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Rapid assay of Alc-type glycosylated hemoglobin in blood of
diabetic rats using fast protein liquid chromatography’
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ABSTRACT

AIM: To develop a fast protein liquid chromatography
(FPLC) method for the assay of Alc-type glycosylated
hemoglobin in diabetic rais. METHODS: Venous bloed
was collecled from rats. After the erythrocytes were
washed and sedimented, the hemolysate was prepared and
diluted with isotonic saline as a sample for the assay.
Samples were then separated on Mono 8 _HR 5/5 cation
exchange column by a lithium chloride gradient elution
system. The Alc-type glycosylated hemoglobin was
monitored by measuring the absorbance at 415 pom. RE.-
SULTS: The Alc-type glycosylated hemoglobin was
well separated from total hemoglobin. The average
HbAlc amount in diabetic rats was determined to be
(3.6 % +0.6 %, n=7), while the comesponding fig-
ure in normal rats was (1.4 % £0.4 %, n=7, P<
0.01). CONCLUSION: This FPLC method is easy,
rapid and reproducible, and can be used for an assay of
diabetic rat HbAlc to evaluate and screen new drugs for
diabetes mellitus therapy .

INTRODUCTION

Alc-type glycosylated hemoglobin (HbAlc) is a
minor component of hemoglobin (Hb) formed through an
immeversible non-enzymatic catalytic reaction combining
glucose with the N-terminus of the [ chain of
hemoglobin'’’.  The percentage of HbAlc in total
hemoglobin has been accepted as an reiiable marker in
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monitoring long-term diabetic patients'?3] and has been
considered to be a better marker than fasting blood glu-
cose assay since HbAlc reflects the average level of blood
glucose concentration 1 — 2 months before assaying and
does not fluctuate during short time. Several methods
for human HbAlc assay have been developed™ .

Although rats are commenly used as laboratory ani-
mal model for experimental diabetes studies, HbAlc in
rats has rarely been reported due to its hemoglobin hetero-
geneity. Recently, fast protein liquid chromatography
(FPLC) has been shown to be more efficient new tech-
nology than HPLC. We have found it to be an easy,
rapid, accurate, and reproducible method for HbAlc as-
say in normal and diabetic rats using fast protein liquid
chromatography. Hence rat HbAlc can be used as an
important marker in evaluating and screening new drugs
for diabetes mellitus therapy .

MATERIALS AND METHODS

Reagents  Alloxan was purchased from Sigma
chemical Co (St Louis, MO63178, USA); The blood
glucose assay kit was purchase from Beijing ZhongSheng
High-Tech Bioengineering Co { Beijing 100083, China) .
Other reagents were of AR grade unless specified other-
wise. Redistilled water was used for all experiments.

Animals Adult § Sprague Dawley rats weighing
200 g+20 g (X £ 5) were provided by the Experimental
Animal Center, Institute of Zoology, Chinese Academy
of Science, Beijing. The rats were housed in a tempera-
ture — controlled (20 — 26 C) facility with 12-h Light”
dark cycle and were given free access to food and water.
Diabetic rats were induced by intravenous injection of Al-
loxan which was dissolved in the 0.9 % NaCl saline (in-
jectio natril chloridi).  After being injected alloxan, rats
raised 5 wk were selected with blood glucose level more
than 3000 mg/L and used as diabetic rats for study. The
blood glucose was assayed by following the kit protocol
that based on glucose oxidase method.

Sample preparation One hundred pL blood
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samples collected from the tail vein of diabetic and nor-
mal control rats were put into sample tube containing 10
gL of 1 % edetic acid and 3.5 % sodium fluoride.
Blood samples 25 p:L. were taken and mixed with isotonic
saline 500 L. Erythrocytes were sedimented by cen-
trifugation at 2000 x g for 1 min. The supematant was
discarded. Redistilled water 500 pL and toluene 500 L
were added to the pellet and mixed for } min and cen-
trifuged again at 2000 x g for 3 min. The toluene phase
with a thin lipid layer were aspirated and discarded. The
hemolysate 50 pL. was taken from the agueous phase and
diluted to 500 pL with redistilled water. The diluted
hemolysate was centrifuged before assay.

Fast protein liquid chromatography  The
FPLC system of AKTA Explorer and the cation exchange
column of Mone § HR 5/5 are the products of Amer-
sham Phammacia Biotech, Uppsala, Sweden. Buffer A
contained 10 mmol/L of sodium malonate and 0.2 g/L
of sodium azide (pH 5.7). Baffer B was the buffer A
plusing lithiurn chloride 0.3 mol/L.. Prior to the assay,
all buffer solutions were filtered through 0.45 pm filter
membrane. The separating parameters of FPLC were set
as: the flow rate was 2 mL/min; the detecting wave-
length of absorbance was 415 nm; the column tempera-
ture of separation was 20 C. Before sample injection,
the system was equilibrated with 5 mL of buffer A. The
samples (500 pl.) were injected through an automatic
sample injector with a 500 L loop. After injection, the
sample loop and the column were washed separately by 2
mL buffer A. The gradient elution profile was used as
follows

Elution solution volume/mL Buffer B/ %
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28
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Finally, after elution the column was re-equilibrated
with 2 mL buffer A. The total assay time was about 27
min.

The HbAlc peak area and total hemoglobin area
were integrated separately, the HbAlc percentage in total
hemoglobin was calculated automatically by FPLC opera-
tion software.

Ion-exchange micro-column method An ion-
exchange micro-column kit from Bio-Rad Diagnostics

Group, 4000 Alfred Nobel Drive Hercules, California,
USA, was used as standard for rat HbAlc assay. The
HbAlc value in diabetic rats and the normal control were
determined by following the kit protocol.

Affinity micro-column method An affinity mi-
cro-column kit from Biotech Development Department,
Fu Rei Da Commercial Center, Beijing, China, was used
for GHb assay as another standard reference. The GHb
values in diabetic rat blood and normal control rat wete
determined by following the kit protocol.

Application of the method Using the FPLC
method, HbAlc of diabetic rats ( n =7) and normal rats
(n =7} were determined. The results were compared
with that of the ion-exchange micro-column method ( dia-
betic rat 7 =33, normal control n = 10) and the affinity
micro-column method (diabetic rat n =5, normal control
n=75) respectively.

Statistical analysis Data were expressed as
x *+ 5 and compared with z-test.

RESULTS AND DISCUSSION

A typical FPLC elution pattern of HbAlc from blood
samples of diabetic and normal control rats were given in
Fig 1. It can be seen that when same amount (500 pL)
of sample from diabetic or normal rat was injected into a
separate column, the peak of HbAlc was observed in
around the 18th mL eluant. A marked increase in elution
peak area in diabetic rats was seen as compared with nor-
mal controls. After integration and calculation, the dif-
ferences in HbAlc value between diabetic and normal rat
were significant as seen in Tab 1. [In our experiment,
when any sample (diabetic or normal control) was inject-
ed again, the almost same elution pattern and its integrat-
ed area value could be obtained. This means that this
method is reproducible.

Further comparison between FPLC, ion-exchange
micro-column, and affinity micro-column methods was
made (Tab 2). First, the three methods showed the
same trend, ie value of HbAlc of diabetic rats was higher
than that of normal one. Secondly, with ion exchange
micro-column method as a standard reference, the HbAlc
value both in diabetic and normal rat were slightly lower
in FPLC method, and higher in affinity method. This is
because that the FPLC is more efficient to separate HbAlc
from Hb than ion-exchange micro-column, and that the
affinity micro-colamn can only separate HbAl (HbAla +
HbAlb + HbAlc) from Hb. Finally, when compared
with ion-exchange micro-column and affinity micro-
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Tab1. HbAlc values of diabetic and normal rat blood de-
termined by FPLC method.

Sample number HbAlc/ %
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Fig 1. A typical elution pattern of HbAlc in blood sam-
ples from diabetic rat and normal control.

Tab 2. The comparison of FPLC, ion-exchange micro-
columm, and affinity micro-column method for HbAlc as-
say in diabetes and normal control rats bloed. X x 5.

Normal rats/ Diabetic rats/ Result
Method % @ t-test
FPLC 1.4+0.4 3.620.6

(n=17) (n=17) F<0.01
lon-exchange 1.8+0.5 3.8x0.8
micro-column (n=10) {(n=33) P<0.01
Affinity 2.4+0.6 3.6:0.6
micro-cohmn {(n=5) (n=3) P<0.05

column method, FPLC method can be run actomatically
by setting fixed the separating parameters, such as col-
umn temperature and separating time, that makes the as-
say procedure more easy, rapid, reproducible, and accu-
rate than the other two method. In conclusion, FPLC
method is easy, raqgid, reproducible and accurate for de-
termination of rat HbAlc for screening experimental drugs
for use in diabetes mellitus.
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