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SUMMARY

The ion-exchange method of WHITE AND Hiss 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 vs. 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 120 (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 colorimetric and enzymatic determinations of sugars and qua-
litative paper chromatogra.phy, using volumes of urine as much as fifty times greater
than those proposed in the orlgmal work.

The quality of desalting is most sen51t1vcly 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 controversial®.

Among the variables influencing the number of sugars found in normal urine
by a paper chromatographic procedure are the volume of applied urine, presence and
concentration of non-sugar constituents and the concentration of the strongest com-
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ponent of the sugar spectrum. In normal urine, the last is always glucose, constitu-
ting 18-339%, of the copper reducmg power of desalted urine obtained after overnight
fasting?. : , :
In screening the urine for various strong glycosurias by paper chromato-
graphy3-5 (PC) .and thin-layer chromatography®.?, the urine is frequently used with-
out any pre-treatment The performances of both techniques can be markedly
extended by removing the mterfermg substances®® represented by mineral salts,
pigments, urea, creatinine, uric acid, ascorbic acid and other organic acids and
amines. FFor the past twenty years, pre-treatment has been done by deionization
with different ionex resins in various experimental arrangements®-14,

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 25-year-old female weighing 48 kg was collected over a
period of four da.ys 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.

[2~14C]Ga1actose (45,uC1) and [1-*Clglucose (gouCi) dissolved in 5-10 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.

Prej)amtzon of the 101ex vYesins

Ionex resins Amberlite IR 120 (H form), Amberlite IRA 410 (both of medium
porosity, wet mesh size 20-50). and Amberlite MB-3 (indicating mixture of Amberlite
IR 120 (H form) and Amberlite IR 120 (OH form), mesh size 20-50) were employed.

Before use, Amberlite IR 120 was washed with distilled water with stirring,
until the 1ntens1ve ‘coloration of washings disappeared entirely.

Amberlite IRA 410, supplied in chloride form, was converted into the OH form
in portlons of 1.50 kg in a 58-mm diameter column, by treatment with 69, NaOH
solution, until the acidified effluent showed only traces of chlorides with AgNQ,.
Then the resin was washed with 401 of distilled 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 with 40 1 of distilled water.

Amberhte MB-3 (OH form) was converted into the acetate form by treatment
with acetic acid i in the same way as described above. In this process, its indicating
property was s_upp1 ess_ed :

Desaltmg j)roceaums ‘

The column method of WHITE AND HEss10 (Ta.ble I, procedure 1), its modified
version, regularly used in this laboratory (procedures 3a.and 3b) and the shaking
procedure of MENZIES AND SI:AKINS14 (procedure 8) were employed as standard
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TABLE 1

OUTLINE OF DESALTING PROCEDURES

383

Proce- Resin Principle Volume of Walter for Method
iure desalted elution
urine (i)
I Amberlite IR 120 (H) -+ Mixed bed, 2o ml 300 WHITE AND
Amberlite IRA 410 (acetate), single Hess
100 - 100 ml column
2a IR 120 (H) -+ Mixed bed, 30-min 300 The same as pro-
IRA 410 (acetate), single diuresis cedure 1 but urine
100 + 100 ml column (31.5 ml) load increased by
E 57-5%
2b IR 120 (H) - Mixed bed, 6o-min 300 The same as pro-
IRA 410 (acetatc), single diuresis cedure 1 but urine
100 -+ 100 ml column (63 ml) load increased by
215%
3a IR 120 (H) 4+ Separate 30-min 350 Modification of
IRA 410 (acctatce), columns diurcesis procedure 1%
100 -+ 100 ml
3b IR 120 (H) + Scparate 6o-min 350 The same as
’ IRA 410 (acetate), columns diuresis procedure 3a
100 - 100 ml
4 IR 120 (H) - Mixing and 30-min —_ Mixing and shak-
IRA 410 (acetate), shaking diuresis - ing method based
100 -+ 100 ml 6 vols. of on column pro-
water cedure 2ab
5 IR 120 (H) + Mixing and 30-min —_ A modified ver-
IRA 410 (acectate), shaking diuresis - sion of proce-
100 -} 100 mMl 6 vols. of dure 4°¢
‘ water
>a Amberlite MIB-3 (OH), Single 30-min 350 Modified proce-
200 ml column diurcsis dure with com-
mercially supplied
resin in OH formd
3b Amberlite MB-3 (OH), Single Go-min 350 The same as
200 ml column diuresis procedure 6a
7a Amberlite MI3-3 (acctate), Single 30-min 350 Amberlite MB-3
200 ml column diuresis (OH form) con-
verted into acetate
form, as described
in EXPERIMENTAL
7b Amberlitec MB-3 (acctate), Single 6o-min 350 The same as
200 ml column diuresis procedure 7a
3 Amberlite MI3-3 (acctaiteo), Shaking and 15-min — Biodeminrolit
8 ml mixing diuresis : acetate resin

(15.75 ml)

originally used
by MENZIES AND
SEAKINS!

was replaced

by functionally
identical Amber-
lite MB-3 (ace-
tate)e

8 Procedure routinely used in this laboratory with a 45-min aliquot of normal urine.
b Diluted urine was shaken in mechanical shaker for 2o min at go oscillations per min in

t-liter flask, After shaking, resin was separated by filtration under suction.

‘e Urine was shaken with cach resin scparately, starting with Amberlite IR 120,
. d Amberlite MB-3 (OH form) is composed of Amberlite IR 120 (H form) and Amberlite
IRA 410 (OH form) and a color indicator. Before use, resin was washed several times with

:Iistillccl water.

- ¢ Conversion of resin into acctate form was carried out as described. so0-ml round-bottom

ientrifuge tubes were used for shaking.
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procedures. Other approaches designed to examine the role of certain methodo- .,

logical factors are given in Table I.

The frozen urine was thawed and warmed up to 30-40° until any eventual

precipitate dlsappeared 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, 100 ml of Amberlite
IR 120 and 100 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
20-30-ml portions of water were added. These represented the initial portion of a
total of 300-320 ml of water used for the elution.
The maximum effluent rate was 2.0 ml/min. The first 40 ml of the effluent were
discarded. The remaining part, including the water obtained by draining the columns

after ‘desalting, was evaporated on a rotary evaporator at 36--38° in a 1000O-ml

distillation flask. The concentrate and flask washings were transferred through a small
paper filter into a 50-ml centrifuge tube and lyophilized to dryness. The desalted
}urme containing radioactive metabohtes was lyophilized only. TFreeze dried residues
were stored at — 15 ‘

: Testing of individual desalting procedures
The desalting effectiveness was tested by measuring sodium, potassium,
chlorldes, 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 ¢t al.ls
(Chlorldometer of Buchler Instruments Inc., Fort Lee, N.Y., U.S.A.), glucose by
the glucose oxidase test, supplied by Worthmgton Co. (F reehold N.J., US.A),
galactose by the galactose dehydrogenase method, uric acid by uricase assay and urea
by the colorimetric method based on urease action and the Berthalot reaction (the
latter three obtained as test combinations from Boehringer and Soehne Co., Mann-
“heim, G.F.R.). Total reducing sugars were estimated by the SoMoGYI-NELSON rnethodm
and creatinine colorimetrically by Jaffe’s reaction.
Osmolarity was measured with the osmometer (Advanced Instruments, Inc,,
Newton H1ghland Mass., U.S.A.) and expressed as milliosmoles (mOs/l).

M easurement of 14C. labeled sugar passage through columns

A zo-min aliquot of urine collected 2 h after intravenous administration of
14C-labeled glucose or M4C-labeled galactose from three individuals was desalted as
described in desaltlng procedures (Table I, procedure 3a) and the eluate was collected
in 25-ml fractions. The radioactivity was measured in a 1-ml portion of the fraction
added to 10 ml of dioxane scintillation. 11qu1d in a 15-ml glass vial and expressed in
- counts per minute (CPM) representing’ the ‘average of two parallels, counted three
times for.10.min.. The quenchmg by water was corrected usmg [14C]benzom ac1d as
: 'an mternal standard

The scmtlllatlon hqi.ud was composed of 60 g of naphthalene, 4 g of 2,5-1
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diphenyloxazole (PPO, New IEngland Nuclear Corp.), 200 mg of 1,4-bis-2,2-(5-phenyl-
oxazolyl)benzene (POPOP, Packard Instrument Co.), 25 ml of ethylene glycol,
100 ml of ethanol, and dioxane added up to 1000 ml.

The remaining part of each 25-ml fraction of the eluate was lyophilized to
dryness and used for chromatography.

Paper chromatography

Radiochvomatography of the column cffluent. I'ractions of the effluent were
subjected to one-dimensional multiple ascending chromatography on Whatman
No. 17 paper in butanol-pyridine-benzene—water (5:3:1:3)2. After the last irrigation,
a 6o-mm wide strip carrying the separated sugars was cut out and divided into
10 X 60 mm segments, successively numbered. The radioactivity of each segment
was counted separately in a 15-ml vial three times for ro min, in 10 ml of scintillation
liquid composed of 4 g of PPO, 100 mg of POPOP, and toluene added up to 1000 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 citrate!® and orcinol-trichloroacetic acid reagent!?,
respectively.

The sugar spectrum of urines deionized by individual procedures. 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 (3:1:1) was carried out as reported previously2. All samples, except
L-1 (Fig. 3) which was applied as a small circle, were streaked on a 20-mm long line
in aliquots of diuresis. The spots of saccharides were visualized by spraying with
aniline citrate reagent?o.

The presence of fluorescing and absorbing spots, before and after staining, was
examined in the light of Mineralight UVS-11 (260 mg main wavelength band) and

Black Ray UVL-z1 lamp (360 mu), both of Ultraviolet Products, Inc., San Gabriel,
Calif., U.S.A .8,

RESULTS

Desalting by colwmmn procedures

. Procedures 1 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 r 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 I.0I mequiv./l (procedure 3a), representing 1%, of the original level, while the
mean for all specimens desalted in this group (procedures 1-3a) 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. Chwomatogr., 60 (1971) 381-395
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3.40 ug/ml, respectively, compared with 0.444 mg/ml, 1071.2 mg/ml and 210 ug/ml,
respectively, of the original urine.

The three-fold urine load led to a slight elevation of urea in some samples
(Table I1, procedure 2b) but its concentration was still in the limits not detectable
by the chromatography (IFig. 3, L.-2B), unlike in procedure 3b where the exchangers
in separate columns released a detectable, vet not interfering amount of urea.

~ Commercial monobed resin of Amberlite MB-3 converted into acetate form
_was tested with two different volumes of urine (Table II, procedures 7a and 7b).
- Compared with the mixed bed prepared in our laboratory, its effectiveness was of
‘the same degree only in the experiment with a 30-min diuresis.
The deionization power of the resins in procedures 1-3b, 7a and 7b is reflected
_in very low values of osmolarity which sensitively respond to the increase of un-
_removed metabolites. The value of the highest specimen in this group is 11.4 mOs/l
compared with the original level of 466 mOs/l
The use of Amberlite MB-3 in the OH form (Table II, procedures 6a and 6b)
resulted in drastically reduced yields of glucose and other reducing sugars with both
aliquots of urine. In comparison with the exchanger in the acetate form, the losses
on sugars amounted to 99%,. Also, interfering anionic substances such as chlorides
and uric acid, especially in the experiment with the smaller volume of urine, were
removed more thoroughly.

Desalting by mixing and shaking

The results obtained with this desalting approach are given in Table Il
(procedures 4, 5 and 8). Procedures 4 and 5, employing the same amount of urine
and resin as in column procedure 2, provided markedly lower yields of glucose and
galactose. Compared with corresponding column procedures, the level of urea
remaining in the urine was high (0.26 in procedure 2a ©s. 59.60 mg/100 mlin procedure
4). Shaking of the urine with resins separately, first with the cation-exchange resin,
did not improve the performance (Table II, procedure 5).

A recently recommended' mixing methed using undiluted urine and 12.5 times
less resin than in procedures 4 and 5 was tested in procedure 8. The yields of glucose
and total reducing sugars were very similar to those in the above procedures, but the
levels of urea and uric acid were reduced only by 71.1 and 80%, respectively.

Passage of urinary sugars through ioncx-exchange columns

The passage of [2-1Clgalactose and its metabolites is illustrated in Fig. 1. The
measurement of the radioactivity in successive 25-ml fractions of the column effluent
revealed that the initial two fractions did not contain any radioactivity. The third
25-ml fraction constituted 0.72°, of the total activity passed through the column
during the entire collection. Its level sharply increased in the fourth fraction to
11.46%,, reached a peak in the fifth (27.89%,) and sixth (28.18°,) portions and
declined markedly in the successive five portions (16.04, 7.22, 4.11, 2.34 and 1.20%,,
respectively). Starting with the 14th fraction, the activity stabilized in the range
0.06-0.08%, and remained unchanged in the following 13 fractions. The total volume
of the eluate was 685 ml, resulting from 85 ml of urine, 500 ml of water for eluting
and 100 ml of water released by draining the columns.

The data obtained after administration of go uCi of 1-1*Cjglucose and [2-14C-

J. Chromatogr., 60 (1971) 381-395
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Fig. 1. Passage of [2-19C]galactose and its metabolites through columns of Amberlite IR 12
(H form) and Amberlite IRA 410 (acetate form). The effluent was collected in 25-ml fractions
Counts per minute (CPM) are expressed as percent of total radioactivity obtained in 27 fractions

glucose were ina very go‘od‘agre.ernent with those described above. Under the sam
conditions, the recoveries of standard unlabeled glucose and galactose in six experi
- ments were g8. 7+ 2. 6% and 97.7 4+ 3. 3%, respectively.

Ckromatogmphy of labelad sugars in the eluate fmctwns

‘ The chromatographic separation of three fractions 111ustrated in Fig. 2 indicate
that the initial as well as the final fractions have essentially the same compositior
and that even the quantitative relations between individual components remai
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
[2-19C]galactose metabolites, we have reported!® glucose, tagatose, talose, galactico]
galactonolactone, several ollgosaccharldes and unchanged galactose as the mair
components : : -

Paper chromatogmj)hy of urine desalted by dzﬁ‘erent j)rocedures

. Fig. 3 represents individual samples after the chromatography in ethyl acetate
acetlc acid solvent and detection with aniline citrate. The urines were applied in :
I0-min ahquot of diuresis, except the samples L-1, L-6 and L-8. 0.2 ml of urine, corre
sponding to an 11.4-sec aliquot, was used for the sample L-1 in order to demonstrat
the desalting :technique of V’Hl'rl: AND HEss!? in combmatlon with  multipl

‘j Chromatogr 6o (1971) 381-—395
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Fig. 2. Radiochromatogram of [2-!4C]galactose and its metabolites in cluate fractions, Aldo-
standards: 1 = lactose; 2 = 3-O-f-D-galactosyl-p-arabinose (General Biochemicals, Inc)); 3 =
galactose; 4 = glucose; 5 = arabinose; 6 = xylose; 7 = fucose; 8 == ribose. Keto-standards:
I = sucrose; 2 = mannocheptulose; 3 = sedoheptulose + fructose; 4 = tagatose; 5 = xylulose;
6 = ribulose; 7=dihydroxyacetone. Ascending chromatography repeated four times on Whatman
No. 17 filter paper in n-butanol-pyridine-benzene—water (5:3:1:3)% The first largest peak was
tentatively identified as galactose and galacticol and the sccond as tagatose.

chromatography. Out of twelve saccharide spots, four were revealed by the color, i.c.
glucose (10), arabinose (13), xylose (14) and an unknown metabolite (19), 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 (10), mannose (11), 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.

v Except in samples L-1 and L-2B, the presence of urea could be established in
all samples. The concentration of 180 ug of urea in sample L-3B 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 1.-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 aldoses in urines desalted by different procedures. Numbers on urine samples
are identical with desalting procedures given in Tables I'and ILI. Standards were applied in 100~-150
(g quantities, urinary specimen L-1 in a 12-second aliquot of urine (0.2 ml), L.-613 and L-8 in 6o-
and 4-min aliquots of diuresis, respectively, and the remaining samples in 1o-min aliquots (10.5 ml)
Spots . were revealed with aniline citrate reagent and their sizes were recorded by fluorescence.
Standards: S;—PA = panose; LA = lactosc; MAL = maltosc; GA-AR = galactosylarabinose;
GL-AC = glucuronic acid; GA = galactose; GL == glucose; FR = fructosc; AR = arabinose;
XY = xylose; FU = fucose; RI == ribose; GLR-I. == glucuronolactone. S;—IS; = isomalto-
triose; MAL, = maltotriose; MAL = maltose; MAN = mannose; RHA = rhamnose.

Urinary spots: 1 = unknown (blue fluorescence); 2 = unknown (greenish-yellow fluorescence);
3 = unknown (blue  fluorescence); 4 == lactose - isomaltose: = maltose; - 6 = unknown
(grecnish-yellow. fluorescence); 7 = unknown (red, tentatively identified as a glucosylxylose); 8 =
unknown (light yellow, greenish-yellow fluorescence); 9 = galactose; 10 = glucose; II = man-
nose; 12 == fructose; 13 = arabinose; I4 = xylose; 15 = N-acetylglucosamine; 16 = fucose:
17 = ribose; 18 = unknown (brownish-red, grecnish-yellow fluorescence, probably unspecific re-
action of the common spot of xylulose + ribulose); 19 = unknown (intensive yecllow-orange);
20 = unknown (pale orange); 21 == unknown (pink, whitish fluorescence); 22 = unknown (ycl-
low)i 23 == ureca; 24 = unknown (brownish, slightly visible before spraying). - '
Blue fluorescence.of maltose and its derivatives was recorded at wavelength 260 my. At 360 mye it
changes to greenish-yellow or yellow. Except for glucuronolactone the quality of fluorescence of
other saccharides was not influenced substantially by changing the wavelength of the excitinglight.

The number of "sp'ots' reacting with aniline citrate and détected‘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 reducing sugars and glucose (Table 1I). Accordingly, there was no noticeable
difference in the intensity of spots in samples L-2B, L-3B and L-7B.
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Fig. 4. Unidentified fluorescing and UV light absorbing spots in urines after desalting by different
procedures. An outline of desalting procecdures is given in Table I. Descending chromatography
repeated four times on Whatman No. 3MM filter paper in cthyl acetate-acctic acid-water
(3:1:1)2 Tull line = absorbing spots, dashed line = fluorescing spots. The figure shows the
same chromatogram as that illustrated in Tig. 3 before color detection., Other details are given
in EXPERIMENTAL and in the legend to Tig. 3.

UV absorbing and fluovescing spots on chromatogramns of urine desalted by different
procedures .

, Upon viewing the chromatogram in UV light (IFig. 3) before detection, several
fluorescing and absorbing spots were found which are recorded in IFig. 4. Their
number, intensity and shape are dependent on the amount of the applied urine (e.g.
L-1) and the method used for desalting (¢.g. L-61). Spots 5-10 are regular phenomena
in the urine. The always most intensively 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-8 propor-
tionally to the concentration of the urea present. Urea itself was not recorded in Fig. 4

J. Chromatogr,, 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, whlle the spots 1—3 reflect an inferior
quality of desaltmg g

DISCUSSION o

Relatlvely narrow var1at1ons in the sugar content of the desalted urine speci-
mens (Table II, procedures I, 2a 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-r vs. L-2B) 1nd1cate that WHITE AND
HEess were not fully aware of the capabilities ‘of their procedure both in the
desaltmg capac1ty and in- chromatographlc performance. .

‘0.2 ml of urine,’ recommended10 for one-dimensional chromatography, allowed
us to reveal twelve' sacchande spots by color and/or ﬂuorescence (F1 3, L-1). This
compares well with ‘the eleven:spots reported!® to occur in the urine with varying
frequency The pos31b111ty of locating stained spots by their lnghly sensitive - fluo-
rescence was not: ment1oned but its usefulness is demonstrated in revealing maltose
(spot 5) characterlzed by a blue fluorescence at 260 my and of the unknown pink spot
(21) with ‘a whltlsh-blue ﬂuorescence at 360 mu. These two commonly present
metabohtes2 in’ the urine were not. described in the original communication?.

The two alternatives in column procedures, i.e. a single column with mixed
resins’ or: two ‘columns containing resins separately, did not show any significant
dlfferences in the’ quallty of deionization (Table II, procedures 2a up to 3b) with the
euceptmn of procedure 3b- (Table 1) where an 1ncreased ‘yet not interfering amount
of urea on the chromatogram (Fig. 3, L-3B), was revealed For this reason, we have
reduced in our ‘routine practice the urine aliquot to: 45 min to ensure a wider safety
margin, Although the operat1on of a single column is techmcally -less -complicated,
it has a drawback in usmg -the tedious backwashing techn1que1° for separation of the
resins when regeneratlon is” requlred Another convenience of separated columns,
especially when. pathologlcal 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)
(1"1g 3, L-7B) and the WHIiTE AND HESs method?!® 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, av01d1ng 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
reﬁected on'the chromatogram (Fig. 3, L-4). The controversial dx"proportlonately high
yield of total reducing sugars can be most probably ascribed to unsatisfactorily re-
moved: non-carbohydrate compounds non-specifically reducing the copper reagent
A]though the urine:resin ratio ahd the volume of water remained the same as in the
_correspondmg column procedures 2b and 3D, it seems that the inferior results are due
to the mode of the resin appllcatxon

" The' ‘worst chromatographic picture was obtamed when the performance of
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the mixing method of MENZIES AND SEAKINS!4 was examined (IFig. 3, 1.-8). 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 quality of the sugar extract was
not commensurate with the 10-min aliquot of diuresis and it had to be lowered to 4 min
in order to obtain a readable chromatogram. The original instructions 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
1ssumpt1on of MENZIES AND SEAKINS! of the insignificant sugar absorption by
Biodeminrolit.

Despite the popularity of the mixing methods!2,14,20-28, our results, supported
by findings of MOR1 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 years89,30-32 became apparent when
Amberlite MB-3 was used in the OH form (Table 1I, procedures 6a and 6b).. The
disappearance of fructose from the sugar spectrum suggests that urinary reducing
ketoses 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 tlie resins.

In our preliminary experiments, we have also used weakly basic Amberlite
IR-45 (OH form) and Amberlite IR-4B (OH form), occasionally employed for the
deionization of sugar solutions®® and urine analysis34-36, Both ion exchangers were
tested in combination with  Amberlite IR 120 (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 method!® was ascribed a value of 1009%,, then
with IR-45 (OH form) the amount of total reducing sugars was 77.6%,, galactose
78.6%, and glucose 76.5%,. With IR 4B it was 91.4, go.7 and 9o0.0%, respectively.
TOWER et al.%5, using a column, reported a 15-209, loss of ribose with IR-4B and 709,
with IR-45. In our case, the losses of sugars were not large enough to be evident on
paper chromatograms using a ro-min aliquot of diuresis.

MURPHY ¢¢ al.3" 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 Mor: AND NAKAMURA??, They reported that
glucose could be eluted from the columns of Amberlite IR 120 (H) and Amberlite IR
4B with a 989, 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 29%, of sucrose. They did not,
however, mention any degr'xdatlon of sugars by strongly basic resins as described by
others8.,30-32, .
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In our experiments with labeled galactose, the elution of sugars from Amberlite
IRA 410 (acetate form) and Amberlite IR 120 (H form) was achieved with a volume
of water 1.5 times that of the combined volumes of both exchangers (Fig. 1). 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, partlcularly in repeated chromatography, as well as the location of some
sugar spots prior to staining.

Uric acid disturbs the chromatography only in very hlgh concentrations and
may be revealed in short-wave UV light (260 mu) 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 the-chromatogram. Since large amounts of uric acid are encountered
only in very 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-8).

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-8). The illustrated
position ‘of urea is characteristic for acidic solvent systems and is manifested by
white-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 investigators2¢,34,38,39 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—~10-min aliquots? and in thin-layer chromatography
30-60-sec 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 5009, or more. The amount of applied urine
thus exceeds by more than fifty times the most frequently recommended?!.10,14
volume of 0.1 ml of urine for PC (Fig. 3, L-2B, L-3B). 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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