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The purpose of this study was to investigate the reducing sub-
stances im wurine and, more particularly, the reducimg subetances ef
disbetic uwrine as compared with those of the normal. Reducing subd-
stances in mormal urine are not comfimed $o carbohydrates but are come
posed of & complex mixzture including mitrogenous subetances such as
creatinime, creatime, uric eeid, & little glucese, some pentose,
&nhr&ra-an;lés, and complex carbohydrate whieh bresks down onm hydro-
lysis to form reducing material. Hany investigstions have been
undsrtaksn as to the nature of the reducing substances @f zormal
urine, but very little work has been dome on diabetic wrine, espeseially
with reference to the mon-fermentable fractiom of the reducing
substances and the effects of hydrolysis upon both the non-fermentable
and fermentable fractions.

It has been known since the time of Eippoerstes that the urine
of some diabetic patients contain a sugar-like substance. This fact
initiated 2 long chain of research or the reducing properties of wurine.
in 1772, Dobson of Liverpool evaporated disbetic urine and obtained
& crystalline material which he was unsble to distinguish from sugsr.
Bouchardt and Peligot identified the sugar of diabetic urine as
glucose in 1838. In 1841, Trawmer published his method of sugar deter-
zination using an alknline-copper solutien which has bsen the basie
for many methods of sugar snalysis up to the present time. It was

considersd by all of these workers, and masny since that time, that



glocose in normal urine exists as a pathological subatance. Inm
1507, Maclean (1), determining what he considersd o be fermentable
sugar with esfrsnin, found fermentable meteriasl ia every wrine h-
oxamimed, Betwesn 0.03 and 0.07 per cent. Es believed this fer-
mentsble material was glucose. In addition, he found that urine
coptained some non-fermentable refuaing substances whieh exist
approximately in the propertion of three to onme of the fermentable
material. Schulte {2), im 1910, reported small amounts of glucese
in all wrine samples smalysed as did Gilbert and Bondouin (3) im
1911. ' |

Bonedict and ce-workers (4), (5), (6), im 1518, published several
mic!as upon carbohydrate metabolism in which they comsistently
found small amounts of fermentable material in urime. By fermenting
the urine and then precipitating with mercuric nitrate amd sodiwm
bicarbonate, they determined the mmount of reducing subetances pre-
sent sclorimetrieally weimg 2 piecric acid reagent. They advanced
what ns- at that time a mew comcept—-that there is s remsl thresheld
for sugar below which there iz = minmimal ut constant passage of
sugar from the blood imto the wrime. This process was ealled glycure~
sis. In addition, there was mon-fermentable reducing material presemt
in 211 urines iz the proporiion of three to ons of glucoss. |

However, Shaffer and Hartmama (7), (1920),ueing a copper potassium
iodide resgent, were umable (o detect any fermentable sugar im urime.

In 1923, Folin and Berglund (8) in s similar study also found
no giveose or fermeniable material. They cleared the urine with
Lloyd's alklmid;?; reagent and determimed the reducimg substances by

the method of Folin and Wa. Thelr conclusions were that reducing



materials are comsistently present in urime, that the amoumts of
material are independent of the blood sugar level, and that no
glucose iz prosent. They suggested that urime sugar is composced of
carbohydrate mﬁhﬁﬂs rendered mg—atili'. zable by c&akiu processes .
However, Benedict and Osterburg (9) salntained that Folin and Barg-
lund had nigutmzua thelr @;g.rmim results. But Host (10)
(1928), using the methods of Bemedict amd Osterburg {11}; Iund and
Wolfs (12), measuring the COp formed by formentation of urime; and
Patterson (13) (1926), mnd m1§ (14) (1927) were unable to detoct
fermentable material. Oreenwald, Gross, and Samet (15), {16} {1924),
spplied two Qicré,te mothoda, the Shaffer-Hartmann procedure and the
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Felin & filtratss of wrins prspared by mercuric nitreis
and sodium bicarbonate mmd corroborated the previous work of Folim
and Berglund (17). They demled the existence of = process such as
glycuresis. In =2 later peper (18}. they found a reducing fsrmentable
substance, but did mot belleve it to be glucesze. -

Van Slyke snd Bawkine (19) (1929), weing a ferricysnide-gaso-
metric methed of sugar aatcniutiﬁ after preliminary precipitation
with oxalic acid amd Iloyd's reagent, found fermentable lubstlnﬁln in
ell urines ia amounts from 9 %o ‘m mg. per cent. They used the far-
mentation method of Somogyi (20) with washed yeast.

Everett and Theppard (1930) (21), as a result of treating urime
with bromine, which destroys the reducimg power of aldoses, decided
that & major proportion of the reducing materisl in normal urinme is
a beton«p-rhlpn a pentoss. lLater work {28) by the same imvestiga-
tors based upon the reaction ef reducing substances in urime with

hypo-iedite as well as bromime alse suggested the presence of &

ketose.
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Weat (23) (1331), determined the fermentable end non-fermsntable
reducing wubsiances in merouric sulfate~barium carbomate filtrsies
(24), (26) of normel urimes snd found fermentable material in all
cases, the amounte of which he related te paneresastic vutivity and
the guﬁl carbohydrate metabolisn. Harding and Selby (28) (1938)
elso investigated the problem of urime sugars. They cleared the
uring with sulfuric acid and Lloyd's reagent bafore determinming the
reducing substances by = modification of the Shaffer-Hartmasn tech-
nigue. They aleo used the Homogyi method of fermemtation {27).

They foumd fermemtable sugar in =11 bubl fasting urines, and comeiunded
that there are,. unfoubtedly, = -Iur of variable factors involved
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£ termining i3s prosencs sad awount oF fermentable material.
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West, lamng, and Petersom (38) (1933), im a study of the effect
of dist on fermentable and mom-formentable sugar elimimation, com-
cluded that a considerabdble proportion of the non-fermentable fraction
is ‘dcrind, from carbohydrate-containing foods which have been subjected
to high temperatures in cooking and that this non-fermentadle fractiom
is not 1‘%»& by a high aucleo~protein diet, is decreased im star-
vation, is incressed by intestimal ctasis, and is little changed by
hydrolysias. PFermentable sugsr wae foumd im all mormal urines end
wag presumed to be glucose, which had passed from the bleod inte the
urine through the renal tubules ns suggested by Bemedict im 1918 (29).
They also noted thet follewinmg hydrelysis of urime there was sa
ircresse in the amoumt of fermentable sugar which they sugzeeted to
be dus to ths breakdown of eome nomn-reducing polysaccharids . In &
long series of determinations, Peterscn and West (30) foumd an sverage

of 142 mg. of fermentable sugar and an average



of 335 mg. of non-fermentable sugar per 24-hour sample of normal urine.
In these determinations, they used the mercurie sulfate-barium carbo-
nate pmﬁipit&ﬁinn. which they had described previously, & modified
Shaffer-Hartmann copper rsagent and Somogyi's fermentatics method.

In the same year, West and Steinmer (81), (32) proved by messuring
the rates of fermantation of varions sugars in the ¥orburg sppavatus
that the fermentable sugar of normal wrine is glucose. This work was
corroborated by Harding and Selby (33) in 1933 weing sssentially the
8ozia uthads’ as West (34). Parding and Ficholsen (35), utilizing &
mycologlcal method of specifie fermentation, eonfirmed ths prasence
of glucose inm normal urine ead aleo detected s small smoumt of galage
tose and occasiomally some fruclose and wannone.

Everstt and Bdwards (36} (1924), conmtismuing their work om bromine
end hypo-iodite oxidation produets, postulated the presence of 2 sube
stancs which they called uroltetose, which they believed iz responsible
for most of the reducing power of wrime. ILaug and Fash (37) (1935),
using the ﬁthuﬂs of West (38) amd comfirmimg his work (39), suggested
that the values obtained for fermeatable sugar using the acid mercuric
sulfate-barium carbonate precipitation procedure mre too high becanse
the high acidity of the precipltating agent hydrolyses nsa-fermeantable
procursors of fcmnuhh reducing substances. They proposed & meche-
nism for the ste;éviu preduction by hydrolyeis of a2 reducing Terment-
able subetance from & non-reducing, non-fermentable substance.

Barding, Wicholeon, and Jackscm {40) {1336), in a series of sim-
iler experiments, found that sll foods except protein couse
increaces in the smounts of smbstances gliving rise to ferment-

able sugar uvwpon hydrolysis and that these iscreases



ars almost entirely dwe %o glucose-producing substances. By hypo-
fodite oxidation of the sugars produced by seid hydrolysis, these
wrksri iheieﬁ. that about one third of the hydrolyszable materiasl has
reducing pmpurﬁu and is glucoss. They also concluded that the
gallctau- released on hyﬂrallyuiiﬁ of urins isﬁ co@himd as 2 polysaccha.
rids through its reducing growp. They suggested that the reduction
in the smount of mn—f&rﬁn“b}.a redueing micrm of urine fil-
trates which 1s to be expected follewing acid hydrolysis and yeast
fermentation may be masked by galactose libersted if the fermentation
organism does mot remove gzalsctose.

Harding, Nicholsor, and Archidald (1936) (41}, neing fractionsted
urine filtrates, showed by their mycological fermentation method the
presence of glucose and galmotose both before and after hydrolysis,
asd that most of thﬁ fermentable sugars produced om hydrolysis are
derived from the non-fermentable reducing fractien. They also
sugzested that the postulate of = non-reducing precursor of fermend-
ablé sugar (as by Laug and Nash) {42) is ummecesssary if galsctose is
included in the fraction removed by yeass.

Ficholson and Archibald (43) (1339), using basic lead acetate-
mercuric sulfate precipitation of urine followed by treatment with
copper and lime, obtaimed msterial which was free from aitrogen and
contained a high percentage of true sugars. Sodium hypo-ioedite
oxidation of solutions of this material eshowed that 75 per cent of
it behaved as aldose.

Dittebrandt, Tenney, and West (44) (1544) used ferric sulfate~
barimm carbonate-Lioyd'e reagent and ferric sulfate-lead carbonate-

Iloydis reagent for nrecipitation of urine and found that these
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Tiltrates give lower valuss for fermentable cubstances than do
mercury filtrates. This was probably dus to the lower scidity of
the irom as compared with the mercury reagents {laug and Nash) {45).
They found that hydrolyzed filirates and filtrates prepared from
hydroiyzed wrine shewed & distinst incremce in both the fermenisble
and nemn-fermentable fractions. The incrssse was ueruslly move wmaried
ir the filirstes prepared from hydrolyzed urime. Thay alse anslyszed
elmileriy several smmplos of disbetic urine and noticed thet there
was no inereuse in fermentable suger in the filtrates prepﬂied from
bydrolysed urime. This acecidental finding initiated the present

study. It mast be remexbersd, havever, that these samples wers

%

iimited im mwmver and were Irom only ons patiemi. Since =6
gations similar te those uaderbaikken vu mormal urime had been spplied
to difzi}stiﬁuim. it may be suppaee@ that previouns wirkers sonsi-
dered that the emly éifference beilween diabetic 22d normal urise

lay in the amoumt of glucose present, which is mnot necessarily a
logical azsumpiion imasmesh as the disesse diabetes mellitus lavelves

much of cerbohydrate metabolism., Thare may be other differensss

in the produsts of carbohyirate metedolism foumd in diedetic urine.



A shert discussien of precipitation methods te indisate their
purpose and mode of metion should perhaps ?mfaﬂa this section. The
purpose of precipitation is tc remove redueins substances which nre
- not of a carbohydrate natuwre and, thersfore, mask the trus suger
values. These substances as indicated previously are largely of &
nitrogenous nature. Alse, precipitslion procsdures elimimate
substances which may interfere with the fermentation procssses wused
35 déte?@ia@ Termsntable sugaT.

In 1502, Patein and Dufeu {468) used scid mereuric nitrats and
sodivn hydroxide as a preeipitating sgent and found that it gave
uring filtrates containing mueh Isss pedocing meterial tham the
original urine. '

Bensdict and Neterburg (47) (1918) changed this slightly by
using acid mercuriec nitrete and sodiuvm bicarbonste. Shaffer and
Bartmenn (48) (1920) and Patterson {29} {1926) used the ssme proce-
dare. Folinm and Berglund {50) im 1922 clesred the urime with
Lloydls reagent prelimimary to smalysis. ¥an Slyke and Fawkins (81)
{1939) cleared the wrine with Lloyd‘'s reagent end oxaliec aeid.

Test, Scharles, snd Peterson (52) used mercuric nitrate neutral-
ired with bariem carbonste but preferred merecuric sulfate neutraliszed
with barium carbonate bscause it was slmpler and left wvery little
slectrolyte in the filtrate. This method was aleo used by Bardimg

and Downs (53). In 1932, Steimer, Urban and VWest {54) used ferrie
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sulfate neutralised with barium carbonats. This method was later
modified by treatmemt of urime with ferric sulfate and Lloyd's
reagsnt previons %o mtrniizatia# with barium carbomate {Curtis,
Lane, and West) (55), and was found %o give somewhat lower non-
fermentable radmin.g m.'iue# than the mercuric sulfate-barivm esrhbon-
ate method. It has the ldmhsb of simplieity, removal of most of
the élmtroirl.e.- and of providing osseatié:ﬂg neutral filtrates.

In 1944, Dittebrandt, Temney, and West (56) modified this
latter method by meutralizing the ferric sulfate with lead carbonate,
giving still lower values for non-fermentable substances and thus
approacshing more closely actual eugar valuwes. These last two methods
of preparing urime Filirates wers the onee used in the work reported

in this thesis.

2. Eermentation Procedurs

Before Jomogyi's paper in 1927 (57), the fermentetion methods
used gave widely varied results. These differences wers dus to
impurities in the yeast, prolonged fermentatiom, vhich added products
of yeast wetaboliom causing toc high valuss for reducing mbstMCl;
and fermentation before elsaring er precipitating the urine.

Somogyl, however, introducsd the nse of washed yuu? s% room tempera-
tars and greatly reduced fermentation time. With this method, results

are constand and all glucose is removed.

3. fSugar Method apd Resgent

The method of sugar determimation used was that of Shaffer and
Hartmann with one modification. Shaffer-Harimann sugar reagent im
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itself iz well-known snd needs no discussion. Sheffer and Bemozyl
(68) in 1933, in diseussing micre-sugar resgents, showed that the

afdition of sodiwm sulfste to the resgent alows the rete of suger

oxidation but incresses the maxismmm smevmt of redvetion obbainmed.

Also, these workesrs thowed thet the nensitivity of the resgent is

inversely proportional &6 the cmount of potassim fodide included

in the reagent.

Somogyl (69) (1937) deseribed a micro-copper reagent saturated
with codiwm sulfate capeble of givimg good sccurmecy even at very low
rugar concentrations, but with a limited uwpper renge. The work
reported in this theals required a resgenmt giving good accoursey with
sm2ll smounts of cugar @& well as belng epplicable te larger smoumta
of sugar since bdoth normel urimes contaiming very 1itile suger and
dizbetic urines contelning mmoh sugar wers to be analysed. In crder
to meet thess requiremants, 1% wae found satisfestory tc modify the
regular Shaffer-Eartmesan reagent Ho. 50 by the addition of 20 per
cent anhydrous sodium eulfets. The reagent is satisfactory for the
determination of sugar batween the limits of 0.035 mg. and 2.0 mng .
per § ee., the titration difference at 0.026 mg. being 0.31 we.

A curve plotted for this reagent is 2 straight lime functien from

2.0 %o 0.2 mg. per B ec. sample, but this is not quite true =s

zers iz approached (Figs. 1 amd 2). pFigure 2 is an enlarged projection
of segment & B im Figure 1, the segnent in which the deviatien from
acrmal cecurs. C B is 2 Projection of Figurs 1 above 0.2 mg., in

vhich region the elope is constenl, extended to O o5 as to indicates

the asount of deviation from constent siope in the lower ranges.
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BEAOTHFS

1. lioyd's alkaleoidal reagent

2. Barium carbomste--techmical

4. Lead carbonate--purs

4. Fleishman's yeast--gommersial

6. Shaffer-Hartmann resgent No. 50 containing 20 per cent sedium
sulfate (below)

6. Potassium iodide-oxalate reagemt (2% potaseium iodide--2.58
potassivm oxelate)

7. 1 4. sulfurie acid

o g & KA IS T Y e G, S A S
8. Perric sulfate—30 per cent SYEalis 5%4Ues0H

25 Gm. of anhydrous sodium carbonate and 25 Gm. of Rochells
salts are dissolved im about 850 ce. of warm water. 7.5 Ow. copper
sulfate is dissolved in about 50 cec. of warm water and is added
slowly with stirring to the above. 20 Gm. of dry sodium bicarbomste,
1 Gm. potessium iodide, amd 200 Gw. of anhydrous ‘sudim sulfate are
_added. The solution is hested $o boiliag and immedistely removed
{rom the flame, allowed to cool, and when room temperature is reached,
. the sélnﬁien is filtered. After filtering, 20 cs. of 1 ¥. potassimm
iodate ia added amd the solution diluted %o eme liter wiith distilled

water.



Fleishman's commercial grade yeast is susvcended and mixed in 5
te 10 parts of water, centrifuged, and the supernstant fluild discarded.
§ %o 10 parte of water are added and the yeast resuspended by stirrisg
with e glass rod, aveidimg the materisl in the bottom of the centri-
fuge botile, which may contain some stareh. The resuspended yeaet is
desanted off, and the material in the bottom is disearded. The
yeast suspension is centrifuged, and the above process is repeated
4 to § times, or until the supernatent lirwid is colorless. The
yeast is kept im abouit 7 to 10 parts of weter in the refrigerater

and may be used for several weels, if the supermatant fluid is

1. 60 to 80 ec. of urine iz asrated to remove sll teluweme. 10 ce.
of thie urine is msasured inte 2 500 ce. Briemmyer flask. 15 cec. of
20 § ferris sulfate solution is added snd the mixture diluted to

100 ee. with water. 4 Gm. of lloyd’s reagent is added, the mizture
shaken, and allowed to stand for 3 or 4 mﬁnutu with frequent shaking.
About 30 Om. of rh-;r barinm carbonate is added to the mlxtiroa the
flask stoppered and shaken, carbon dioxide being allowed to esespe
occasionally. 4 little mers barium carbomste is added, the shaking
continued until no more carbon dioxide 1es evolvsd. =nd the mixture
does not redden blue litwuma. The mixture is ﬂpi:ﬂr filtered in a
Buchaer funmel. The precipitate is discarded and the filtrate is
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made acid %o conzo red paper with & drop of concentrated sulfurie
2cid. The barium sulfate is removed by filterimg, and the filtrate
ie ready for analysis.

2. 10 ee. of urime is measured imto & 500 co. Irlsmayer flask,

15 cc. of 30§ ferric sulfate added, the mixture diluted to 100 ee.
and treated Ilﬁﬁﬂ&?&‘s reagent ét ioforo. To this ie added with
shaking about 30 to 35 Gm. of lesd carbomate. OCarben &iniﬁc is
alloved to esoape from the stoppered flask, and small smomnts of
lead carbonate are sdded umtil no more carbon dioxide is evolved
vhen th*-ixzm is shaken and 1% does not redden blus litwus paper.
Then the mixture is f‘ilt-nfl in a Buchner funmel, end the tutrstt
is agidified to congo red paper with & drop of cmeﬂnt&& sulfurio
asid. The filtrete is saturated tiih hydrogen sulfide %o prascipi-
tate the lead, then filtered, snd the filtrate ssrated te remove the
excess of hydrogen sulfide. Fermentation or sugar determimation,

@8 the case may be, is performed uwpon this filtrate.

B cc. of yeast suspension is spum down in & 15 ce. sentrifuge
-tube, the supernatant liguid removed, and the tube dried vztﬁ filter
paper. About 12 cc. of the iron filtrate is added and the yeast is
resuspended by stirring with & glass red. The suspension is left at
room temperature for 16 minutes, then scentrifuged amd filtered. It
is essential that the centrifugimg be complete since the presense of
any yeast organisms #111 cause an error ia the results. After

filtering, the smount of reduntion msy be determined.
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To 5 ge. of filtrate in an B-inch fest tube is added 5 ce. of
the modified Shaffer~-Vartmenn reagent. These are mixed thoroughly.
The tube is covered with a glass tulb and isserted in & bolling water
batk for 20 mimates, after which the tubes are csoled to approxi-
mately 30 degrees or to room temperature. 2 ec. of potassium ledide-
oxalate reagent are added amd followed by 5 ece. of 1 ¥. snlfurie
acid blown in rapidly with shaking. Ths isdims which is liberated
is titreted with 0.0056 ¥. sodium thiowulfate, which is prepared daily
from a stock 0.1 ¥. solution. Water blanks in duplicate are rum
simuléaneously with sash seriess of determinations. Taeh &etam&ﬁtian

iz rom in duplicate. Titrastion resulis ﬁml}.;_y sgreed within 0.03 ee.

20 ce. of urine and 20 ce. of 2 §. sulfuric seid ars mixed, and
the mixture hydrolysed im 8-lnch test tubes covered with glass marbles
in 2 boiling water bath for at least three hours. This is cooled,

filtered, and precipitatisn cerried out as deecribed above.

To 30 ce. of filtrate prepersd by ome of the foregoimg precipl-
tation methods, 30 ce. of 2 ¥. sulfuric scid ic added amd the mixture,
in 8-inch %test tubss covered with glass marbles, is hydrolyzed in a

boiling water bath for at least three hours. After cooling and add-



ing 2 ce. of 20 per cent ferrie sulfate solution, it is diluted to
100 ec. in & volumetric flask. The solution is meutraliszed with
bariem carbomats or lead carbonate, as the case may be, after the
wanner described shovs, and suger determinstions are made on the

filtrate.

GONIROLS

Sugar debterminations performed on waler obtainsd after ceatri-
fugation of yeast suspension which had beem left for 15 mimutes
a$ room temperature showed reduction eguivalsnt to 0.06 to 0.07 ce.
of 0.006 E. sodive thiowulfate, which, sccording te Figure II, is
equivalent to less thas 0.0056 mg. of glucose, which may be considered
naglizible.

Blanks on the reagents and filter paper wers slso run. 10 es.
of distilled water was substituted for the 10 ec. of urine used in
the precipitation procedure, and the determination was carried out
in detail as though urine wers belug spalyzed. A4 porticm of the
filtrate was hydrolyzed, and the esmouat of reduction determined aa
though it were a uwrine filtrate. Sugar estimations wers rum in
dupiicete. Table I shows the amount of reduction obteined im a
ce. of 0.006 ¥, sedimn thissulfate. It may bs seen that a slight
smount of reduction was ebitained im some cases. FHowever, the amoumi

is balow that which may be taken as the lower limite of the accurasy

of the reagent.



fable I

Farmentable Hon~Tersentable
reducing material reducing material
Barium lpnd Barxiug aad
Filtrate 08 ) o o
Hydroiyszed
filtrate .06 .11 0 0

Reduction expreesed iw cc. of 0.006 H. sodium thiegnlfate
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1. Hormalg

Pable No. II indicates in mg. of Zlucede per 24 hours the
smoant of reduction obitained after the various procsdures were
carrled out. In these cases, the ferric sulfate-barium carbonate-
Lloyi's reagent snd ferrvic sulfate-iead carbomate-Lloyd's reagent
filtrates were used. In further discussions the terms “l;td* and
tharime® will refer %o these two precipitation methods. In sach
cage, the two procsdures {lead and barium) were runm simultansously
in order to further compare their effectivensss as precipitating
ageubs.

The renvidts, sveraged, differ asomewhat from those reported
previonsly (60) ia that there is no lncrease in non-fermentable
reducing material in hydrolyzed filtrates or im Tiltrates of hydro-
iyzed urise which were pr@cipitatsé by ferric sulfate-lead carbonate-
Lloyd's reagent. Value for non-fermentable reducing subsiances are
lower when the urime is trsated with lead. With both itypes of preci-
pitation precedures, there is & mirked inoresse in fermemtable sugar
in hydrolysed filtrates and filtrates from hydrolyszed uwrime. This
increase waz most marked im the filtrates of hy&rﬁlysaé urine trested
with barium amnd in the hydrolyszed filtrates precipitated by lead.
Alse comtrary to expectation, the smoumi of f@rmeﬁ%&ble sngar iz ths
lgad filtrates is slightly higher than it 1e is the barium filtrates.
One almost constant finding is a decrense in the non-fermentable
fraction cbserved ia filtrates prepared from hydrolysed urime pre-

eipitated by either method. Whis corroborates the findinmgs of
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Long snd Wash (6L}, whe determined the fermentable and non-fermente
able radueing substances in nommal urine after hydrolyzing the urinme
for varying pericds of time. They found = slight imcrease in pon-
fermenteble reducing material after about one hour's hydrolysis, bud
when the samples were hyiruiyse& for longer pericds of time, thers was
noted 2 progressive decresse in the amount of the material. Aftsr
3 to 4 hours, the smount of mon-fermemtable reducing substance
became constant at a level below that of the unhydrolysed sample.

It should be especially moted that samples obtained from amy one
subject bshaved similarly under both methods of ireatment {barium
and lend), but there may be wide differences in the mammer im which
samples from differemt persoms resct. These differencez are particu-
larly marked when the effects of hydrolysis upon the non-fermentable
reducing fraction are studied. In the samples obtalmed from R. G.
freguently no non-fermentable reducing materisl could be demonstrated,
even after hydrolysia. These facts suggest that the persomal varia-
tions which may be related to the type of food and drimk imgested

may be very lmportant.

2. Disbetic Urineg

These smmples of diabetic urine were obtained st random from
patients hospitalized at the Multnomah Qognty Hospital. They were
portions of 24-hour wrine samples kept under toluene. Table III shows
in mz. of glucose per 24 hours the smount of reduction found before
&nd after hydrolysis of filtrates obtained by treatment with lead
and with bariumm. Since the samples wers teken at random and some
patisnts were controlled mors strictly then others, many showed

relatively large emounts of sugar in the urinme, while others excreted
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very little. Tor this reasen, averages of the results are met oo
significant. It is better that each ease should be noted imfividually.
Iz general, however, certain observations may be made.

Tirst, contrary to the experience of Dittebrandt, Temney, and
gest (62), im almost every case there iz sm increase in the amount
of fermentable sugar following hydrolysie of both lszad and barius
filtrates and urine; The smounts of fermenitable sugar iz lead and
is berium filtrates is comparable, perhaps siightiy higher in the
iegad filtrates. The inerease in fermemtable sugar followlng hydroly-
sis is spproximately the same in both prﬂ@sﬁﬁree‘ fgain it st be
noticed that urise samples obtalnmed from oms patient zeem te react
gimilarly to precipitaticn sund %o hydrolysis. In the four ssmoles
sbtained from L., no fermentable sugar could be detected in the fil-
trate follewing berium precipitation. 7The mmounts of nea-fermentable
reduvcing substances in the filtrates,in hydrolyszed filtrates, and in
filsratee prepared from hydrolyszed urine are all in the same gensral
rengs and sesn %9 heve ne relationship ts the smowmt of fermentable
gsuger which is present. There is one exception to the above, noted
by the asterisk. This figure is not imcluded in the averages since
it 12 not compatible with the other results, and iz probably im
grror. PFollowing barium precipitetion there was a marked lncresse in .
the non-fermentable reducing portion of the hydrolyszed filtrate and a
legser imerease in this fraoction of the filtrate of hydrolysed urine.
Thsee increases are les:s marked followins precipitetion with lead.
The non-fermentable rveducing portion is slightly lower im amount

following lead precipitation than barium.
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The patients included in Peble IV are insulinm aenaitiv¢;'thaﬁ
is, they cannot be kept sugar-fres by treatment with insulin without
bringing about insulin reactiome or hypoglycemia. They react to
ingulin as do other disbetics up to the point ﬁt which they approasch
normal bloed eugar levels. At this peini, however, they abruptly go
imto dmsulin shoek. Por this reasom, urine from theee eages coatains
graater smounts of sugar tham do the previously discussed cases.
Because of this peeulisy rea@ii@u, £t wae thought that some aiffsreﬁcc
in the exeretory products might be found. Wowever, mo coastant varise

tien can be found in the resulte of this study. Omly the lead pra=
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cipitation methad was wutil
sogar in wmost of these eases following hydrolysis 25 has been shown
above for disbetic patiemts whe cam be controllad satisfaétérily with
insulia. The uwausuzlly large amount of non-fermentable reducing materid
in the uwrine from ¥. 1§ possibly an error in enslysis, since it does

not agree with the other valuss. In twe cases there is & decrease ia
non-formsntable reduclay substances after hydrolyeis--the value belng
approximately halved, 2nd in the other two--an incresse--the valus

being doubled. Thls permite mo conclusions $o be drawn. Parther

etudy of these vatients would have been desirable, but, unfortumstely,

they were disecharged from the hospital at thie time, and no others

wares available.
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Isble IV
Subject % Hﬁmﬁ Piltrate of Hydro-
F. E.F. B H.E. B BT
Bobert 8880 418 12840 944 13200 384
Hobert gav2 308 ic91z 846 8978 842
Bobert 3622 379 2984 116 3928 187
Fenton 20232 3058 21312 1101 16072 957

L verags 10251 1039 12612 701 10544 687
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The primsry consideration of thi: study is with the effecis

of hydrolysis on dlabetie as compared with normal uwrine. Secondarily,
some informatiom may be gaimed by comparing redusing valuss cbtained
with $wo methode of precipitation—ths ferric sulfate-burium carbomate~
Lleyd's reagent and the ferric sulfate-lead carbomate-Lloyd's reagent.
fFew theoretical comclusione ecan be drawn from ths latter ilmasmuch as
the differences in mode of sciion are not understood. Indeed, little
snough is known of the nature of the moun-fermentable fractien itself.
Again we mmst reeall that average values in the series may be mislesd-
ing and thet mors information may be gaimed by considering the cases
individually. ¥However, for this discussion the conclusions will be
made oo gzenersl as posgible. PFirst, it will be noted that ia filtrates
of hydrolyzed urine and im hydrélyszed filtrates there is, generally,

& noticeable increase in fermentable reducing material, showing the
probable pressnce of polysaceharides or other carbohydrate compounds
convertible into fermentable sugsrs. This fact has been definitely
shown. WYowever, the problem becomes more complex is attempting te
analyze the results of hydrolysis wpon the mon-fermentable frastiom.
In the nermal series the noun-fermentable portion is lowered im the
hydrolymed urine. This is oftem tree im barimum-preeipitated hydrolyzad
disbetic urins, but there is more often & slight imerease in this
fraction in the lead-precipitated diadetic semples. In thenormal and
in the dlabetie, the hydrslyszed filtrate gives higher valuss for nom-

fermentable reducing meterisl tham do filtrates of hydrolyzed urine.



in elasst all cases, both normal and diabetie, non-fermentsble wvalues
are lover with lead tham with bariuve. However, fermentsble values in
both normal amd disbetie are higher in lead than im barium ﬂlﬁﬂtez.
In uncontrolled diabetice %the non-fermenitabls fractiom is generzlily a
1ittle higher than in controlied dlabetics or normals.

The differsnces in non-Termeniable reducing fractions of dlabetie
and normal urines suggest small differences im composition. Diet
most play o large part in urinary composition {63), (64), and as none
of these subjects'! dlets wers controlled, Alfferences may be expected.
4lso, there may be present imberent individaal variastions, as noted
before, with both normal and disbetic subjeets. There seems %o be
ne wore plauveidle sxplanation than this for the conaistent absence
of or leowerimg of either fermentable or non-fermentable sugar in an
individusl case.

It has been shown that the aon-fermentabls reducing materials
of wrine represent & complex group of substances, imelnding some nitro-
genovs compounds, such as creatinine, creatine, and urie asid.
Since the precipitation msthods used im this research remove mush of
thia groun of aitrogemous reduoing substances, the reducing materials
concerned must have been composed larpgely of cavbohydirates or their
derivatives. The rols of lactose and galactose is uncertais, bmt may
be importent in eome cases. The range of exeretion of these substances
ie pot knoen defimitely. Dittebrandt {65) has shown that they sre not
removed by precipitating sgente, although recovery is lese than that
of glucose. Iactose may be hydrolyzed $o galactose and glueoss, end

thas give rise to an imcresse in fermentable sugar almoet slways found
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following hydrolyeis of both normel and disbetic urime. Another possi-
bility ie theépresence of complex carbshydrate structures so changed
by the high tempersturss of cooking processes that they eaamot be
utilized and are sxcreted in the urine. These may conceivable be
broken down by hydrolysis to formentable and mon-fermentable umits.
o such compomnds have thus far been iszolated. rhereférc$~it nay
be seen thal aﬁvlsaQ% three systems may contribubte to the non-fermemt-
able redusing fraction of urime. The importance of sach may very
with diet and method of trestment of the urime before sugar determinae
tion

It has also been suggested that the dilution fastor mey be
isportent in determining the afficiaﬁﬁy of precipitating agents. If
this were the casse, 1% would be necessary %o introduce a2till another
variable iats the picture. Nome of the uvrise volumsa in this series
was larger tham 2000 ec., but non-fermsntable reducing values wers
somewhat lower in cases with large urine voluwses.

Bydrolysis of filtrates and hydrelyeis of urine befors preci-
pitatisy brings ont differences which arve difficult to nnderstand
~ and are in ne way comstant. Huch of the non-formentable mubstances
should have beea sliminated by »recipitation before hydrolyels, Mat
often these hydrolyzed filtrates of both nmormale and dlabeties showed
larger smounts of mon-fermentable material tham filtrates which had
not been hydrolyszed. This sugzests the presspce of substances
not precipitated from urine and present in the filtrates which yislded
non-fermsutadls reducing mubstances upon hydrolysis. Noraal urines

which were hydrolyzed bsfors precipitation showed non-fermsniable



values below those of filtrates of umhydrolyzed urine, suggesting
decompoaition of uoa—femntnbla pracursors. Ia disbotic urines
there wefe more ‘ufhn incresses in these values, particularly follow-
ing treatment with lead.

Eérg to the point in this study, it may be seen that ne startling
| differences between mormal and diabeiic urine sre evident as far a&s
reducing nitri&ls are concernad. It is diffienlt %o account for
the miaﬁibns whick do oecur, in the light of sur limited Imavwledge

concerning the identidy of the carbohydrate materials of urins.
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CONCLUSIONS

1. Fermsatable snd non-fermentable reducing materiale have been
determined iz iroe filtrates prepared from urine and hydrolysed
urise. Also these substances have been estimated in the hydrolysed

iron filtratees of urine. TUrines from both normal =nd dlabetic

subjects have bsen aunzlysed.

2. Filirates of hydrolyzed urine end hydrelysed filtrates of urins
6f both mormal end diabetic subjects contained mire fermantable

redueing substances than 414 umhydrolyzed Tiltrates.

$o The differsnces observed im non-fermentable reduecing substances
iz normal snd disbetic wrines before and after hydrelysis are varie
able and may be related %o diﬂ. wrine volume, inhereat lndividual

variation, end the degree of control with which ths diasbetic paticai :

is maintained.

4. Yerric sulfate-lead carbonate-Lloyd's reagent filtrates gave
ilewer values for non~-fermentable substance than did ferric sulfate-

barius carbonate-Lloyd's reagent filirates in most ceses.

6. Ferric sulfate-lead carbonate-Lloyd's reagent filirates im
geoneral gave slightly higher velues for fermenbtable sugar tham did

ferric sulfate-barius carbonate~lLloyd's reagent filtrates.
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