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A STUDY OF THE REDUCING SUBSTANCES IN URINE

Introduction

Progress in the study of the carbohydrate-like re-
ducing substances of urine and the»faotarz affecting
their excration has neeegsaril# been governed by the
methods of analysis used.

The use of unwashed yeast in fermentation proce-
dures, ithe iIncomplete removal of interfering non-sugar
reducing materials, and the use of sugar methods inca-~
pable of determining the minute quantities of reducing
substances present in noramal urine have resulted in a
diversity of opinion regarding the amount, nature, and
sourse of these substances.

In 1918 Benedict and Osterberz {2} studied the ef-
feot of diet and starvation upon the exoreticn of total
reducing substances by the dog. Prior to this time,
treatment with the mercuric nitrate-sodium hydroxide
reagent of Patein and Dufau (19) had been used to remove
non-sugar reducing substances. With this alkaline rea-
gent there was the danger of lugar oxidation and the
further disadvantage of a high salt concentration in the
filtrate. DBenedict and Osterberg ﬁaed a modification af
this reagent, replacing the godium hydroxide with sedium
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bicarbonate, and improving the reagent somewhat by reduc-
ing its alkalinity. The fermentation procedures used ine
vnivcé incubation with unwashed yaaét for 1824 hours at .
33“ G. The 2&&3 incubation pericds hse@"ith amwashed
yeast often resulted in the addition of =0 much reducing
material that the removal of reduciag subgtancas by the
yeaat could not be detected. In addition, bacterial gon~
tamination at times resulted in the removal of reducing
materials and the consequent over-estimation of férmnaté
able reducing substances. Determination of fermentable
substanees under such conditions can not be considered
anuﬁrl#e. The picrate method f1) of sugar detemmination
was used, :

Benedict's and Osterberg's results indicated that
excretion was highest on s carbohydrate diet, appreci-
ablyvdaeraalaﬁ ou a protein diet, and markedly decrcased
during starvation. They found the maximum exoretion to
eceur four to five hours after a meal and the minimum
about fifteen hours after a meal, Output of reducing
substances was found to have no relation to velume.

These workers, with Neuwirth (4), slso studied the exere-
tion of reducing substances, bgth non-fermentable and fer-
mentable, of two normal men ss affeoted by diet, and ocame

to the conclusion that both fermentasble and non-fermentable
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exeretion is higher on & high carbehydrate diet than ah
a high pmﬁein diet. On the assusption that fermenmié
gugar is always 9?6&3!1‘1‘- in normal urine, they advanced
the idea that there is & gontinued “gwcumaia" of blood
guger into the urine.

g 1922 Folin and Berglund (‘,6) studied the total ¥o-
g;mmg gabstances ok urine and ploed following the inges-
tjon of large quantitias ai sarpolydrates. Filtrates
were prepared with Lloyd's alkaloidal reagent, and raduc=-
ing subslances gere determined by} the Folin and Wu usm;ar
golorimeiric mathod {7} Tma.tm&nt gith Lloydts reagent
jLeaves Wge qua.utitias of mn—augsr reducing materials
in the gil1irates, They did not determine the fermentable
fraction. Waen their results gshowed an inoreasd in
total sugar when passing from 2 nigh protein dist to a
aixed diet, and no increase in output following i;na ine-
gestion of pure garbohydrates, ‘i‘clin and Berglund con-
eluded that no glycuresis 0CCUIrS, but Lhat urine sugar
mwmms moieties of the unassimilable carbonydrates of
food, formed paturally or By heating.

Host (16) in 1923, after marmnta on many individ-
uals, using the methods of Benediat and Osterberg (2},
goncluded t,hat pread is respansima for & iarge part of |

prine ':ug:r", and that glucose is not present in normal

urings
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Greenwald, Gross, and Samet (9) im 1924-25 studied
the effeot of diet on the exoretion of total reduocing
substances by boih dog and man, using mereuric nitratee
sodium bicarbonate filtrates and determining mg&r by
the two picrate methods of Bemedict and Csterberg (1,3)
and by the coppsr metnods of both Folin and Wu {(9) and
aharfgr‘nnﬂ dartnan (20). ¥Fermentable reducing substances
were not determined. They oonsidered that urine "augaxi consists
of both difficultly assimilable carbohydrates and suzayr
derived from food protein and endogencus sources. Glu-
eose was believed nmot to be present. In 192? ére&nwald,
Gross, and MeGuire (8) ecarried cut other uxperiménts.
using RBagle's fsfmnntatiun procedure {5}, in which un-
washed yeast is used and the incubation period shortened
to forty minutes at 38° O, The vesults of these experi~
mente indicated to them that the fraction of urine sugar
arising from heat altered sarbohydrates is small, and
that the small guantities of fermentable reducing material
found is a sugar other than glucosa. They suggested the
possibility that bacterial sction in the intestines may
be ranpannihl& fax scme urine sugar.

In 1929 Van Siyke and Hawkins (24), using filtrates
prepared with Lloyd's alkaloidal reagent, and their own
gasometric ferricyanide reduction method {23) for deterw
mination of reducing substances, reported the fiﬁ&tng of



significant amounts of fermentable recucing materials in
urim‘ They used the greatly improved fermentation preo=
sedures of Somogyi {22), in which washed yeast is used
and the incubation perlod shoritened to fifteen minutes
at room temperature.

Harding and Selby {14) im 1931 prepared fiitrates
with Lloyd's reagent, used washed yeast, and ﬂct_emimﬁ
reduoing substances with a Shaffer-Hartman mierc=reagent.
They éaﬁpluteﬁ.that fermentable reducing substances are

but =re abasent frem noifial

& T ; : ]
te e found &z normal

in nermal urive,
fasting urine,

In 1932 West and Peterson (27) prepared filtrates
by treatment with mercuric sulfate and barium carbonate
{28}, This treatment sot enly removes s large percentage
of nonssugar reducing materials, but alsc has the advan-
tage of leaving & very low salt comoentration in the
filsrate. Vashed yeast was aaoéf, and reducing subetances
were determined with a sensitive Shaffer-tHaritman reagent.
feug and ¥ash {17) suggested that tresatment with the soid
solution of mercuric sulfate might lead to an incroase in
reducing m‘iéatanc&n due %o hydrolysis of a mon-fermentable
precursor. !esi and Peterson reported an average cuiputl
of 142 mg. £ementat§1e and 395 mg. non-fermentable redud-
ing substances in the urine ‘of tifty-fiva‘ mami individ-

aals. West, Lange, and Petersen (26), using the same



methods, detumtnaﬁ faotors affeetinz the exoretion of
these substances. Mo diet was found under wh:.ch ne ke
c"eﬁlﬂn of non-fermentable mbstm@es ocourred, but a
fairly ‘constant level was mainiained when only certain
foods suah as white bread, meat proteins, egge, milk,
many comuon fruits and vegetables were found in the
diet. The ingestion of heat-alterec ou.rbw&ratég, as
found in dried fruitis, dark Kare syrup, ete. was found
to ingrease the non-fermentable reduncing substances
markedly.

These iﬁrkem found that the metabolism of nucicge
proteins was unrelated to sugar exeretion. HExeretion
of noa«-farm@tub}.e reducing substances was found to ©o-
cur in fasting urines at a somewhat lower level. In
the dog, intestinal stasis was found %o inorease the
mréti@n of non-fermentable 88&3%&1}30&, furnishing
corroborative evidenae for the theory of Greemwald et al
(8) that basterial sotion im the ‘intesting is responsi-
ble for some sugar exoretion inm the urine. The non-ferw
meniable portion of the sugar was thought to be little
changed by hydrolysis, Fermeatable sugar was found in
all nermal urines and in deoveased amounts during faste
ing. 7The excretion of fermentable sugar was shown to be
related to the aotivity of the panoereas and the general
carbohydrate metabolism of the body, supporting Benedict's
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{(2) fdea of & glyouresis, The excretion of fermentable
sugar in ihe urine was markedly deorcased after the ingose
tion of large amcunts of carbeiydruies, wihile it was‘da-
cidedly inoreased upon taking ordinsry meals after short
pericds of starvatiun. These workers noted an inerense
of fermenteble sugar upon hydrelysis of filtrates and ate-
tributed it to the breakdown of nep-reducing pelysacaha-
ride material.

In a third peper, Wewt and Steiner (29} presented
e¢vidence that the fermentable sussyr of both normal and
starvation urine is glucose. Their evidence consisted
- in showing the fermentation rate of the fernentacis urine
gugar to be similar to that of glugsoze and differecnt from
_the fermentation rates of fruotd¥ and sannose. The fere
mﬁntliiun rates were determined in a Warburg mancmetriec
apparatue,

‘In 1933 Harding and Selby {15}, using mercuric sulfate-
barium carbonate, Lioyd's, and Kﬂg?04~lgn filtrates, con-
firmed the presence of fermentable sugar in fasting urines,
but concluded that a yeasie-rsmovabie substance cther than
glucose is grea?nt.

In 1935 Laug and Nash {17) made a study of reducing
substances in noraal dog urine. They prepered urine file
trates by the acid mercuric sulfate-barium carbonste

procedure of West and Peterson {27) and used the sensie
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tive Shaffer~Hartman Reagent 50 {21) for determinaticn of
reducing materials. By determining the reducing substances
after hydrolyais in eaoh of a series of filtr&&ee with in-
creasing residual N oontent, these workers féunﬂ that the
amount of f&rmentshle-reﬁucing.aﬁbataﬁce-yiaxdsd upon hydrel-
yeis is not afiected by the amounts»of nitrogencus sube
aténcaa-preaeﬁt. indirect evidenca that thg hydro lyaable
fraections of urime are not nitrogenous in nature was thus
preatnﬁnd. Leug and Nash sgreed with West and coworkers
{(26) thaet the fraction of nom-fermentable reducing sube
stances is little changed by hydrolysis, yielding iittle

or none of the fermentable reducing compounds produced by
hydrelysis. 4ll of the reducing substsnces produced by
hydrelysis were thought t¢ be fermentable. In a later
paper (18}, Laug and Nash, uliné the sase methods, pre-
pented the varistions in uriaary reducling substances of

twe normml dogs msintained on bread diets. The kind oL
bread diet {erust, whole wheat, etec.) was found to affect
the produotlon of reducing substances in the urine,

In 1936 Harding, Nicholson, and Archibald {312) ap-
plied a modification of the Salkewiki copper=-1lime method
for tae prteiyitaﬁiﬁﬁ»ﬁf carbohydrates to urines cleared
- with basic lead auetata; They employed the specific
fermentation methiods of Harding and Kichalnoﬁ,{ll).and
determined reducing substances by the method of Rarding



and Downs {(10). Composite fasting urines were uscd for
these experiments, and were fermented before slearing,
Differentizl fermentation indinated the prescnce of
glucose snd galactose both before and after hyﬁrolysia
of filtrates. Very small amounts of fructose and nane
ﬁuﬁé were found in some urines. Farmﬁntatiom by.bakars’

yeast alone s used by previcus workers delegates galaow

tose b0 the non-fermentasble fraction of reduecing subaiances.

Agcording to these workers, the fermentable reducing sube
gtances produced by hydrolysis arve derived from the none-
fermentable rﬁduaing fraction of arina,and the shift of
galactose to the fermentable Iraction eliminates ihe neé
cessity of postulating a non-reducing presurser. By
répﬁateﬁ copperwilme precipitation a nitrogen-free frage
tion containing méat of the reducing substances of urine
was obtained, which constitutes more direot evidencs
then presented by Leug and Hash (17) that the reducing
guostances of urine are nanunitr@genaus in character.
The effect of itype meals on the hydrolyzable sugars
of urine was presented in a second paper by Harding,
ﬁicﬂsiabn, and Jackson {13). Lloyits-lead acetate and
marcuric sulfatee-barium carbonats urine filtrates wersa
j:wdmi:ﬂﬁﬁ and then precipitated with copper-lime.  In~
orease in hydrolyzable r&ﬁuﬁiﬂ%.ﬁubﬁtaﬂﬁﬁﬁ was produced

hyAeunh of the type meals of fat, starch, and fruit, but
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rot by the protein meal. The inoresse was due slmost
entiraly teo glusasaéprﬂéuaing substances.

A study of the reducing substances im urine wae
undertaken in which improved methods of precipitation
were employed., The substances in urines and variocus
prine filtrates which give fermentabl& and nonsferments
sble reducing substances upon hydroiysis wers investi-
gated in an attempt to deteralne whether such materials
arise from the non-fermentable substances or possibly
from non-reducing non-fermentadvle compounds of a poly=~
gagcharide character, The Tollowing pages give tha

moethods used and results obtained in this study,
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e Exporimental Work

Reagents

Ferric sulfate, 21% in water,

Mercuric sulfate, saturated (30%) in 2 ¥ H2804. Solue
tion decanted from precipitate of hasic sulfate,

Ferric chleride, 20%, and mercuric shloride, 15%, in

Lloyd®s alkaloidal reagent.

Barium carbonate,

I@ast; Fleischmann's, washed and kepl as recommended
by Somogyi (22).

Sugar reagent, nalier~Somogyi Reagent 50, with 1 gm.

KI (21},
Gn., per Liter
NasC0s {anhydrous) 25.
Roehelle salts 25
CuB .67 0 (75 oce 108

solution) ¥ J 7.5
KX0; (20 cc. W solution)
Urine saaples, preserxrved with a 1itile toluene and
kept 1n_1ee box,

Anslytical procedures

Preparation of filtrates. Ferric sulphats~Llcyd's
{25): The filtrates in & dilution of 1:7 were urepared
by placing 10 oc. urine, 45 oc. water, and 15 cc. Feo(804)3
reagent in a 500 eos. Erl!nnayef flask, 4 gm. Lloydts
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reagent were added, and the mixture allowed to stand thres
or fsa:.minuteﬁ before nentralization. After the addition
of 20«30 gm. Baluz, the flask was sto ppered and shaken
eactiocnsly, the Cug formed being reiesmed at intervalg.
When the mixture no icngér rédﬁgmgﬁ blue litmus paper,
it was rilternﬁ with light suction. The filtrate was
acidified to conge red paper with ﬂcnaaétraﬁeﬂ,&gﬁug
Z drops) and filtered to remove a slight precisitate of
BadC,. ‘ |
Mersuric sulphate (27): BRssentially the same proe
gedure was followed in the preparation of mereuric sulphate
filtrates. Lloyd's reagent was not used, snd 35-40 e
BalUz were negessary for neutralizaiion. After acidi
fioation the solution was trested with Hy$ for a fow
minutes, and the Ho8 removed by aeration., The precipie
tated ﬂ;é and Ba80,; were then filtered off.,
Ferrio chlaridc-ulrauiic ehlﬁriéeanlayﬁ'alz in
this case a 138 filtrate was prepsred by placing 10 ce,
urine, 60 cs. water, and 10 sc. FeCl:-Hgllg in a 8500
gte Erlemmeyer flask, adding 4 gm. Lloyd's reagent, and
allowing the mixture to stané three or four minutes, 79
gne. PCO; wers added, and the flask stoppered and shoken
untll all COp hed escaped. After filtering with suction,

1. Under consideration as a precipitating agent im
West's laboratory at the time the work was done.
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1 gm. BalOz; was added to the filtrate, and the solution
puturated with Hy8, After agsin filtering with suction,
0.4 cc. concentrated HoB80¢ were added ta the filtrats,

and excees HoB was blown off with s surrent of moist air,
The rather heavy Ba8), precipitate was filtered off with
suotion, 5 drops of 0,02% phenol red were sdded tc the
-filtrate, followed by eoncentrated NalH to near neutrality.
The change.iﬂ total volume was so small that it was disre-
garded in ths c¢calculations.

B&termiuatia& of raducing aabstaagg g. ine filirates
prepared according to the above proesdures were divided
into twe parts, and ome part fermented. 5 o0. portions eof

-a 15% suspension of bakers'! yeast were centrifuged, the
superms tant liquid decanted, snd the sides of the ceniri-
fuze tubes dried with a small roll of fiiter paper, to
avoid dilution of the f*itrﬂte. 8«10 go. filirate was
afdded to each of twa yeast tuhu~, and zllowed t¢ ferment
at room temperature for 18 minutes with ogcasicnal siire
ring. After cenﬁrif&gatién, the filtrate was deacsnied
throuzh a small filter.

B nﬂ. portions of both fermenited and non-fermented
filtrates, in ¢triplicate, were pipetted into 3 % 200 mm.
 pyrex tubes, 4 drops 0,027 phenol red added, and 0.5 ¥
WaOH (3-8 drops) until the indis=ater turned red, Blanks

of distilled water with phencl red wers alsc run. ATter
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the addition of 5 GG. sugar reagent to the tubes, they
ware gevered with glass bulbs and heated in an aptively
belling water bath for 15 minutes. The tubes were then
cooled to about 30% C., and 1 se., of u 4% KI-5% B 0.0,
solution was added to each, foliowed by § o0c. ¥ €3804,
~blowa in quickly. Baoh tube was shaken, bulb still in
- place, until the precipitate of Cu 0 had dissolveds
After standing a few minutes, the sides of the tube and
the covering bulb were washed down with & fine stresn of
wate? from a wesh bogtle. Titrations were made with
0005 ¥ Nag8,0., 5 drops of a 0.5% starch soluticn besing
sided mear the endpoint. Ususlly titrations checked
within 0.02 ¢o. Caloulations were made in ttrmé of
glucose reducing eguivalent. 1 oo, thiosulphete titrge
tion is equivalent to 0.113 mg. glucese. The difference
baiween the titraticns of the fermented samples and the
blank multiplied by a factor {15.8 in ocase of a 137 dilu=
tion) indicates the mg. nonefermentable reducing sube
stance {(as glucose) per 100 ¢o. arine. 8imilarly, the
difference between the titrations of the fermented
sanaples and the han~fermﬁnted‘3&mplas multiplied by the
fant0r>indiéatea the mg. Termentable reduecing substance
per 100 ce. urine,

Aydrolysis, Hydrolysis, whether of the urine dle
recily or of the filtrate was carried ocut in an a2pproxl-
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mately 1 B golution of EgSD% for %uﬁ@@ mﬂﬁfﬁo

then tpe urine wHs hgdfﬁiyz@i pofore Pre ecipitation
2

20 GG urine snd 20 GG 2 ¥ 1 g0, Were @iaa@d ip o pyrex

SUIar cube Fitbed with 8 rubbe¥ ghupper carrying & & inch

piece of sa@illary'ﬁuning, and neabtef three NOGEFS

traﬂaferred yo @ DOU GG Erienmeyes £lask, 70 gce ¥
aater adied iincludiﬂg that uped e rlnse'a&t the tuba},
T A £iltraie ;vewar@ﬁ g ususal, using doubls apounts
of all E@Lganta.'

gnen the gample was hyirolyzaﬂ afber vre@ig’tahign,
g Gouble anauﬁi of fi&&ﬁate‘ﬁas'u”& ared, 10 2 136 dilu=
tion, B¢ rhat sugar dete ¢Miuatiaﬂ~ poth kefor® and of to¥
ﬁg@fﬁlyﬁi@ epula ©° aads on the =& Ot yittrate. g0 co. OF
Lne giltrate prey pared 1n tpe ususnd ey were glaaeﬁ in 8
pyare olysis tube, =0 1.7 CCo» @araeitrateﬁ'ﬁﬁgﬁg naded %O
make bLRe a@lu@im“ ayyraximatelg 1 H. (A coprection w28
made FOT phis glizht shangs iﬂ yolume when calamlatiua

1
s

et

f»ault@.} pfter ﬂg@r@lyz&mg three pours n & woill
guter path, the golution was n ew%raa%zéé with Batlz { apout
i15eret, ant the gitlrnie qeidifiec Lo cunI®
with aﬂzﬁesvxaxeu HpBO4e Iy wal then aéfaﬁeﬂ Lo Temove
graces of HpB frmﬁ.uulfiéﬁz in the Bally aﬁﬁ filsered o
penOve poBl,e The ¢ pernin wilon of coducind evbatances

in ¢his fittrate was garyied out as given #DOTee
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CGomparisen of Reducing Substances in
Fog{804);-Lloyd's and HgSO, Piltrates of Normel Urines
Deterainations of reducing substansces in bedh
Fag(804);~Lloyd*s-BaC0; and Mgd0,-Bal0s; filtrates of
a number of normal urines were made in an effort to dee
tect any hydrolytic effeet of the more scid precipitating

o7

reazent {ﬁgsn§>. as was found by Laus and Wash {(179).

TABLE I
Reducing Substances in leEESGila-Llﬁgﬁ's and HgS0, Filtrates

Farric Sulfate-Lloyd's| Mersuric Suifaie
Sample
Honf, Feorme Boni. _ TeXude

HET 11-17-35 247 49 296 50
BEaW 11-17-30 385 139 411 155
87 1li-18«30 394 140 KK L80
EEW  1llel9«30 360 ‘ L3& 348 A58
EEW 11-2035 415 87 384 G4
BEV 11=21-35 331 142 398 181
BEh  1l«Z22«35 3E1 110 3?3 iU8
J18 11l=Z21=30 365 92 462 igli
LFY 112035 582 €3 694 104

erages| 386 08 496 232

The resulta in Table I show definitely higher values for
fermentavle reducing substancss after treatment with the

mereury reagent, Resulis vary widely a3 would be expected,
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singe tha amount of hydrolyeis under such comditiocna would
depend upen the nature of the hyﬁrﬁxysabla materizl preseat
in the urine and upon the time im aaﬁtact with ths =zecid
reagent befoure neutralizmation with Bal0,s AvVerages obe
tained were 386 mze non-fermentable reducing substoaces
and 106 mz. fermentable ;aﬂusinﬁ substances from the
533{ a)z=Lloyd*s filtrates and 406 BnZe nen-fermania@il
cing substances and 132 mg. fermentable refucing sub=
tznces from the 4380, filtrates. The average incroape
of 28 mzZ. in fermeniable reducinz substance is probably
due to the hydrelytis effect of the acid ?aagant. Although
the averages of the non-fermentable reducing substonces
show a 20 mg. increase with the mevoury reagent, this
varistion is not oonsistent in the individusl sanples.
Biffercmaes in this respsect may be atiributed to the
difference in the action of the two srecgipitating reae
genta upon tie varying aamcemtr&ﬁi@m= and kinds of
materials Present,

The Effect of ydrolysis Before snd After Precipitatisn
upon the Reduoing Substanses of Urine ,

Deteminations of reducins substances in a n unber of
B -

p_.

urines were amade both before and after hydrolysis, In
each cass the urine was hydrolyzed bafore trestment with

Ea?iSﬂﬁﬁa. As will be shown later the true values Loy
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TABLE 11

Hydrolysis before precipitation. Fervic sulfate fiiirates,

Before Lydrelysis Al ter Hydrolysis
Sample :
Fonf, Fern,. Fonf. Forme
WET L=17=36 234 £S5 257 129
T le=27-386 184 70 S04 145
MET 1-28-36 253 64 362 147

HET 1-20-38 =73 20 332 168

MET  1-30-36 300 48.. 392 71
HET 2-13-36 384 56 619 417
MET 2-14-36 176 60 335 108
MED 2-17-36 215 35 234 82
MET 2-19-36 255 47 205 100
KLU 2-9-36 108 52 176 136
JES 2-18-36 331 117 571 241
BSW  4-5-36 358 119 259 485

Averages 252 64 544 i8%
Hof.b 1-22-3¢ | 298 31 431 330
Hof, 1-23-36 | 218 |, 21 18 | 382
dof. 1-24-36 | 236 48 572 a2
Hof. 1-25-36 | 270 | 63 578 82

Averases 255 40 460 214

1. Bubjesct with % faet of suall intestine.



hydrolyseble sugar can not bhe cbtained using this method
of Lydrolyeis. Table 1I shows the reéalis for a series
of urines. .A consisteal increage in buﬁh nﬁnufermantabls
and fermeniable reducing substaaces after Qyﬁrﬂlfmia is

coworkers {26) and Laug and Waeh {17)

[

observed. West an
noted no appreciable change in tﬂe non-ermentable Irage
tiocn after aydroliysis Gf mercury filirates of afiﬂe.
The last four results showr in Table I1 were made
on samples from an individual W;tu & short gut, incroases
in both non-fermecniable and feraenisble reducly substances
are noted after hydrolysis. Table III also shows &nﬂ“eaaaa

£y

in both fractions in two second day stax ?ﬂ%l@n sanples, and

TABLE IIX

Effect of Starvation and a2 Milk Diet
upon the Reducing Substances of ﬁrine

_Hydrolysis before precipitation. Ferric sulfate filirates.

; Before Hydrolysis Af ter Hydrolysis
8amnle
Yonft, Pern. ¥onf. Ferme
sEst 2.26-36 189 59 164 115
ot 2-26-3¢ 179 44 193 82
1 i ™ o e ERl 5 B¢
‘E.T Qi emy i) g.#iew fed 1:3‘3 8?
ATELHTeS 164 09 1731 a8
W2°  3-31-36 222 57 284 231

le 8Becond day starvation 8amplaé.

2, Hilk diet sanple.
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an incresse in only the fermentable fraction of = third
sauple, In ail cases these ineresses are markedly oualley
than those roted in normel urines These results apparently
peint to materials asbgorbed from the intestine as PTCCTT -

crs of mueh of the reducinz substances forpmed by hydrel-

K

vais of urine.

%

A series of determinmtions of reducing substancocs was
U on a ounber of urines to determine the difference bhee
tween hydrolyzing urine directly before treatment wilh

Fez(80,), ard hydrolyzing a filtrate of the urine. A4As

TABLE IV

Effect of Hydrolysis Before and After Pregipitation
upon the Reducing Bubstmnces of Urine

Ferric sulfate-Lloyd's filtrstes prepared in all cases

1 2 3 <
Befere Q?Q??Biﬁ . Hydro lysin
Hydrolysis Before Af ter

Sample ?r@cxpztatieﬁ Precivitation

onf, Ferm, | Souf. Yerm. | Bonl, Fern,

WET Bedl=38 342 112 4b& 278 Bil 403
W Ged=386 251 49 312 109 533 2351
HET G=9e36 208 107 319 273 S44 209

1343
i
o
Gt

LFN OG«11-36 329 117 403 29
ESW 61136 320 i3L 410 286 £53 333

VFA G=l7=38 284 708 348 60 S as2

&
Averezes 296 204 510 331 417 428




TABLE V¥

Ratios Bxpressing Relation of Permentable Reducing
Substances Produced by Hydrolysis
to Fon-fermentable Reducing Substances

Sample By Rz
MET 5-31-36 0.85 | 1.62
ED  6-3-36 0.72 | 2,22
MET G~9-36 0.76 | 2.16
L¥F  6-11-36 1.02 | 2.10
BSY 6-11-36 V.63 | 1.52
UPA  6-17-36 051 | 1.5

shown in Table I¥ the yield of additional reducing cube
tzmes, both fermentable and non-fermentabls is mariedly
incressed when the filtrate is hydrolyzed, It is Proba-
ble that the lower values obtained by hydrolyzing urine
before precipitation are due to interaction of the re-
duoing subatances formed by hydrolysis with other material
(removable by the precipitating agents) in the urine lead-
ing te destruction of the reducing power.

In order to assertain if possible & relation between
the non-fermentable redusing substances and the increase

in fermentable after hydrolysis caleoulations for the ratio;

were made respectively for the above series. The values



caleulated from the figures of columns 2 and 4 of Table IV
are given under !31 in Table ¥. The variations i:a the
ratios are sufficient to indicate that the nom-Termentable
reducing substances in the filtrates of the urine bear no
ﬂiﬁeﬁet relation to the increase in fermentable redusing

. Subétaaeea caused by hydrolysis. The ratiosof the inorease
in fermentable tc the incresse in nonfermentable reducing
:dnsétunu upen hydralysiam giver under Rg in !abl& ¥.
There iz & somewhat closer 69rrsla-t£oa in this oape than
for Ry which may indicate the simultaneous production of
fermentable and afma«fammtable rediuing substances by

nydrolysis eof a commen precursor.

| : TABLE VI
Bffect of a Heat Diet on Reducing Substances of Urine
Before Hydrolysis After Hydrolysis
Banmple
Honf, Ferm, - Fonf, Fexrm,

275 gm. lean boiled haef.........;....u.u_u....a.un.
i 600 10,3 T2.6 22,1
Ii1 59,9 16.2 [ 62.6 22.3

Ferria sulfate fllitrates. Hydrolysis after preci-
pitation, Sample I~~four hour sontrol sollected
eight hours Tollowing preceding meal, Samples I
and. IIl--goliscted during the twoe four hour periods
following the beaf me=nl,
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To dotermine the effect of 2 meat dliet upon the rew
gueing substances ¢f urine, samples were colleeted before
and after a meal cansis—;'ﬁi@ gnly of lean bolled beef, Af-
gozding to the values shown in Tuble VI, the increase in
fermontable reducing substances after hydrolysis is pro-
pertionately greater than the inorecase in non-fermentable
reducing substances. The amounts of redusing materials,
both fermentabls and non-fementable, produced by hydrol-
yeis in the urine collected after the besef meal are similar
to those amounts found in the control sample. Thess results
indicate that 1ittle or no sdditional productiion of hydro-
iyzable mtﬁr&az follows a meat maai. | |

Determinations of reducing substances in the urine of
s diasbetic méavmm were madef Although the urinc was
wmxym direotly, so thzat the true ?glm-.l for hyidro-
iyzable reduaing m".‘mﬁmus were not ohtained, the dAif~
ference between these values (Table VII} and the values
obtained in the same way from normsl urines (Table II) is
marked, There was 20 :I.nﬁrnlﬂ in te:mmtab;a reducing '
substam ex after hydrolysis of these samples. In éréer
%0 disgover if acetons yraaeni in dzm-tié urine might
interfer¢ with the sugar determinations, C.5 se. acetone
were added to 100 ec. glucose solution containing 0.5 mg.
giucese in 5 cc. solution, and dcterminations made. There
was no effesct evident. Glucose }a«aﬁad. te one sample of the
disbetic urine was recovered quantitatively.



TABLE VII

Beducing Bubstances in the Urine
of a Case of Diabetes ou a Cuntrolled Piet

Before dydroliysis After Hydrolysis
Bample ;
. Hont . Ferm. Bonf, Forie
EC 2-18«36 262 136 319 141
EC 2«18«36 251 123 364 134
EC 2-20«36 362 321 487 - 298
EC J=3=36 304 31¢ 415 334
Aversges 295 228 396 227
2«15«36 Diel: CH-35, P-BL, F-2320 Vatiy acid-R.0
flucose

Fasting blood suger-~184. Dextrose iolerance
curve nigh and fell slowly {typical dimbatas).
Bmaple high in acetoacetic wecid and acetone,

The last result in Teble IV, also {rom the urinc of
a dizbetic 1ﬁdi#iduﬁl, shows thelsam@ @andaﬁar, although
in this case & slight inerease in fermentable reducing
guéut&ncas was e?igenﬁlafter hyirolyasia, Theée resulis
may indicate a differance in sbsorption, metabolism, or
production of hydrolyzable presureors of ferm%ﬁtnﬁle P~
duocing substznces by the ﬁisﬁati& iﬂéivi&n&i.

A comparison of resulis ocbitained by determining radnaQ
1ngfsubstanées of both ferrio suliate and Terric chloride-
merguric 3@13ri§e filtrates is shown irn Table VIII, The
values for feruentable s&g&r ap shown in columns 2 aﬁﬁrﬁ

gheck closely. However, =5 a comparison of celumns 1 and
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Reducing Substances in ¥Ferric BSulfats and
Ferriec Chloride-Nercuric Chloride Filtrates

Hydrolysis after precipitation.

Feo,(80,) FelClgz-HglCl,,
Sample Before After Before After
B R S L R o
[Sonf. | Ferm. |Nonf, [Ferm. (Honf, [Ferm, |Honf. |Perm,
MET 5-31-36 | 342 | 112 | 611 | 403 | 187 | 120 | 160 | 307
WP 6-3-36 (251 . 49 333 |23 | ___ | s2 | __ | ea
HET 6-9-36 | 255 | 107 | 344 | 209 42 | 126 | 112 | 172
LN 6-11-36 (335 | 117 | 483 (448 | 126 | 99 | 203 | 319
B8Y 6-11-36 | 320 152 483 |333 | s1 |1ax | 151 | 230
WPA 6-17-36 (284 | 708 | 380 |@sz | 77 | 674 | 110 | 648
Averages| 296 | 204 | 417 (428 | 81 (202 | 123 | 286
TARLE IX
Ratio: Columns H of Zable VIil
Sample Ry
MET 5-31-36 | 0,62
HD 6-3-36 | 0,560
MET 6-9-36 | 0.60
L¥H 6=11-36 | 0,66
| BSW 6-11-36 | 0,38
TFa 6-17-36 | 1,
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5 shows, treatmeat with ferrie chloride-merouric chloride
ig more efficient in the removal of non-fermentable reduc-
ing substances., In one case a1l of the non-formentablie
reducing substances wore removed by this treatment.

R, in Table IX shows the ratiog

. Fermcatable difference after bydrolysis
(Pog(80.)3 filtrate - FeCly-Hglly filtrate)

Non-fermentable difference before hydrolysis
{Peg(804) 5 Tiltrats - FeClzeHally filtrate)

This statement indicates the proportionality of the ge-
erease in fermentable sugar upon hydrolysis to the frag-
gion of non-fermentable reducing material which is removed
by Fellz-HzCl, and not removed by Feo(804):.

Values for the first feur samples check ciosely, indi-
gating Um t a part of the fermentable reducing subsiance
proéwﬁ by hyérﬁiy:ia possibly nas its arigin i}n' a part
of t}ia non-fermentable reducing fraction, as Harding and
nis coworkers (12} found,



Burmaxy

1. & study of reducing substances in urine has been
made, using laproved method s of yncipitatizm.

2. An increase in fermentabie redusing -u.hxtanmé
during %reatment with an acid precipitating agent {HgB8vg)
has been found to occur, indicating hydroiysis during
treatment,

%, Hydrolysis of urine befors pmaipitatian leads
to destrustion of soms ex the fermentable and non~fer-
mentable raduning substanees. This is probably ﬁua. te
interaction of these materials with unknown urine constie
guents.

4. Bame of the data cobtained may indicate the pre-
genge in urine of a substamme O aﬁbs_tanee: wvhich yield
poth fermentable aud non~fermeatable reducing compounds
upon hydrolysis. '

5., A copsiderable proportion of the materials in
wms which yield fermentable and non-fermentable redud-
mg aubatmaea when hydrelyzed appmntly are repressuted
by compounds abaarbad from the intestine and not metabo-
uwz in the bvody.

6. A meal of beef muscle was found %o sontribute
}.it‘tla t¢ the substanees of urine woich produce redusing

gompounds npen hydrolysis.
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7. Urines from = case of diabetes on a controllied
diet gave nc appreciable inerease infarmsntabléaugn'
after hydroiysis. There was some increase in non-fer-
mentable reducing substances.

e ?réaipitntiim by ?&13-35512 is more efficient
than :l'eg{mgﬁ in removing non-fermentable reducing sub-
gtanges from urine. |

®. A poseibility that the non-fermentable reducing
compounds of urine may yield a part of the fermentable
reducing substances produced on hydrolysis is suggested,
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