
1. In tro duc tion

The glycation pro cess is a re sult of a spon ta ne ous
re ac tion be tween the al de hyde group of a mono sac -
charide (usu ally glu cose) and free amine groups of
pep tides [20, 21], such as hae mo glo bin (Hb), al bu min,
li po pro tein or pep tides af fect ing co ag u la tion. Gly ca -
ted hae mo glo bin con sists of sev eral frac tions that dif -

fer not only in lo ca tion of the glycated amine group but 
also in the type of the at tached monosaccharide. The
big gest frac tion of glycohaemoglobin (75–80%) is,
how ever, glycated hae mo glo bin HbA1c, which is pro -
duced in a two-step non-en zy matic re ac tion be tween
D-glu cose and an N-ter mi nal amine group of the hae -
mo glo bin b chain (HbA, HbA0), which con sti tutes
97% of the to tal hae mo glo bin in the hu man body [2].

Problems of Forensic Sciences 2009, vol. LXXIX, 314–326

DETERMINATION OF GLYCATED HAEMOGLOBIN HbA1c 
IN AUTOPSY MATERIAL USING HIGH PERFORMANCE LIQUID
CHROMATOGRAPHY-ELECTROSPRAY IONISATION TANDEM
MASS SPECTROMETRY (HPLC-ESI-MS)    

Krzysztof TUTAJ, Krzysztof BAÑKA, Grzegorz BUSZEWICZ, Grzegorz TERESIÑSKI, Ro man M¥DRO

Chair and De part ment of Fo ren sic Med i cine, Med i cal Uni ver sity, Lublin, Po land

Ab stract

Glycated hae mo glo bin (HbA1c) con tains the sta ble adduct of glu cose with the N-ter mi nal group of the b chain. To date, at tempts
to use HbA1c de ter mi na tions for au topsy di ag nos tics of intravital met a bolic ab nor mal i ties have been based on blood tests de -
signed for clin i cal pur poses, which ne glected val i da tion of post-mor tem haemolysis and back ground ef fects. The aim of the pres -
ent study was thus to de sign such a pro ce dure of HbA1c de ter mi na tions us ing HPLC-ESI-MS, which could be use ful for au topsy
di ag nos tics and to com pare the re sults ob tained us ing this method and other im mu no log i cal tech niques. For this pur pose, the
HPLC-ESI-MS method de signed and ap proved by the In ter na tional Fed er a tion of Clin i cal Chem is try (IFCC) was mod i fied in
such a way that the eryth ro cyte centrifugation phase was omit ted (the haemolysate of whole blood was di gested with
endoproteinase). The hexapeptide stan dards were re placed with glycated hae mo glo bin stan dards ex posed to di ges tion. More -
over, the HPLC con di tions were changed – the steep gra di ent was re placed with a lin ear one, in or der to ob tain better sep a ra tion of 
nonglycated hexapeptide from glycated hexapeptide and from the back ground. No es sen tial changes in ESI-MS con di tions were
nec es sary. Com plete val i da tion of the mod i fied method showed its high spec i fic ity, ac cu racy, pre ci sion. Fur ther more, a lin ear re -
la tion be tween HbA1c con cen tra tion and sig nals from ions 429 and 857 m/z (mass-to-charge-ra tio) was dem on strated. A com par -
i son of HbA1c con cen tra tions (in au topsy blood sam ples) de ter mined us ing the mod i fied IFCC ref er ence method and two other
im mu no log i cal tech niques (i.e. Konelab and Cobas) did not re veal sta tis ti cally sig nif i cant dif fer ences. It fol lows that each of the
com pared meth ods may be used for post-mor tem di ag no sis of di a be tes, but due to the high spec i fic ity of de tec tion of glycated
hexapeptides by the HPLC-ESI-MS method, it should be con sid ered as the ref er ence one.
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The de ci sive fac tors for the rate of this pro cess and the
amount of sta ble form of HbA1c are glu cose blood
con cen tra tion and the du ra tion of the hyperglycemia.
On the other hand, the life time of eryth ro cytes
(ca. 100–120 days) means that the HbA1C level re -
flects the mean level of glu cose in blood dur ing the last 
two-three months [9, 21]. De ter mi na tion of HbA1c in
di a be tes treat ment mon i tor ing is com monly used due
to the pos si bil ity of ret ro spec tive es ti ma tion of treat -
ment ef fects [1, 29] and also the fact that in the case of
good met a bolic bal ance, the per cent age of HbA1c
should be equal to 6–7% [1, 23]. 

Death caused by coma re lated to hyperglycemic
ketoacidosis or hypoglycemia is pos si ble for any kind
of di a be tes [7]. How ever, be cause of rapid an aer o bic
glycolysis, it is im pos si ble to show post-mor tem that
hypoglycemia oc curred intravitally. Long-term hyper -
glycemia can be di ag nosed post-mor tem but only in an
in di rect way, for ex am ple, by de ter mi na tion of glu cose 
and lac tic acid con cen tra tion in the vit re ous body [25]
or by de ter mi na tion of the ketone bod ies level [28].
Nev er the less, an el e vated con cen tra tion of these com -
pounds in blood can be a con se quence not only of di a -
betic ke to sis but also of mal nu tri tion, hy po ther mia,
ac e tone or isopropanol poi son ing or al co holic keto -
acidosis [4, 17, 27].

De ter mi na tion of HbA1c in post-mor tem blood [9,
19, 31] pro vides an op por tu nity for both post-mor tem
di ag no sis of di a be tes and iso la tion of those cases of
ketonemia with an eti ol ogy that is non-di a betic [28].
HbA1c de ter mi na tion should thus be used not only in
clin i cal di ag no sis, but also in sud den and un ex pected
death di ag no sis, for ex am ple in the case of driv ers,
who were killed in traf fic ac ci dents – since undi ag -
nosed and un treated di a be tes can cause car diac stand -
still [16, 26]. This is an im por tant prob lem, be cause the 
per cent age of undiagnosed di a be tes in United States is
ca. 30–50% of the to tal di a betic pop u la tion (7% of the
to tal pop u la tion) [11]. Such a high per cent age of peo -
ple bur dened with a risk of com pli ca tions, ob li gates
one to con sider it as a po ten tial cause of both the sud -
den death and the ac ci dent [33]. 

For the pur poses of clin i cal di ag no sis, the HbA1c
con cen tra tion is de ter mined us ing en zy matic [22, 24]
and chro mato graphic meth ods: ions ex change and af -
fin ity [8, 10, 13]. The main an a lyt i cal prob lem is re -
lated to the het er o ge ne ity of hu man hae mo glo bin as
well as its dif fer ent known forms and bind ings, for ex -
am ple acetyl-Hb which is pro duced dur ing pharma -
cotherapy with as pi rin or carbamyl-Hb in the course of 
urae mia [2, 32]. In ac cu racy of de ter mi na tion can be
also in flu enced by aldimine – an un sta ble pre cur sor of
glycohaemoglobin (for healthy per sons, aldimine con -

sti tutes 5–8% of the to tal amount of HbA1, for di a bet -
ics even up to 30%), which is de ter mined to gether with 
the ketoamine form of HbA1c us ing meth ods men -
tioned above. This is the rea son for obtaining results
which are slightly elevated [5, 10, 21]. 

For these rea sons, the In ter na tional Fed er a tion of
Clin i cal Chem is try has de vel oped and now rec om -
mends two new HPLC meth ods [14], one of which is
a com bi na tion of liq uid chro ma tog ra phy and cap il lary
elec tro pho re sis (HPLC-CE), and the other is high per -
for mance liq uid chro ma tog ra phy electrospray ionisa-
tion tan dem mass spec trom e try (HPLC-ESI-MS).
Both meth ods are com pa ra ble and spe cific for gly -
cated N-ter mi nal hexapeptides from the b chain of
HbA [14]. This is a con se quence of the first step of
anal y sis, dur ing which N-ter mi nal frag ments of the
b chain are cleaved from the hae mo glo bin mol e cules
by spe cific endoproteinase (Glu-C) (which leads to
for ma tion of glycated and non-glycated hexa pep -
tides). Dur ing the sec ond step, the hexapeptides are
sep a rated and de ter mined quan ti ta tively, for which
a cal i bra tion mix ture of stan dards (glycated and non-
glycated hexapeptides) is used.

The first at tempts to de ter mine the con cen tra tion of 
HbA1c in post-mor tem blood sam ples were un der -
taken in 1983, i.e. a few years af ter im ple men ta tion of
this pa ram e ter for mon i tor ing of glycemia in di a bet ics
[3, 6, 18]. It was found that when the spec tro pho to met -
ric method was used with bar bi tu ric acid [6], the con -
cen tra tion of HbA1c in post-mor tem blood was slightly
higher than the con cen tra tion in con trol sam ples, i.e. in 
blood col lected from healthy vol un teers. In later years, 
af fin ity chro ma tog ra phy was in tro duced for de ter mi -
na tion of HbA1c con cen tra tion [12]. The next de vel -
oped method, based on electroosmosis, did not, how-
 ever, en able dif fer en ti a tion be tween post-mor tem blood
sam ples col lected from healthy men and di a bet ics [15].

Ac cord ing to Chen et al. [6], who in ves ti gated post-
mor tem blood sam ples, HbA1c is sta ble in a corpse for
at least 36 hours. Hindle et al. [12] found that there is
no sig nif i cant change in HbA1c con cen tra tion in blood 
sam ples af ter 40 hours of stor age at 4oC. How ever, it
was also ob served by Chen et al. [6] that HbA1c con -
cen tra tion was higher not only in the case of all di a bet -
ics, but also in 30% of all re main ing cases ex am ined –
it was es tab lished that these (lat ter) per sons had un der -
gone anti-tu mor treat ment or had had ste roids ther apy.
A higher level of HbA1c in post-mor tem blood sam -
ples for 11% of healthy men was also found by Hindle
et al. [12]. 

Un for tu nately, chem i cal and im mu no log i cal meth -
ods as well as turbidimetric anal y sis and HPLC can
pro vide false pos i tive re sults [6, 15] or be in ap pli ca ble
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to anal y sis of bi o log i cally de graded blood samples
[34]. 

The lat est in ves ti ga tions of HbA1c in post-mor tem
blood sam ples are based on im ple men ta tion of im -
muno turbidimetric anal y sis and HPLC, i.e. meth ods
rou tinely used in clin i cal di ag no sis. How ever, the im -
munoturbidimetric method used by Winecker et al.
[34] turned out to be use ful only for 80% of the in ves ti -
gated blood sam ples. The anal y sis of the re main ing
blood sam ples (20%) was im pos si ble be cause of clots
or it turned out to be im pos si ble to de ter mine to tal hae -
mo glo bin for other rea sons. This was the main dis ad -
van tage of all meth ods used be fore 2002. More over,
Goullé et al. [9] no ticed, when us ing the HPLC
method, a risk of in ter fer ences be tween the chro mato -
graphic sig nal from HbA1c and peaks of other com po -
nents of de na tured blood sam ples. 

2. Aim of the study

The aim of the in ves ti ga tions was to mod ify the
two-step method rec om mended by the IFCC – which
is based on hae mo glo bin treat ment us ing a proteolytic
en zyme and sep a ra tion of pep tides ob tained us ing
HPLC cou pled with mass spec trom e try [14] – in or der
to en able de ter mi na tion of the HbA1c con cen tra tion in 
post-mor tem blood sam ples.

A com par i son of re sults ob tained us ing the mod i -
fied HPLC method with re sults ob tained us ing the au -
to matic COBAS INTEGRA 400 Plus analyser and the
Konelab 60i analyser (i.e. two im mu no log i cal meth -
ods rou tinely used in clin i cal di ag no sis) was also
planned. 

3. Ma te ri als, ap pa ra tus and meth ods

3.1. Ma te ri als and re agents

The blood sam ples for anal y sis were col lected dur -
ing rou tine con trol ex am i na tions. The sam ples were
col lected from pa tients who were be ing treated for
con trolled di a be tes (group A, N = 5), un con trolled di a -
be tes (group B, N = 5) and from healthy men (group C,
N = 5). Group D was made up of 5 sam ples col lected
from de ceased di a bet ics, among which 3 sam ples were 
taken from corpses, where ace to ne mia > 250 mmol/l
[28] was di ag nosed dur ing rou tine de ter mi na tion of
eth a nol con cen tra tion us ing the GC method. The sam -
ples from liv ing per sons were col lected into 2 vi als
(per per son). EDTA so lu tion was pres ent in one of the
vi als, and this sam ple was used only for im mu no log i -

cal anal y sis. The post-mor tem blood sam ples were not
pre served. Ini tial prep a ra tion of unpreserved (post-
mor tem and intravital) blood sam ples con sisted in cen -
tri fugation in or der to elim i nate clots.

Com mer cially avail able blood sam ples with known
con cen tra tion of glycated hae mo glo bin were used as
stan dards for cal i bra tion pur poses: 4.8; 8.2; 10.9 and
13.9% (Sen ti nel, It aly).

Endoproteinase Glu-C (E.C. 3.4.21.19) from the
V8 strain of Staph y lo coc cus aureus (Sigma P2922,
United States) was ap plied to blood pep tides di ges tion. 
It was less pu ri fied (and cheaper) in com par i son to the
endoproteinase used in the ref er ence method, but its
spe cific ac tiv ity, i.e. its abil ity to hydrolise a pep tide
bond at the end of C-ter mi nal of glutaminic acid (Glu,
E) res i due in acid pH, was well known. It was ex pected 
that 8 pep tides would be ob tained as a re sult of di ges -
tion of the chain of b hae mo glo bin (Fig. 1), in clud ing
N-ter mi nal hexapeptide VHLTPE (N-valine-histidine- 
leucine-threonine-proline-glutaminic acid-C). 

More over, so lu tions of KCN, K3Fe(CN)6, MES,
MRFA, (tetrapeptide: methionine-arginine-phenyl ala -
nine-alanine), Na2EDTA, NaHCO3 and Tri ton X-100
(Sigma, United States), CH3CN of LC-MS pu rity
(Riedel-de Haën, Ger many) CF3COOH (TFA) for MS
(Fluka Chemie, Ger many), NH3, CH3CO2H and NaOH 
(Merck, Ger many) as well as deionised wa ter fil tered
by Milli-Q (Millipore, United States) were used. 

3.2. Equip ment

The pep tides sep a ra tion pro cess was per formed us -
ing a Thermo Finnigan Sur veyor liq uid chromato -
graph equipped with a qua ter nary gra di ent pump and
an au to matic in jec tor cou pled with an LCQ Ad van tage 
Max ion trap mass spec trom e ter (Finnigan, San Jose,
CA, United States). An electrospray (ESI) was used as
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Fig. 1. Se quence of hae mo glo bin b-chain – the points of in -
ter sec tion by endoproteinase Glu-C are marked and the
N-ter mi nal hexapeptide is iso lated.



the ionisation method and pos i tive ions were analysed. 
Both the liq uid chromatograph and the mass spec trom -
e ter were con trolled us ing X’calibur soft ware, which
was also used for data processing. 

3.3 Sam ple prep a ra tion

In or der to es tab lish a suit able pro por tion be tween
amount of hae mo glo bin and endoproteinase, firstly the 
con cen tra tion of to tal hae mo glo bin in in ves ti gated
blood sam ples was de ter mined by ap ply ing a method
us ing Zjistr re agent mod i fied by Worek et al. [35]. Af -
ter wards, the in ves ti gated blood was di luted with
phos phate buffer (50 mM MES, 10 mM KCN, 1 mM
Na2EDTA, NaOH to ob tain pH = 6.2) in or der to es tab -
lish a con cen tra tion of 50 mg/l of hae mo glo bin. The
di lu tion ef fect was mon i tored by re peated de ter mi na -
tion of Hb con cen tra tion. Next, to a vol ume of sam ple
con tain ing 1 mg of Hb, 50 ml (30 mg) of endo pro -
teinase Glu-C was added, which had pre vi ously been
di luted in deionised wa ter to ob tain a con cen tra tion of
600 mg/ml (which cor re sponds to proteolytic ac tiv ity
equal to 312.5 UN/ml). Then, the sam ple was topped
up with a di ges tion buffer (50 mM NH4, CH3CO2H,
pH 4.3) to a vol ume of 0.5 ml. This mix ture was in cu -
bated for 18 hours at 37oC, and the re ac tion was
stopped by freez ing at –70oC. Af ter centrifugation of
the de frosted sam ple (20,000 g for 5 min utes), the
supernatant was analysed us ing the HPLC-ESI-MS
method.

3.4. HPLC-ESI-MS chro mato graphic pro ce dure

The glycated and non-glycated hexapeptides pres -
ent in the supernatant were sep a rated at 50oC us ing
a Zorbax SB-CN 150 ´ 2.1 (5 mm) chro mato graphic
col umn with a Zorbax 300SB-C3 2.1 ´ 12.5 (5 mm)
pre-col umn pro duced by Agilent (United States).
A  binary gra di ent sys tem with mo bile phase flow
0.3 ml/min was ap plied. At the be gin ning, the flow
phase con tained 0.025% TFA (com po nent A) wa ter
so lu tion. Af ter 1 min, acetonitrile with 0.023% TFA
(com po nent B) was con nected to the sys tem; the par -
tic i pa tion of com po nent B in the mo bile phase was in -
creased grad u ally up to 70% af ter 28 min utes and
100% af ter 30 min utes. Af ter 37 min utes, the start ing
con di tions (i.e. 100% of com po nent A) were grad u ally 
re stored in 13 min utes. The whole chro mato graphic
pro ce dure took 50 min utes. The vol ume in jected was
10 ml.

The op ti mal pa ram e ters for the anal y sis of glycated
and non-glycated hexapeptides were de ter mined as: cap -
il lary volt age – 4.5 kV; cap il lary tem per a ture = 200oC;

ion is ing gas – ni tro gen at a flow rate of 70 arb (arbi-
trary unit of LCQ in stru ment); sup port ing gas – ni tro -
gen flow ing at 10 arb. MRFA was used for cal i bra tion
of the mass spec trom e ter. For quan ti ta tive anal y sis,
the ions mon i tor ing pro ce dure in the range of 300–
1000 m/z (full scan mode) was used. The chro mato -
graphic sig nal for mo lec u lar ions [M+2H]2+ and [M+H]+

of glycated hexapeptide was reg is tered for m/z = 429
and 857, while for non-glycated hexapeptide – for
m/z = 348 and 695 (see Ta ble I and Fig ure 2). The per -
cent age con tent of HbA1c was cal cu lated from the ra -
tio of the sig nal area of the glycated hexapeptide to the
to tal sig nal area of both hexapeptides (glycated and
non-glycated) – Fig ure 4.

TA BLE I. CHROMATOGRAPHIC PARAMETERS 

OF HEXAPEPTIDES ANALYSED USING 

THE HPLC-ESI-MS METHOD

Analyte Re ten tion time
[min]

Mon i tored ions
[m/z]

Hexapeptide
HbA0

9.74 348 [M+2H]2+

695 [M+H]+

Hexapeptide
HbA1c

10.62 429 [M+2H]2+

857 [M+H]+

Due to the fact that there were no com mer cial
hexapeptide stan dards avail able, the MS-MS method
was used for iden ti fi ca tion and con fir ma tion of ions
struc ture. The normalised col li sion en ergy was equal
to 45% and the ions were mon i tored in full scan mode
in the range of m/z 95–1000. 

3.5. Val i da tion

Each of the standardised con cen tra tions of HbA1c
(4.8; 8.2; 10.9; 13.9%) was treated eight fold with the
di ges tion pro ce dure de scribed in sec tion 3.3. Next, the
level of both hexapeptides (glycated and non-gly -
cated) in the sam ples was de ter mined. The haemo -
lysate of blood col lected from corpse was used as
a blind test; it was pre pared with out the di ges tion pro -
ce dure (which was nec es sary be cause of the pres ence
of a cer tain amount of HbA1c in all blood). It was
found that the pro posed method is fully specific (Fig -
ure 2 and 3).

As a limit of quantitation (LOQ), the value of 4.8%
was as sumed, i.e. the low est HbA1c con cen tra tion of
the stan dard so lu tions used in the prep a ra tion of the
cal i bra tion curve (Figure 2).

The cal i bra tion curve was lin ear in the con cen tra -
tion range 4.8–13.9% with a cor re la tion co ef fi cient
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equal to 0.977 (Fig ure 4). The pa ram e ters de fin ing the
ac cu racy and pre ci sion of HbA1c de ter mi na tion are
presented in Table II.

3.6. De ter mi na tion of Hb1Ac with im mu no log i cal 
methods

Immunoturbidimetric meth ods, which are now a -
days used for rou tine clinic ex am i na tions, were also
ap plied in the de ter mi na tion of the HbA1c con cen tra -
tion in the sam ples. The COBAS INTEGRA 400 Plus
au to matic analyser (Roche Di ag nos tics, Ger many) as
well as the Konelab 60i (Thermo, Fin land), which, in
the case of anal y sis of fresh blood sam ples with the ad -
di tion of EDTA, ful fils re quire ments of IFCC stand -
ardi sa tion pro ce dure [30], were used. The fol low ing

equa tions which take into ac count the con cen tra tion of 
Hb, were used to determine the level of HbA1c:

HbA1c [%] =

0.915 ´ (HbA1c [g/l]/Hb [g/l]) ´ 100 + 2.15 

(for Ko nel ab 60i);

HbA1c [%] =

(HbA1c/Hb) ´ 87.6 + 2.27 

(for CO BAS IN TEG RA 400 Plus).

3.7. Sta tis ti cal anal y sis of the ob tained re sults 

The re sults of HbA1c de ter mi na tion us ing the
HPLC-ESI-MS method (af ter di ges tion of hae mo glo -
bin) and im mu no log i cal meth ods were ana lysed us ing
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Fig. 2. Frag ment of chromatogram and mass spec trum of glycated and non-glycated hexapeptide from a stan dard blood sam ple
where the con cen tra tion of HbA1c was 4.8%.



Statistica 6.0 (Statsoft, United States), with ap pli ca -
tion of the Wilcoxon matched pair test. More over, the
cor re la tion be tween the re sults ob tained us ing the

HPLC-ESI-MS method and the COBAS and Konelab
meth ods was compared using NCSS software. 
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Fig. 3. Frag ment of chromatogram (cor re spond ing to the range pre sented in Fig ure 2) of anal y sis of blood sam ple col lected from
corpse, with out en zyme (blind test) – lack of sig nals in ter fer ing with sig nals from glycated and non-glycated hexapeptide ions.

TA BLE II. ACCURACY AND PRECISION OF THE HPLC-ESI-MS METHOD USED FOR HBA1C DETERMINATION, N = 8

Provided concentration
[%]

Mean found concentration
[%]

Mean accuracy
[%]

SD
[%]

Precision
[% RSD]

 4.8  5.1 107 0.39 8.12

 8.2  8.0 98 0.51 6.17

10.9 10.1 93 0.58 5.34

13.9 14.4 104 0.66 4.79



4. Re sults and dis cus sion

A lit er a ture re view in di cates that the pres ent work
con sti tutes the first re port of de ter mi na tion of the HbA1c
level in post-mor tem blood us ing HPLC-ESI-MS anal -
y sis of the glycated N-ter mi nal of the b-chain of hae -
mo glo bin. Us ing the de vel oped method, known po -
tential fac tors which in crease the risk of an a lyt i cal er -
rors dur ing de ter mi na tion of HbA1c con cen tra tion
[10, 35] are mini mised. This is due to the us age of
whole blood haemolysate and si mul ta neous anal y sis
of the to tal hae mo glo bin haemolysis prod ucts (in clud -
ing HbA1c). More over, in the fi nal cal cu la tions of the
con cen tra tion, only the ra tio of the glycated hexa -
peptide sig nal area to the sig nal area of all hexapep -
tides is used. The ob tained re sult is there fore in de-
 pendent of the level of Hb. 

The di ges tion of whole blood by V8 proteinase can
lead to for ma tion of dif fer ent pep tides (which the o ret i -
cally can in ter fere with the N-ter mi nal hexapeptide of
the hae mo glo bin b-chain, Fig ure 1). How ever, dur ing
the anal y sis of di gested as well as non-di gested (blind
test) blood sam ples us ing the de vel oped method de -
scribed in sec tion 3.3, peaks whose mo lec u lar masses
and re ten tion times were close to those of HbA1c and
HbA0 were not ob served. It was found that the HPLC-
ESI-MS method, in which the gra di ent sep a ra tion of
pep tides was ap plied, was highly spe cific (Fig ure 2
and 3).

The HPLC-ESI-MS method of Hb1Ac de ter mi na -
tion mod i fied by the au thors, is lin ear (r = 0.977) in the 
whole con cen tra tion range of HbA1c (which is nec es -
sary in post-mor tem di ag no sis of long-term hyper gly -
cemic con di tions) (Fig ure 4). More over, it is ac cu rate
and pre cise (see Ta ble II).

A com par i son of the re sults of HbA1c de ter mi na -
tions ob tained us ing the HPLC-ESI-MS method and
immunoturbidimetric meth ods con cern ing blood sam -
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Fig. 5. Cor re la tion of re sults of de ter mi na tion of HbA1c con -
cen tra tion us ing the HPLC-ESI-MS (LC-MS) method and
Konelab (A) as well as LC-MS and COBAS (B) in sam ples
col lected from di a bet ics (® – un con trolled glycemia and
¡ – con trolled glycemia) and healthy pa tients (�). The re -
sults of HbA1c de ter mi na tion in post-mor tem blood sam -
ples (D) were not taken into ac count dur ing de ter mi na tion of
cor re la tion fac tor (r).

Fig. 6. Com par i son of HbA1c lev els de ter mined us ing
Konelab, HPLC-ESI-MS and COBAS meth ods in blood
sam ples col lected from di a bet ics (A – un con trolled glycemia 
and B – con trolled glycemia) and healthy pa tients – C.

Fig. 4. Cal i bra tion curve of HbA1c in the con cen tra tion
range 4.8%–13.9%.



ples col lected from liv ing per sons (Fig ure 5 and 6,
groups A, B and C) did not re veal any sta tis ti cally im -
por tant vari abil ity (the Wilcoxon matched pair test,
P > 0.1). A com par i son of the re sults of blood anal y sis
col lected from liv ing per sons (A + B + C) ob tained us -
ing the HPLC-ESI-MS method with re sults ob tained
by the Konelab and COBAS meth ods showed a high
cor re la tion (r = 0.9868 and r = 0.9938 re spec tively). 

The dif fer ences be tween the re sults of HbA1c anal -
y sis in post-mor tem blood sam ples (group D) ob tained
by the HPLC-ESI-MS method and both immuno turbi -
dimetric meth ods were slightly greater in com par i son
to the re sults for blood sam ples col lected from liv ing
per sons (Fig ure 6). How ever, they did not reach the
level of sta tis ti cal sig nif i cance (P » 0.08). More over,
these dif fer ences were sim i lar to those that oc cur in all
cases of anal y sis when two in de pend ent an a lyt i cal
meth ods are used for chem i cal in ves ti ga tion of de -
graded bi o log i cal ma te rial. 

It was es ti mated that the to tal cost of the ma te ri als
re quired for the anal y sis of one sam ple us ing the de -
vel oped HPLC-ESI-MS method is € 8.5 and the time
taken (for the re peat able ac tiv i ties) is about 2–3 hours.
Nev er the less, it is worth mak ing this ef fort in or der to
con firm or ex clude the hy poth e sis that a road ac ci dent
was caused by di a be tes, or to de cide whether keto -
nemia was caused by hy po ther mia or by different
metabolic disorders. 

5. Con clu sions

1. The mo dif ied HPLC-ESI-MS met hod of anal ysis
of HbA1c can be con sid ered the met hod of cho ice
for anal ysis of sam ples of post-mor tem blo od.

2. The Ko nel ab and CO BAS im mun otu rbid ime tric
met hods can be ap plied to post-mor tem blo od anal -
ysis. 
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1. Wprowadzenie

Pro ces gli kac ji po lega na sa mor zutnej re akc ji gru py
al deh ydo wej cz¹stecz ki mo nos ach arydu (na jcz êœc iej glu -
kozy) z wol nymi gru pami amin owy mi bia³ek [20, 21], ta -
kich jak he mog lobi na (Hb), al bum iny, li pop rote iny oraz
bia³ka uk³adu kr zep niêc ia. He mog lobi na gli kow ana
sk³ada siê z kil ku frak cji ró¿ni¹cych siê nie tyl ko lo kal iza -
cj¹ gli kow anej gru py amin owej, ale tak¿e ro dzaj em
po³¹czo nego z ni¹ mo nos ach arydu. Na jwi êksz¹ frak cj¹
gli koh emo glo biny (75–80%) jest jed nak he mog lobi na
gli kow ana HbA1c, która po wstaje dwu stopn iowo na dro -
dze nie enz yma tyc znej re akc ji D-glu kozy z N-koñ cow¹
grup¹ amin ow¹ ³añcu cha b he mog lobi ny (HbA, HbA0)
sta nowi¹cej u do ros³ego cz³owieka oko³o 97% ca³ko wit ej 
he mog lobi ny [2]. St ê¿e nie glu kozy we krwi i czas trwa -
nia hi perg like mii de cyd uj¹ o sz ybk oœci tego pro cesu oraz
ilo œci sta biln ej for my HbA1c. D³ugoœæ ¿y cia erytrocytów 
(oko³o 100–120 dni) de cyd uje zaœ o tym, ¿e po ziom
HbA1c od zwierc iedla œr edni po ziom glu kozy we krwi
w ci¹gu ostatn ich dwóch – trzech miesiêcy [9, 21]. Ozna -
c zanie HbA1c w mo nit oro wan iu le czen ia cu krzycy za -
czêto po wszechn ie st osowaæ po tym, jak wy kaz ano, ¿e
po zwala na re tros pekty wn¹ oc enê ef ektów le czen ia cu -
krzycy [1, 29] oraz ¿e w przy padku do brego wy równ ania
me tab oli cznego od set ek HbA1c po win ien wy nos iæ 6–7% 
[1, 23].

W prze biegu ka¿d ego typu cu krzycy mo¿e do jœæ do
zgo nu [7] wsku tek wyst¹pie nia œpi¹czki zwi¹za nej z hi -
perg like mic zn¹ kwa sic¹ ke ton ow¹ lub ostr¹ hi pog like -
mi¹. Po œmi ertne wy kaz anie za ¿yc iow ej hi pog like mii nie
jest jed nak mo¿ liwe ze wzg lêdu na szybk¹ bez tlen ow¹
gli koli zê. D³ugot rwa³¹ hipe rglikemiê mo¿na zaœ wyka zaæ 
poœm iertnie tyl ko poœ rednio, np. przez oznac zanie stê¿e -
nia glu kozy i kwa su mle kow ego w cie le szkli stym [25],
ewent ual nie przez okreœlenie po ziomu cia³ ke ton owy ch
[28]. Jed nak ich pod wy¿szone stê ¿enie we krwi mo¿e byæ 
skut kiem nie tyl ko ke tozy cu krzyc owej, lecz ró wnie¿ nie -
do¿ywienia, wych³od zen ia, za truc ia acet onem lub  izo -
propanolem czy te¿ poalkoholowej kwasicy ketonowej
[4, 17, 27].

Oznac zanie HbA1c z u¿yciem krwi po bran ej ze
zw³ok [9. 19, 31] stwa rza szan sê zaró wno poœm iertnego
roz poz nania cu krzycy, jak i wy odrêb nienia tych pr zypad -
ków ke ton emii, kt óre maj¹ et iol ogiê inn¹ ni¿ cu krzyc owa 
[28]. Oznac zanie HbA1c po winno wiêc byæ wy kor zyst y -
wane nie tyl ko w dia gnos tyce kli niczn ej, ale rów nie¿
w dia gnos tyce zgo nów nag³ych i nie któr ych zgo nów

gwa³tow nych, np. w od nies ieniu do ki erow ców, kt órzy
zg inêli w wy padk ach ko mun ika cyj nych – po nie wa¿ nie -
zdiag nozo wana i nie lec zona cu krzyca mo¿e pr owadz iæ
do nag³ego za trzym ania ak cji ser ca [16, 26]. Jest to istot -
ny pro blem, bo wiem w Sta nach Zjed noc zony ch osoby
z nie zdiag nozo wan¹ cu krzy c¹ (7% ca³ej po pul acji) sta -
nowi¹ oko³o 30–50% ogó lnej licz by cho rych na tê cho -
robê [11], a tak wy soki od set ek osób obci¹¿o nych ryzy -
kiem wy stê powania po wik³añ oko³ocuk rzyco wych zo bo -
wi¹zuje do bra nia ich pod uwa gê nie tyl ko jako przy -
czyny nag³ego zgo nu [19], ale rów nie¿ jako przy czyny
zda rzen ia [33].

Dla po trzeb dia gnos tyki kli niczn ej HbA1c oznac za
siê przy po mocy me tod en zym aty cznych [22, 24] oraz
chro mat ogr afic znych: jo now ymi ennej i po win owa ctwa
[8, 10, 13]. Ich ws pól ny pro blem anal ity czny sta nowi nie -
jed norodnoœæ he mog lobi ny ludz kiej oraz to, ¿e zna ne s¹
jej ró¿ ne po³¹cze nia, ta kie jak, np. acet yl-Hb pod czas far -
mak ote rap ii aspir yn¹ lub kar bam yl-Hb w prze biegu
mocz nicy [2, 32]. Na nie dok³adn oœæ ozn aczeñ mo¿e mieæ 
wp³yw tak ¿e nie trwa³y pre kurs or gli koh emo glo biny – al -
dim ina (u osób zdro wych sta nowi ona 5–8% ca³ko wit ej
il oœci HbA1, a u cu krz yków na wet do 30%), kt óra tymi
me tod ami oznac zana jest ³¹cznie z koñcow¹ ke to a mi -
now¹ form¹ HbA1c, co powoduje zawy¿enie wyników
[5, 10, 21].

Z tych wzg lêd ów Miê dzy nar odo wa Fe der acja Che mii 
Kli niczn ej IFCC (In tern ati onal Fe der ati on of Cli nic al
Che mi stry) oprac owa³a i po leca dwie nowe me tody
HPLC [14], z kt óry ch jed na sta nowi po³¹cze nie z  elek -
troforez¹ ka pil arn¹ (HPLC-CE), a w dru giej wy kor zyst a -
no sp ekt rome triê mas jo nów uzys kany ch przez elekt ro -
roz pyl anie (HPLC-ESI-MS). Obie me tody s¹ bo wiem
swo iste wo bec gli kow any ch N-koñ cow ych heksa pep ty -
dów z ³añc ucha b Hb (HbA, HbA0) i por ówn ywa lne [14]. 
Wy nika to st¹d, ¿e na pierw szym etap ie tych me tod yk
swo ista en dop rote ina za (Glu-C) od szczep ia od cz¹ste -
czek he mog lobi ny N-ko ñco we frag menty ³añcu chów b
(co pro wad zi do po wstan ia he ksape ptydyów gli kow any -
ch i nie glik owa nych), a na dru gim etap ie hek sap epty dy te 
s¹ roz dziel ane i oznac zane iloœc iowo, przy czym do ka -
lib racji sto suje siê mie sza ninê hek sap eptydów (nie glik o -
wa nego i gli kow ane go).

Pierw sze próby oznac zeñ stê¿e nia HbA1c we krwi ze
zw³ok podjêto ju¿ w 1983 roku, czy li kil ka lat po wpro -
wad zeniu tego pa ram etru do mo nit oro wan ia gli kem ii
u osób le czon ych z po wodu cu krzycy [3, 6, 18]. Okaza³o
siê wówc zas, ¿e spek trof oto met ryc zna me toda z kwa sem
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tio barb itu row ym [6] dawa³a we krwi po bran ej ze zw³ok
nie znaczn ie wiê ksze stê ¿enia HbA1c ni¿ te, które stwier -
dzano w ma ter iale kon trol nym, tj. we krwi po bran ej od
osób zdro wych. W póŸn iejszych la tach do oz naczeñ
HbA1c wpro wad zono meto dê chro mat ogr afii po win o -
wa ctwa [12]. Ko lejna me toda oparta na  elektroendo -
osmozie nie po zwala³a na tom iast na poœmiertne ró ¿nico-
wa nie osób zdrowych i cukrzyków [15].

Chen i in. [6], ba daj¹c krew po bran¹ ze zw³ok, stwier -
dzili co naj mniej 36-go dzinn¹ st abilnoœæ HbA1c w zw³o -
kach, zaœ Hin dle i in. [12] nie ob serw owa li istotn ych
zmian w stê¿eniu HbA1c pod czas prze chow ywa nia  pró -
bek krwi przez 40 go dzin w tem per atu rze 4oC. Chen i in.
[6] za obs erwo wali jed nak, ¿e stê ¿enie HbA1c pod wy¿ -
szone by³o nie tyl ko u wszyst kich cukrzy ków, ale rów -
nie¿ w 30% po zos ta³ych pr zyp adków, przy czym usta -
lono, ¿e osoby te przesz³y terapiê prze ciwn owo two row¹
lub sto sowa³y ste roi dy. W trak cie badañ poœm iertnych
zawy ¿ony po ziom HbA1c we krwi 11% osób, które nie
cho rowa³y na cu krz ycê, wy kaz ali ta k¿e Hin dle i in. [12].

Metody che miczne, im mun olo gic zne,  turbidyme trycz -
ne oraz HPLC wy kor zyst ywane do ba dan ia po ziomu
HbA1c mog¹ nie stety dos tarc zaæ wyn ików fa³szy wie po -
zyt ywny ch [6, 15] lub nie na daw aæ siê do anal izy  biolo -
gicz nie zde grad owa nych pró bek krwi [34].

W naj nows zych pra cach do tycz¹cych oznac zania
HbA1c we krwi po bran ej ze zw³ok wy kor zyst ywano sto -
sow an¹ ru tyn owo w dia gnos tyce kli niczn ej met odê im -
mun otu rbid yme try czn¹ oraz me todê HPLC. Me toda im -
mu not urbi dym etr ycz na za stos owa na przez Wi neck er i in. 
[34] okaza³a siê jed nak przy datna do ozna czeñ je dyn ie
80% pr óbek krwi ze wz glê du na to, ¿e w po zos ta³ych
20% by³y skrze py lub z in nych przy czyn niem o¿liwe
okaza³o siê oznac zenie he mog lobi ny ca³ko wit ej, co sta -
nowi³o g³ówn¹ wadê wszyst kich me tod sto sow any ch do
2002 roku. W me tod zie HPLC Go ullé i in. [9] za uwa¿yli
na tom iast ry zyko in terf ere ncji piku HbA1c z pikami in -
nych zwi¹zków powstaj¹cych podczas denaturacji pr ó -
bek krwi.

2. Cel pracy

Cel pra cy sta nowi³a taka mo dyf ika cja i stan dar yza cja
za lec anej przez IFCC dwu etap owej me tody po leg aj¹cej
na tra wien iu he mog lobi ny en zym em pro teo li tyc znym
i roz dziel aniu uzys kany ch pept ydów me tod¹ HPLC oraz
ich anal izie za po moc¹ spek trom etr ii mas [14], by przy jej 
u¿yc iu mo¿l iwe by³o oznac zanie HbA1c we krwi  po bra -
nej ze zw³ok.

Za plan owa no ta k¿e po równ anie wy ników  uzyska nych
za po moc¹ zmo dyf iko wan ej me tody z re zult ata mi oz na -
cz eñ HbA1c przy u¿yciu au tom aty cznego anal iza tora
COBAS INTEGRA 400 Plus i anal iza tora Ko nel ab 60i

(tj. dwie ma me tod ami im mun olo gic znymi sto sow any mi
obecn ie w dia gnos tyce kli niczn ej).

3. Ma ter ia³y, apar atu ra i me tody

3.1. Ma ter ia³y i od czynn iki

Ma ter ia³ do anal izy sta nowi³a krew po zos ta³a po ru -
tyn owy ch ba dan iach kon trol ny ch. Po brano j¹ od pa cjen -
tów lecz¹cych siê z po wodu cu krzycy ni ewyró wnanej
(gru pa A, N = 5) i wyr ównanej (gru pa B, N = 5) oraz od
osób, u któ rych wy kluc zono cu krzy cê (gru pa C, N = 5).
Gru pê D sta nowi³y 2 pró bki krwi po brane od zmar³ych
cho ruj¹cych na cuk rzycê oraz 3 pró bki ta kiej krwi ze
zw³ok, w kt órej pod czas ru tyn owe go oznac zania etan olu
me tod¹ GC stwier dzono aceton emiê > 250 mmol/l [28].
W jed nej z 2 fio lek, do któ rych po bier ano krew od osób
¿y wych, znaj dowa³o siê EDTA – prób ki te s³u¿y³y wy -
³¹cznie do anal izy me tod ami im mun olo gic znymi. Krwi
po bran ej ze zw³ok nie kon serw owa no. Wst êpne  przygo -
to wanie krwi nie kons erwo wan ej (zar ówno od osób  ¿y -
wych, jak i ze zw³ok) po lega³o na jej od wir owa niu w celu
us uni êcia sk rze pów.

Ma ter ia³em do ka lib racji by³y pr óbki krwi o zna nych
stê ¿eniach he mog lobi ny gli kow anej 4,8; 8,2; 10,9 i 13,9%
(Sen tin el, W³ochy). 

Do tra wien ia bia³ek krwi u¿y to en dop rote ina zy Glu-C 
(E.C. 3.4.21.19) ze Sta phyl oco ccus au reus szcze pu V8
(Sig ma P2922, Sta ny Zjed noc zone), mniej oczyszc zonej
(czy li tañ szej) ni¿ za stos owa na w me tod zie re fer ency jnej, 
ale o zna nej akt ywnoœci spe cyf icznej po leg aj¹cej na tym,
¿e w kw aœn ym pH hy drol izu je ona wi¹za nie pep tyd owe
przy C-koñ cu resz ty kwa su glu tam ino wego (Glu, E).
W wy niku tra wien ia przez ni¹ ³añcucha b he mog lobi ny
spo dziew ano siê bo wiem uz yskaæ 8 pe ptydów (ry cina 1),
w tym gli kow any N-koñ cowy hek sap eptyd VHLTPE
(N-wa lina-hi styd yna-le ucyna-tre onina-pro lina-kwas glu -
ta min owy-C).

Za stos owa no po nadto KCN, K3Fe(CN)6, MES, MRFA
(te trap eptyd: me tion ina-ar gin ina-fe nyl oal anina-alan ina), 
Na2EDTA i Na HCO3 oraz Tri ton X-100 (Sig ma, Sta ny
Zjed noc zone), CH3CN o czys toœ ci LC-MS (Rie del-de
Haën, Niem cy), CF3COOH (TFA) do MS (Flu ka Che -
mie, Niem cy), NH3, CH3CO2H i NaOH (Merck, Niem cy)
oraz wodê de jon izo wan¹ fil trow an¹ przy u¿y ciu sys temu
Mili-Q (Mi lip ore, Sta ny Zjed noc zone).

3.2. Apar atu ra

Roz dzia³ pep tydów prze prow adz ono przy u¿yc iu
chro mat ogr afu cie czow ego Ther mo Fin ning an Su rveyor
wy posa¿ onego w czte rosk³ad nik ow¹ po mpê gra dient ow¹ 
i au tom aty czny do zown ik sp rzê¿ ony ze spek trom etr em
mas typu pu³apka jo nowa LCQ Ad vant age Max (Fin -
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ning an, San Jose, CA, Sta ny Zjed noc zone). Joni zac jê
uzys kano przez elekt roro zpyl anie (ESI). Anal izo wano
jony do datn ie. Chro mat ogr af cie czowy i spek trom etr ma -
sowy pra cowa³y pod kon trol¹ pro gramu X’calibur, który
wykorzystano równie¿ do obróbki danych.

3.3. Przy got owa nie ma ter ia³u do oz nac zeñ

W celu uzys kania w³aœci wej pro porc ji miê dzy ilo œci¹
he mog lobi ny a il oœci¹ en dop rote ina zy, naj pierw  ozna -
czo no ca³ko wite st ê¿e nie Hb w ba dan ych pr óbk ach krwi,
sto suj¹c met odê z od czynn iki em Zij stra zmo dyf iko wan¹
przez Wo rek i in. [35]. Na tej pod staw ie ba dan¹ krew ro z -
cieñczono na stêpnie bu for em do prze chow ywa nia
(50 mM MES, 10 mM KCN, 1 mM Na2EDTA, NaOH do
uzys kania pH 6,2) tak, by stê¿ enie he mog lobi ny wy -
nosi³o 50 mg/ml, a efekt rozcieñczenia kon trol owa no
przez po nowne oznac zenie stê¿e nia Hb. Z tak przy got o -
wa nej prób ki krwi od mier zano na stêp nie ob jêto œæ za -
wier aj¹c¹ 1 mg Hb i do daw ano do niej 50 ml (tj. 30 mg)
roz tworu en dop rote ina zy Glu-C, któr¹ wc zeœ niej roz -
puszc zono w wo dzie de jon izo wan ej do st ê¿e nia 600 mg/ml
(co od pow iada ak tyw noœci pro teo li tyc znej 312,5 UN/ml),
po czym pró bkê uzupe³nia no bu for em do tra wien ia
(50 mM NH4, CH3CO2H, pH 4,3) do obj êtoœ ci 0,5 ml.
Tak przy got owan¹ mies zan inê re akc yjn¹ in kub owa no
przez 18 go dzin w tem per atu rze 37oC, a rea kcjê  zatrzy -
mywano przez zamro¿enie w tem per atu rze –70oC. Do
anal izy HPLC-ESI-MS wy kor zyst ywano su pern ata nt uzys -
kany po od wir owa niu ro zmr o¿o nej pr óbki przy 20 000 g
przez 5 min.

3.4. Pro ced ura chro mat ogr afic zna HPLC-ESI-MS

Roz dzia³ chro mat ogr afic zny gli kow any ch i  niegli -
kowanych hek sape ptd yów, któ re za wiera³ su pern ata nt,
prze prow adz ono przy u¿yc iu ko lumny Zor bax SB-CN
150 × 2.1 (5 mm) z pre kol umn¹ Zor bax 300SB-C3 2,1 ´
12,5 (5 Fm) fir my Agil ent (Sta ny Zjed noc zone) w tem -
per atu rze 50oC. Za stos owa no dwusk³ad nik owy sys tem
gra dient owy z fazê ru chom¹ o przep³ywie 0,3 ml/min.
Pocz¹tkowo by³ to 0,025% wod ny roz twór TFA (tj.
sk³ad nik A). Po 1 min do³¹cza no acet oni tryl z 0,023%
TFA (tj. sk³ad nik B), kt órego udzia³ w fa zie ru chom ej
wzra sta³ stop niowo do osi¹gniê cia 70% w 28 min i 100%
po 30 min, a od 37 min przy wrac ano stop niowo przez
13 min stan wyjœciowy (tj. 100% sk³ad nika A). Ca³a pro -
ced ura chro mat ogr afic zna trwa³a 50 min. Objê toœæ na -
strzyku wy nosi³a 10 ml.

Opty maln ymi do anal izy gli kow any ch i nie glik owa -
nych hek sape pty dów pa ram etr ami pra cy spek trom etru
ma sow ego okaza³y siê: napi êcie ka pil ary – 4,5 kV;  tempe -
ra tura ka pil ary – 200oC; gaz jo niz uj¹cy – azot o prze -
p³ywie 70 arb (ang. ar bit rary unit of LCQ in strum ent);
gaz po mocn iczy – azot o przep³ywie 10 arb. Do ka lib racji 

spek trom etru ma sow ego u¿ yto MRFA. Przy anal izie iloœ-  
cio wej za stos owa no op cjê mo nit oro wan ia jo nów  dodat -
nich w za kres ie 300–1000 m/z (full scan mode). Sy gna³
po chodz¹cy od w³aœ ciwych dla hek sap epty du gli kow ane -
go po zorn ych jo nów mo lek ula rnych [M+2H]2+ i [M+H]+

re jes trowa no przy m/z = 429 i 857, a dla hek sap epty du
nie glik owa nego przy m/z = 348 i 695 (ta bela I oraz ry -
cina 2). Pro cent ow¹ zaw arto œæ HbA1c ob lic zano na pod -
staw ie pro porc ji miê dzy po lem po wierzchni piku hek sa -
pep tydu gli kow ane go a ³¹czn¹ po wierzchni¹ pi ków obu
he ksapepty dów (tj. gli kow ane go i nie glik owa nego) – ry -
cina 4. 

Ze wz glê du na to, ¿e u¿ ycie wz orc ów od pow iedni ch
he ksa pepty dów nie by³o mo ¿li we (gdy¿ nie s¹ do stê pne
ko merc yjnie) do ident yfi kac ji i po twierd zenia struk tury
anal izo wan ych jonów, wy kor zyst ano sp ekt rome triê
MS/MS. Za stos owa no przy tym znor mal izo wan¹ ener giê
ko liz ji = 45%, zaœ jony po tomne mo nit oro wano w try bie
pe³nego ska now ania (full scan) w za kres ie 95–1000 m/z.

3.5. Wa lid acja

Ka ¿de z wzor cow ych stê¿ eñ HbA1c (4,8; 8,2; 10,9;
13.9%) pod dano oœm iok rotnie pro ced urze tra wien ia
w spo sób przed staw iony w roz dziale 3.3, po czym w ka¿ -
dej pró bce oznac zono po ziom obu he ksapeptydów (gli -
kow ane go i nieglikowanego).

Jako pró bê œlep¹ za stos owa no he mol izat krwi po -
bran ej ze zw³ok, kt óry przy got owy wano do anal izy
z pom iniêciem pro ced ury tra wien ia (co by³o ko nieczne,
po niewa¿ ka ¿da krew za wiera pewn¹ il oœæ HbA1c) i wy -
kaz ano, ¿e pro pon owa na me toda jest w pe³ni specyficzna
(rycina 2 i 3). 

Za gr anicê oz nacz alnoœci (LOQ) pr zyjê to 4,8%, tj.
naj mniejs ze stê ¿enie HbA1c z roztworów wzor cow ych
u¿yte w krzy wej ka lib racy jnej (ry cina 2). 

Krzy wa ka lib racy jna wy kaz ywa³a li now oœæ w  zakre -
sie st ê¿eñ 4,8–13,9%. Wspó³czyn nik ko rel acji otrzym a -
nej krzy wej ka lib racy jnej r wy nosi³ 0,977 (ry cina 4).
Pa ram etry ok reœ laj¹ce dok³ad noœæ i pr ecy zjê  ozna czeñ
HbA1c przed staw iono w ta beli II.

3.6. Oznac zanie HbA1c me tod ami 
im mun olo gic znymi

Za war toœæ HbA1c we wszyst kich próbka ch krwi
oznac zano nie tyl ko przy u¿y ciu me tody HPLC-ESI-MS
zmo dyf iko wan ej w spo sób wy¿ ej przed staw iony, ale  rów -
nie¿ me tod ami im mun otu rbid yme try czn ymi sto sow any -
mi obecn ie ru tyn owo do ba dañ kli niczn ych, tj. przy u¿y -
ciu au tom aty cznego anal iza tora COBAS INTEGRA 400
Plus (Ro che Dia gnos tics, Niem cy) oraz anal iza tora
 Konelab 60i (Ther mo, Fin land ia), któ ry w przy padku
 ana lizy œwie ¿ej krwi po bran ej do fiolki za wier aj¹cej
EDTA spe³nia wy mogi stan dar yza cji IFCC [30], gdzie
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do okr eœlania zawartoœci HbA1c sto sow ane s¹ wzo ry
 uwzglêdniaj¹ce stê ¿enie Hb:

HbA1c [%] = 

0,915 ´ (HbA1c [g/l]/Hb [g/l]) ´ 100 + 2,15 

(dla Ko nel ab 60i);

HbA1c [%] = 

(HbA1c/Hb) ´ 87,6 + 2,27 

(dla CO BAS IN TEG RA 400 Plus).

3.7. Sta tys tyczna anal iza wyni ków

Wy niki oz nac zeñ HbA1c me tod¹ HPLC-ESI-MS (po
tra wien iu he mog lobi ny) oraz me tod ami im mun olo gic z -
nymi oprac owa no przy u¿yciu pro gramu Sta tis tica 6.0
(Stat soft, Sta ny Zjed noc zone) z wy kor zyst aniem te stu
ko lejnoœci par Wil coxona. Po nadto za po moc¹ pro gramu
NCSS zba dano kor ela cjê miê dzy wy nik ami uzys kany mi
me tod¹ HPLC-ESI-MS a metodami COBAS i Konelab.

4. Wyniki i ich omówienie

Z przegl¹du piœmiennictwa wy nika, i¿ ni niejs za pra ca 
sta nowi pierw sze do nies ienie do tycz¹ce oznac zania
HbA1c we krwi po bran ej ze zw³ok me tod¹ ba zuj¹c¹ na
anal izie gli kow ane go N-koñ ca b-³añc ucha he mog lobi ny
przy u¿ yciu me tody HPLC-ESI-MS. Przy wspo mnian ej
me tod zie zna ne czyn niki ry zyka pope³nie nia b³êdu przy
oznac zaniu HbA1c [10, 35] nie wp³ywaj¹ (z za³o¿enia)
na otrzym ywa ny wy nik, gdy¿ um o¿liwia ona  wykorzys -
ta nie he mol iza tu krwi pe³nej i ró wno cze sne oznac zanie
produ któw hy drol izy he mog lobi ny ca³ko wit ej (w tym
HbA1c), a w kal kul acji wy niku uw zgl êdnienie je dyn ie
pro porc ji miê dzy po wierzchni¹ piku hek sap epty du gli -
kow ane go a po wierzchn iami pi ków wszyst kich  heksa -
peptydów. Uzys kany za jej po moc¹ wy nik nie za le¿y
za tem od oznac zania po ziomu Hb.

Mimo ¿e tra wien ie pro tei naz¹ V8 pe³nej krwi pro -
wad ziæ mo¿e do po jaw ienia siê pe pty dów in nych ni¿
z HbA1c (a te teo ret ycznie mog¹ int erf erowaæ z anal izo -
wan ym N-ter min alnym hek sap epty dem b-³añc ucha he -
mog lobi ny, ry cina 1), to po za stos owa niu pro ced ury
opis anej w roz dziale 3.3 zar ówno we krwi tra wion ej, jak
i nie traw ionej (tj. pró bie œle pej), nie za obs erwo wano ta -
kich pi ków t³a, kt órych masy mo lek ula rne i cza sy re tenc ji 
zb li¿o ne by³yby do he ksap eptydów HbA1c i HbA0. Me -
toda HPLC-ESI-MS gra dient owe go roz dzia³u pep tydów
okaza³a siê wy soce spe cyf iczna (ry cina 2 i 3).

Zmo dyf iko wana przez autorów tej pra cy me toda
HPLC-ESI-MS oznac zania HbA1c jest li niowa (r = 0.977)
w ca³ym (ni ezbê dnym dla po œmie rtnej dia gnos tyki d³ugo
utrzym uj¹cych siê stanów hi perg like mic znych) za kres ie

st ê¿eñ HbA1c (ry cina 4) oraz dok³adna, po wtar zalna
i pre cyz yjna (ta bela II).

Ró¿ nice miê dzy wy nik ami oz nac zeñ HbA1c uzys -
kany mi za po moc¹ me tody HPLC-ESI-MS a wy nik ami
otrzym any mi me tod ami im mun otu rbid yme try czn ymi, ja -
kie stwier dzono, ba daj¹c krew po bran¹ od osób ¿y wych
(ry cina 5 i 6, gru py A, B i C), nie wy kaza³y zn ami ennoœci
sta tys tycznej (test kol ejn oœci par Wil coxona, P > 0,1).
Por ównan ia tych wyn ików bad añ krwi po bran ej od osób
¿y wych (A + B + C), kt óre uzys kano me tod¹ HPLC-
ESI-MS, z wy nik ami otrzym any mi zarówno me tod¹ Ko -
nel ab, jak i COBAS, wy kaza³o na tom iast, i¿ ko rel acje
 miêdzy nimi s¹ bar dzo wy sok ie (od pow iednio: r = 0,9868 
i r = 0,9938).

Ró¿ nice miê dzy wy nik ami oz nac zeñ HbA1c me tod¹
HPLC-ESI-MS a obiema me tod ami im mun otu rbid yme -
try czn ymi, ja kie stwier dzono, ba daj¹c krew po bran¹ ze
zw³ok (tj. w gru pie D) by³y wpraw dzie nie co wiê ksze ni¿
w przy padku krwi po bran ej od osób ¿y wych (ry cina 6),
ale ró wni e¿ nie osi¹gnê³y po ziomu is totn oœci sta tys tycz -
nej (P » 0,08). Po nadto nie od biega³y one od tych, ja kie
po jaw iaj¹ siê zaw sze w przy padku ze staw ienia rez ult a -
tów dw óch ni ezal e¿ny ch me tod u¿ ytych do anal izy che -
miczn ej zde grad owa nego ma ter ia³u bio log iczne go.

Wed³ug sza cunku aut orów ni niejs zej pra cy ca³ko wity 
koszt ma ter ia³ów jed nej anal izy me tod¹ HPLC-ESI-MS
w za prop ono wan ej tu mo dyf ika cji wy nosi obecn ie ok.
8.5 €, a czas, jaki musi poœwi êciæ anal ityk na czyn noœ ci
po wtar zalne, to ok. 2–3 go dziny. Jed nak nak³ady te war to 
pon ieœæ po to, by pot wierdziæ lub wyk luczyæ hip otezê, ¿e
przy czyn¹ wy padku dro gow ego sta³a siê cu krzyca,
ewent ual nie po to, by roz strzygn¹æ, czy ke ton emia spo -
wod owa na zo sta³a przez nad mierne wych³od zen ie czy
te¿ przez inne zaburzenia metaboliczne.

5. Pod sum owa nie

1. Zmo dyf iko wan¹ pro ced urê anal ity czn¹ HPLC-ESI-
MS oznac zania HbA1c nale¿y traktowaæ jako metodê 
„z wy boru” do ba dan ia krwi ze zw³ok.

2. Me tody im mun otu rbid yme try czne Ko nel ab i CO BAS
mog¹ byæ wy kor zyst ane do anal izy krwi po bran ej ze
zw³ok.     
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