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Note 

ReuePsed-phase high-pressure liquid ckromatctgraphy of normai rat urinary 
ciirbahydrzxtes 

In our investigation of differences of rat-excreted urinary carbohydrate profiles 
between normals sod those with pathological conditions, a procedure was sought that 
required less time than the gas-liquid chromatographic (GLC) techniquesL-5 aEd that 
involved simpEer apparatus than that used in the automatic aGon-exchange high- 
resoiution column chromatography 6a_ High-pressure !isuid chromatography (HPLC) 
has been reported to be useful in separating a known mixture of srrgars’ and in sepa- 
rating saccharides in beet syrups lo. These fatter procedures were modified to process 
rat urine in order EO obtain the profile of sugars excreted. 

EXPERIMENTAL 

A Waters Assoc. Liquid Chromatograph ALC CPC (XII), equipped with a 
ModeI- Solvent Defivery System and a differential refractometer detector (I x I@ 
refractive index units), was used; the attenuation was 128-I/4. An E&K Strip Chart 
Recorder Model 255, with chart speeds 0.5, I, 2, S, 16 in./min or 0.5, I, 2, 8, f6 in-/h, 
was attached; the usual speed was 16 in-/h. The column was @ondapak-carbohydrate 
(Waters Assoc.], 30 cm x 4 mm I.D. stainless steel. The eiuent was water-acetonitrile 
(iS:SS) and water-acetonitrile (25:75). The sampie size was usuaIty 25 ,c& which was 
injected with a syringe (Precision SampIin g, Eaton Rouge, La.; U.S.A.) via a Model 
U6K UniversaE Injector (Waters Assoc.), which can handIe samples from I ,uI to 2 ml 
without modif&xtion. Other apparatuses used were: American Optical Total-Solid 
(TS) meter, Model I@#; Bio-Rad Bio-Fiber Minibeaker 50; Bio-Rad Bio-Fiber 
Stir Module, ModeI 620: hli%pore a&&ss filter apparatus; and M&pore pre- 
Elters and aqueous filters. The chemicals used were: acetonitrite, distilled in glass 
(Burdick and Jackson Labs., Muskegon, Mich., U.S.A., for most work; Mallizkrodt, 
St. Louis, MO., U.S.A., for some)*; glycerol (J. T. Baker, Ptitipsburg, NJ., U.S.A.) 
and myoinositool (N.B.C., Cleveland, Obiot U.S.A.). These latter two were used as the 
poIyoI standards. The carbohydrate srandards were purchased from Sigma (St. Louis, 

Mo., U.S.A.) with the exception of tie following: xylose arrid sucrose from J. T. Baker, 

* The elution times were somewhat dependent upon the souse of the acetonike. 



r_.-arabinose from Ezstman-Kod& (Rochester, KY., U.S.A.) 2nd fructose from 
M2theson, Colem2n 2nd Belf (East Rxherford, NJ., U.S.A.). 

En a 24-h period, 2 normal, matxe Fischer-344 male r2t excreted 2bout 7 ml 
o!? wine which ~2s cokcted 2nd centrifuged to sediment out any extr2neous p2rticIes 
that mi&t h2ve come from t&e met2bok cage. The urine ~2s tested with 2 Com- 
bisiix that indicated the presence of at fext 100 mg of protein per 100 ml, the absence 
of @ucose and a pM of 6. As rat urine is hyper@vic, no reading could be obtained 

in the urine to’Uso2ld part of the sate of the TS meter. However7 a reading ~2s ob- 
tained on the plasmz-semm scak, ar,d 2n estimation of total solids concentration in 
urine was m2de from th2t read-n i g. The 24-h rat trrine was diluted to 10 ml, 2nd 8 ml 
of the dihxeed urine w2s used to fill2 &o-Fiber 50 Minibeaker_ The tine was dialyzed 
wkh 50 ml of deionized water. The dialysate was coxentrated to IO ml in 2 vacutlm 
rota-q evapsrator 2nd passed through 2 0.2~pm pore-sized Metricer filter to remove 
2iI particui2te matter. 

A drop of the dialyszte (the aqtieous soiution of &Jre substances that passed 
Croiih the Bio-Fibers) was examined on the TS meter. The dialys2te had 2 refractive 
index of 1.3390, which indicated 2 non-protein total solids concentration of 5.S5 
,g per ICM ml. (Wfien not in use, the diaiysate must be kept frozen to prevent formsttion 
cf particks.) 

Procedure 

The oper2tions were carried out at ambient temperature. A water-ecetonitrile 
mixture was zlways the e’iuent. The so!vent rztio, gow-r2te 2nd attenuation were al- 
w2ys selected according to the information sough1 in the chromatogam. Table r 
indicates what se!ections 2re to be made for obtain& informztion. 

With =re, reproducible res*&s can be obtained. Maintaining the soke~t ratio 
is important, b-awe 2rxy change in ratio invokes chmges in etution times. Linden 
2nd L2whe2dLo h2ve pointed out that, zfter four months of continuotrs w+e, differences 
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in colamu performance were noted. This may explain why same c&nnns show eiution 
times diKerent from others. For our present purposes. we did not find it necessary to 
identiy afl the peaks appearing after raEnose in tie chromatograms. 

This procedure is very vafr?abfe in our work in obtaining the rat urinary carbo- 
hydrate profifes; the wmber of compounds identified and their relative quantities 
cam serve as a basis for comparing norma animals with diseased rats. Since myoino- 
sit01 can be identified, diabezic rEtL mine cm be investigated in greater detail. The use 
of reversed-phase HPLC obviates the need to prepare derivatives of the carbo- 
hydrates, and hence rhe actual mono-, di- and polysaccharides present in the urine can 
be detected_ Less time is required for this method, and it is simpler than anion-exchange 
high-resolution column chromatography used in the automatic analysis of carbohy- 
drates_ We are iir agreement with Linden and Lawhead10 that HPLC has advanE@ 
over GLC for sac&z&de determinations. 

FSSULTS AND DKCUSSLON 

En the preparation of the rat urine for the HPLC analysis, it was necessary to 
remove rhe protein. ft was possibfe to estimate the protein concentration in the urine 
by the use of the TS meter. By reading the values on the plasma-serum scale and usrng 
the conversion table, a vaEue was obtained that corresponded to a refractive index of 
I.35 $2. Since rhe refractive index and total-solid content are closefy correlatsd, it was 
possible to extrapolate from the highest value for total solids given for the urine, 
10.2 per 100 ml at a refractive index of 1.3488, to IS.5 g total solid per 100 ml at a 
refractive index of 1.3612. The protein concentration of the urine equals the total- 
solid concentration of the urine before dialysis minus the total-solid concentration of 
an equal vdume of the dialysate, i.e. 18.5 - 5.85 = 12.65 g per 100 ml. Mthough 
proteb comes off the colrrmn before water, protein: can form fXms and clog syringes 
and tubing; protein also increases the pressure required to force tbe sotvent through 
the cofrrmn. Thus, protein should be removed from the urine sample, either by dialysis 
Of by UftFEi-fihitiOXL 

We found that the v&me of urine excreted daily by laboratory rats varies 
greatly. The concentration of solids was higher in the lower volumes and Iess in the 
larger volumes. Therefore, mg of carbohydrate per ml could not be used for compar- 
ing amounts of various carbohydrates found in rats, whereas the percentage of each 
carbohydrate of the total non-protein solids served as a good basis for comparison. 

Quantitation of the individuaf saccharides was easily achieved by correlating 
the peak height with the concentration on a calibration curve using urea., polyo1 and 
carbohy&rale stznciards. The Iatter were made by dissolving a definite amount in i ml 
of wafer. Inje&ng samples with varying volumes of standards from I ,uI to 25 m1 
furnishes enough points to esrabkh a calibration curve. Another method used to 
obtain points was to establish the calibration curve by measuring the peak height at 
fhe origkal concentratiion 2nd to rspezt after successive ditutians, keeping the in- 
jection volume constaot. The following amounts of substances were found convenient 
for each primary standard (before dilution): tErea , g&cerol and L-arabinose, 20-30 
m.g//mE; other carbohydrates, including my&o&of, 5 m&xi_ 

The substanns identiEed are listed in order of their appearance in Table&B 
md III_ Table fV indicates fhe amount present of each substance identified. 
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