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ABIRONICTION

The purpose of this thosis is %o show how potussiun pormngunate
in aold solution muy be smployed as & tool, firatly for the delineatism
of the structure of the curbohydrate molecule and ite products of oxid=
ation, sesondly for the determimation of She moloculeyp welight of sarbo-
hydrate compounds und thimly for the ausntitative determinstion of the
eanoentration of earbohydrates iu puve molution,

Potassium permanganabe has been usad for many yours in tho flelé of
organic chemistry, both in synthetio and amalytical caproities. The
nature of the reduotlon of the perwmsnganate iom when treated with an oue
f4isable organio maverial Pas beem thoroughly iavestiguted by séhiiw {1}
and wore partiowlarly by Launer {2) und Launer and Yost {2)s The latter
bwo workers not only arrived at on understanding of the mechanism of the
reaction as regards the permanganate fom, but alen, since thoy studied
the omalate-permangunsbe remotlion of Sowvensen {4¢) with vegard %o the step-
wise profducts of oxidation, appear to be amomp the firet investigutors
to agoount for all the processes and products aceompanying the oxidatiom

of an organie compound in acid potassiue permangamate solubion.

| The use of oxidation procedures us an aid in the determimation of the
stracture of carbohpdrutes is by mo means an innovation. 7The most reliable
methods for sugey enalywis ave applications of oxidation~reduction reaet-
lons and various of the methods commonly employed for sharacterising the
chemical groups making up the earbohydrate molecule fall into this slass.
In genoral however, these oxidations have beem largely confined 50 reucte
ione in alksline sclution and a scarch of the litereture for reference to

the use of aoid pormengamate solution for the purpose with which this



investigation 1s concerned was fruitless. The mltihudimun references
regarding the oxidation of mrbéhydmte material by acid permeanganate
solution invariably desoribed gualitative experiments, generally with
the object of producing some singls compound, an oxidation product of
carbohydrate. The value of previous work them lay, not in 1ts guidance
for this etudy, but rather in its suggestion that an unexplored field
could be readily approached through the use of asid pormnganate.



The studies of the reactions of potassium permanganate with carbo-
hydrates and velated substances were comdusted in acid solutions, In
such solutions permanganate is exceedingly reactive and veliable, and the
moncsaccharides and vrelated aloohols and hydroxy aolds undergo extensive
oxidation with a rapidity closely comparable to that of oxalate, whioh
later reaction is classiocally used for the aceurate standardisation of
potassium permanganate solutiona,. The rapid rate at which oxidation
bakes place gives t¢ permanganmate a unigue positjon among oxidants. At
temperstures from sa"ﬁzecﬁe. the reaction is complete in the time nee=-
essary for a dropwise titration. When conbrasted with the rate of reaot~
ion encountered with othor oxidants oustomarily used In ourdohydrate
study, which generally require several minutes treatment at boiling temp~
erature and subseguent back $itration to determine the concemtration of un~
used reagent, the advantage is at once apparent, |

It was found that whem permanganate is applied to the oxidation of
carbohydrate substances, the rate of reaation, within 1limits, is deter~
mined by the acidity of the solution, the temperature and the quantition
of carbohydrute and permanganate present. This observation is in aocord
with the findinge of Ridgeway {5 ) who states that yeaotion between gluoose
and permanganate in acid solution is acosleratsd by an inerease in oon-
centration of both glucose and acid.

The first phase of this experiment is concermed with the detormina b

ion of satisfactory reagent congentrations, conditions for the reaction,
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and the development of equipment, The oxidation reactions wers studiod
botk from the standpoint of the equivalency of the carbohpdvate, ozprese-
ed in terme of the equivalents of pormanganate reduoed poy mole of sugar
or sugar derivative, and the estimation of the probable couree of the re-
sotion 48 shown by analyels of the volatile substances Pormed.

The poseibility of weing the permunganate roagoent for the quantit~
ative astimution of carbohplrates by dlreot titrution was investigated
and w111 be eonsidered in some detull im a later seotion. | |



In order to determine satlefactory conditioms for the cxidation of
simple carbolipdrates, experimemta were condueted in which the acid and
carbohydrate conmcemtrations wore varied, Sclutions eontaining glucose
in different concembrations were propared, A volume s5f permanganate
sslution, vhich had beem acomrately standardized with sodimm oxalate
acoording to the method of Povler and Bright (c) was added to these glu~
¢os?® solutions. Varying amounts of sulfuric aeid were addsd to the mix~
tures and where possible pll determinations were made with the glaass
sleotrodes Txperimental data are given In Tables I and II, The mixed
test sampies in eugar tubes wore heated in the wvater bath for five minutes,
rapidly coeled, and potentials determized by the potentiometer using a
saturcted calomel cell and rotating KCl~-agar bridge Pig. I.

“wo interesting points wars noted as a result of varying the acid
concentration. Piret, a comcentration of acid grg,s,.’ever than O.6 Ue sul~
plmrie acid was negessary to dissolve the mangancus oxide characterigti-
eally produced whem permanganate ion is reduced, and segond, it vas moted
in the experiment in whieh Z M. acid was méﬂ that the color of the pere
manganste was immedlatoly discharged upon placing the tubes into the boile
ing bathe It was suspscted that gluocose might reaet as rapldly with hot
acld permanganate solution ss does oxalie aeid, in which case useful app-
lications of the rraction might be possible,

In order to investigate the direot titwation of carbohydrates, sole-
utions of various substances sontalning O.é ng. per ml. wvers made up.
Varying amounts of this stook solution were made up 0 2 volume of 6 ml.

and 2 ml. of concentrated sulphuric acid was added. The titrations were
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conducted in a 50 ml. Erlemmeyer flask ut & Semperature betweon 90°=-1007C.
and with consntant shaking by mesns of the device illustrated in Ple. 2.
Stardard permangamate solution was added &rop by drop mntil the first
tinge of pink color, stable for thirty seconds, appeared. Tables III=-XVI
show the results of these titrations and the equivalency of the materlals
testeds In this case the egquivaleney represents the number of oxidation
equivalent weights of permanganate (one~fifth of the gram molecular weight)
used per mole of organic compound. This is true becouse the redusbion of
permangamte in acld solution imvolves the gain of ﬂ.ﬂ electrons. It

my be calculated in the following eguation.
(1 i Be= W

where 3 1s the equivalency as descrided above, Hs is the molecular welght
of the carbohydrate, We and Wp are the weights of carbohydrate and perman—
ganate uzed in the exporiment and %p is tize oxidation equivalent of per—
mnganate.

The d-duleitol, d-sorbitol, d-arabimose and suerose were obtained
from the Pfanstiehl Chemical Compeny. d-GCalastose and pentaerythritol
were iastman Sodak Company preparations. Appreciation is expressed to
Dre Co Se Hudoon of the U. S+ Bureau of Stardards for a m@le of d=
glucoheptose and L0 Dre J« 14 Do GlattPeld of the University of Chieage
for the samples of dihydroxy butyric acids. The tetramethyl glucose was
prepared by the method of West and Holden

411 eubstances were dried at 95°«100°C. in air except the four carbem
&clds which were assumed 0 be in & satisfactory conditiom withous treat-

ment.
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In order to establish some relationship detween the degree of oxid-
ation as measured by equivalency end as shown by the produsts of oxidat~
ion the eerbon dioxide «nd volatible soid formed in the vesction weve
measured, 100 mg. of glucose wee oxidized in the same manner as in the
previous titratioms. The reaction was conducted in & 250 ml, balloom
flask comnected with a tube containing sarbon dioxide~free water to ab~
sarb volatile soids, and this tube in turn wes comeotod with en Trlen=
meyer flask econtaining 50 ml. of standard barium hydrozide for the ab-
sorption of ocurbom dioxide., The apparatus is shown in Figs. 3. The glu~
cose solution was titrated to the pink end point with 1.000 normel per=
manganates The mizture was doiled for five minudes $o sweop ocarbom dio-
xide from the reuction flask and acid trap into the absorpiion flask
vhich was then removed from the apparatus, rapidly covered with a rubber
dam to prevent absorption of carbon dioxide from the alr, and the excess
barium hydvoxide titrated using thymol blue ae indicator. The contemts of
the acid trap were combined with the solutiom from the reagtion vesssl ,
which was evacmated to 50 mm. meroury. The mixturs was then boiled and
distillatlon continued until about Balf of the lignid had passed over.
The receiving flask was then discomnecbed and titrated to the phenalphe
thalein end point with standard base. The flask was again comnegated, the
apparatus evacuated and distillation comtinumed. The receiving flask was
again discomneoted and titwation carried mi% as above. The provess was
repeated until mo further acid distililed. The quantity of formic agid
wae Jdebermined in the noutzalized solution by the methed of Fincke (7).
The results are shown in Tables AIVI-XVIIL,
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TABLE I

Aold Normality

0.1
Qa1
0.8
048
1.0
1.0
R0
2.0
340
3.0

Potential
Volte

unsteady

L

"

"
0.3202
08360
0.8412
0.2959
0.2700
02048

“Initial volume of solution 10 ml,

Appearance
afber Heatlng

cloudy

"

1L



TABLE 1I

- Co
Gluoose Pormanganate pH of Solution mtentﬁl
B nge Volts
0.t 2.0 1,00 1.0986
Ded 2.0 1,00 1,0910
Qe 2.0 1,00 00,9000
0.8 2,0 1,00 0.8922
1.2 2.0 0.96 0.6813
1.2 2.0 0496 0.6628
1.6 | 2.0 | 0.99 0,4178
146 2.0 | 0.99 0.4164
2,0 2.0 0496 0.3872
2.0 2.0 | 0.96 0.8728

*Initial volume of solution 10 ml.



PABLE 111

Flucose 1o 5 ml.
of Solution
)

0.4
Oud
{# 0

8.8
0.8
0.8

12
1.2
1.2

146
l.8
.6

2.0
240
2.0

0.0126 Sormal

Permangena te
ml,

1.92
1.90
1.92
3481

380
N

5.80
5«84

768
770
7468

9.61
9461
P60

Permanganate
B

0,764
0.767

1.51%
1.514
1.514

2272
2,312
2.321

2,060
3.067
3,060

3.824
3.624
3.821

Bguivalents of

Permanganate per
livle of Slucowss

10.88

10,84

10.97

10«94

10.90

R AT Gtk

Average 10.91

13



falactose in 5 ml.
of Solution

mE

Ded
0.4
Qud

a8
D48
D8

1.2
1.2
1.2

1.6
1le6
1.6

TABLE W

i

MACROPITRATION 0F d=GALACTOSE GITH ACID PTRMANGANATE

TEIP

-E é- (4

0.0128 Yormal Perminganate

Permanganats Mg o
mle
1.92 0.764
1 «8% 60?3‘
1.94 0772
3.86 1 «582
5.88 1.652
3.85 1.582
.82 24320
F.82 2320
B.84 2.323
788 Be140
A %] 5.008
7 o590 Seidd

Fgulvalents of
Permangamate per
Mole of Galactose

11.02

10472

11.02

10.80

Average 10,89



TABLE ¥

Ayabinose in E ol

of Solution
nga

Cod
Oed
Cad

0.8
0.8
0.8

1.2
1.2
1.2

1.8
1.8
1.6

Pormanganate
mie

1438
1.96
1.96

.68
569
2.69

B.24
B.34
B.24

5.92
702
697

Pemmanganate
Bt

G780
D776
0. 776

1487
1470
1.470

2.128
2.126
2126

2,798
2.780

Equivalents of
Parmanganate per
ilole of Arabinoss

G238

8,73

8.867

8.18

Average B.60

15



TABLE V1

Gluccheptose in 5 mz.' 0,0096 Normal Permanganate Bquivalents of

of Solution
B«

04
0.4
Oul

0.8
Oe
0u8

1.2
1.2
1.2

Pw%
mla

2.62
2.63
2,60

b.12
.14
5.10

Tob6
772
7«68

e

0.794
0.794
0.787

1.549
1,566
1.544

2:818
2.38)
2,385

12.89

13,13

R ]

Average 135.04



TABLE VI

Sorbitol in 5 ml. 0.013! Formal Permangana te Equivaients of

of Solutiom Pormanganate ngs Permangasato pey
mEe ml, Hole of Sorbitel
Oed 2.34 0.988
0.4 2.53¢ 0.963 13.56
Ol 282 0.956
08 4.88 1.01Y
0.8 4469 1.983 13.88
0.8 4068 1.930
1.2 6.92 2.860
1.2 6495 2.868 18.78
1,2 7.00 2.88¢
1.6 9.5 5.840 |
1.8 , 9.80 3.855 135,78
1.6 .27 » 3.8
2.0 11.7¢ 44838
2.0 11.76 4,840 14,01
2.0 11.84 4.878

Average 13.88



TABLE VIIX

Duleitol in 5 mi. 0.0096 Normal Permanganate Equivalents of

of Solutiom Permanganate 0BZe Parmanganate per
g , mla Mole of Duleitol
L) ) de24 0963
0.4 ,Bedd 0,988 13.18
0ed Ta23 02980
OB 6.28 1.535
0.8 6,38 1.938 4,08
0.8 5438 1,974
142 9.51 2.888
1.2 2.46 2.872 13.83
1.2 9.48 24879
1.6 : 12.48 3.789
1.6 12.66 3618 15.72
1.6 12.56 8.815

Average 13.98
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TABLE IX

i" TUBE O oo

Gluconic Aold in 5 ml., 0.0143 Hormal Permanganatle Bgquivaleuts of

of Colution Permargsnate g Pormangapate per
ngs mle ) Hole of Gluoonie
Lgld
Qe 1.69 0764
0.4 , 1.69 0.764 11.88
0.4 1.69 Q.762
0.8 5.52 1.554 |
0.0 3236 1.516 12.02
0.8 840 1.588
1.2 . £.98 2.255
1.2 Q484 2.266 11.70
1.2 5.02 2.266
1.6 £.68 - 3.028
i I . 604 n’ﬁ’ 13 +£B
1.8 863 8.008

Average 11,81



TABLE X

Pentaerythritol in 0.0151 Normal Permanganate “guivalents of

E mle of Solutiom Permanganate mge Permanganate
nge mle Per Mole of
Pentasyythritol

04 3,08 1.244

0.4 3408 1.264 18.87
Ol .08 1.252

0.8 6,07 20494

048 8,12 2,508 18.47
0.8 818 2.814

1.8 2.8 8.818

1.2 9932 .819 13.78
1.2 937 8,851

1.6 12.16 4.980

1.6 12.10 44568 13.48
1.6 12.08 4,969

Average 13,58



PABLE X1

Suorose in 5 ml.
af Solutiom
BEe

0.4
Ot

0.8
0.8
0.8

1.2
1.2

1.8
1.6
1.6

2,0
2.0

0.,0131 Hormel  Permangsmate  Eguivalembs of

Permengama te
mle

2.06
2.08

4.06
4,11
d.16

616
617

8,42
8.40
8.40

10.50
10.41

Hge

Qo848
0.846

1.670
1.690
1,711

2,634
2.537

S«460
5456
3,455

4,319
4.273

Permanganate per
Mole of Suorose

22,99

22.90

2,93

25.48

23.89

T

Average 23.14

z1



TABLE XIX

Tetramothyl Glucose 0.,0130 Normal Permangana te Fouivalents of

in 5 ml, Solution Permangana te mes Pormanganate per
ngs mly mole of Tetramethyl
Glucose

Oud . 1.54 : 0632

Owd 1.58 02648 11.98

0.8 B84 1.858

Q.8 8.19 1,812 1242

048 381 1,821

1.2 4,62 1.899

% 457 1.880 11.082

1.6 6488 2602

1.6 629 2,587 12.18

Average 12,09



TABLE XIXX

Dibpdroxy Butyric  0.0097 Normal  Pormangamate  Touivalents of

Aeid In 6 mi. of Poymanganate C M Pormanganste per

Selution mla lisle of DY
L ~ Butyrio ieid
0ué 1.04 0,664
0.4 : 1.86 0.878 6408
0.4 1.80 0,652
0.8 8459 1a0
a8 S.88 1.009 B.94
0.8 8.62 111
1.2 5.28 1.681
1.2 B.28 : 1.620 - D404
1.2 B.28 1.621
1.6 7426 2.227
1.8 7«38 - 24288 6.04
1.6 7426 B.227

Average 5,97



Erythronic Acgid 0+0097 Normal Permanganate Bquivalents of

Laotone in 6 ml, Permanganate nge Permanganate per
of Solution mle Hole of Erythronie
ng. Agld Laotone
0.8 3,68 1.128
0.8 8,70 1.135 8.18
0.8 8.70 1,128

Butyrio deid 0.0097 Normal Permanganate Fguivalents of

in 5 ml, of Permanganate nge Permanganate per
Solution mle liole of Butyrie
mge Aola
0.8 8.66 1.128
0.8 8.67 i.128 6.07

0.8 G484 1.11%



TABLE XV

Substances | Carbon Atoms Bguivalents of
in Moleenle Permanganate pey
Hole of Substance

Monpeaocharides
d~Glucose 6 io.81
d-Galastone é 10,89
d~Aradinose b 8.68
ﬁ%l%abaﬁkﬁaa 7 12.04
Sugay Aloghole
d=-Sorbitol 8 13.88
d-Duleitol 6 13,98
Pentaorythritol 8 10.00
Agide
d=Gluoonic Acid 6 11,81
d,1-Threo 1,2 Dihydroxy
Butyrie Aoid 4 5,97
dy1-Erythro 1,2 Dihydroxy
Batyric dcld 4 6,07
4,1-Erythronic Leid Lactone 4 5.18
Substifuted Momosacoharide
{'{-E’otrama%hyl d~0lucose 10 12,09

Disagobaride

Sucrose 12 28,14



Glucoss
.
100
100
100
100
100
100
100

Volatile Aeild
ml, of Q.1 ¥

Ba2
$a6
4.4
444
L
6.3
5.1

- Formio Aeld
e

22.12
22.91
£22.86

22.28

Carbon Dloxide
g«
0.5
22,94
28,87
22,72
23.18
23.80
23,885

26



oF
Glyoogen Volatile Acid Formio Acid - Carbon Dioxide
g mles of Q.1 H, ngs g«

100 Bob 21,65 19.93
100 6.2 21,69 19.64
100 646 21,95 19.98
100 6.9 22,10 20.12
100 Be9 19.87

100 643 20,05



Volatile Aold
mle 0f 0.1 N

6.8
T2
740
648
6.2
Tl

TABLE XVIIX

Formie Acld
g
12,82
18.62
12.48
11,72

Carbon Dioxide
mge
20,00
20.56
22,19
20.48
22,16
28,58



RISCU3SION

The factors of concentration, both of the corbohydrate substance
and the sulpluric acid, and thelr effeots upon the oxidation of glueose
by permanganate were investigated. The moet satisfactory comditions
ebtaiz; when the proportions of glucose and aeid are in the meighborhood
of 2 mg. 0f glucose to 10 ml. of 3 N. eulphuric acide At this concen=
tration and at & tempersture above 90°C. the oxidation takes place rap-
141y, and reproduocible potential peadings are obtaimabdle. wui th the mod—
ification of the potentiometric apparatus éhmn in ?ig‘ l.

4 further study of the oxidation reaction with regard %o the equivy-
alengy of warious carbohydrates and related substances resulted in the
data as sumsed up in Table XII.A relationship between structure of the
molecule and ite equivalency is apparent. In terms of eguivalent woights
of permanganate per mole of sebastanoe ?)xmi;seé it appears that the petit=
bsce have a value in the reglion of nine equivalents, hexoses eleven equiv~
alents and hoptoses thirteen equivalents. Contrasted with these valunes
are the values of the six carbon sugar aloohols whioh have a value of ab-
oub fourteen equivalents. Gluconie agid, the siz carbon oxidation pro=
duet of glucose has an equivalonoy value between those of glucose and
sorbitol which appsars %6 be about tuolve equivalents. The titration of
four carbon acids resulted in similar results for d=-l-threo 1, 2 dihy-
droxy butyric acid and g1 erythre 1, 2 dihydroxy butyrie acid, two leo=
merie compounds, but gave a difference of about one aquivalent in the
titration of d~1 erythronic acid lactone and the above aclds,.

Tables AVI~XVIII present the dasa obtained for the carbdon dioxide,

total acid, and formic acid produced by the oxidation of glucose, sorbitol



and glyoogen. It will be noted that the quantity of these substances
recovered in the case of glucose and glycogen closely approach the val=
ues vhich might he expected if glucoss in acid solutiom be assigned the
methyl fufural formmla,

H
*‘ 1 O
Ho- C ( —CH
S
O=C —+C C—+—CH20H
i | | [
Ho H\O/H !

1f oxidation of the above substenves took place by first removiag the sub~
stitusats from the furame ring and subseguently comverting tke hydroxy
methyl portiom to formic acid and the aldehyde residus %o carbon dicxide
and water a theoretical yield of 25.6 mg. of formie acid and 2@.5 mgs of
carder dloxide would be sxpected from 100 mg. of gluccse. The acidity
represented by this quantity of formie acid would be equivalent $o 5.5 ml,
of 0.1 F. base. By comparison of these values with those obtained exper-
imentally it would appesr that glucose is oxidized under the ezperimental
conditions as suggested. Glycogem which evidence shows &9 hydrolysze to
glucose in strong aeld eolution gave similar resalbe. It should be ment-
ioned at this point that adout Pifty percent more Lime is required for
the complete Sitratiom of glycogen than for gluoose. Sorbitol, which
does not form a furene derivative in aeld solution, appears to be oxid-
ized by & different and perbaps more complex method.



PART IX

Humerons attemplts have boen made to debermine the molesular mass
of higher polysacchuride moleculess As a rosult of the waried naturs
of ihoese stulles sonsiderable confusion hae arieen regurding the common
term "Holeoular Telght® as 1t has been applied to oerbohydretes end
other hizk molaguleyr welght compounds.

Barly eryoscople studles of Pringsheim (5 ) gave %0 glycogen ace-
fate a wolesular magnitude of 406420, Greut care wer beken o point oub
that the material unalyzed dlsselved in water without opalescence, bub
showed the mmaltored lokdine voloration of glyeogen snd wight, therefore,
te sssumed to be composad of the saze wamber of momossocharide wnits ae
glysogens

Hersog { 9 )} using vesooreinol as solvent for giycogen found a mole-
cular weight of 648.20 by oryoscoplc messurement.

Studles by Haworth {10), Dell {11) and 3ell and Young (12) which
depended wpon complete wethylation of glycogen followed by bydrolysis of
the product end gepuration of tetwumethyl gluccse from trimetlyl gluooves
have given walues between 19635 and 2985,

The eryoseopio methods as appliod 0 hizber carbohydrube molecules
eithor do not give true molecular wolghta of the dissolved molecules in
the ordinury chemical smse, or i they do, the process of sulution im
the solvent leads to profount dlsaggresstion if values obtuined by otler
methode arve &b all valids The methylaiion end-group asesy method of

Haworth depends upon the yresence of an extra hydroxyl group in omo of



the two monosacoharides comstitusing the emds of a glucosldic chalin,
and presupposes a knowledge of the emact chemiecal comstitution of the
cerbohydrate moleoule. limitations of the emdwgroup assay method have
been pointed out by Hess and Lumg {13, E‘é@lyamlu woighte by this me~
thod are considered to represent the masses of the smallest perticles
held together by primary valence forees, or so-called true mleaalgr
weights.

In contrast with the sbove mothods several attempts have been made
t0 determine the micellar size of glycogen aggregates in colioidal sole
ations These purely physiocal methods of testing have lead to widely
divergent reeults, varying from Samee’s value of 114,000 obtained by
ocsmotlc pressure messurementes to the recent value of 1,296,860 aé detop-
mined by Von ‘Manna {14} employing the elssiren migrossope and of Bause~
marm and Rnih (15) who cbtained values between 65,000 and 1,500,000 by
osmotic measurements. Unfortumately thess vaines have been loosely
Sermed “Nolocular Welghts". They are preferably considered as "Hicellar
Telghts” whick undoudbtedly in these cases represent aggregations of fund-
amental molecules through secondary forces.

1% should be pointed out that the values set forth in this thesis
were obtained by a chemical method and might therefore be espected to
gonform with values obtained by previous chemical procodures.

The determimtion of the molescular weight of glycogem by potasaium
permangamation oxidation depends upon the well substantiated faet that
glycogen is made up of a mumber of glucopyranoside moleculos joined to-
gether in a chain-like aggregate by means of a=glucosidic 1inkages.

Thie type of linkasge is accompliched by splitting out ome molecule of

wator in part from each of the glucvse uniss to be Joined,
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The use of permanganate ozidation for determimation of the molew
cular welght of glycogen and other pelysaccharides im based upor 2 define
ite oxidation sguivalent of permanganate for sach monssaccharide unig
{such as glucose) of the carbobydrate molecule liberated by hydrolysis
in the hot acid solution. Since in thie process of hydrolysis water ia
a¥ sach glucosldic linkage, and the weight of monosaccharide ex-
cends the welght of polysaccharide by an inevement determined by the
mamber of gluecosidio lisksges in the molecule, the weaight of permanganate
per unit welght of polysaccharide inercases with increasing moleonlar
glzes

It will be noted that whercas the moleculawr welghte of hexoses are
1804096 suck disneccharides as suorose or trebalose Pave molecular weights
2x180+096 ~ 18,016 in which 18,016 is the valus for the moleovlsar weight
ef tha water that is lost in the combimationm. Singe wa$er i3 a product
of the combination of monosaccharides to form polysaccharides its loss
in effcot leaves the dissccharide molecule more concentrated as regards
oxidizable material. The reduction of permangamate by a disaccharide,
will then be, not idéntical with that of two molecules of monosascharide

but somerhat groater as shown by the following statements:

(2) 2 MaVis monosaccharide

2 m.v. monosageharide - m.v. water




or: in ocase the monosaccharide is a hexose

(%) 189.59; X 2) - 18,016 — 1.0B27 times greater

than the value for the hexose in monosaccharide,

A general formula for the daloulation of the reducing capacity scon-
stant, R, for a given polysacoharide composed of hexose units would take
the form:

{4) ‘ R = "190.096 wi ~ 18.016(7~1)

where Y is the number of hexose units in the carbohydrate molecule the

factor, R, #0 obtained when multiplied by the permanganate required for
the oxidation of a welght of hexose equal to that of the polysasccharide,
represents the theoretisal permanganate redustion of the polysaccharide,

This equation can be eimplified as follows:

o 0,096 Y -
(8} R= 'm.emwmsgr—'nil I

ors ,
(6) R
golving for ¥

{7) 949964 Y =§,9964 RY+ R
(8} B = Y(9.9964 ~ 8.9964 RB)
(9) Y= 9.!%54 =~ 8.9964 &

From formula 6 a series of values for the relative reducing power
of polysaccharides as compared with thelr constituent monosaccharides
may be galoulated. Table XIX shows such theoretical values, It is ap~
parent that factor R, increases progressively with inorease in the ol e

cular weight of the carbohydrate,bus that the inmgrement of progression grows



TABLE XIX

Hexose Uncomb ined

Combined Reduotion Velght of
Unite Moleculay Holeenlay Constang Pormangana be
Y Weight Teight of R Reduced by
{im Y) Polysaccharides 10 mg.of

(¥m Y)=19,018(¥-1) Carbohydrate
1 180,096 180,096 1.0000 27.382
2 860,198 342,176 1.0827 26.772
8 540,288 504,256 1.074 29.204
4 T80,584 666.338 1.0811 29,549
B 900,480 828,418 1.0869 29.707
é 1080.876 990.446 1.0909 29,01¢
K4 1260,872 1182.578 1.0039 29.898
8 1440.768 1314.858 1.0059 29.988
) 1620.864 1476.736 1.0978 29,997
10 1800.980 1638.8186 1,0989 30,085
11 1981 .056 1800,896 1.1000 30,065
12 2lel.162 1962.976 1.1009 £0.,0%0
13 2341 .248 2128.086 l.100% 30,112
14 2521 344 2287.13¢ 1.1028 80,128
16 2701 ,440 2449 ,.216 1.1029 50,142
18 2861 .586 2611 .298 1.1034 80.158
17 3061 .632 2TT8.576 1.1088 30,169
18 5241 .720 2935 .456 1.1042 20.180
19 B421.824 2097 638 1.,1048 30,191
20 601 .920 3259.616 1,1049 BD.159
2 382,018 5421 .696 1.,1088 80.200
22 062,112 3583.776 1,1088 30.216
28 4142.208 5745,888 1.1087 30.221
24 4322.304 89074986 1,1080 30,229
28 4502 ,400 4070.,018 1.10862 80.285
26 4682.496 4232, 096 1.1084 30.240
27 4862.592 £594,.176 1,1088 30.246
28 B042.688 4556256 1.1068 BG.251
20 6222.784 4716.388 1.1089 30.264
20 B402.880 4880.416 1,1070 30,287
a 5682.976 048,498 1.1072 d0.262
32 B768.072 5204..87¢8 - 1.1078 50,268
33 5943.168 B388.656 11074 J50+287
34 812%.564 5528.736 1.1078 50,270
5] 6303.560 5690.816 1.1078 30,278
28 8488,456 5862.896 1.1077y 304278
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smaller with each monosaccharide unit added to the molegulss Pigure 4
shovs the oaloulated values of R, plotted on the ordimate against the
nunber of hexose wnlts, ¥, in the molecule on the abscissa.

The values of the fagtor, R, as caloulated above may be appiisd to
the actual determimation of the faotor, ¥, or to the determination of the
molecular weight of a polmcomiia by first determining the guantity
of permanganate redused by a éoﬂﬁito weight of the purs hexose which
somposes the polysaccharide and by a similar welght of the polysacchar~
ide in question. If the weight of permanganate reduced dy the mono~
sagoharide is multiplied maaauiuly by eash of the velues of B, &
column may be added to the above table which will state direoctly the
welght of pormanganate which must be used for the oxidation of the
series of polysaccharides made ﬁp of insreasing numbers of umits of the
monosacoharide whose equivalenoy was originally determined, Prom such
& table the mumber of monosaccharide units wey be read from the weight
of permangamate redused, and the molecular weight my be determined by
simple multiplication.

An equation for the diréet saleulation of the moleculay welight, lp,
of a polysaccharide mde up of hexose sugars oan be derived from equation
6 and from the faot that the number of units ¥, in the carbohydrate times
the moleoular welght of the hexose, Mm, less the wolght of water loast
in the combination is equal to the moleoular weight, or:

(10) Hp-Mm ¥ - 18,006(Y -1)
combining equations 5 and 10

R |
(11) ¥p=un .9954 - 8.9964 B] " 18.018 95987 ~ G.9564 BY ~ 1
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The last columm of Table XIX gives caleulated welghts of permang-
anate for polyeaccharides of varfous mol soulasy sise, These welights
were caloulated from the values of X, ard the sxperimentally determin-
od weight of permangunate reguired for the oxidetion of 10,000 uze of
glusose,

The following sections present work on the molesular weishte of
suorose and trehalose, two well charaoterised disaccharides and demom=
strate that the experimemtal method employed is capable of ylelding
acourate valuss as caloulated by the method descrided. Dats regarding
& nwmber of carefully purified glycogens cobained from oysters and from
the livers of rats and rabbits fed on glucose and galastose are aim

presented as well as a determimation of the molecular welght of imulin.
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HMOLRCULAR WEIGHT OF SUCHOSE AND TREHALOSE

It was pointed out above that the differense in rednoing eapacity
between compounds composed of more than six units of mongsaccharide ig
relatively small. This difference decreases as the carbohydrate mole~
oule becomes more complex. The actual difference in the weights of per~
manganate redur:éd by 10 mg« of a 17 and an 18 hexose unit compound would
bs sbout 0,010 mg., In terms of 0.008 X, permanganate soluticn this
weight would represent very mearly 0.1 ml, of volume since a 0.008 H.
permanganate solution mntaina 94.816 mgs per 1000 ml. of sclutions The
quantity 0,010 mg. ie well within the range of the Kuhlmann mioro«balance
and 4% is not¢ imposeible %o obtain significant results in comparing diff-
srences in volumes of Ol ml. if a satisfactory micro-burette is used.

In order to insure a maximum of agouracy, however, it was believed that
4 statistical mothod in which the fimal velue is taken as the average of
numeroue titrations of separate samples would give the best resul L1
This mothod ves used throughout the moleculay welght studies of higher
sarbohpdrates,

Tadble XIX indicates that a given weight of a disaccharide should
have & reducing power 1.0527 times us great as that of a similar wolght
of the wonossccharide of which it is compoeed. In order to determine
whether or not theoretical waluwes could be cbbained exporimentally, tre~
‘halose and sucrose, which are composed of glueose and glucose, and of glu~
cose and fructose respectively, were 5&1&@#@& Monosacoharides used were
glucose obtained from the U. S, Bureau of Standards which had been dried
three days at 76°C. in vaouo over phosphorcus pentoxide. This material cone

tained 0,087 ash. Rastman Kodak Company fructose was reorystalized several
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times with dry alcohol and contained after purification 0.017% ash. The
trehalose used was obtained from the Pfanstiehl Chemioal Company and was
found to vontain 0.000% of ush. The sucrose was from the Biskman Company.
1% was purified by means of the wethod of fractional pieotrical transport
{16} and conbained 0.023% of ach. Before Sitratiom ihe sarbohyd rates
wore dried at 76°C. over phosphorouns peatoxides wuntil free of molsture.
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ZEEFRUMTNTAL

The method used depended upon the titration of 10,000 mg. of the
carbohydrate by its equivalent of acld permanganate. To overeome She
use of excessive volumes of solution, 10,000 mg. of carbohydrate wag
woighed out on the mioro-balance and a weight of dry permanganate, sufe
fielent to bring the oxidasion of the earbohydrate almost to completion,
Was added. Oxidation was oompleted by titration with standard pérmangan—
ate solutions 6 mle of vedistilled water was added graduslly in 45 gee-
onde, followed by 2 ml, of XKahlbaum sulfarie acld, which was added drop-
wise over & period of one minute, The mixture was Shen placed on the
heater and maintained ab 95°C 5%, Eaotly fifteen mimutes elapsed
from beginning of the addition of vater until the first of the permangan-
ate solution was rum in, This solution was made up to about 0,003 normal,
the acourate value is given with the experimental data, and was added in
quantities of 0,50 mle every mimte. To agcomplish this the shaker» was
stopped, the solution wun in, and the ghaker starded, a process which ine
variably took very close %o four secomds, The potential of the gell form=
od between the burette~tip oleotrode and a platinm eleobrode immersed in
the solution titrated was read off by means of a potentiometer X0 seconds
after the addition of the permanganate solutions Thirty sesonds slasped
betwesn observation of potential and addition of permanganate. Thus a
Gomplete cyele, of adding solntion and noting the potential, took plage
overy 60 seconds,

The end point of the $itration was indlsated by & sharp drop in
potential resding, providing the carbohydrate and permanganate, added
dry %o the flask at the beginning, were 80 balanced thas from 7 ml. s¢
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18 ml, of the standard permanganate was adequate to complete the oxid~
ation. When the two substunces were not presemt im this matic it was
impoesible to reach a sharp end point, and numerous preliminary experi~
ments were necessary im order t0 determine the »atio.

The burette~tip cell as {llustrated in Pigure 5 gave excellent
potential readinge when immersed in & solution whioch was being constantly
stirred. It will be seen from the figure that the cell is made wp of a
platinum wire which is so placed in the tip of a mioro-burette that 14
makes contact with the solution being titrated through a colmm of stand-
ard permanganate. The reproducibil ity of this eleotrode was demonstrate
od by employing it in the determination of the congentration of perman~
ganate solutions by oxidation of eodium oxmlabe. In these standardisat~
ions the same quantities of water and sulphuric acld iwra added to the
oxalate as in the method used for the carbohydrate determination. This
not only eerved $o indicate the stremgth of the permanganate solution,
but also to obviate the necessity of titrating blanks made uwp of water
and acld in the gquantities nsed throughout the molesular weight experi~
mentss The potentiometrio standardization of the permnganate cheaked
with the ordinary visual oxalate $itration,
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The results of the experiments are presented in the form of com=
posite ourves. In preparing this type of ourve the data from eash it
ration in the experiment was plotted on the same sheet of pager. The
rosult was 8 mmbor of lines grouped suffiofently close together that
some 4ifficulty arcse in interpreting the figure, 1t was belleved that
an gverage ourve would present the data in a elearer fashion., Accords
ingly, the entire area enclosed between the ocurves glving the highest
and lowest walues has been blacked in while the average of all the tit=-
rations has been left as a white line through the composite ourve, The
%otal width of Yhe heavy blaak line ehows the maximmm variations that
wore obtalned in the experimemt., Tho ond point seleated is the mid~
point in the break of the average curve and this point has beon marked
ont by & horizontal line vhich is labelled to show the welght of porman-
ganate redused by 10,000 mg. of the carbohydrute in questionm. The num-
ber of hexose units making wp the polysaccharidé molecule ie obtained
from this value and the dats of colum five in Table XIX.
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Iwo samples of oyster glyoogen, ons prepared acoording to the mesh-
8 of West and Scott (17) and the other by the method of Bell and Young
{12) were sumployed in the experiments. The materials as produwed by
these methods wore further purified by means of the method of fraction~
al electrical tranport of Willfams {16}, Squipment of the type showa in
Pigure (5) was found to be sabisfactory. This cell 1s made up of five
pyrex Erlemeyer flasks of 50 ml. capaoity Joined together by four iun-
vorted ¥ tubes. Flatinum eleotrodes were placed in the end flaske.

The oell was charged by placing redistilled water in all exoept the gen-
tral flask and f11ling the latter with the glycogem solution to be puri~
fied.

Under a potemtial ranging from 15,000 volts at the start of eclegh~
rolysis %0 5,000 volts Soward the glose of breatnment, and a eurrent of
from 500 %o 6 milliampers, the ash content decreassd $o 0,081 and 0.012%
respoectively. The pH values of the cells at the start and finieh of
treatment were Saken by means of the Deolomn glass electrode. The gly=
eogen failed to migrate wmder the influmence of the current and was re-
govered from the centrel =11, and the solution evaporated in vaouo over
flake sodium hydroxide as the dlssicant. The clear glassy glyeogen was
finely pulverized and dried for three fays in vacuo over phosphorous
pentoxide at a temperature of 78°(¢ The following table shows typiosl pH
values of the five oells after seventy-two hours treatment,. The differ-
ence in pHl betwoen the cells { Tadle XX) show that appreoiadble concentyat~
ions of a0ld and base ions were removed from the glyoogen solntions upom

eppliontion of the eleotrie ourrent.
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TABLE XX
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The titration method used was i{demtical with that previously des~
eribed. Pure dry glucose was taken as the standard for the determinat—

ion of the momoseccharide reducing powsy,
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NOLEQULAR WZIGHT OF MAMALIAN LIVER GLYCOGENG

Recent work of Bell and Young (12) has indicated that the gly=
sogen obtained from the livers of different animals might very greatly
in molecular weight. Acvording to their report rabbit iiver glycogen
obtained from animals fasted for pdriods of 24 or 48 bhours, then fed
B grems of galsetose per kilogrem of body weight showed 18 wnits of
glncose per molecule of glycogen, whoreaB ¥abbits on a norme) aiai, in
which glucose wae presumebly the monosaccheride from which liver glyco=
gsn was derived, showed the presenmse of 12 glucoss units per molecule
of glycogan,

The permenganate oxidetion method was applied to the two kinds
of glyoogen in an attempt to secure further evidence regarding this

peculinr observation,

@
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Both rats and rabbite were employed for the stuly, and since the
suggestion had boon made that gincose and galaotoss produce differsnt
glyocogens in the ease of the rabbis, 1% was considered bost to treat
oo groupa each of rabs and rabbites in ldemtical ways with reepect to
everything exeept the type of monosaceharide administered. In the ex~
periment with rabbits, animale were faated for 48 hours aftoer which 5
grams of glucose per kilogram of body welight was given %o two of the
animals by means of a 507 solution introduced by & stemach tube, whils
the remaining two animals were given § grams of galaotose in a similay
manneys Zwe hours were allowed for absorption of ’eﬁa carbohydrate af-
ter which the animals were killed and their livers extracted as vaplde
ly as possible and treauted according to the method of Bell and Youmg-

In carrying out the experiment on rat liver glycogen, 10 adult rate
were selected for ecach of the two bypes of monosacodharides, the times
of fasting, absorption and methods of treatment being the same. Follow=
ing the extraotion of liver glycogen the electrical methed, previously
described, was employed for further purification, and the glyeogen was
dried at 76°C. over phosphorous pentoxide in vacuo for three days. The
samples of glycogen gave the following results when analysed:

Source of glygogen ~Ash__ Erobeln

Rat ~ glucose fed 0,019% Below 0.005%
Rat - galactose fod 0.026% Below 0.005%
Radbit « glucoee fed 0.014% Below 0.006%

Babbit - galactose fed 0.,011% Below 0,005%
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The protein tosh used was the Hiankypidris test of Harding and Hae=
Losn (18]s The glycogen samples were hydrelined with dilute sulfurls
acu-ﬂ in m!nwmwuri«ﬂthm bte caused by
the presence of glucose alony with protein hydrolysate in the solution,
a propertiomate quantidy of glucose wae added G0 the standawmd alanine
volution before comgarison. The concemtmation of proteim le reported
se below the value of 0,005{, lower becomse in the 00 mg. sample of
@iycogen svailable for amlysis, the protein concentration was below
0,006 mgs per ml, vhich i» the minizsm neoessary %o give a positive
Weste
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Herve again the results aro most comveniently presenbed in the |
form aht sompooite ourve, a¢ arverged as %0 ohow the relatiomship
betwern guantities of permanganate reduced by 10.000 mg. of glyeogem
and by 10,000 mgs of pure gluocose. From theso yuluos the molecular
size of the giyeogen may de obfuined from the graph in o mamnor sx-
aoatly as provisualy outlined.
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Previous eetimations of the rolecular welght of loulin have
varied in much the same mamner os in the case of glyeogem. Hesulte
appear t0 have varied between 188 and 164,000, The most reliadle
valuee appear to have besn determined by means of the methylation
end=-group aseay procedure of Haworth. Irvine end Xoatgomery {19)
obtained values from 4,700 “66 4,900 and Haworth and Coworkers (z0)
obtained values from %,300 to 5,100, both by means of the end-group

assay mothod. Westfall and Landie {21) employing the vapor prossure

mothod of Hill (22) and Baldes (23] obtained valuss from 4,894 to

..

E4615 with an average vaiue of 5,101,
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ZAPTRISTHEAL

The materials used in this experiment were inulin odbalined from
the Pfanstiehl Chemical Company which contained 0.0L6¥ ash after pix
washings with dry aloohol. The fruetose, used ae the monosacoharide
standard, was the same as that employed in the ssotion om the mole-
cular weights of suerose and troehaloses

The experiment was conductel in emmotly the same manmer as pre=-
vions experimemts relative to the drying, weighing and titvation of
samples. Figure ¥ ghoss the results obbained for the moleoular welght

of inudin,.



Prom the faot that omidation by permnganate in acid solution
gives values olosely approaching theory for thw molsounlar welighte of
@issccharides; it semme reasomadlie b0 expect the procedure to give
valid results in case of more oomplicated carbohpivates whish are sim=
flarily comatitutod.’ If ouch is the case then, the above oblained val=
ues for the molesular weights of the uﬁﬁ glyoogems may bo assumed
¢ approsch yeasonsdly close to the treo chemfoul molocular welghts of
these compounds as they were prepared by thg"nMs selooted

The average molegulay welght of glyoogen, as determined by the
pormanganate oxidation procedure, was found %0 be in the regiom of
8,200 and to represent 20 *3 units of glucose per molecule. This wae
truo regardless of the souree of glycogem. IS would apponr from the
variation of walues gblained for any one glycogem that the limit of
acouracy of the method liee in the reglom of * 3 glusose units.

Ordinvary liver glycogen is at present considered 3o be composed
of about 12 glusose units, representing a moleculay welght of arcund
2,000, while oyeter glycogen and liver glycogen formed from gulastose -
are oconsidered $0 bo made up of about 16 wnite of glucnse, reprovent~
ing a molegular weolght of about 5,000, Ouwr resulte fulled 0 dfetin=
quish any marked difforences in theso glyocopens, and do not support the
contontion of Bell snd Young that faoted animalse fed glucose and galao-
Soss produce glycogens of 4ifferent molecular slses

Reawlts for imulin inifsate s molecule composed of 3% frustose
units, corrosponding to a moleoulay wolght of 5,500 vhich 1» in agroe~
ment with the walues of the suthors previscusly cifted.



PART 1IX

It ms.hun shown in previous scetions tmi pemté in stromg-
1y acld mluﬂm readily mdnu complex w!yuqahfmn and that reprod~
uoiblo results in téhi ratio of wlmmmxiée nidind té pumtt rae
duced may be obtained. To extend the atudy §f the qﬁn’bimﬂn applicat~
ions of the reaction the conditions ‘fw the directh tiﬁmfiaﬁ of cellulose
and glyeogen were determined and a method for the amalysis of glyocogen
in solution was devissed. The method was applied 6o a study of the degree
ét hydration of ai&dry glycogen and $o the conoemtration of glycogen in

frosh rat livers.



&g

Gellulose Titration

40 mg, of Whatman filter paper was dissolved in 30 ml. of 50% sul~
furic acid by gently warming %o a Semperature not éver' 30°Ce and stizy=
ing the mixture. Under these conditions a perfectly clear and colorless
solution ia‘ obtained. If the heating during the treatment is too intense
& golden yellow solution results which is believed by Pringshoinm ¢o
contain products of oxidation of carbohydrate and %0 be wnsultable for
analysis, The olear solution was made wp to 200 ml. and aliquot portions
wore titrated at 90°~100" C.

The concentration of sulfurioc acid in the test solutions was varied
from 4,0 e %0 10,0 ¥« 7The reaction takes pluce slowly and an unsatis-
faotory end point is obtained 1f the initial aeid concentration of the
solution is below 10.0 molar. The rate of the reaction inoreases with
increased acid amaanﬁntién and in the region of 10.0 molar compares with
that of the simpler carbehydrates: The end point becomes sharp and re-
produsible. Results of the exporiment are shown in Table IXI.

Glycogen Analysis
40 mgs of air-dried oyster glycogen, prepared by the method of West

and Scott, was dissolved in 40 ml. of 50% sulfuric acid by carefully warm=
ing %o a temperature not over 30°C. and stirring the mixture. This sol-
utlon was diluted to 200 nl. and varying volumes were Saken for analysis.
The initial aold oonoenbration was made up %0 7.5 M. by adding the prop=
or volume of congentrated sulfuric acid before titration. The solutions

wore titrated %0 the visual permanganate end point.
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‘Glyeogen from the same source was dried at 76°C. over phosphorous
pentoxide in wvaouo for three days, at whioch time it was found that cone
tinued drying under these conditions failed to remove further moisture.
Tost solutions were prepared and titrated as wae the air-dried material.
The values obtained for the titratien of glysogen samples are shown in
Tables XXII and XXIII. The peroentage of moisture in air-dried glyvogen,
as detemined by the permanganate titration method is obtained from walw-
uos of the dry and hydrated glycogens and is ogqual to 10,997 which is in
agreement with the values of Meder and Meyerhof (24) who have stated that
dry and alr-dried glycogems darreupanﬁ to the formulas C B, 0, and O H 0,H,0
respeotively. The latter formula implios a conemtration of water equal

’5
o

'
1]

e %e Tho formslsa ¢, B .0, H,0 obviously does not represent any possible
molecular or empyrical formula of hydrated glycogen, but only a olose
approximation, If the glysogen molecule is composed of 20 gluccee units
linked serially by loss of water between hydroxyl groups, and if the
equivalent of one moleoule of water of hydration is attached to each of
these glucose unite in the glycogenm molecule, the percent water of hydrat~

ion would dbe:

M—u—-ﬂ_—_ JENTS '
faa) (162.,096) x 19 + 180,096 + 560,240 9.96%

Obviously the above caloulation is valid only if the conditions postu-
lated are met, This method of calounlation would give e higher pergent~
age of water of hydration with mqrmaed gluoose unita in the molecule
and vice versa. Alzc more tham one molecule of water may be attached

o some of the glucose unite, and this geems probable in that data oited

in Part II of this thesis indicate the presence of about 20 glucose



Weight of
Gellulose
ng»

Oeh
Oed
0.8
(2%

0sé
Qs4
0.8
0.8

Oed
0.4
0.8
0.8

tas

Initlial Adoid
Conosntration
Holarity

4.0
4,0
440
4.0

8.0
84,0
8.0
8.0

10.0
10.0
10,0
10,0

PABLE XXI

Volume of 0.0126 N,
Perpangana te
Solution
mle

0,78
0.78
1,80
1.48

Re24
2,28
&udB
458

4422
4419
837
B#48
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Avorage Veight of

Pormanganite per

mgs of Cellulose
g

077
0.80
0,77
0.76

2.31
2434
2.29
2438

4. 80
4,88
2452
4.36



PABLE EXIX

Welght of Glycogen

Oe2
0.2
(£ 7%

Qo
0.4
s -

0.6
0.6
Q.8

0.8
0.8
0.8

Volume of 0.0126 N,
Permangana e
Bolution
mla

1482
1.82
1.8

R7T2
2,74
274

3,94
5492
3.96

6.27
Be27
.27

Average Yolumo

Permangamate per
Bg. of Glyocogen

»

6.568

6.82

6.57

6.68
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PABLE XXIXX

Welght of Glycogen Volume of 0.0126 X, Average Volume
me . Permanganate Permanganate pey
Solubion mge of Glycogen
ﬂt m‘la
0.2 1.49
0.2 1.48 745
048 1.49
Ot 2498 A
0.4 2,01 747
0.4 2,98
9*& £.45 g
0.6 4,47 747
Db 4,48
0.8 5.98
0.8 .97 7446

0.8 B.97



uoite in the glycogen melecul oe

in order $0 detormine the applicability of the Sitration method b0
the aotual anuly-is of glycogen, samples of rat liver wore rapldly re-
moved Prom the receutly kililed animal, ground apd heated with 301 pod~
sesion hydvoxide until the tissue mss disintegrated. The glycopen was
progipitated from the alimline solubtlon by adding aleoohol o 607 by
voluones The mizture was oentrifuped and the preeipitate purified by dip-
solving in water and reprecipitating with aleokol made wp to 807 by vol-
wme. This roprecipitation froe solubtion was carried out four times, 4
smll amowm$ of sodiom swifate was added before the alcohol o facilitate
proeipitation of the glyocogeme Tho purifisd material was dissolved in
100 =1, of wator and B pl,. taken for amlysis by titmtlon. Oamples of
giyeogen obtained in a similar way from the same mat livers, vere also
kedrolysed with 4ilute Mydroohlorie acid, moutralized and amalymed by
means of the conventional Shaffer-Hartoamn method. Nesults of analyses
by the two methods are shown in Teblos XXIV and XIV,.
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TABLE ZXIV

Animal Volume of Volume of Welght of Weight of Weight of Glycogen
Humber Olycogen 0,0136 ¥, Permang~ Glycogen Liver Peroentage

Bolution Permang- anate per b ml. Analyzed
ml, anate Sol- mgs H2e £e
obion,
mle
4 5.0 2.76 1,18 362 1,810 40
b3 B.0 Tel2 2,820 +928 1.999 +89
B0 T+18 2.988
11 8.0 4.79 1.963 «624 B.199 + 39
6,0 4,70 1.927
& BeD 4485 1.988 +646 2,468 +B2

) 4,86  1.993



TADLE XV

snimal Yolume of Heipht of Feight of Pareentegs
usbey 0,008 Hormml dluoose Glycogen of Glyeogen
Sodium in ¥ ml, por grem
Thiosulfate of : of 1iver
nle dgdrolysate ngs
4 16,062 0,38 4,88  Detd
16,80
s 11,90 0,80 8,97 0,98
11l.984
11 ﬁaéﬂ Q.-GE “yw m‘a
15,98
& 14,88 0.59 5;“ 0, 58
18,28

* Glucose wvelues must be mmltiplied by 0,95 to obtain values for gly-
QOEER



T™he similarity of results in the Sitration of glycogem with per—
manganate and by the usual method of debermining the reducing eugar iu
solutions of hydrolysed glycogen demomatrate the poosibilities of the
seld permangenate reagent in the field of carbohydrats amalysis. The
direet titration method bhas the advantage, in the case of glycogen de=
termination, of requiring comaiderably lesa time for a complete amaly~
sis than the ordinarily used methods fnuvolving preliminary acid hydrol=
yeis. Ite disadavantage liee in the necessity for palnstaking purifio-
ation of glycopem samples.

The obaservation that celiulose may be miplily oxidised inm strongly

acid solutlon and reproducidle rosulbs obtained indlcate the poasible
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use of the reastion for the analyeis of ocollulose and cellulose producte.
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