bitroges { gu.)
Lmiealhy 5700 BE N
] #1s0 AbaS
e 2830 14,4
Seepandl S 14,7
Lo ot 8800 148
o $200 15,8
Sl £ 20YE 18,3
) | 3220 18,2
v Qelity . S480 iz.8

Bawk and Bergide in their * Practicel Physiclogicsl Chomistey *
copsider the total mitrogen of wrine tu represent approximately
the folloving eonstituants, slthough cach of thees say vary with
the Yype of det ingesteds |
Urea- H0 to $0F of the total nitrogen
] e ~Lob W2 488 of the total nitroges
Creatinipee————o-—en wveruge @erstion of L.0-1,26 gn/f4 bours
Uric ioid— gl gverage sxoretiom of 0.¥0 gm,/id hours
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TeBLE IV
A Comparison of Sugsr Datorsimstions om Blood

Procipated by Ferric Julfste-Llopi's-Losd Carte-
coute mod Ferrie Sullate-Lloyd®s-buriue Carbuaate

Saaple ¥o (50, ) Lloyd'e-P000y  Fep(834) ~Lloyd!s-Sally
L.KE, 76 ng.i 76 ng.g
M0, ‘ 90 mng. % 85 ng.n
B R, - 84 mg.5 | B85 mg.¥

huﬁlmhnmmmm'&qnmd
Steiner, Urbet and West {42} using 50 en, of wuter; 5 oo, of
£l £ ferrio sulfubes and sufficient carbouste to nwtsrnlisze,



PESESSIE

e is soseushat juseled shen ctbumpilang to discuss and
sumarize this type of work. The sutbor bhas felt purticularly
fpsdequate in intorpreting the poscible theories wnderlying
precipitation procedursy &5 berein wsed, It is Interesting te
pote that while the determiastion of reducing substces in urise
dates beok some ope bundred yeurs or $o,; very Lev sorkers have
sttenpled to explels why certain precipitatisg rosgents remowe cer-
tuln reduelng substasces from blolegical fiulde snd mot olicrs.
The suthor hae previously suoted Best et al { 42 ) as eaying thet
the merowric ion wes an cssentisl factow im swch preclipitations
and slee thet the altrogemous constitusnts; ssinly, orevatlne, urea,
apd eroatinine were regponaible for e major pari of the non-fermon-
tuble reducing substances in ueine, However, im the unjublished
work of Durtis, Lone end fest ( 47 ) they rosch the cunclusiom, which
the sutbor hes also Tuund to be Grue, thet the farrie sulfute~
Lloyd?g-barium carbouate Lo genwrally supecior W zercuric sullate
barium carbonsie in resoving non-furmebtable Feducing substosces rom
wrine, The sulber bas conciusively chown thet the ferrie sullate—
Llogd's-lesd carbobute resgent iz the soot efficient resover of pon-
ferwenteble roducing suvstenves thoi bus bven Wied to dute, Ihis
would temd %o mule out mether definitely the negesalty in uwrine
preelpitente of the mercerie lon, The seibod is syusily as Tfast e
any proviovuly used spd lecves po solmbie ealt fm the filtrate,



Rlthough Fest ot al { 42 ) judged the efficisncy of thedr
preclpitating resgents en the parcentuge recoveiies of added
giucces and percemtage rowowel of creatine, erestinine end uream,
the sutbor definitely fesls that the lstter deterainstion 1s met
of greal proguostic velue, If one compares the tables glvem in this
mrmﬁnmm@rmmﬂhm,am
be sean thet the suthor's ferrie sulfate-Lloyd?s-les) esrbonste pro-
cedure igp rether inferfor 1o the pesowal of thess substisices as compar
“d wilh rewoval of these by some of the precipitating reagunts listed
by Heat et al. Owe must bear in mind, though, that these workers
end cibers hsve sever been able ol arny iime to renwwe ell of the pone
feruatitable reducing subetances mrmwwmﬁlluniuu
oblalosd by e sutbor, This, then, would point 10 the fallecy of
eoupidering resvvnl of these three subsleboss a8 ub absolute iondiestiom
of the wificiency of the preeipitating recgent for urine,

anotber f{motor of extreme interest to the wrlter wms that wines
of rather large volums when precipitaled by either ferrie chloride~
Tloyd'e-lead carbonste o ferric sulfate-Lioydts-lesd carbonste shoraed
mlqh“dmwrmﬂ-wmm; This led
the suthor to theorise that in large wolume urines { 2000-5500 ) the
preciplisting roagent wa&s sore efficient due presusably to dilutiom
of the pon~fermentabtle reducing subetancss; presap osing, howewer,
that & falrly coostont soo-fermsniatle sacrotion is saintelped by
an inclvidual,



htﬂtrﬂum,mllﬂmuhﬂwnmlum
diluked 11l or lif bringing the totsl wlumes up W B00-3500 ve..
Hero agaim it wns found that the pon-fermentable wes oilber complately
removed op sarkedly reduved, It may be srgued at this polat that the
formsnteble sugar buing mWﬂhﬂmﬂdhmlm tusd
socurste determinstions would mut D poosibie, Bowewer, -;I.t.iﬂuu-
Sesogyd miere-gopyer resgent ( 50 ) which is capuble of deterining
quentities se low &s 001 mg, this mrguswnt becomes isss walid, There
may be those,itoo, whe sill saintein that possibly the Sosogyl resgent
e oot a8 semaitive to pon~Derwevtacle reducing suimt.noes, delersace
mnﬁ-mma-ua-iu—iimszﬁu&uhtm
.ammm;mwhmwxnmwrwﬂw
Mﬁﬂmnﬂ'nﬂlﬂhﬂdm&lﬁmmﬁgmu_
the escunt of pow-fersentudie is still noted,

In the first part of the thesis the author prescnted evidones
itk she considers kighly sigaificant ae % e of the resscns for the
ef{icient resovel of pop~ferzentaiie reducing subotauces from wins
by the ferric sulfste-Llogd®i-lesd carbumate. This sas tho removal of
the pon-fermentable suger, gaiectope, ﬁ--hv:utlhimum
the averege -4 bour excreticn of galeetose bhas mot buen deternined,
Mm-tal{ﬂ_}mm-#tuﬂuumdmmﬂm
ite fasting 4 hour urine specisons frox six individusis, This jreo-~
eodure maies the estimatiom of the moresl 24 hour excretion of gelac-

tose rather difficult., Their results showed a totel gaisctose of



8.0 ng. { both hydrclysed snd Gubydrolysed ) 1o won and 8.5 nge
in voses, IThe asoumt of galuotope 3B the sok-hydrolyszed fracticas
wer 1.7 og, for sen snd 1.5 sg. for sossn, Batwaliy ame wowld
suspoot thet shich they found to be tiwe; messly, that on subsequent
hydrolysis of werdous froctions of Whe origissl, they obtained more
glucase and galaoctose ( presusably from Wydrolysis of lectese J.
The total glucose om all frecidome far mem wes 10.0 wge snd galuctoss
$.0 ug, shile the pon~ferscmtable roducing substuncs wes 57.1 Bg.;
still & oonsidershble amount chowing that galaclose wil laclose rew
sovel is wioubledly not the sbole pleture in the sutlior's woxke
Harding et sl precipitsted their wrines first with lesd subecetats
suc followed with Ui sereuric sulfste-barius cerbomste procedurs of
Boat ot ol ( 0 ). nnmm“mW
ceturred ty treatesnt with the sofd sercuric sulfute resgunt;y cuch
pesults hove been shosm by Loug and Bash ( 19 ) and lecxy Tesmey ( 61 ).
One sight spectlate then that lhe eversge galactuse obtained in &
pop-hydroiyeing precipitating procedure sight be sgcl lese with a
corvespondingly larger asoumt of presurser, precunnbly lacloses

fost ot 8l { 9% ) have cbleined 1005 recowery of glucose from
. gtandierd solutioms with the fercis sulfste-llopdfr—borium csrbonste
progedure, ﬁu-mwdwwtﬂw&wmm

vhon there sas & comventrationm of 0,508 mg./5 oc.; ©5) when there
vap 0,260 sge/t 00.} §5% when there mas 0.148 ag./S o, it wll



be s=on by comparipg the furmemtaoble sugar detersinations on the
 charts horein presented thet , by end large, the rewlts by the
ferrice sulfate-llopdiv-buriun carbopate amd the ferrie sulfisto-
bldoyd to-lowd uﬂm&amp&y;ohb&g ss close s the linite of e
perisentsl ervor will ullow, The fsct that some of the feveeutsbls
deterainations ran & little higher, some a littie lower while sume
duplicate the Uast procedurs pointe %0 lbe fecl that sny voristion
15 probubly saperiseutsl to & great degres,
The hlood suger detesmdnutione check wery elusely,
m:mumw&--&hmmmmdg%
ing otamdsrd sagar soloticves, If the precliplitates mese on Whe Buschuer
funvel vore seshed with distilied wuler amd the mfxiure refi.dured,
the rewoved miger could be recovered. This suggusts the jossibllity
thats
1. lugar is sdecrbed snd subsoguent wealing of the precipliste removes
it;
2, The urgenc-awtellic ocwsplex fomed in the precipitation is welsbie
and rendily broken dovn by the sddition of water,



2o

B

B.

6.

7

8,

~SRGLUSIONS,

The preci;dtation resction is probsbly due to the forwation of
ergano-astallic eomplexsa vither on the sseomdery sleoshol
grougs or the il -BE groupe

The selubility of thege orgamo-metallie complexng is & werisbls
thing end may bo influcnoed ty e origimel selubility of the
subptancs to b precipitated,

The organo-metalile complex formed may be unstable and reedily
broken dowm by the addition of sater, Sugars resoved from
standard sclutions say be recoversd by this sothod,

thile ereatine, grestinine, and urea probably contrilbute much
to the nou-formentable reducing substanses of urime, the suthor
&lsv fools that a large proportion of soo-fermentable reducimg
mu'mhm.m,mumm
carbobydrate materisl derived frou food, '

The zoprgurie ion is mi sspcotisl o satisfuctory presipitation
of uwrine sud other biclogical fluids, |

iAll or st of the nab-fermentabls reducimg subeotances coz be
removed fron urines with Pé-hour welumes of 26003800 oo,
sxaller wiume urinss cam be dlluted Isd or 152 with subsequent
tatal resoval of son-fersevishle reduainmg substencss,

The ferrie sulfate-lloyd®s-Pi00y metiod ir satisfectory for the
detersination of trwe bdlood suger.

The fersentable sugare of wrime sesples by the West {<2)
progedure snd by the suthor's agree witbia the lisits of ex-
porimentsl error im most cmsus,
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35& ®

57

Gslactose and lactose ave sore readily resoved from sol-
utions by several preelpitating rosgents than is glusose.
The precipitation method with ferris ﬂaﬁ—ﬂqﬂ*%t
is by far the best provedure for erine presizitation to date,
Tith proper dilution of Zé~bwur urine sesples the fermentable
sugar can bo deteruined direstly sitbout the nseessity of
the ferssutation by ysast,
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