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ABSTRACT 

Traditionally, the most sensitive and specific determination of non-enzymatic protein glycation has 
involved an 18-24-h acid hydrolysis in order to generate the compound furosine, which has been detected 
employing reversed-phase h.p.1.c. In this study, we have reported that significant quantities of furosine can 
be generated with much shorter hydrolysis times employing a 90-min vapor-phase acid hydrolysis proce- 
dure. The furosine generated by vapor-phase hydrolysis is then quantitated by pulsed amperometric 
detection using anion-exchange high-performance liquid chromatography. Employing this method, we were 
able to show that furosine generated from acid hydrolysis of purified hepatic membranes in a diabetic and 
non-diabetic animal model agreed with traditional methods assessing total glycated protein (i.e., boronate 
affinity methods). 

INTRODUCTION 

The pathogenesis of tissue complications secondary to the diabetic condition has 
been strongly linked to clinical control of the blood glucose’4. One postulated mecha- 
nism implicating hyperglycemia in this process involves the non-enzymatic glycosyla- 
tion of serum and tissue proteins (i.e., glycation) 3-5 The glycation reaction begins in all . 
cases with D-glucose reacting with protein amino groups with formation of a Schiffs 
base. The Schifl’s base subsequently rearranges, and accumulation of a stable Amadori 
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Fig. 1. Pathway for non-enzymatic glycation of proteins. (From Schleicher and Wieland”). 
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chromatography as previously described” (interassay C.V. = 4.5%, intra-assay C.V. = 
4%). Serum glucose, at study completion, was determined on a Cobas Mira Chemistry 
Analyzer (Roche Diagnostics, Inc., Nutley, NJ). 

In order to detect the furosine content of purified hepatic membranes, vapor- 
phase acid hydrolysis was performed as follows: An aliquot containing purified hepatic 
membrane protein (lO_5Opg) in 6 x 50 mm tubes was dried in a vacuum centrifuge. The 
tubes containing the dried membrane protein were then placed in reaction vials with 
vacuum ports (Waters Corporation, Cary, NC) containing glass beads (1 cm) and 6~ 
HCI (1 mL) at the bottom of the reaction vial. The reaction vials were sealed under 
vacuum with nitrogen and placed in an oven at 110” for the specified hydrolysis time. 
With the exception of the time-course experiments (hydrolysis times of 1.5,6, and 24 h), 
all subsequent hydrolysis times for furosine determination were 90 min. Once hydrolysis 
was completed, the vials were cooled, the tubes containing the membrane protein were 
removed from the reaction vials, excess HCl was removed from the outside of the tubes, 
and the hydrolyzed protein was redried under vacuum to insure a completely desiccated 
state. The hydrolyzed protein was resuspended in distilled H,O (1 mL) and filtered 
through a Millipore Ultrafree MC filter unit (0.45 pm) (Millipore, Bedford, MA). An 
aliquot (20 pL) was then subjected to h.p.1.c. analysis for furosine determination. 

H.p.1.c. analysis. - The system, employing high-pressure anion-exchange chro- 
matography with pulsed amperometric detection (p.a.d.), consisted of a Dionex Bio-LC 
Series 5000 instrument, (Dionex Corp, Sunnyvale, CA), a Dionex Bio LC gradient 
pump, a CarboPac PA-l column (4.6 x 250 mm), and a Model PAD-2 detector. The 
following were the p.a.d. operating parameters: E, = f0.05V (T, = 5 msec); E, = 
+ 0.65 V (T, = 3 msec); E, = - 0.95 V (T, = 1 msec). The mobile phase consisted of an 
isocratic run of 150m~ NaOH at 1 mL/min. The eluants were prepared by suitable 
dilution of 50% NaOH solution with 18-megohm deionized water (Pure Flow, Inc., 
Mebane, NC). The Dionex Eluant Degas Module was employed to saturate the eluants 
with helium to degas and minimize absorption of CO,. Samples were injected manually 
with a Hamilton microliter syringe (Hamilton Co., Reno, NV) fitted with a 22-S gauge 
needle uia a Dionex Microinjection Valve equipped with a 20 PL sample loop. The 
resulting chromatographic data was integrated and plotted using Dionex AI-450 
software. 

For specific furosine determination, the hydrolysate (20 pL) obtained from the 
90-min vapor-phase hydrolysis of the purified hepatic membrane protein was injected 
and plotted. The peak areas under the curve were used for quantitation of chroma- 
tograms after calibration against standard furosine chromatograms. Furosine has been 
identified in this system after comparison with the authentic furosine standard. Authen- 
tic furosine standard was obtained from Nestec, Ltd., Nestle Research Centre, Lau- 
sanne, Switzerland. The structure of the furosine standard was confirmed by desorption 
chemical ionization mass spectrometry. Quantitative levels of furosine in the hepatic 
membrane protein were expressed as ng furosinelpg protein. In this system, the minimal 
detectable level of furosine was -0.5 pg/mL. The precision of the instrument was 
determined with both low (6 pg/mL) and elevated concentrations (200 pg/mL) of 



furosine. The coefEcienf of variation (c,v.%) uxs ~~~t~rrn~i~~d to he in the range 
0.9.- 1.3%. Data was analyzed with Student”s r-test where appropriate using ANOVA 
statistical software. 
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time of 5.02 min, and L-lysine was found to have a retention time of 3.18 min. Fig. 3 
demonstrates the standard curve for furosine employing concentrations up to 200 
pg/mL in the h.p.1.c. system calibrated for the areas under the curve. In addition, Fig. 4 
represents the chromatogram obtained from injection of the vapor-phase acid hydroly- 
sis product of the hepatic membrane. The peak noted at 5.02 min (peak no. 6) has been 
determined to correspond with the known furosine standard. 

Fig. 5 demonstrates the time-course generation of furosine by vapor-phase 
hydrolysis for 1.5, 6, and 24 h at 110”. As shown, vapor-phase hydrolysis of 50 ,ug of 
hepatic membrane protein demonstrates significant quantities of furosine produced 
employing hydrolysis times of 1.5 and 6 h when compared to the 24-h time. 
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Fig. 4. H.p.1.c. analysis of products obtained from vapor-phase hydrolysis of purified hepatic membrane 
preparations at 90 min. Peak 6 had a retention time of 5.02 min and was found to co-migrate with our 
authentic furosine standard. 
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Fig. 5. Demonstrates quantitative levels of furosine generated from vapor-phase hydrolysis of purified 
membrane preparation at 1.5,6, and 24 h. As shown, significant quantities of furosine are detected at both 
1.5 and 6 h, in comparison to the 24-h time point. 



Fig. 6 demonstrates the differences in the measured level of glycated serum 
albumin. glycated serum heinoglobin. glycated hepatic membrane ritr atfinit~~ methods, 

and glycated membrane as assessed with furosinc generation bet\vren the ct)ntrt\l and 
diabetic animals. As shown, there \~a!: ;I rlgniiicant difference f9etwecn the ccm~rol and 

diabetic animals using all the above mentioned methods (p .,:- (i 00 1 for each method). 1.11 

addition. w-urn glucose determined at study comple!ir?n differ-cd markedly 111 rk 

diabetic animals t*.s. Ihe con!rol animals (30 _irr 6 IY. 0.3 :!- ?.rnv. rc~p.. p -’ O.iNl I irfar:~ 
not shown]. 
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