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LIST OF ABBREVIATIONS 

C.V. Coefficient of variation 
Hb Haemoglobin 
HPLC High-performance liquid chromatography 
IEC Ion-exchange chromatography 
IEF Isoelectric focusing 
TBA Thiobarbituric acid 

1. INTRODUCTION 

Glycated haemoglobins (Hb) arise from the non-enzymatic attachment of glu- 
cose, glucose-6-phosphate or fructose-1,6-diphosphate to haemoglobin. Of clini- 
cal interest are the glucose adducts. They are formed and accumulate in the 
erythrocyte in proportion to the prevailing blood glucose concentration. There- 
fore, glycated haemoglobins have become an important parameter for the objec- 
tive assessment of averaged long-term glycaemia in patients with diabetes mellitus 

[II- 
Measurement of glycated haemoglobins is especially useful in insulin-depen- 

dent diabetic patients where blood glucose concentrations fluctuate widely and 
where the fasting blood glucose does not reflect averaged glycaemia, as is often 
the case in non-insulin-dependent patients. With regard to detecting glucose in- 
tolerance, glycated haemoglobin levels are less sensitive than results of oral glu- 
cose tolerance tests consistent with a conservative approach to the diagnosis of 
diabetes [ 2 1. 

An unaltered life span of the erythrocyte [3] and the absence of significant 
concentrations of the reactive galactose in blood [4], are prerequisites for gly- 
cated haemoglobins to yield reliable information concerning averaged long-term 
glycaemia. Conversely, it has been proposed to use glycated haemoglobin levels 
in haemolytic anaemia or galactosaemia to follow the effect of therapeutic 
intervention. 

2. GLYCATED HAEMOGLOBINS AND PRINCIPLES OF ESTIMATION 

Human haemoglobin is quite heterogeneous. This heterogeneity is mainly a 
consequence of its glycation (Table 1 )*. 

Haemoglobin gets glycated at several sites: the amino termini of both its LY- 
and P-chains, as well as at certain e-amino groups [5]. Modification, such as 
glycation of the amino terminus of the P-chains imparts enough negative charge 
to the haemoglobin molecule to allow separation of the respective haemoglobins 
by charge-dependent techniques. Haemoglobins glycated at the amino termini of 
the/Schains elute from a cation-exchange resin in the HbAl fraction well in front 
of the main haemoglobin peak. They are referred to in order of their elution as 
HbAla, HbAlb and HbAlc. 

Glucose is the carbohydrate in the major glycated haemoglobin, HbAlc, and 
glucose-6-phosphate and fructose-1,6-diphosphate in the two components of 
HbAla. These phosphorylated carbohydrates get attached to the amino terminus 

*For a more general review see T.H.J. Huisman, J. Chromatogr., 418 (1987) 277. 



281 

TABLE 1 

NOMENCLATURE AND STRUCTURE OF RELEVANT HAEMOGLOBINS 

Haemoglobin/glycohaemoglobin Structure 

Haemoglobin 
A G2 

F ~ZYZ 

A2 Q2& 

Glycated forms of HbA (glycoh.uemoglobin)* 
Ala1 ar,(BN-FDP), 
Ala2 o!‘#N-G6P)2 
Alb aZ(@N-CH0)2 
Ale (labile) cr,(D-N=Glc), 
Ale (stable) c~~(~-N-Glc)~ 

LY~(D-L~sN-GIc)~ 
A-Glc (cr-LysN-Glc)& 

(a-N-Glc)& 

*FDP = fructose-1,6-diphosphate; G6P = glucose-6-phosphate; Glc = glucose; CHO =unidentified 
carbohydrate. 

TABLE 2 

METHODOLOGY FOR ESTIMATION OF GLYCATED HAEMOGLOBINS 

Irrespective of the methodology used, giycated haemoglobins do not allow assessment of averaged 
glycaemia in galactosaemia or if the life-span of the erythrocyte is shortened. 

Charge-dependent methods 

Cation-exchange chromatography 
IEF 
Mobile affinity chromatography 

Parameter measured: 

Glycation-specific methods 

TBA method 
Boronate affinity chromatography 

P-Chain amino terminal modifications 
(HbAla+b + HbAlc=HbAl) 

Total glycated haemoglobins: 
p-chain amino terminal glycation, 
a-chain amino terminal glycation, 
glycation at c-amino groups 
(glycohaemoglobin ) 

Analytical interferences: 
Fetal haemoglobin (HbF) 
Variant haemoglobins (HbS, C, D, etc.) 
Modifications other than glycation 
(carbamylation, acetylation, etc.) 
Hemichromes formed during storage 

of the /&chains only. This site is located in the positively charged 2,3-diphos- 
phoglycerate binding cleft, which affinity directs phosphorylated carbohydrates 
to this site [ 61. HbAlb is also glycated, but its structure has not been established 
with certainty. 

Haemoglobins glycated at sites other than the Q-chain amino terminus elute in 
the leading edge of the main haemoglobin peak [7]. This portion of glycated 
haemoglobin represents ca, 50% of total glycated haemoglobin and is detected by 
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glycation-specific methods, such as the thiobarbituric acid (TBA) method or bo- 
ronate affinity chromatography [ 8,9] (Table 2), 

Glycation at specific sites can be detected with high specificity by immunolog- 
ical assays. Antibodies were raised against HbAlc so that glycation of the/_?-chain 
amino terminus is measured with existing immunological assays [ 10-131. So far, 
such assays have not been available for use in the routine clinical laboratory. 

Two other methods that have not found wide use in the routine clinical labo- 
ratory rely on the altered spectral and functional properties of haemoglobin mod- 
ified at the P-chain amino termini. The phytic acid assay relies on the high affinity 
of this ligand for the 2,3diphosphoglycerate binding site and the altered spectral 
properties of this complex compared with free haemoglobin [ 141. The other assay 
relies on the fact that the complexes of HbAl and HbA with haptoglobin differ 
in stability and hence have differing peroxidase activity [ 151. Both these assays 
have attractive features, the phytic acid assay because it is a purely spectral assay 
that does not require separation and the HbAl/haptoglobin method because it 
can be installed on the autoanalyser. However, their evaluation for use in the 
clinical routine laboratory was not entirely satisfactory [ 16,171. 

3. SAMPLE PREPARATION AND STORAGE 

3.1. Sample storage 

Sample storage and preparation are important aspects in the determination of 
glycated haemoglobins, In the past, de novo formation of HbAlc in the intact 
erythrocyte and preferential lysis of older HbAlc-rich erythrocytes were consid- 
ered important and hence erythrocytes were lysed as soon as possible after blood 
withdrawal. Haemolysates were stored in the cold until analysis. In view of more 
recent experience this practice should be discontinued. De novo formation of 
glycated haemoglobin does not occur because glycation is a slow process and old 
erythrocytes do not seem to get preferentially lysed. 

3.2. Labile HbAlc 

With the advent of fast chromatographic techniques it was recognized that 
glycated haemoglobin fluctuates acutely with blood glucose and that these fluc- 
tuations are caused by the labile glucose adduct of haemoglobin, which co-chro- 
matographs with stable HbAlc [ 18,191. This labile HbAlc represents the initial 
Schiff’s base adduct or aldimine, which has not yet undergone the Amadori rear- 
rangement to form the more stable ketoamine (1-amino-l-deoxy-2-keto com- 
pound). It has also been referred to as pre-HbAlc [ 201 or HbAld [ 211. 

The strategies for the elimination of labile HbAlc comprise incubation of 
erythrocytes with saline (5 h, 37°C) [ 221, dialysis of haemolysates [23], diluting 
and reconcentrating haemolysates by ultrafiltration [ 241, use of haemolysis re- 
agents containing the eliminators semicarbazide-aniline [ 25-271 or borate [ 281 
or simply haemolysis at pH 5 [ 29,301. The eliminators are supposed to trap the 
liberated glucose and thereby accelerate the dissociation. We could not confirm 
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Fig. 1. pH dependence of dissociation of labile HbAlc. The inset illustrates the linear dependence of 
dissociation on pH (experimental procedure as in ref. 29) .’ 

this acceleration by semicarbazide-aniline [29] and found that the rate of dis- 
sociation depends linearly on the proton concentration (Fig. 1). The pH values 
of both the semicarbazide and borate eliminator reagents are acidic; under these 
conditions dissociation proceeds rapidly and borate complexes are not stable. 
Haemolysis at an acidic pH is therefore sufficient to promote efficient dissocia- 
tion of labile HbAlc. 

Labile HbAlc can be resolved from stable HbAlc by isoelectric focusing (IEF) 
or by ion-exchange chromatography (IEC ) on Synchropak CM 300 [ 311. 

4. SEPARATION METHODS 

4.1. Ion-exchawe chromatography 

The classical method for the rapid determination of HbAla-c by chromato- 
graphy on the weak cation-exchange resin Biorex 70 was introduced by Trivelli 
et al. in 1971 [32]. Several approaches, including use of minicolumns or auto- 
mated equipment for high-performance liquid chromatography (HPLC ) were used 
to make IEC acceptable for the routine clinical laboratory. These methods mea- 
sure HbAl or HbAlc, usually including HbF. 
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4.1.1. Minicolumns 
Commercial minicolumns have found widespread use for HbAl(c) determi- 

nations because chromatography on such columns is simple to perform and does 
not require specialized equipment. This approach is, however, not without prob- 
lems. Separations on minicolumns are quite sensitive to variations in assay con- 
ditions, such as pH, ionic strength and temperature. Originally, use of temperature 
nomograms was advocated [ 331, then strict temperature control [ 341 or use of 
calibrators. Precision is better if the temperature is controlled than if corrections 
based on calibrators are made [ 351. Also, conditions were sought where separa- 
tions are least temperature-sensitive [ 361. 

Commercial minicolumn kits have repeatedly been compared [ 37-391 and dif- 
ferences of the normal range and precision noted. All systems tested were found 
to be of a high standard. One comparison includes a detailed description and 
discussion of the practical advantages and disadvantages of the various test-kits 

[371. 
In minicolumn systems, variations in assay conditions cannot be avoided and, 

therefore, the eluted haemoglobin fractions are not always quantitatively col- 
lected. This inherent feature sets limits to the performance of minicolumns. 
Monitoring of the effluent and use of an integrator, as is the case when automated 
HPLC equipment is used, overcomes this problem. When the elution profile 
changes, peak integration is still adequate. Results are no longer temperature- 
dependent [ 40 1. 

4.1.2. High-performance liquid chromatography 
Though good resolution can be obtained with Biorex 70 (Fig. 2A) this resin 

does not tolerate pressures above 20 bar [ 411 and column life is rather short. This 
drawback stimulated synthesis and use of several ion-exchange resins for HPLC, 
such as non-commercial CM-polyamide resin [42], Synchropak CM 300 
(SynChrom, Linden, IN, U.S.A.) [43], polyCAT (Custom LC, Houston, TX, 
U.S.A.) [ 421, MonoS HR 5/5 (Pharmacia) [ 45-481, as well as Micropearl SF- 
W-Ale (composition proprietary, Daiichi analyser ) [ 491 and the Glykopak resin 
(composition proprietary) of the Diamat analyser (Biorad) . 

Resolution on the two commercial HbAlc analysers, the Daiichi analyser 
(Haemoglobin Ale analyser, Model HA-8110, manufactured by Kyoto Daiichi, 
Kagaku, Japan) and the Diamat analyser (manufactured by Toya-Soda, Tokyo, 
Japan; distributed by Biorad) is compared in Fig, 2 with that obtainable on Biorex 
70 using automated HPLC equipment. On Biorex-70 HbF is not separated from 
HbAlc, barely so on the resin used with the Daiichi analyser and with baseline 
resolution on the Diamat. 

Furthermore, on the resin used with the Diamat analyser, the percentage of 
HbAlc+b is less than on other resins. This is of importance when HbAlc and 
HbAlc values are compared. There is a high correlation between HbAli: and both 
HbAlc + b [ 501 and HbAl [ 511. Taking this constant relation into account, HbAl 
and HbAlc can both be used for the estimation of haemoglobin glycation, at least 
in fresh samples. 
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Fig. 2. Chromatograms of haemolysate analysed by (A) HPLC on Biorex 70, (B) the Daiichi arialyser 
and (C) the Diamat analyser. The arrow indicates the elution position of HbF. 

The normal range for stable HbAlc determined by IEC is 4-6%. Intra-assay 
precision (coefficient of variation, C.V, ) is in the range 26% [ 37,491. 

Published data on the stability of samples at the various stages of preparation 
are not consistent (for a review see ref. 52). Fig. 3 shows data on the stability of 
HbAl and HbAlc in whole blood. During storage at room temperature HbAlc 
remains unchanged. Blood samples can, therefore, be mailed to the analytical 
laboratory unrefrigerated [ 531 and may then be stored at 4°C for up to four weeks 
without increases in HbAl or HbAlc [ 541. If blood samples are exposed to room 
temperature for more than two to three days HbAla+b levels tend to increase, 
especially in the presence of high concentrations of glucose. Capillary blood spec- 
imens may, therefore, be mailed to the analytical laboratory by the patient before 
attending the physician. 

Both the minicolumns and the automated HPLC systems have attractive fea- 
tures for use in the routine clinical laboratory. The minicolumns are easy to use 
and do not require capital investment. Capital investment is high for automated 
HPLC systems but they offer high precision. 

4.2. Isoelectric focusing 

IEF separates proteins according to their isoelectric points. The isoelectric 
points of the glycated haemoglobins HbAla (pl=6.88), HbAlb (pI=6.92 ) and 
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Fig. 3. Behaviour of HbAl and HbAlc in whole blood stored at room temperature as analysed by 
HPLC on Biorex 70. 

HbAlc (pl= 6.94) are lower than the p1 of HbA (6.95) [ 551 and can be resolved 
by this technique (Fig. 4 ). Satisfactory resolution is achieved in polyacrylamide 
gels with a simple pH 6-8 gradient [ 561. HbAla + b focus anodally from the glu- 
tathione adduct of haemoglobin (HbASSG; HbA3) and HbF cathodally from 
HbA, so that HbAlc is specifically determined. 

Resolution is improved by addition of separators or pH gradient modifiers, 
such as fi-alanine, which flatten the gradient in the proximity of the p1 of the 
separator [ 571. An even better resolution is obtained with ready-made narrow- 
range (pH 6.8-7.3) polyacrylamide gel plates, commercially available from LKB 
(Bromma, Sweden). The separation between HbA and HbAlc is ca. 2 mm using 
@alanine and 3 mm in the ready-to-use narrow-range plates. HbAlc can be quan- 
titated with equal sensitivity and reproducibility by either spectrophotometry or 
densitometry [ 581. 

In the routine clinical laboratory ready-to-use plates are most often used for 
the determination of HbAlc. Handling of the hazardous polyacrylamide and the 
time-consuming gel casting which can give rise to reproducibility problems, are 
thus avoided. The intra-assay and day-to-day precision with the narrow pH-range 
plates is ca. 4% (C.V. ) [ 581. 
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Fig. 4. IEF pattern of normal haemolysate. HbASSG and methaemoglobin are increased in old 
haemolysates. 

Resolution by IEF is so high that labile HbAlc is resolved from stable HYbAlc 
[ 59, SO]. Resolution between labile and stable HbAlc is, however, insufficient 
for quantitation by microdensitometry, so that for routine HbAlc determinations 
elimination of labile HhAlc is necessary. Elimination should be performed by 
incubation of erythrocytes with normal saline rather than with a pH 5 step, be- 
cause the latter gives rise to significant and variable methaemoglobin formation 
and spuriously low HbAlc [ 611. 

The reference level in control persons for stable HbAlc is 4.95 ?0.51% [62]. 
The different values of published reference intervals are likely to be in part a 
consequence of lack of removal of labile HbAlc. 

Whole blood was found to be stable for five days when kept at 4’ C [ 581, and 
for seven days at room temperature [ 63,641. Analysis of outdated samples will 
lead to falsely decreased HbAlc values because of methaemoglobin formation 

[611. 
IEF has a high capacity: 60 samples can be analysed daily but this requires 

special equipment and skilled personnel. 

4.3. Mobile affinity electrophoresk 

Mobile affinity electrophoresis exploits the affinity of dextran sulphate for 
haemoglobin not glycated at thep-chain N-termini. Inclusion of this active ligand 
in the electrophoresis buffer increases the mobility of HbA relative to that of the 
glycated haemoglobins of the HbAl fraction. Electrophoresis may be performed 
on agarose [ 651, cellulose acetate [ 661, or agar gel membranes [ 671. Ready-to- 



use agar gel cassettes are available from Corning (Sullivan Park, NY, U.S.A.). 
Use of such plates avoids variability of results arising from differences in agar 
batches [ SS] . 

HbF and labile HbAl are not resolved from HbAl with this technique [ 67,69 1. 

In agar gel electrophoresis, temperature variations ranging from 4 to 30°C do not 
affect results [ 70) ; the only difference between gels run at different temperatures 
is the increased migration of HbA and HbAl at higher temperatures [ 65 1. The 
normal range is 6.0-7.1% HbAl, and values correlate closely with results of HPLC 
determinations (70,711. 

Precision studies show an overall C.V. of 9%, with a C.V. for repeat scanning 
of the gels of less than 1.5% [72), indicating that most of the imprecision arises 
during specimen processing, electrophoresis and drying of the gels. Haemolysates 
can be stored at 4” C for one week without significant changes in HbAl [ 721. 

The commercial agar gel electrophoresis is simple to perform and not critically 
influenced by assay variables, but does require special equipment. 

4.4. Boron&e affinity chromatography 

Boronate affinity chromatography relies on the complex formation in alkaline 
solution between an immobilized boronic acid and the coplanar cis-dial groups of 
the carbohydrate moiety in glycated molecules. It should, therefore, have very 
high specificity for glycated products and allow their absolute quantitation with 
little effect of assay conditions on results. 

These characteristics apply for the measurement of amino acids and peptides 
[73 ] . Binding ia weak with glycated proteins, and secondary interactions have to 
be eliminated with a carefully optimized buffer [ 741. Quantitative binding occurs 
only if the residence time on the gel is sufficiently long. Under such optimized 
conditions the glycohaemoglobin content of haemolysates is twice that of HbAlc 
191 (Fig. 5). 

In routine clinical practice, boronate affinity chromatography is usually per- 
formed on 1 ml of the phenylboronic acid-agarose, Glycogel B (Pierce) [ 751. This 
leads to underestimation of the glycohaemoglobin content [9] and dependence 
of results on pH and assay temperature [ 76-781, The normal range in this l-ml 
system is 5-8% and values in diabetics are 1.2-1.4 times that of their HbAlc [ 751. 
Both precision within a run (C.V. 3% ) and from day to day (C.V. 3.4~5.3%) are 
satisfactory [ 79 1. While some authors have detected binding of labile HbAlc [9, 
80 1, others have not [ 76,811. 

Attractive features of boronate affinity chromatography for the routine clinical 
laboratory are reusability of columns (if kept in the dark the affinity gel can be 
reused more than ten times) [ 821, lack of interference from HbF, variant hae- 
moglobins [83 ] and sample stability during storage. Whole blood can be stored 
at room temperature for three weeks [83] or for up to two months at 4°C [81] 
with no effect on results, but glycohaemoglobin was found to be increased in 
haemolysates after one month’s storage at 4 ’ C [ 84 ] . 
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Fig. 5. Comparison of affinity chromatography on Glycogel B performed under optimal conditions, 
in Pasteur pipettes. The broken line indicates a regression obtained in the commercial l-ml columns 

[761. 

TABLE 3 

CHARACTERISTICS OF METHODS FOR ESTIMATING GLYCATED HAEMOGLOBINS IN 
THE ROUTINE CLINICAL LABORATORY 

Method Specificity Normal range Precision (C.V.) 

(%l (%l 

IEC with minicolumns I-IbAl,‘HbAlc + HbF 4-6 9 
HPLC HbAlc f HbF 4-6 2 
IEF HbAlc 4.5-6.1 4 
Mobile affinity chromatography HbAl + HbF 6-7.1 9 
Boronate affinity chromatography GlycoHb* 

Commercial 5-8 5 
Optimized 7-12 5 

*The only parameter not affected by variant and non-glucose modified haemoglobins. 

5. ADVANTAGES AND LIMITATIONS OF CHROMATOGRAPHIC METHODS 

The relationship between averaged glycaemia and glycated haemoglobin de- 
fines the precision requirements for the quantitation of glycated haemoglobins. 
One percentage point of HbAlc corresponds to a difference in averaged glycaemia 
of 30 mg/dl. In order to obtain quantitative rather than merely qualitative infor- 
mation from such determinations, precision should be maintained at the highest 
possible level. 

The presence of variant haemoglobins [ 85 ] or haemoglobin modified by other 
reactive molecules such as cyanate [ 861, aspirin [ 87 1, penicillin [ 881 or metab- 
olites arising in alcoholism [87] interfere in all chromatographic methods with 



290 

the exception of the specific boronate affinity chromatography, in such a way 
that interpretation of results requires special attention. 

A chemical procedure that specifically detects glycation, the TBA method, is 
not affected by the above modifications of haemoglobin [ 901, Performance of the 
TBA reaction, even in its semi-automated setup [ 911, is more laborious than the 
chromatographic techniques and hence it is less often used. 

The immunological assays that have not yet become commercially available 
have the potential of overcoming the methodological difficulties of glycated hae- 
moglobin analyses. 

Some important characteristics of chromatographic methods for estimating 
haemoglobin glycation in the routine clinical laboratory are summarized in Table 
3. Precision and specificity are the requirements imposed by the nature of the 
parameter and cost-effectiveness or automatability by the clinical laboratory. The 
recent introduction of a high-pressure boronate affinity resin, Fractogel TSK AF- 
phenyl boronate, may allow these opposing aspects to be reconciled. 

6. SUMMARY 

The association between elevated levels of glycated haemoglobins and diabetes 
mellitus has been known for twenty years [ 921, Since then the determination of 
glycated haemoglobins has become a valuable tool for the objective assessment 
of long-term glycaemia in diabetic patients. 

The marked clinical interest in reliable measurements of glycated haemoglo- 
bins has stimulated the development and perfection of the necessary methodol- 
ogy. Limitations of the techniques have led to investigation of the underlying 
causes. Some of them led to the recognition of processes that were not known to 
occur in vivo before, such as glycation at sites other than the amino terminus of 
the /?-chains, modification of haemoglobin by reactants other than glucose or the 
existence of labile haemoglobin adducts. With ideal methodology these features 
would have gone unnoticed. Furthermore, the determination of glycated haemo- 
globin in large populations of diabetic patients has lead to the discovery of new, 
clinically silent mutant haemoglobins. Today, the routine determination of gly- 
cated haemoglobins in diabetic patients probably represents the broadest screen- 
ing for mutant haemoglobins. 

The experience with glycated haemoglobins shows that overcoming difficulties 
in their determination, and progress in biomedical research, are closely 
intertwined. 

REFERENCES 

1 H.F. Bunn, K.H. Gabbay and P.M. Gallop, Science, 200 (1978) 21. 
2 R.F. Dods and C. Bolmey, Clin. Chem., 25 (1979) 764. 
3 S. Panzer, G. Kronik, K. Lechner, P.Bettelheim, E. Neumann andR. Dudezak,Blood, 59 (1982) 

1358. 
4 N.J. Howard, H. Monaghan and J.M. Martin, Acta Paediatr. Stand., ‘70 (1981) 695. 
5 R. Shapiro, M.J. McManus, C. Zalut and H.F. Bunn, J. Biol. Chem., 255 (1980) 3120. 
6 D.N. Haney and H.F. Bunn, Proc. Natl. Acad. Sci. U.S.A., 73 (1976) 3534. 



291 

8 

9 

10 
11 
12 

13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

35 
36 
37 
38 
39 
40 
41 
42 
43 
44 

45 
46 

47 
48 

49 

50 

51 

H.F. Bunn, R. Shapiro, M. McManus, L. Garrick, M.J. McDonald, P.M. Gallop and K.H. Gab- 
bay, J. Biol. Chem., 254 (1979) 3892. 
K.H. Gabbay, J.M. Sosenko, G.A. Banuchi, M.J. Mininsohn and R. Fltickiger, Diabetes, 28 
(1979) 337. 
R. Fltickiger, T. Woodtli and W. Berger, Diabetes, 33 (1984) 73. 
J. Javid, P.K. Pettis, R.J. Koenig and A. Cerami, Br. J. Haematol., 3% (1978) 329. 
P.P. Chou, J. Kerkay and M.K. Gupta, Anal. Lett., 14 (1981) 1071. 
W.J. Knowles, W.B. Haigh, G.C. Michaud and V.T. Marchesi, Diabetologia, 29 (1986) 558 
(Abstract). 
V. Kruse, A. Prento and J. Zeuthen, Diabetologia, 29 (1986) 560 (Abstract). 
E.G. Moore, S.D. Stroupe and L.J. Blecka, Diabetes, 29 (1980) 70 (Abstract). 
R. Deeg, U. Schmitt, W. Rollinger and J. Ziegenhorn, Clin. Chem., 30 (1984) 790. 
CM. Niederau and H. Rainauer, J. Clin. Chem. Clin. Biochem., 19 (1981) 1097. 
0. Walinder, G. Ronquist and P.-J. Fager, Clin. Chem., 28 (1982) 96. 
P.A. Svendsen, J.S. Christiansen, B. Welinder and J. Nerup, Lancet, i (1979) 603 (Letter). 
S.G. Welch, Lancet, i (1979) 728 (Letter). 
P.J. Higgins and H.F. Bunn, J. Biol. Chem., 256 (1981) 5204. 
H.B. Mortensen, Danish Med. Bull., 32 (1985) 309. 
D.E. Goldstein, S.B. Peth, J.D. England, R.L. Hess and J. Da Costa, Diabetes, 29 (1980) 623. 
J.A. Widness, T.L. Rogler-Brown, K.L. McCormick, KS. Petzold, J.B Susa and H.C. Schwartz, 
J. Lab. Clin. Med., 95 (1980) 386. 
V.T. Innanen and F. Recknagel, Clin. Chem., 27 (1981) 1478 (Letter). 
D.M. Nathan, E.S. Avezzano and J.L. Palmer, Diabetes, 30 (1981) 700. 
D.M. Nathan, E. Avezzano and J.L. Palmer, Clin. Chem., 28 (1982) 512. 
H. Reinauer and C.M. Niederau, Lab. Med., 8 (1984) 68. 
D.M. Nathan, B.S. Dunn and T.B. Francis, Clin. Chem., 30 (1984) 109. 
E. Bisse, W. Berger and R. Fhickiger, Diabetes, 31 (1982) 630. 
P. Bannon, Clin. Chem., 28 (1982) 2183 (Letter). 
M. Stallings and E.C. Abraham, Hemoglobin, 8 (1984) 509. 
L.A. Trivelli, H.M. Ranney and H.-T. Lay, N. Engl. J. Med., 284 (1971) 353. 
W.D. Hankins and L. Holladay, Clin. Chim. Acta, 104 (1980) 251. 
R.C. Worth,L.A.Ashworth,J.M.Burrin,D.G. Johnston,A.W. Skillen,J.AndersonandK.G.M.M. 
Alberti, Clin. Chim. Acta, 104 (1980) 401. 
N.Q. Hannson, M.L. Anderson and E.F. Freier, Clin. Chem., 31 (1985) 339. 
E. Bisd and E.G. Abraham, J. Chromatogr., 344 (1985) 81. 
D. Norcliffe and E.M. Turner, J. Clin. Pathol., 37 (1984) 1177. 
G.T. Hammons, K. Junger, J.M. McDonald and J.H. Ladenson, Clin. Chem., 28 (1982) 1775. 
D.J.F. Rowe and F.C. Goodland, Clin. Chem., 30 (1984) 156 (Letter). 
R. Fhickiger and T. Woodtli, Clin, Chem., 31 (1985) 114. 
H. Schlebusch, M. Sorger and H. Burisch, Klin. Wochenschr., 62 (1984) 787. 
S.P. Gupta and S.M. Hanash, Anal. B&hem., 134 (1983) 117. 
E.C. Toren, D.N. Vacik and P.B. Mockridge, J. Chromatogr., 266 (1983 ) 207. 
G. Ellis, E.P. Diamandis, E.E. Giesbrecht, D. Daneman and L.C. Allen, Clin. Chem., 30 ( 1984) 
1746. 
D. Robinet, H. Sarmini, J. Lesure and A. Funes, J. Chromatogr., 297 (1984) 333. 
U.-H. Stenman, K. Pesonen, K. Ylinen, M.-L. Huhtala and K. Teramo, J. Chromatogr., 297 
(1984) 327. 
A.K. Saleh and M.A.A. Moussa, Clin. Chem., 31 (1985) 1872. 
J.-O. Jeppsson, P. Jerntorp, G. Sundkvist, H. Englund and V. Nylund, Clin. Chem., 32 (1986) 
1867. 
E.P. Diamandis, G. Ellis, D. Daneman and L.C. Allen, Clin. Chem., 30 (1984) 503. 
K.H. Gabbay, K. Ha&y, J.L. Breslow, R.C. Ellison, H.F. Bunn and P.M. Gallop, J. Endocrinol. 
Metab., 44 (1977) 859. 
T.M. James, J.E. Davis, J.M. McDonald, J.V. Santiago and J.H. Ladenson, Clin. Biochem., 14 
(1981) 25. 



292 

52 
53 
54 
55 
56 
57 

58 
59 
60 
61 
62 
63 
64 
65 
66 
67 

68 
69 
70 
71 

T.K. Mayer and Z.R. Freedman, Clin. Chim. Acta, 127 (1983) 147. 
R. Fliickiger and M. Pasquel, Schweiz, Med. Wochenschr., 116 (1986) 87. 
T. Woodtli, W. Ruth and R. Fliickiger, Schweiz. Med. Wochenschr., 117 (1987) 117. 
R. Krishnamoorthy, G. Gacon and D. Labie, FEBS Lett., 77 (1977) 99. 
K.M. Spicer, R.C. Allen and M.G. Buse, Diabetes, 27 (1978) 384. 
J.O. Jeppsson, B. Franzen and A.B. Ga , in R.J. Radola (Editor), Electrophoresis ‘79, Walter 
de Gruyter, New York, 1980, pp. 655-661. 

“\, H.B. Mortensen, J. Chromatogr., 182 (198 ) 325. 
H.B. Mortensen, Sci. Tools, 27 (1980) 21. 
M.H. Stickland, CM. Perkins and J.K. Wales, Diabetologia, 22 (1982) 315. 
R.E. Mullins and G.E. Austin, Clin. Chem., 32 (1986) 1460. 
H.B. Mortensen and M.O. Marshall, Clin. Chim. Acta, 132 (1983) 213. 
M.L. Larsen, Stand. J. Lab. Clin. Invest., 46 (1986) 315. 
M. Simon and J. Cuan, Clin. Chem., 28 (1982) 9. 
H. Aleyassine, Clin. Chim. Acta, 142 (1984) 123. 
J. Ambler, B. Janik and G. Walker, Clin. Chem., 219 (1983) 340. 
L. Menard, M.E. Dempsy, L.A. Blankstein, H. Aleyassine, M. Wacks and J.S. Soeldner, Clin. 
Chem., 26 (1980) 1598. 
D. Jury and P. Dunn, Clin. Chem., 29 (1983) 1449 (Letter). 
K. Dahl-Jorgensen and A.E. Larsen, Stand. J. Clin. Lab. Invest., 42 (1982) 27. 
H. Aleyassine, R.J. Gardiner, L.A. Blankstein and M.E. Dempsey, Clin. Chem., 27 (1981) 472. 
E.J. Hayes, R.E. Gleason, J.S. Soeldner, M. Wacks and L. Blankstein, Clin. Chem,., 27 (1981) 
476. 

72 
73 
74 
75 

A. Read, L. Tibi and A.F. Smith, Clin. Chim. Acts, 108 (1980) 487. 
M. Brownlee, H. Vlassara and A. Cerami, Diabetes, 29 (1980) 1044. 
F.A Middle, A. Bannister, A.J. Bellingham and P. Dean, B&hem. J., 209 (1983) 771. 
A.K. Mallia, G.T. Hermanson, R.I. Krohn, E.K. Fujimoto and P.K. Smith, Anal. L&t., 14 (1981) 
649. 

76 

77 
78 

D.C. Klenk, G.T. Hermanson, R.I. Krohn, E.K. Fujimoto, A.K. Mallia, P.K. Smith, J.D. Eng- 
land, H.-M. Wiedmeyer, R.R. Little and D.E. Goldstein, Chn. Chem., 28 (1982) 2088. 
B.J. Gould, P.M. Hall and G.H. Cook, Clin. Chim. Acta, 125 (1982) 41. 
R.W. Yatscoff, G.J.M. Tevaarwerk, Ch.L. Clarsonand L.M. Warnock, Clin. Biochem., 16 (1983) 
291. 

79 

80 
81 
82 
83 
84 
85 
86 
87 

88 
89 
90 
91 

D.A. Herold, J.C. Boyd, D.E. Bruns, J.C. Emerson, K.G. Burns, R.E. Bray, G.E. Vandenhoff, 
A.E. Freedlender, G.A. Fortier, S.L. Pohl and J. Savory, Ann. Clin. Lab. Sci., 13 (1983) 482. 
D.K. Yue, S. McLennan, D.B. Church and J.R. Turtle, Diabetes, 31 (1982) 701. 
EC. Abraham, R.E. Perry and M. Stallings, J. Lab. Clin. Med., 102 (1983) 187. 
P.M. Hall, J.G.H. Cook and B.J. Gould, Ann. Clin. Biochem., 20 (1983) 129. 
R.R. Little, J.D. England, H.-M. Weidmeyer andD.E. Goldstein, Clin. Chem., 29 (1983) 1080. 
W.G. John, E.G. Albutt, G. Handley and R.W. Richardson, Clin. Chim. Acta, 136 (1984) 257. 
J.M. Sosenko, R. Fltickiger, OS. Platt and K.H. Gabbay, Diabetes Care, 3 (1980) 590. 
R. Fliickiger, W. Harmon, W. Meier, S. Loo and K.H. Gabbay, N. Engl. J. Med., 304 (1981) 823. 
K.R. Bridges, G.J. Schmidt, M. Jensen, A, Cerami and H.F. Bunn, J. Clin. Invest., 56 (1975) 
201. 
R. Fliickiger, Arch. Dis. Child, 63 (1988) 988. 
H.D. Hoberman and S.M. Chiodo, Alcoholism: Clin. Exp. Res., 6 (1982) 260. 
R. Fliickiger and K.H. Winterhalter, FEBS Lett., ‘71 (1976) 356. 
J.F. Menez, A. Meskar, D. Lucas, T. Darrogorn, H.H. Floch and L.G. Bardou, Clin. Chem., 27 
(1981) 1947. 

92 S. Rhabar, Clin. Chim. Acta, 22 (1968) 296. 


