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Hemoglobm Az (HbAz) oompnses about 2.2% of the total hemoglobin in the arythro-
cytes. The separatlon and quantitation of this minor hemoglobin by capillary eiectro-
phoresis (CE) using an arginine Tris buffer is described. Some of the variables affect-
ing the accuracy and precision of HbA, quantification are investigated. Furthermore,

the quantification of this hemoglobin by CE is compared to that of a microcolumn chro-
matography method. The CE method. is better suited than the microcolumn method for
measuring HbA; in the sickle cell trait.
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1 Introduction

‘ f'iemoglobih A (Hb A) is the most common hemogiobin in

the normal adult. it is composed of two normal «- and two
normal B-chains and it is present in most individuals at
about 95-98% of the total hemoglobin. On the other hand,
HbA, is composed of two o- and two §~chains. In the nor-
mal individua! it comprises only about 1.5-3% (median
2.2%) of the total hemoglobin. Because of the lack of §-
chain synthesis in f-thalassemia there is an increase in
HbA, with a decrease in the normal mean corpuscular
volume {MCV). A mild hypochrom:c and microcytic ane-
mia characterizes this clinical condition. An elevated
HbA, level, in the presence of a normal serum iron level,
is used clinically to aid in the diagnosis of B-thalassemia
{1]. HbA; can also increase slightly in other clinical disor-
ders such as in hyperthyroidism, hemoglobin S (Hb S)
trait, and megaloblastic anemia in absence of B-thalasse-
mia. There Is also a reciprocal relationship between HbA2
and Hb F (the fetal hemoglobin). From the analytical

-~ aspects, HbA, separates well on agarose gel electro-
-. phoresis; however, the densitometric scans are not accu-

rate enough to detect the small changes in the quantity of
HbA, . [2, 3]. Microcolumn chromatography [2, 3] and
HPLC [4, 5] are also used but they are either complicated
or time-consuming. ’

Previously, HbAz as well as the major hemoglobin var-
iants (A, F, S, and C) were separated by CE using a con-
centrated Tris buffer in a narrow diameter capillary {6].
However, the two major problems in HbA, are the accu-
racy and the reproducibility of the quantification of a very
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minor peak (~ 2%) in the presence of a very large peak.
The precision of the HbA; shouid be < 6% for clinical
diagnosis. Jenkins et al. [7] found-CE to be suitable for Hb
Az quantification with a CV of 8.4%. Cotton et al. [8] used
a commercial buffer of unknown composition which coats
the caplliary with special propriety polyions to achieve
good reproducibility. The quantification of a minor small
peak in the presence of a large one is problematic in most
separation methods and especially CE. in CE, several
factors affect the precision and accuracy of such quantifi-
cation, e.g., sample size, wall interaction, integrator soft-
ware, and voltage [8]. Here it is demonstrated that the
major hemoglobin variants A, F, S, C, and A, can be sep-
arated well by CE in an arginine-Tris buffer. Some of the
variables, which affect the precision and accuracy of
hemoglobin Az quantitation, are investigated and, further-
more, the result of the CE method is compared to that of
a commercial microcolumn method.

2 Materials and methods

2.1 CE Instrument

A 33 cm x 50 um (ID) capillary was used in a Mode! 4000
Quanta (Waters Associates, Milford, MA) equipped with a
405 nm filter. The capillary was washed for 1.5 min be-
tween samples with 2 » NaOH and for 5 min before the
instrument was shut down. The capillary was also rinsed
for 1.5 min with the electrophoresis buffer between sam-
ple runs. The sample was injected hydrodynamically for
7 s and electrophoresed at 6 kV for 15 min for quantitation
(or 9 kV for 10 min for qualitative separation). The data

.were coliected using the software Peak Simple o_f -§Rl

Iinstruments (T orrance. CA)

[ . N : -

2.2 Eiectrophoresls buffer and sample
preparatlon -

Arginine (2. 8 g) and Tris (2 4 g) were dissolved in 100 mL

water and the pH was adjusted to 8.5 (if needed). Hemo-

lysis solution (20 mL) was added to the buffer (stored
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refngerated) Hemolysis solution was prepared as follows:
Saponin (100 mg) was added to 4.8 g/L Tris buffer and
the pH was adjusted to 8.5 with 6 N HCI (stored refriger-
ated). For sample preparation red blood cells were col-
lected in EDTA tubes (10 pl) and vortex-mixed with
400 uL. hemolysis solution.” The hemolysates were
injected on the capillary. For oompanson some samples

© were measured with the Beta-Thal HbA, Quick Column -

Kit (Helena Laboratories, Beaumont, TX).

'3 Results and discussion ,
The separation of the major heniog!obin, including A, F,

S, and C, is illustrated in Fig. 1. In CE as well as in the .

majority of the electrophoretic and chromatographic sys-

tems, HbA, comigrates with Hb C. Few previous studies

investigated the separation of the hemoglobin variants by

CE (6-8, 10, 11). The Hb F variant, which did not sep-

arate well from Hb A at'pH 8.5 in the Tris buffer [6], sepa-
" rates better in the arginine-Tris buffer.

- For the qualitative analysis of the major variants, a 9 kV
voltage for 10 min gave a good separation within a short
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Flgure 1. Separatlon of the major hemog?obm vanants

by CE at 9 kV. et -
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: ime. However, for quantification of the HbA,, the electro-
. phores:s voltage has to be'decreased to 6 kV. As a result,
““of course, the separation time is iengthened to 15 min;

this was necessary, however, in order to increase the rel-
ative area under the HbA, peak for better precision of the
imégu‘aﬁon. Usually, the larger the area under the peak,
the better the precision, especially for analytes at low con-
centration [8]. However, in spite of these conditions, we
found the precision of the peak height to be much better
than that of the area (Table 1) as has been found previ-
ously, mainly because of the integrator software {9].
Increasing the sample size to 20 s to further increase the

peak area led to a decrease in precision due to the inade-

quate capillary wash of the excess adsorbed proteins.

" However, as far as accuracy is concemed, the peak area

is more accurate and more linear than the peak height.
Since the peak area was constantly lower than the peak
height by an average of 8% (with the software we used)
this factor was used to correct the ;ieak height for better
accuracy. Cotton et al. {8] found a similar CV for HbA;
using proprietary reagents, while Jenkins et al, {7], using
a borate buffer, found a CV of 8.4%. To speed up and
improve the separation, a narrower capillary, 30 um X
33 cm, was tried but-the precision of the quantification

" Table 1. CV for HbA, based on area (corrected for the

- migration) 6tjl;and height at 7 s sample at 6 and

~ 9kV{n=10).
Area (corrected) Height '
kv Percentager  CV Percentage cv
6 25 8.6 2.7 5.4
8 . 28 10.7 2.7 5.7
8
.64 - ' *
5 7% B
g > 24
w 47
o . 1
31
24" *
1
o 2 4 . 6 .8 10

micro-column (%)

Figure 2. Companson of HbA, by CE and the microcol-
umn method. .
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~was not as'good as that of the 50),1m because.of the

decreased signal-to-noise ratio.
Since Hb C behaves similarly to hemoglobin HbA; in
migration in this method, it can be used for checking the
linearity, with some reservations. Note that when HbA; is
over 10% this high ratio indicates that the hemoglobin is
not HbAz. Hemoglobin E, which is very common in the

- Far East, comigrated with Hb C and also with HbA; in this

system, similar to that observed in the agarose electro-
phoresis. The described CE method was compared to

- that of the microcolumn (Helena Lab) for patients with

normal Hb A. The correlation is relatively good (r= 0.95;
Fig. 2) similar to the findings of Jenkins et al. [7]. HbA,,
which eluted from the microcolumn from a normal individ-

ual, gave"a corresponding single peak on the CE as

expected (Fig. 3A). However, the eluent of the microcol-

~ umn from patients who carry the Hb S variant gave two

a

0 10
minutes

Figure 3. Separation of HbA, eluted from the microcol-
umn by CE from (top) a patient with S trait (Hb S); and .

{bottom) a normal patient (50 s injection).
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_ closely m:gratmg peaks one for HbA, and another one

fora small amountofthe HbS(Fg 3). e e
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Figure 4. HbA, from (top) a normal patient; (middie) a
patient with B-thalassemia with a low MCV, and (bottom)
a patient with S trait. i

Helena Laboratories Corp.
Exhibit 1011
Page 1011-0003



752 . Z.K.Shthab: M- E Hlnsdale and H. K. Daugherty, Jr.i N

This indicated that small amounts of Hb S coeluted with

the HbA; on the micfocolumn. Peak trailing for HbA, has
been reported earlier [3]. The coelution in the microcol-
umn probably depends on several factors, such as tem-
perature, speed, lot number, efc. Because of the very fow
concentration of HbA; in the elution, the injected samp!a
size on the CE was increased to 50 s, leading to poor sep-
. aration between HbA; and Hb S in addition to a noisy
baseline (Fig. 3). Thus, the CE method is more suited for
measuring HbA; in the sickie cell trait than the mrcrocol-
‘umn method. ' .

The reference interval for 30 individuals with normal MCV

is 1.6-3.1, which is close to that reported for this hemo-
globin [1]. Figure 4 illustrates HbA, from a normal patient,
" a patient with B-thalassemia (low MCV), and a patient with
the S trait. A good separation was obtained in all these
cases. Several workers [12-14] have used CE with iso-
electric focusing for separation and quantitation of the
- hemoglobin variants. These methods usually give better
resolution than capillary zone electrophoresis but the
quantitation and reproducibility, especially of HbAz, can
be more problematic. The advantages of CE over the
agarose and the microcolumn are the speed, the low cost
of operation, and the full automation. Another advantage
of CE is the ability to detect visually any abnormal or pos-
sibly interfering peaks, especiaily Hb S.
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