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CHROMATOGRAPHY 01; SUGARS IN BODY FLUIDS 

I. PREPARATION 017 URINE FOR PAPER CHROMATOGRAPHIC ANALYSIS 
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Research Cents, l?oclzland State Hospital, Omngeb~uvg, 
‘I’mbcvna.; schod of ib”edicinc, 

N. Y. (U.S.A.) and Chtcv fov the Stzcdy of 
Univwsity of n/la~yvyla~nd, Baitiwzom, Md. 21202 (U.S.A .) 

(Rcccivccl April 2 Ist, 1971) 

SUMMARY 

The ion-exchange method of WHITE AND HESS for the urine desalting and its 
several modifications were employed as a model to study some factors important 
for the preparation of high quality sugar concentrate for paper chromatography. 
The main investigated features included the urine:resin ratio; desalting by passage 
through columns ZIS. by mixing and shaking: and the effect of acetate and OH forms 
of the, anion-exchange resin on saccharides. 

At least three times more urine may be desalted with the WHITE AND HESS 
system composed of Amberlite IR IZO (H form) and IRA 410 (acetate form) than 
had been previously described. These resins or their monobed mixture Amberlite 
MB-3 (acetate form) gave the best results as demonstrated by high yield and good 
reproducibility in both calorimetric and enzymatic determinations of sugars and qua- 
litative paper chromatography, using volumes of urine as much as fifty times greater 
than those proposed in the original work. 

The quality of desalting is most sensitively indicated by the levels of urea. 
Sensitive but less reliable are fluorescing urinary pigments. Inorganic salts are more 
readily removed ,than other interfering substances. 

INTRODUCTION 

Almost the entire present knowledge on the composition of human urinary 
sugar content in health and disease can be ascribed to paper chromatographic studies, 
However, because of the lack of standardization both in analytical procedures and 
also to a certain degree in dietary conditions, the reported numbers of urinary 
sugars are erratic and frequently controversiall. 

Among the variables influencing the number of sugars found in normal urine 
by a paper cbromatograpbic procedure are the volume of applied urine, presence and 
concentration of non-sugar constituents and the concentration of the strongest com- 

l Prcsctlt address: Ccntcr for the Study of Trauma, School of Mcclicine, University of 
Maryland, Baltimore, Mel. 21201, U.S.A. 
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ponent of the sugar spectrum. In normal urine, the last is always glucose, constitu- 
ting 18-33% of the copper red.ucing power of desalted urine obtained after overnight 
fasting2. 

In screening the urine for various strong glycosurias by paper chromato- 
graphy3-5 (PC) .and thin-layer chromatography “v7, the urine is frequently used with- 
out any pre-treatment. The performances of both techniques can be markedly 
extended by removing the interfering substancesevD represented by mineral salts, 
pigments, urea, creatinine, uric acid, ascorbic acid and otl1er organic acids and 
amines. For the past twenty years, pre-treatment has been done by deionization 
with different iones resins in various experimental arrangement@-la. 

In the present study, we have investigated the effect of several factors deter- 
mining the quality of desalting in order to ensure PC detection of the largest number 
of sugars occurring in the urine regularly or occasionally. 

EXPERIMENTAL 

Urine of, a healthy z5-year-old female weighing 4s kg was collected over a 
period of four days ,without dietary restrictions. After each voiding, the urine was 
immediately frozen and at the end of the collection all portions were thawed and 
pooled. After filtration through a filter paper, the whole volume was divided into 
small. aliquots that could be used within one working day. The frozen specimens 
were stored at - 15” without ,preservatives. 

C2-l4C]Galactose (45&i) and [I -14C]glucose (go&i) dissolved in 3-10 ml saline 
were given intravenously in a single dose to overnight fasting healthy individuals. 
.The urine was collected in 2-h periods and preserved as normal urine. 

Pre$aration of the iomx resins 
Ionex resins Amberlite IR IZO (H form), Amberlite IRA 410 (both of medium 

porosity, wet mesh size zo-so), and Amberlite MB-3 (indicating mixture, of Amberlite 
IR 120 (H form),and Amberlite IR 120 (OH form), mesl1 size 20-50) were employed. 

Before use,, Amberlite IR 120 was washed wit11 distilled water with stirring, 
until the intensive coloration of wasllings disappeared entirely. 

Amberlite IRA 410, supplied in chloride form, was convertecl into tl1e OH form 
in portions ‘of 1.50 kg in a 38-mm diameter column, by treatment with 6% NaOH 
solution, until the acidified effluent sl1owed only traces of chlorides with AgNO,. 
Then the resin was waslied wit11 40 1 .of distillecl water. Resin obtained in the OH 
form was converted further into the acetate form by passing 15 1 of 6% acetic acid 
through the, column. This was followed ‘by washing wit11 40 1 of distilled water. 

Amberlite MB-3 (OH form) was converted into the acetate form by treatment 
with ‘acetic acid in the same way as described above. In this process, its indicating 
property was suppressed. 

Desalthg j+~ocedacres 
The column method of WHITE AND HE&O (Table I, procedure I), its modified 

versio,n, regularly used in this laboratory (procedures 3a. and,gb) and the shaking 
procedure of MENZIES AND SEAKINS~~ (procedure 8) were employed as standard 

J., Clwomalo&., 60 (1971) $31-3gs 
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TABLE I. 

383 

OUTLINE OF DESALTING PROCEDURES 

I 

za 

2b 

3a 

3b 

+ 

5 

jb 

7a 

7b 

3 

Amberlite IR 120 (1-I) -t_ Mix&J bed, 20 ml 3oo 
Ambcrlitc IRA 4.10 (acctatc), single 
100 -1_ 100 ml . . 

LR 120 (I-l) -t_ 

IRA 410 (acetate), 
100 + 100 ml 

300 
colu tnn 
Mixecl bccl, 30-min 
single cliuresis 
colutnti (31.5 ml) 

.LR 120 (Ii) _1- 
J.RA 410 (acetate), 
100 + x00 ml 

IR IZO (13) + 

IRA 410 (acctatc), 
100 -I_ IO0 ml 

IR 120 (II) + 

lliA 410 (acetate), 
100 + 100 ml 

IR IZO (H) -k 
IRA 4x0 (acctatc), 
100 -t_ 100 ml 

IR IZO (H) + 
IRA 410 (acctntc), 
100 -1_ IO0 ml 

Arnbcrlite M13-3 (OH), 
200 ml 

Ambcrlite MB-3 (OH), 
zoo ml 

Atnbcrlitc Ml3-3 (ncctnte), 
200 ml 

Ambcrlitc MB-3 (acetate), 
200 1111 

Atnbcrlitc MI3-3 (acctatc), 
5 ml 

Mixccl bed, 60-niin 
single cliurcsis 
column (63 ml) 

Scparnte 30-min 
colutnns cliurcsis 

Separate Go-min 
colutnns cliurcsis 

Mixitq and 30-min 
shaltinff cliurcsis -t_ 

0 vols. of 
water 

Mixing and 30-min 
shaking cliurcsis -t_ 

4 vols. of 
water 

Single 30-min 
colutnn diurcsis 

Single 
c01ut1111 
Single 
colutlltl 

Go-tnin 
cliuresis 
30-min 
cliurcsis 

Sin& Go-min 
colu tn I1 cliuresis 
Slinking and Is-mill 

mixing rliurcsis 
(15.75 ml) 

300 

350 

3.50 

- 

350 

350 

350 

350 

- 

WHITE AND 

Hlsss’” 

The same as pro- 
ccdure I but urine 
loacl increased by 
57.5% 
The same as pro- 
ccdurc I but urine 
load increasccl by 
2 I 5 % 
~Moclilication of 
procedure r *b 

The same as 
procdurc 3a 

Mixing ancl shnk- 
ing mcthocl based 
on column pro- 
ccclttre 2a.t' 

A modificcl vcr- 
sion of proce- 
clurc 4c 

Mocliliecl procc- 
clurc with cotn- 
mcrcially suppliccl 
resin in OH forni’t 
The same ns 
proccclurc Ga 
Ambcrlitc MB-3 
(OH form) con- 
vcrtccl into acctxtc 
form, as clcscribecl 
in I~SPE~~II\~ENTAL 

Tlic same as 

procccluee 7a 
I3ioclcminrolit 
acetate resin 
originally usccl 
by MENZIIZS AND 

SEAICINSt" 

was rcplnccd 
by functionally 
identical Ambcr- 
litc MF-3 (acc- 
ixllx) c 

0 Proccclurc routinely usccl in this laboratory with a 4k5-h~itl aliquot: of r~orn~al urine. 
TV Dilutccl urine was shalccn in mcchnnical shaker for 20 tnin at go oscillations per min in 

r-liter flask. After shaking, resin was separatccl by filtration under suction. 
c Urine was shaken with each resin scparatcly, starting with Ambcrlitc II< ‘120. 
d Ambcrlite MB-3 (OH form) is composccl of Atnberlitc 11X IZO (I-I form) and Ambcrlitc 

LRA 410 (OH form) m-xl a color inclicrttor. 13cfore use, rcsitl was washed scvcral titncs with 
listillccl water. 

0 Conversion of resin into ncctntc form was carriccl out as clcscribcclt4. 50-ml round-bottom 
:cntrij’uge tubes were usccl for sltnltin~. 

J. CIwowznlogv., Go (1971) 351-395 
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procedures. Other approaches designed to examine the role of certain methodo- ‘.... , 

logical factors are given in Table I. .;, g9Id 
The frozen urine was thawed and warmed up to 30-40” until any eventual 

precipitate disappeared and deionized in portions corresponding to a 30 or 6o-min 
aliquot of daily’ diuresis, i.e. 31.5 or 63.0 ml. In each procedure, IOO ml of Amberlite 
IR IZO and IOO ml of Amberlite IR 410 or other resins were placed into two individual 
columns, or they were mixed and placed into one column, 28 mm diameter, fitted with 
a Teflon stopcock and fritted disc at the bottom. The cation exchanger was always 
packed into the upper column and the effluent entered directly into the lower one 
which.was attached with an air-tight joint. The urine was carefully,added on the upper 
bed; just submerged in water. After the urine soaked into the resin, three or four 
zo-3o-ml portions of water were added. These represented the initial portion of a 
total of 30o-a35o ml of water used for the elution. 

The maximum effluent rate was 2.0 ml/min. The first 40 ml of ,l:.lne effluent were 
discarded. The remaining part, including the water obtained by drai.,qi;ng the columns 
after ‘desalting, was evaporated on a rotary evaporator at 36-a-38” in a rooo-ml 
distillation flask, The concentrate and flask washings were transferx& through a small 
paper filter into a so-ml centrifuge tube and lyophilized to dryness. “ihe desalted 
urine containing radioactive metabolites was lyophilized only. Freeze dried residues 
were stQred at - 15”. 

Testing of individual desalting $rocedacres 
The desalting effectiveness was tested by measuring sodium, potassium, 

chlorides, urea, creatinine, uric acid and osmolarity. The losses of sugars were 
examined by determining glucose,, galactose and total reducing sugars and by PC. 
Sodium ‘and potassium were quantified by flame photometry (Flame Photometer 
Model ,143, Instrumentation Lab., Inc.), chlorides according to CORTLOVE et aZ.l5 
(Chloridometer of Buchler Instruments, Inc., Fort Lee, N.Y., U.S.A.), glucose by 
the glucose ‘,oxidase test, supplied by Worthington Co. (Freehold, N. J., U.S.A.), 
galactose by the galactose dehydrogenase method, uric acid by uricase assay and urea 
by the calorimetric method based on urease action and the Berthalot reaction (the 
latter thre,e obtained as test combinations from Boehringer and Soehne Co., Mann- 
heim, G.F.R.). Total reducing sugars were estimated by the SOMOGYI-NELSON methodlO 
and creatinine calorimetrically ,by’ Jaffe’s ‘reaction. 

Osmolarity was measured with the osmomcter (Advanced Instruments, Inc., 
Newton Highland, Mass., U.S.A.) and expressed as milliosmoles (mOs/l). 

Measurement of 14C-labeled sugar passage throzcgh columns 
A zo-min aliquot of urine collected 2 h after intravenous administration of 

I%-labeled glucose or %-labeled galactose from three individuals was desalted as 
described in desalting procedures (Table I, procedure 3a) and the eluate was collected I 

in 2$ml,fractions. The radioactivity was measured in a r-ml portion of the fraction . 

added, to IO ml of dioxane scintillation liquid in a Is-ml, glass vial and expressed in 
counts per minute ‘(CPM), representing the “average of two parallels, counted, three .:’ 
times. for.,:ro: min.‘, The quenching; by water was corrected using [l*C]benzoic acid as 
an ‘internal -standard; ’ ,. ” ,. 

: ‘, ,~:The+cintillation .liquid ‘tias composed of 60 g of naphthalene, 4 g. of 2,5-’ ,:, : ,’ : 
,. 

J; cr,Y&i&?~v*~~ 
,’ ., : : 

66,‘(Tg;i). .$I-395;. 
‘./‘, i 1: ,,. ,’ 

” ,,.:’ ,, ,. II 
:, 

y I,.,:, 
:_ /, 

,: ‘.“I 
‘... ‘, ‘_ ‘. ‘, : ,,;, ~.I. !,.’ .,,’ :, .;;,1 :’ 

::,j 1’ .). ., ‘\ .‘, ,, .” ,,. : 
,, ..* 

,,i,’ _; (, ‘., ‘.. ., -) ,“,‘.._ 2, .’ ’ “:. .: *.. 
:,)‘.’ ‘. ,. ,. .I ~,;:,:;,,‘,; ‘.p::, ‘..,. ,f.,? .,,. 1 . y, ,, ,,:, I,, /. ., .’ .“, ,‘,.,, i ‘, ,,, i, :‘,‘, : , ., ‘, ..:,_ ,I.., , . ;.,. ..,,.). .I’. 
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dipllenyloxazole (PPO, New England Nuclear Corp.), zoo mg of I ,4-bis-z,z-(5-phenyl- 
oxazolyl)benzene (POPOP, Packard Instrument Co.), 25 ml of ethylene glycol, 
IOO ml of ethanol, and dioxane added up to IOOO ml. 

The remaining part of each zs-ml fraction of the eluate was lyophilized to 
dryness and used for chromatography. 

Xadioclzromatogra$hy of the cohwmt. cflwnt. Fractions of the effluent were 
subjected to one-dimensional multiple ascending chromatography on Whatman 
No. 17 paper in butanol-pyridine-benzene-water (5 :3 : I :3)2. After the last irrigation, 
a Go-mm wide strip carrying the separated sugars was cut out and divided into 
IO x 60 mm segments, successively numbered. The radioactivity of each segment 
was counted separately in a Is-ml vial three times for IO min, in IO ml of scintillation 
liquid composed of 4 g of PPO, IOO mg of POPOP, and toluene added up to IOOO ml. 
The counts, corrected against the background, were plotted on a cross-section 
paper and their distributions compared with the positions of standard aldoses and 
ketoses revealed with aniline citratelO and orcinol-trichloroacetic acid reagentr7, 
respectively. 

The wgar q?xxtrum of wrin.es dsion.ized by i?zdividualprocad~cres. The performance 
of individual desalting procedures was also judged by the quality of the sugar 
separation. Chromatography on Whatman No. 3MM filter paper in ethyl acetate- 
acetic acid-water (3 : I : I) was carried out as reported previouslys. All samples, except 
L-I (Fig. 3) which was applied as a small circle, were streaked on a zo-mm long line 
in aliquots of diuresis. The spots of saccharides were visualized by spraying with 
aniline citrate reagentlO. 

The presence of fluorescing and absorbing spots, before and after staining, was 
examined in the light of Mineralight UVS-II (ZGO rnp main wavelength band) and 
Black Ray UVL-ZI lamp (360 mp), both of Ultraviolet Products, Inc., San Gabriel, 
Calif., U.S.A.l*. 

Procedures I to 3b (Table I) based on the same combination of exchangers, 
demonstrate the effect of gradually increasing urine load and compare the perform- 
ance of mixed monobed columns and columns with separated resins. The results 
(Table II, procedures I to 3b) show that the values of glucose, galactose and total 
reducing sugars fluctuate in the same range. The yield of sugars was not affected either 
by the mixed or separated exchangers or by the three-fold increase in urine load. 
Removal of inorganic salts was so effective that in most cases the potassium levels 
could be determined by a flame photometric method only when the deionized material 
was concentrated twenty-fold. The highest level of sodium found in individual samples 
was 1.01 mequiv./l (procedure 3a), representing IO/, of the original l,evel, while the 
mean for all specimens desalted in this group (procedures 1-3~) was 0.2~/~. The weakly 
ionized nitrogenous metabolites were retained also very satisfactorily. The highest 
values of creatinine, urea and uric acid found were 0.001 mg/ml, 2.489 mg/ml and 

J. Cicro~aatogr., 60 (1971) 38x-39.5 
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OF TOTAL 
CPM 

30 

,L-L 1 0 3 4 18 FRACTION 
. 

Pig. I. Passage of [z-WZJgalnctosc~ and its mctabolites through columns of Ambcrlitc IR IZI 
(I-I form) and Ambcrlite IRA 410 (acetate form). The effluent was collcctecl in 25-ml fractions 
Counts per minute (CPIM) are cxpressccl as percent of total radioactivity obtainccl in 27 fractions 

. 

glucose were in a very good agreement with those described above. Under the samI 
conditions, the recoveries of standard unlabeled glucose and galactose in six experi 
ments were 98.7 & 2.6% and’ 97.7 =t: 3.3%, respectively. 

Chromatogra#hy of labeled wgars in the eluatc fractions 
The chromatographic separation of three fractions illustrated in Fig. 2 indicate 

that the initial as well as the final fractions have essentially the same composition 
and that even the quantitative felations between individual components remail 
practically the same through the whole desalting process. The sugar pattern in thi 
urine resembled closely that of the normal urine shown in Fig. 3 (L-2B). Among th 
[z-14C]galactose metabolites, we have reportedlO glucose, tagatose, talose, galactic01 
galactonolactone, several oligosaccharides and unchanged galactose as the mail 
components. 

‘. 

Paper ch?omatogra@y of urim desalted by &$5ereM gh~occdu~es 

Fig. 3 represents individual samples after the chromatography in ethyl acetate. 
acetic acid solvent. and detection with aniline citrate.‘The urines were applied in : 

Iormiti aliquot of diuresis, except the samples L-I, L-6 and L-8. 0.2 ml of urine, corre 
spondin&.to an 11.4-s& aliquot, was used for the sample L-I in order to demonstrat 
the desalting technique of WHITE AND HE&~ in combination with multipl 

J. Chvom$ogr.. 90 (1g71) 381-395 
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Fig. 2. Radiochromatogram of [2- l%]galactosc and its metabolites in cluate fractions, Aldo- 
standards : I = lactose ; 2 = 3-0-/I?-n-galactosyl-n-arabinose (General Biochcmicals, Inc.) ; 3 = 
galactosc; 4 = glucose; 5 = srabinosc; G = xylose; 7 = fucosc; 8 = ribosc. ICeto-standards: 
I = sucrose; 2 = mannoheptulose; 3 = sedoheptulose + fructose: 4 = tagatose; 5 = xylulosc; 
G ribulose: 7 = dihydroxyacetone. Ascending chromatography repeated four times on Whatman 
Nz 17 filter paper in ‘k-butanol-pyridine-benzene-water (5 : 3 : I : s)~. The ‘first largest peak was 
tentatively idcntificd as galactosc and galacticol and the scconcl as tagntose. 

chromatography, Out of twelve saccharide spots, four were revealed by the color, i.e. 
glucose (IO), arabinose (rg), xylose (14) and an unknown metabolite (Ig), and the rest 
by, the more sensitive fluorescence. 

Specimen L-6B was necessary to apply in a 6o-min aliquot because of the 
detrimental effect of Amberlite IRA 410 in the OH form on sugars. Only traces of 
glucose (IO), mannose (II), arabinose (13) and two unknown metabolites (19 and 24), 
but a surprisingly intensive spot of fucose (16) could be revealed. 

In sample L-8, large amounts of interfering urea allowed only a 4-min aliquot 
to be applied in order to ensure a fair resolution of the major part of the sugar 
spectrum. 

Except in samples L-I and L-213, the presence of urea could be established in 
all samples. The concentration of 180 ,ug of urea in sample L-3R did not influence 
the chromatography at all. However, 550 ,ug in sample L-7B masked the spot 22, and 
4.40 mg in L-6B caused distortion of the shape and migration of several neighboring 
spots. This unfavorable effect became even more pronounced in samples L-4 and 
L-8 containing 6.25 and 13.06 mg urea, respectively, The disturbing effect of uric acid 
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Fig. 3. Spectrum of alcloscs in urines clcsaltccl by clifferent proccclures. Numbers on urine samples 
are identical with desalting procedures given in Tables I and II. Stan&w& were appliccl in x00-1 50 

Et6 quantities, urinary specimen L-1 in a 12-scconcl aliquot of urine (0.2 ml), L-GB and L-8 in GO- 
and 4-min nliquots of cliuresis, rcspcctively, and the remaining samples in 1o-min aliquots (10.g ml) 
Spots were revealccl with nnilinc citrate reagent nncl their sizes were rccordccl by fluorescence. 
Standards : &--PA 5: pan&e ; LA = lnctosc; MAL = maltose ; GA-AR = galnctosylarabinose; 
GL-AC .= glucuronic acid ; GA = @n’ctose; GL = glucose; FR = fructose; AR = arabinosc; 
XY = xylose; IW = fucose; RI = ribosc; GLR-I., = glucuronolactonc. S,-IS, = isomnlto- 
triosc; MAL, = rnaltotriose; MAL = maltose; MAN = rnannosc; RI-IA = rhamnose, 
Urinary spots: 1 = unknown (blue fluorescence) ; 2' = unknown (greenish-yellow fluorcsccncc) ; 
3 = unknown (blue fluoresccncc) ;’ 4 = lactose -I- isomnltose; 5 = maltose; 6 = unlcno~yn 
(greenish-yellow fluorescence) ; 7 = unknown (reel, tentatively iclcntifiecl as iL glucosylsyl0Se) ; S = 
unknown (light yellow, greenish-yellow fluorcscencc) ; g = galactosc; IO = glucose; II = man- 
nose; 12 = fructose; 13 = arabinosc; 14 = sylosc; 15 = N-acctylglucbsamine; IG =‘ftlcosc: 
17 = ribose; IS = unknown (brownish-red, greenish-yellow fluorcscencc, probably unspecific re- 
actipn of the, cqmmon spot of syl~~losc + ribulose) ; 19 = unknown (intcnsivc yellow-orange) ; 

= unknown (pale orange) ; 21 = unknown (pink, whitish fluorcsccncc); 22 = unknown (ycl- 
1200~) ; 23 = urcn; 24 = unknown (brownish, slightly visible bcforc sprayin&. 
Blue fluorescence of maltose and its’clcrivatives was recorclccl at wavelcn@h 2Go m/s. At 360, mlr it 
chnngc,s to greenish-yellow or yellow. Esccpt for glucuronolnctonc the quality of fluorescence of 
other sdc&harides was not influcncecl substantially by changing the wavclcngth of the csciting light. 

The number of spots reacting with aniline citrate and detected by their color 
and/or fluorescence varied in individual samples from 12-24. The intensity of the 
entire, sugar spectrum was always in good agreement with the corresponding values 
of total redu,cing sugars and glucose (Table II), Accordingly, there was no noticeable 
.difference in the intensity of spots in samples L-213, L-3I3 and L-713. 

,I, Clwowtatogr,, Go (1971) 351-395 
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Fig. 4. Unidentificcl fiuorcscing and UV light. absorbing spots in urines after clcsalting by cliBercnt 
procedures. An qutlinc of desalting proccclurcs is given in Table I. Descending chromatography 
rcpcatecl four times on Whatman No. 3MM filter paper in ethyl acetntc-ncctic acid-water 
(3:1:1)~. I%111 lint = absorbing spots, clashccl lint = fluorescing spots. The figure shows the 
same chromatogram as that illustratccl in Fig. 3 bcforc color detection. Other tlctails are given 
in EXPERIMENTAL and in the legcncl to liig. 3. 

UT? nbsorbiszg ngad ~aror~sci+~~g spots 072 clwo~natograms of urim desalted by difws~zt 
pvocaduYes 

Upon viewing the chromatogram in UV light (Fig. 3) before detection, several 
fluorescing and absorbing spots were found which are recorded in Fig. 4, Their 
number, intensity and shape are dependent on the amount of the applied urine (e.g. 
L-I) and the method used for desalting (e.g. L-6l3). Spots ~-IO are regular phenomena 
in the urine. The always most htensively absorbing spot 6 separates the fluorescing 
spots from the absorbing ones and is preceded by the faintest spot 7. The oval shape 
of the absorbing spots 7-10 was distorted in shaking procedures L-4 and L-S propor- 
tionally to the concentration of the urea present, Urea itself was not recorded in Fig. 4 

.J. C?~~owztogr~,, 60 (1971) 381-395 
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in order to show more clearly its effect on the other spots. The fluorescing spots 4 and 
5 are very frequently present in normal urine, while the spots 1-3 reflect an inferior 

,,:, 

quality of desalting. 
~,,,‘i 

+ 

DISCUSSION 

Relatively narrow variations in the sugar content of the desalted urine speci- 
mens (Table II, procedures I, za and zb) and a stable chromatographic’ picture of 
urinary sugars, free of any interference, even when the applied volume of urine 
was increased, from .0.2 to 10.5 ml (Fig. 3, L-I ZIS. L-213) indicate that WHITE AND 
HESS~~. were. not fully, iware of the capabilities ‘of their procedure, both in the 
desalting capacitjr ,:and’ in chromatographic performance. 

0.2, ml of urine; ‘recommended19 .for one-dimensional chromatography, allowed 
us to reveal twelve’saccharide spots by color and/or fluorescence (Fig. 3, L-I). This 
comIjares well with :the eleven spots reportedl? ,.to occur in ‘the urine ,with varying 
frequency. The ‘possibilitV:of locating stained spots by their highly sensitive fluo- 
rescence was ndttientioned, but ‘its usefulness is demonstrated in revealing maltose 
(spot 5),characterize’d byh’blue’fluorescence at 2,60 rnp and of the unknown pink spot 
(21) with a .whitish-blue .,fluorescence at 360 rn,x These two commonly present 
metabolites2 ‘&the urine’ were not.,described in the ,original communicationlo. 

The two,,alternatives in column procedures, i.e. a, single column with mixed 
resins or ttio ,@imns containing resins, separately, did not show any significant 
differences in the’quality of-deionization (Table II, procedures za up to 3b) with the 
exception of procedure’ 3b (Table ,I) where an increased, ‘yet not interfering amount 
of’urea on, .the chromatogram (Fig. 3, L-3B); was revealed. For this reason, we have 
reduced in our’routino practice the urine aliquot to’ 45 min to ensure a wider safety 
margin. Although,. tk;k operation of’ a single column is technically ,less complicated, 
it has a drawba&iu using the tedious backwashing techniquelO for separation of the 
resins when regenkr’ation “is,, required. Another convenience of separated columns, 
especially when ,‘pathologic&l specimens are deionized, is the possibility of revealing 
the, site and ,thereby also the nature of interfering substances. 

The results .obtained with monobed mixture Amberlite MB-3 (acetate form) 
(,Fig. 3, LT7B) and the WHITE AND HESS methodlO were very similar. We wonder 
whether its ‘reduced desalting capacity, apparent only with a 6o-min urine aliquot 
and manifested by a spot of urea (spot 23), was due to the presence of the exhaustion 
indicator bound to the beads of the cation-exchange component. Otherwise the 
commercial availability of the resin in the OH form considerably increases its 
appeal; ,avoidirig ‘the .laborious conversion of the chloride form. 

Shaking procedures yielded lower amounts of glucose and. galactose, and urea 
was removed less ‘satisfactorily. (Table II, procedures 4 and *;). Both features are 
reflected.on’the cliromatogram (Fig; 3, L-4). The controversial d&proportionately high 
yield ,of total reducing sugars can “be most probably ascribed to unsatisfactorily re- 
moved ! non-carboliydrate compounds non-specifically reducing the copper reagent. 
Althougli the urine :resin ratio ‘and the volume of water remained the same as in the 
,corresponding column procedures zb and 3b, it seems that the in.ferior results are due 
to the mode ‘of the resin application. 

,‘:. * The :.worst chromatcgraphic picture was obtained when the performance of 

J. Clwontatogr.,~ Co (x971) 381-39’5 . 
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the mixing method of MENZIES AND SIZAICINS~~ was examined (Fig. 3, L-S). Since the 
British Biodeminrolit resin was not available, we employed Amberlite MB-3 (acetate 
form). These resins are chemically so similar that for practical purposes they may be 
considered identical. The method uses a higher urine:resin ratio and the amount of 
resin is not sufficient to retain even as much urea as in procedures 4 and 5 (Fig. 3, 
L-4). There is a substantial saving of resins but the cluality of the sugar extract was 
not commensurate with the Io-min aliquot of diuresis and it had to be lowered to 4 min 
in order to obtain a readable chromatogram. The original instructionsx” recommend 
the use of 0.1 ml of urine for chromatography. Even this amount will disclose a urea 
spot but with much less interference. Our results raise certain doubts about the 
assumption of MENZIES AND SEAKINS~” of the insignificant sugar absorption by 
Biodeminrolit. 

Despite the popularity of the mixing methods12J4+)-28, our results, supported 
by findings of MORI AND NAKAMURA~“, show that the yield of sugars by this technique 
is not quantitative and is of inferior quality. 

The detrimental effect of strongly basic ion exchangers, which has been 
recognized in sugar chromatography for many years W~8”--32, became apparent when 
Amberlite MB-3 was used in the OH form (Table II, procedures 6a and Gb).. The 
disappearance of fructose from the sugar spectrum suggests that urinary reducing 
lcetoses were affected in a manner similar to glucose and other aldoses. On the other 
hand, an intensive spot of furose (16) indicates a strong resistance of this methyl- 
pentose to the action of th! resins. 

In our preliminary experiments, we have also used weakly basic Amberlite 
IR-43 (OH form) and Amberlite IR-4B (OH form), occasionally employed for the 
deionization of sugar solutionP and urine analysis 34-3(1, Both ion exchangers were 
tested in combination with Amberlite IR IZO (H form) in the same experimental 
arrangement as described in Table I, procedure 3* When the yield of urinary sugars 
obtained by the WHITE AND HESS methodlo was ascribed a value of IOO~/~, then 
with IR-45 (OH form) the amount of total reducing sugars was 77.6%, galactose 
78.6% and glucose 76.5%. With IR 413 it was 91.4, go.7 and go.o%, respectively. 
TOWER et aL3=, using a column, reported a I~-zo~/~ loss of ribose with IR-413 and 70”/~ 
with IR-45. In our case, the losses of sugars were not large enough to be evident on 
paper chromatograms using a r.o-min aliquot of diuresis. 

MURPHY et aZ.37 indicated recently that the loss of sugars by weakly basic 
anion exchangers is not a simple retention but a reversible reaction between the 
sugars and.resins. The product of this reaction is most likely a Schiff’s base or a glyco- 
sylamine obtained by the elimination of a molecule of water. Therefore they advise 
caution in the employment of weakly basic resins. This is also justified by our results. 

The extent to which the amount of the retained sugars can be released from the 
exchangers was the object of a study by Mom AND NAICAMURA~~. They reported that 
glucose could be eluted from the columns of Amberlite IK 120 (H) and Amberlite IR 
46 with a 98% or higher efficiency by a subsequent passage of an equal volume of 
water. The column of Amberlite IRA 410 (OH) required a ten times larger volume 
of water to achieve a complete recovery. Upon testing Amberlite IR 120 (H) they 
found that at room temperature it hydrolyzed about 2% of sucrose. They did not, 
however, mention any degradation of sugars by strongly basic resins as described by 
ot]lers8~“+-3”, 

J, Chvomalogv., Go (1971) 381~395 
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In our experiments with labeled galactose, the elution of sugars from Amberlitc 
IRA 410 (acetate form) and Amberlite IR IZO (I-I form) was achieved with a volume 
of water 1.5 times that of the combined volumes of both exchangers (Fig. I). An in- 
complete elution or a loss of a part of the eluate during collection would affect all 
components of the sugar spectrum equally since all possess very similar rates of 
passage through the column. 

Among the interfering substances in the urine, inorganic salts were most easily 
removed by all tested procedures. Also, in our case, medium pigmented urine did 
not evoke special problems. In case of a very strong pigmentation, all pigments may 
not be caught up efficiently. They are then visible on chromatograms by fluorescence 
and color, located in the area adjacent to the start as spots or frequently as streaks, 
covering mainly the slowest third of the run. Defined spots may also occur in the 
front zone of the solvent. Representing a chemically heterogenous group of com- 
pounds, they occasionally react non-specifically with the detection reagent and inter- 
fere mainly with the faint spots of oligosaccharides. 

We have also found that the absorbing spots of an undefined nature (Fig. 4) 
may interfere after aniline citrate spray in the fluorescence detection of some 
saccharides present in small concentration; otherwise, they do not,seem to influence 
the separation. Their presence can be utilized for indication of the regularity of the 
solvent flow, particularly in repeated chromatography, as well as the location of some 
sugar spots prior to staining. 

Uric acid disturbs the chromatography only in very high concentrations and 
may be revealed ,in short-wave UV light (260 mp) as an elongated spot located in 
acidic solvent system in the second third (Fig. 4, spot 5) and in basic solvents in the 
slowest third of thechromatogram, Since large amounts of uric acid are encountered 
only irrvery poorly deionized sugar extracts, they are generally accompanied by high 
levels of urea and pigments and there are many disturbances in the flow and shape 
of the saccharides (Fig. 3, L-S). 

The weakly ionized urea is easily removed by a strongly acidic exchanger of the 
sulphonic type, but because it is present in the urine in abundant quantities, its 
complete removal is the most serious problem common to all desalting procedures. 
Therefore its appearance on chromatograms is a sensitive indicator of an impaired 
deionization procedure (Fig. 3, spot 23, in samples L-3B to L-S). The illustrated 
position ‘of urea is characteristic for acidic solvent systems and is manifested by 
wliite-blue fluorescence before detection. After spraying with aniline citrate it 
becomes pale yellow, very similar to the color of the unknown spot 22 (Fig. 3). In 
basic systems such as butanol-pyridine-water (6 :4 :3), the interference of urea, 
especially in a larger concentration, is more pronounced since its location between 
arabinose and xylose can influence a large part of the sugar spectrum. Being aware 
of its disturbing effect, some investigators ~OJ+JJ~JQ -have included in the deionization 
procedures the removal of urea by treating the urine with urease. According to our 
results;: this step can be avoided by selecting an adequate desalting technique. 

The,use of procedure 3b (Table I) for the desalting of urine allows us to apply on 
Whatman, 3MM filter paper 5-Io-min aliquots2 and in thin-layer chromatography 
3o-6o-set aliquots of diuresis. We have found that this expression of the urinary 
volume is of particular advantage in comparative studies as the amount of excreted 
sugars in specimens collected successively over a few hours is more stable than their 
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volumes, which may fluctuate as much as SOO~/~ or more. The amount of applied urine 
thus exceeds by more than fifty times the most frequently recommended1~10~14 
volume of 0.1 ml of urine for PC (Fig. 3, L-213, L-3s). This, in conjunction with 
multiple chromatography”, followed by a stepwise detection of sugars, enables us to 
demonstrate the complexity and particularly the remarkable similarity and regularity 
of the composition of the urinary sugar spectrum in different individuals. 
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