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Abstract: Hemoglobin A,. (HbA,.) is a major component of glycated hemoglobin in human red
blood cells. It has been proven to be a significant biomarker for the diagnosis of diabetes; its

content in fresh red cells in diabetes blood reflects the average level of blood glucose over the
previous three months. Thus, HbA,. level has been used for the assessment of long-term glyce-
mic control in diabetes; the level of 6. 5% HbA,_ has been certified as a critical cut-off for the
diabetes diagnosis. The current commonly used method for HbA,. quantification is based on cat-
ion-exchange high performance liquid chromatography ( CX-HPLC). The method has advantages
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such as high stability, rapidity, and automation, but there are still some unidentified peaks of
Hb species in CX-HPLC ( VARIANT II system) ; in particular, the presence of HbA, (a glutathi-
olated Hb) affects the accurate determination of HbA .. HbA, is usually present in healthy adult
blood samples at 2% —-4%, but the concentration of HbA, increases due to the protection of
erythrocytes from oxidation, resulting in decreased HbA, .. However, the relative location of the
HbA, peak in the CX-HPLC clinical chromatogram has not been established.

To address this issue, we extracted Hb species from fresh blood samples obtained from a
hospital in an anaerobic environment to avoid possible redox reactions of Hb and glutathione.
After the extraction, the Hb samples were analyzed using two methods: a low-resolution CX-
HPLC (5/50 mm column) currently used for diabetes diagnosis and a high-resolution cationic
exchange HPLC (Mono-S 5/50 mm column) , to identify the peak corresponding to HbA,. The
CX-HPLC analysis of fresh blood samples indicated that the unknown peak P3 located between
HbA,. and HbA, peaks corresponded to the HbA, peak between HbA, and HbA, in the Mono-S-
HPLC. Microarray isoelectric focusing (IEF) was used for the micro-preparation of HbA,,
HbA,., and HbA, in healthy blood samples; then, the micro-prepared species of HbA,, HbA,_,
and HbA, were individually identified via Mono-S-HPLC. The results of the CX-HPLC, Mono-S-
HPLC, and microarray IEF experiments indicated that the P3 peak might correspond to HbA,.
To confirm this, glutathiolated Hb samples were synthesized via acetylphenylhydrazine and ana-
lyzed using both the Mono-S- and CX-HPLC systems. The results showed that the content of
both glutaminated hemoglobin of HbA, in Mono-S-HPLC and P3 in CX-HPLC increased, impl-
ying the peak of P3 with the retention time of 1. 50 min in CX-HPLC was the peak corresponding
to HbA, in Mono-S-HPLC and microarray IEF.

Based on the above experiments and our previous results, the influence of HbA, on both the
analysis of HbA,. in blood samples and the diabetes diagnosis needs to be considered and dis-
cussed. The study results are significant for the tentative assignment of peak P3 and for offering
more information on diabetes diagnosis using CX-HPLC in the clinical setting.

Key words: cation exchange high performance liquid chromatography ( CX-HPLC) ; isoelectric
focusing (IEF) ; hemoglobin A, (HbA,) ; hemoglobin A,. (HbA,, ) ; blood sample; diabetes
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Fig. 1 Analytical result of HbA,  in fresh blood samples

by VARIANT I CX-HPLC system
% Alc: calibrated area of hemoglobin A,. (HbA,.).

— A HENAE I PRI B CX-HPLC 1 HbA, 5 P3 1§
AR, I8 1 R O 12 W ) 2 W), A ek PR
FERETEN R BEE %

1 SCIEE 4y

1.1 5 F

I[fi & Bio-Rad VARIANT I 4 [ 3 ifil 21 4K 11 4%
BEASC, BB 3z T It PR WS PR 5 HbA, {8 45 ] 119
CX-HPLC %% (Hercules, 3£ [H ) , iZAX &5 JH BH B
T2 kE 5 Bis-Tris/ B R EE S8 v, 4 B s B
RUK W % 45, Mono-S-HPLC & 3% {Y K it % T
Mono S 5/50 GL FH B + 22 #e {5 3% #"' ( GE
Healthcare Life Sciences, 3¢ [# ) i HPLC % 4t
(Thermo Fisher Scientific, 3¢ [H ) , %% A F 5
TR AN 5 2%, FH P ] LIS 28 i AN ok
17 Hoh 5/50 45 5/50 mm, 5 mm 38 {5 %A R
T AE K B, 50 mm R i 8 3% AT K L, Mettler-
Toledo Delta 320 pH i1 ( #4580 Fl Z £ A, L
1) . TS IEF &% 4% (L ARS A YR A B
oNEl, B T b AR R Hb & 5 9
Sy e ScE TR aliAl, R A R TEANE BT LA TR
R Hoh T

Nl AN (4B >99%) Il [/ TCI( H A%
) o EACER (AR 99% ) W E BTvE R IS A BR A
Al (KHEL) , NI (MBAig, 41 >99.9%) W A
BT TR A BR 2y w1V ) S 3 LT 04 I
(HREEZ, 4% >99. 9% ) FMIPY H 3k 2, — it (TEMED )
(4 >99% ) W | Sigma-Aldrich( 3£ ) , IEF 73 F4
BB FE (pH 6~8, K J&F 20 mmxJEE 10 pmx 56 &
1.2 mm) F1ZEAAR P M HL f# 5T ( carrier ampholytes
(CA), pH 6~8) g H [ iRAAM &A= FHE A R A
Al () Al A= 2 S R el T [ I 2
ek AR 0 A PR A 7 () 4l K R 4l vk
ARG (Wok, 1) il 5,
1.2 HmE&

AR IR RE AR B 1 28 3 R 2 I 2 e B i
G BEBE S Ak 10 3k FE A, LR AR FIAS DU 25 SR 1 5
AT BE B i HR A 20K DA K B 7 I8 PR A AR
BEEINLAFE () HbA, 25 5 I IR B< Be ff FH 9 VARI-
ANT II CX-HPLC R G E%],

MAETIALEE Y B 4 i B R E 2 544 EDTA
PRI o, 4 C AT, AL B RS J 24 h
WSER . B IMFEESL 15 min DR i3, e



- 1276 - 4

i 539 &

M ETE T 3 A FRAY 0. 15 mol/L B % 44 2% nh ik
(pH 7.4, 0.9% (JiiE4r%0) NaCl) Hhit ¥ 3 I, 48
JEMA 0.4 mL PR ALRIFIR A 15 min, &5 KR
AWEL (296000 g) 10 min, H-HEHCS Hb (14 17
W . 7T Bilk Hb 78 Mono-S-HPLC 1% %% IEF
IR & A F AL, TR AV TRGE A — bk 1~2
min AR 4 CORAF, AR Hb B2 BEH Ik
SRS R, BUR A A I RE 1 mL,
0.15 mol/L #f R #h-F /L 94 22 vh W 1 mL, 10
pmol/L At H K 1 mL fi4li/k 3 mL E& I
pH 2 7. 0; AR5 ¥R G J5 IR (0. 5 mL) #5214
£ 0.2 mg £ EY) Eppendorf 45 1, 7 37
CFEE 1 h, @5 OBRN—RER, 50
HK 5 i 218 3 RnE, AR A BEH K6 Hb, R
HbA, . ¥IFE RIRAYE L 10 min 2B IfL40E
HBURLICTE , 285 ) CX-HPLC H1 Mono-S-HPLC 43
MrEEASH HbA, 15,
1.3 HPLC %

Il IRAK 70 #F CX-HPLC R4, B R EE
FE 5 B FoR 1) Bis-Tris/ B2 h % MR B T, 43
ERE P LT B S AR T TS A A T 43
B9 B OGRS TR N 43 85 F5 ) 100 2126 1 7E 415 nm
WA AL B RE

1 43 ¥ Mono-S-HPLC & 482, /3 4k Ny
Mono S 5/50 GL FHE 1283t 841 ARl 25 C
A A 2 10 mmol/L [N —FREAF 0.2 g¢/L &
RACH BVIR & W (pH 5.7) , s A1 B 4 0.3
mol/L &AL, AT ZE 0. 45 pm FlALIEIE
A E N 2 mL/min, PELFEF:0~5.5 min,
0.2%B; 5.5~7.5 min, 40% B; 7.5~ 12 min, 50%
B; 12~14 min, 100% B; 14~20 min, 0.2% B,
WA 415 nm, RS 0.2 pL,
14 {4F&E% IEF R = Hb MHl &4

5 IEF 53 5418 . 40 IEF 5307 5 i
AR WL ICHR > BT SR 4 L VK 4 B R R TEF %
Iy ESHE(pH 6 ~ 8, K JF 20 mmx 2 10 pumx 53 JF
1.2 mm), BB HHENEAS CAIRS, &
FEZA TR CA By Ui 43 50H 0. 4% , 1LAEFR & 900 177,
A% .0~2 min, 40 V; 2~4 min, 80 V; 4
~6 min, 120 V; 6~120 min, 600 V, #FF:HH 20
pLo

i Hb il alifl . [7]— A R B R4 7 12 AR
FEZIAE L FE, 8] 25 E 17 14 B %1 IEF 58 £5 A Uk 5K

B2 AE S IEF 25 05, BUE IEF (304 5]
B, TR B T A 0N 12 ARG B A b 51
YI'F HbA, . HbA, L & HbA, 414y, & IFFZ Hb
Y3, HUCE AR B O T KRR 22 S5 xR U
Hb JT & Mono-S-HPLC 4347,

2 ZERE5TS

2.1 CX-HPLC FRHll&

K 1 2K CX-HPLC 248 %) 37 & Il K (24 h
WRER) AT AT 25 . #E50h HbA, I {H A
5.2% ., eGSR T HbA, U5 1 R AR, IR B o i
THE{L Hb W2 4y, f1 35 HbA , Al HbA,, , {H T i
AR S5 T R K HbA, 5 1 3 2R BRAA 1 IR
T HbA, 7 3l 3 1E 2% ~ 4% 22 8], 75 T HbA,,
HbA,, 15270 BRI HbA, Z0
2.2 EF IEF #l Mono-S-HPLC HJ HbA, £F

— 28 Hb A8 SR 25 0 FH 5 138 4 HPLC 530
I HbA, AYZERC2 HIE 45T HbA, 15 B A3 58
IEEIBATE R, (2T Hb S - AT A T 48 e H K
e /i, 1 e 451 IEF X547 5. 2% HbA,, 19 1fi
WAL SR AT 02272 Rl 2 FFoR , #i9E Battelino
S i AR R A g 4 R, A BH R
2] B B, 4530 49 2 Hb ALK YKl HbA, |
HbA, Fl HbA,, N T #F— L4\, 4558 | Mono-
S-HPLC X3 fif i BEEA T FR R 404 20, 285 SR an &l 3a
Fiis iz B SR T HbA, A7 7E B LA 45 1l 21 8 1
WA A B L, RSN, R 51 TEF R
o B 5 HR LAY 451 Hb A% 43 15 F Mono-S-HPLC
AT, SR ANE 3b 3¢ il 3d s, B0
P SR 347 55V AR o 43 B 45 2 A W) 1 [R] e

230
~ HbA,
3 HbA, || —
=20
e HbA,
on
S0, - o > e ¥ e  TIst
|
1.0 T30 50 7.0 "90 T11.0

Distance / mm
B2 R MMM E B RIAMMES] IEF Bk EE
Fig. 2 Electropherogram of microarray isoelectric
focusing (IEF) of hemoglobin species from
human adult red blood cells
The upper panel shows the IEF image. The lower panel
shows the position and relative contents of HbA;, HbA, ., and
HbA,.



SRR A5 T2 SR A L K AR PR IR ik A BH 85 52 4 v ik

St
e WA (I ILLT 8 T A, Wl A £ 1277 -
25+
] a é HbAo HbA;
l HbA, HbA | 201 HbA,
3
Do) o
0 2 4 6 8 10 12 4 16 18 20 =)
<
b 104
4 HbA,.
L HbA, s :
[ %\‘ Y st ——— o T J
3 0 4 6 8 10 1 " 16 18 20 4 6 8 10 12 14
C t / min
] L HbA B 4 #BHE AL RA Mono-S-HPLC &
o N [— Fig. 4 Mono-S-HPLC chromatogram of
’ 2 N ¢ ¢ © " " 6 b ® glutathiolated sample
d bA,
é 20.0
)
= %  —— 17.54
0 2 4 6 8 10 12 4 16 18 20
¢t/ min 15.04
)
B3 e SEkS IEF H B EEnaEs o 31%
%> Mono-S-HPLC % & <100+ =3 g
Fig. 3 Mono-S-HPLC chromatograms of a fresh °\ . Y B
blood sample and main Hb fractions ex- N o 2 %
tracted from microarray IEF 5.0 ° S
(a) normal blood sample; (b) HbA,., (c) HbA;, and (d) 23

HbA, fraction corresponding to HbA,. , HbA;, and HbA, in
Fig. 2.

I IR % 2 %2 F ELISA /2 25 51/ 3 E T
HbA, WERIFELE
2.3 R XSrHTHEN P3-HbA, 1

S iE— N CX-HPLC ") P3 %5 Mono-
S-HPLC 1Y HbA, IR 5CF , 7R 1A INBTADIAILAA W I8
AR N LR AEAS T HbA, A2 e H KA SO 5 2
J& 43 %1 Mono-S-HPLC 1 CX-HPLC %4 bt H ik
A M EEDEFT /A (DL 4 FnlEl 5) o eI 4 A
3a AT LR B, A b H BRA1E 5 HbA, 06 B & B AIG, 17
HbA , W] 8 164 15 3 W4 IOk H R AR B AR 17 1 v A
dn T HbA A& it 17 00 5 5 T AR i HDA,
S ES WoR TE MRS B BRE B CX-
HPLC 2558, 5 & 1 AL, B 5 A KR4 B (i)
FEAREE 1 AXT R HE S P30 s AR E
1 B YR, HaEFE A A i 1. 53 min( DL 1) #EK
% 1.58 min( WL 5) H#EME 5 o) P3 I AR L2
TR e A T S50 15 et 1 o ot ol 0 %) £ B B[] 422
J& , R HED P3 i BD ok HbA, 1§, [F]i, P3/HbA,
AFGT U TED AR B I 42 5, 5 Mono-S-HPLC & 4245 |
PZE R —E (UL 4) , FRk$E7R CX-HPLC /Y P3
I % Mono-S-HPLC ) HbA, i,

TEA VRS R FTH AT, 5L T4 51 IEF | Jit
TR AR AT ELISA 7%, FATUEM] T 1A HbA, 25

t/ min

B 5 #HRtHEBEERER VARIANT I CX-HPLC
REFEE HbA, A TER
Fig. 5 Analytical results of HbA,  in glutathiolated
sample by VARIANT 1I CX-HPLC system

1 HbA, G 45 5 0 2 m A ok T 48 = s DR
K o HbA, 22 (A B 2, 45 SR A B2
HbA, W 1) {5 ., AL 45 P2 B3 I (] R0 AH Xof 0 T A1 2
L 224 7 XA DR A A ARG 0 DA v | A 6 ) P I A
% P3 sk HbA, 15X} HbA, W it XA 52 0 ; Jf:
L e R = A= AR B A 2656, S 7T 3kt e s A7 7F 3200
R B2, A5 T HbA, E4E CX-HPLC
[ AH 657 8, 1 IEF , Mono-S-HPLC #fE il CX-
HPLC H KM P3 1§ )2 HbA, W, AR RA
LA OB RS L RE A HbA, K45 S A Al 5 5

3 #ig

TE A SCH, 341738 32 Mono-S-HPLC | i 4 1)
IEF AR CX-HPLC £ %t 138 LA Ml 1 Je wir
TAEP rp 23 i R P3 I HbA, W, 35 &
T HAERAK R G A X7 B, Beah, A SC
FHOTAE Jf it e H KA Al 458 bk H
AR IR Y 22 SUAr M 48 31, 18 T HbA, X b3k {k
273 ARSI 8 B 3



- 1278 - 4

73 5539 4

S Xk

Bookchin R M, Gallop P M. Biochem Biophys Res
Commun, 1968, 32 (1) 86
Kaur J, Jiang C, Liu G. Biosens Bioelectron, 2019, 123. 85
Koenig R J, Peterson C M, Jones R L, et al. N Engl J Med,
1976, 295(8) . 417
Lee JH, Kim S, Jun S H, et al. J Clin Lab Anal, 2020, 34
(11) . €23504
Stevenson A J, McCartney D L, Hillary R F, et al. Clin Epi-
genetics, 2020, 12(1): 1
John W G. Clin Chem Lab Med, 2003, 41(9): 1199
Inih O S, Esther Y E, Adetola F O, et al. Curr Diabetes
Rev, 2018, 14(3): 298
Seferovic J P, Claggett B, Seidelmann S B, et al. Lancet
Diabetes Endocrinol, 2017, 5(5) : 333
Little R R, Rohlfing C L, Tennill A L, et al. Diabetes Techn-
ol Ther, 2007, 9(1): 36
Rohlfing C L, Hanson S, Tennill A L, et al. Diabetes Tech-
nol Ther, 2012, 14(3). 271
Nakajima K, Higuchi R, Iwane T, et al. BMC Res Notes,
2020, 13: 1
Zeida A, Trujillo M, Ferrer-Sueta G, et al. Chem Rev,
2019, 119(19) . 10829
Bartolini D, Torquato P, Piroddi M, et al. Biochim Biophys
Acta Gen Subj, 2019, 1863(1): 130
Lankadeva Y R, May C N, Cochrane A D, et al. Acta Phys-
iol, 2020, e13583
Chari R V, Miller M L, Widdison W C. Angew Chem Int Ed
Engl, 2014, 53(15): 3796
Chen X X, Niu L Y, Shao N, et al. Anal Chem, 2019, 91
(7). 4301

[30]

[31]

[32]

Shukla K, Sonowal H, Saxena A, et al. Biochem Pharma-
col, 2018, 152. 1

Kleinman W A, Komninou D, Leutzinger Y, et al. Biochem
Pharmacol, 2003, 65(5) : 741

Choi S, Krishnan J, Ruckmani K. Biomed Pharmacother,
2017, 85: 79

Jeppsson J, Jerntorp P, Sundkvist G, et al. Clin Chem,
1986, 32(10) . 1867

Li S, Dong J Y, Guo C G, et al. Talanta, 2013, 116; 259
Li S, Guo C G, Chen L, et al. Talanta, 2013, 115; 323
Dong J, Li S, Wang H, et al. Anal Chem, 2013, 85(12):
5884

Li G Q, Li HG, Dong F F, et al. Anal Chim Acta, 2019,
1063 178

Huo C H, Li Y H, Qiao Z, et al. Chinese Journal of Chro-
matography, 2019, 37(8): 863

AR, e, A8, 55 @95, 2019, 37(8) : 863

Sun K B, Shang Z, Sun Y, et al. Chinese Journal of Chro-
matography, 2016, 34(12). 1234

NI, MR, PhDE, . (i, 2016, 34(12): 1234

Adem S, Ciftci M. Protein Expr Purif, 2012, 81(1): 1
LinYS, WuCW, LinTS, etal. Anal Chem, 2019, 92(1) :
724

Prakash A S, Kabli A M, Bulleid N, et al. Anal Chem,
2018, 90(24) . 14173

Niu J C, Zhou T, Niu L L, et al. Anal Bioanal Chem, 2018,
410(6) : 1689

Min E Y, Ahn T Y, Kang J-C. Fish Aquatic Sci, 2016, 19
(D1

Battelino T, Danne T, Bergenstal R M, et al. Diabetes
Care, 2019, 42(8) . 1593



