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SUM &lARY 

The application of untrwted urine and plitSn~~t_ the possibility of identifying 
\vith accuracy ths cxbohydrates present in the samples and the rapidity of the proce- 
dure nuke this method particularly suitrtbk thr the screenin, ‘* of cnrbohvdratc mmm- 
alirs. 

In order to scrt’tfn the errors in carbohydrate metabl<lism_ it is necessary to have 
a simple and rapid method that pamits the detwtion of abnormal concmtrations o,f 
sugttrs in lliine and plaSma_ For this purpose. it is obvious that chromato~raph!,tp~~~ oft& 

rhc best mrthod of st’pmxiii, 11 and malwing smwal sugars :tt the s:tnw time. 
In rwt‘nt years. man>- \vorkcrs~- I7 have used thin-la_ver (TLC)_ gas-liquid 

(GLC) and ion-cschange chronmogc~ph~ tix carbohydrate mulysis: and sarious 
methods have been drvrlopcd for the separation of misturcs of sugars in pure solu- 
tions. Howvrr. the :tpplication of thae methods to the study of urinriry or plasnx~ 
carbohydrtltcs requires long and laborious processes of purifkltion. desalination and 
concentration of the samples before they can bt subjected to chromrttogmpliic anal- 
_vSiSIS-“_ 

On the other hand_ in order to simplify screming :md to reduce its time of 
rsscution. the samples need not bs pre-treated_ The \vork of-Jolley and co-\vorkerS22-25 
cannot be applied because their chroiiiatogctphic s_vstem is time consuming and they 
used procedures that are too complcs for USC in routine analyses_ 

Other workers2h-2s have devrloped TLC methods that permit the analysis ot‘ 
untreated urine. but the separation of the sugars has not been \-cry satisfactory_ 

The method of Krafkzick ct u/_‘~ also has considerable limitations: (a) the 
chromatographic procedure needs too n~uch time as ~1 double development in each 
direction is necessary: (b) the use of internal standards_ besides tXsif?ring the natural 
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Dcrcc-tio~ uml icii~~uijic-urion 

After the fintl! dcvefopmcnt_ sugars :wt‘ dctccted by spraying with a 02”,. 
solution of naphthalenc-f_3-dial in t’thanol-conc~lltclrsd sulphuric acid (95:5) and 
iicating the plates at 105 fix- 5 min. 

Typical separations of standard carbohydrates mised with nornxtf f~uman urine 
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Fig. 2. Thin-layer chromrttogram of ureza and sugars rhnr common1~ occur in human urine (rv.o- 
dimensional) and in plasmn (one-dimensional) ssparxted on sodium terr~hor~tr-sodium rungswte- 
impregnated silica gei plates_ Solvent systems: ethyI ~crtzlte-isoprc~panuI-warer fZ:Zrl) and crhyl 
acrratc-mrrhnnol-acrric acid-x\zrrr t60:15:15:10). Spots: I Z-drosyribose: 1 -m .xylosr‘r 3 :: 
ribose; -? -= fucose; 5 = x~lulosr: 6 :: glucoscr 7 = fructose: S L grtlactose: 9 --. sedoheptuloser 
10 .:- sucrose: 11 -:- mrtkose: 17 --= palarinose: 13 --- Ixtulosc: 11 Iactuse: 15 -- ratiinose: 16 -- 
nllulose_ 

Ln particular_ in the first development the chromatogrttphic separation appears 
to be due primarily to sorption-desorption processes through the complesin~ of the 
sugar molecules with the tetraborate ions. which are held on the silica nmtris. and theik 
subsequent decomplesing_ In this system_ therefore, thr sugars arc mainly resolved 
according to their capacity to form borate complexes and only to TV smLtl1 txtent XC- 
cording to their partition coefficients. On the contrary- in the second run. the impreg- 
nating agent is completeiy deactivated by the acidic solvent and the carbohydrate 
separation is achieved through a normal partition process. As contirmation of the 
above_ the chromatographic pattern of the sugars separated by the second solverit 
appears to be the same whether impregnated plates are used or not (Fig_ it)_ 

_ Ho\vever, the neutral solvent, when used on unimpregnated plates. tends to 
separate the sugars according to their solubilities and it is completely unsuitable for 
the separation of even very simple mixtures (Fig. 5). 

The interference of several urinary organic components and inorganic salts in 
the separation of carbohydrates is considerable in paper and thin-layer chromatogra- 
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-t-ABLE 1 

RF 1-c 100 VALUES, COLOUR REACTIONS AND SENSITIVITY LIMITS OF THE CARBO- 
HYDRATES STUDIED AND OF UREA 

Col?Ipoltrz~ RF :-. 100 COloNI- Smsiri~if~ 
Iitd * I (I,, / 

Firsr SLTorrd 
S1dwv1r SOfWU 

urea 59 76 Orange -- 
2-Deoxyribose 5Y 56 Pea green 5 
Xylosc 33 46 Brown IO 
Ribose 20 44 Light blue 10 
Fucose 41 4z Red 10 
Xylulosc 1 20 Orange 1 
Glucose > 3s 33 Violet 10 
Fructose IS 30 Purple-red 2 
Gauxose ‘9 27 Blue 10 
Scdoheptulose 23 2s Purple-red 2 
Sucrose 3s 20 Red 4 
Mahose 29 1S Blue 31 
Palntinose 9 1S Red 3 
Lactulose 9 II Red 1 
Lactose 20 11 Blue 10 
R&nose 17 1 Purple-red 5 
~Allulose 7 75 Red 

. -. 
_ Minimum ;tmount of sugar (mg) detected in 100 1111 of urine ssmple. 

phy. in which puritication is an essential staze of the analysis. The application of our 
chromatoeraphic System obviates the interferences due to inorganic salts, ure;l, pig- 

ment?;. creatinine. uric acid. other organic acids and amino acids. mainly because the 
impregnation of silica gel Gth salts capable of complesin g the sugars srlectivelv 
results in their migation becomin g independent of that of the othci non-saccharidic 
s11bst311ces. 
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Fig. 3_ Plots of Rf :-: 100 values ofcarbohydmrs septlmed on sodium retmborate-sodium tungstzm- 
impregnated silim gel plares. The sugars on the abscissu are enumerated according to the increasing 
number of hydrosyl groups. Broken line. neutral solvent: solid line. acidic solvent. 



\\‘c belicvc_ in t-33. that when the clirornato~raphic plattz is impregn:ttcd_ 3 
discoI:tinuous but hotno~~-“~e~~~!s distribution af dilLxent sites is limncd on the g-c_‘1 
surEtce and these sites hold the imprcgnmts in ditkrent concentrations. Tett-tlbarate- 
rich sites should be more accessible to the saccharidc rnolccultls. for which thcl; 
have a particular atfinity. 

Furthermore, as the over-spottin g of the pre-spotted urine sampks with silvw 
nitrate solution retains a large mmunt 01~ chloride ions (\vhich are the major intcr- 
t-mmts) as insoluble silver chloride cm the origin. the adverse intlucuce of these ions 
on the migration of sugars is limited. Moreover. under the conditions used. the silver 
nitrate does not seem to exert its osidatiw prcrpcrtits 011 the carbohydrtttcs. It is thcrc- 
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fore possible to spot on the plate IO-15 .A of untreated urine without obscrvin~ any 
adverse elrects on the carbohydrate chromatography. 

With the amount of urine sample applied on the plate. urea hccomcs easily 
visible besides sucrose. which is always present in nornxtl human urine as demonstrrtted 
by other workers”-3’ and by our own observations (unpublished work)_ These two 
spots arc particularly useful for the identikltion of the SCI=. ~w-s on the chr~~,matogram. 
so that WC can esclude the USC of the intcrml standards. 

Fructose and ailulosc arc the other carbohydrates that at-e t~quently found in 
normal humtul urine b_v our method, togzthtr lvith t\vo or three blue spots_ c.hich are 
probably steroids. It should br noted that fructose sho\vs a marked sensitivit_v to the 
reagent. Thus :t norms1 diet fructosuria could easily be mistaken for :l metabolic 
mmrnaly of this supttr. III this c;Is~‘. one-dimrnsional chr~~!~~~~t~~~r~lpll~ of pl:lsnxl on 
the same plate on which urine analysis is performed \vould dispel any doubt. 

III conclusion_ the chromat~~~raphic mrthod described elks a ~neans of 
recognizing the niellituries of enzymopathologic~~l origin in children, through rhc 
idmtilicrttion of the :tltixtcd carbohydrate. 
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