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ABSTRACT Results: Mean serum fHb levels were significantly elevated in
Introduction: Besides glycation induced injury, hyperglycemia in  hyperglycemia (101.74+61.73 mg/L; p=0.001) as compared to
both type 1 and 2 diabetes can also increase oxidative stress leading ~ controls (58.44+39.69 mg/L). A dose dependent relationship
to alterations in erythrocytic structural-functional organisation, ~Was evident between increased serum fHb with hyperglycemia
shortening of life span and eryptosis. Free Haemoglobin (fHb) is ~ (P<0.001) and OR was statistically significant in hyperglycemia
released in circulation that could cause deleterious clinical effects.  [OR(95% ClI)=2.95(1.05-8.31); p=0.04]. SerumfHb concentration
No study has associated fHb with hyperglycemia till now, thus itis ~ Was positively and significantly correlated with fasting plasma
pertinent to examine this aspect. glucose (FPG) (r=0.34, p=0.003).

Aim: The present study has associated serum fHB with ~Conclusion: Hyperglycemia causes glycation of tissue and

hyperg|ycemia by Simple, rapid, inexpensive Spectrophotometric Circulating proteins as well as oxidative stress to erythrocyte
assay using Allen correction. membrane leadingto alterations in erythrocytic membrane fluidity

and shortening of life span. Serum fHb is widely used as marker of
intravascular haemolysis and fHb is estimated by immunoassay
that is expensive and cyanide based spectrophotometry that is
toxic. The current study has associated fHb with hyperglycemia
with direct spectrophotometry using Allen correction that uses
minimal reagents and is non-toxic besides being inexpensive.
We found that levels of fHb were significantly increased in
hyperglycemia than controls (p<0.05) and fHb was positively
and significantly correlated with FPG (p=0.003). The findings
of our study suggests that erythrocytes are susceptible to
hyperglycemic injury and fHb could be estimated inexpensively
as marker of haemolysis.

Materials and Methods: The present case control study
consisted of a total of 74 participants grouped into
normoglycemic controls (n=37) and hyperglycemic subjects
(n=37). Serum sample were analysed for haemoglobin (Hb)
concentration by direct spectrophotometry using Allen
correction. Concentration of Hb was calculated by Harboe’s
Allen correction as Hb (mg/L)=1.68.A,,.-0.84.A, -0.84.A
(absorbance in milliabsorbance). Statistical analysis was done
using Statistical Package for Social Sciences (SPSS) version
V21.0 and Microsoft excel software employing independent
unpaired student’s-t-test and pearson’s correlation coefficient
and y? test for trend while Odds Ratio (OR) and corresponding
95% CI was calculated using binary logistic regression.
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INTRODUCTION such as glutathione, tocopherol, superoxide dismutase, catalase,
Diabetes mellitus is a metabolic disorder characterised by  dlutathione peroxidase and reductase are decreased [4].
hyperglycemia, which on prolonged exposure results in  The effect on erythrocytic membrane is due to glycation of
complications such as atherosclerosis, nephropathy and retinopathy.  membrane protein resulting in reduced membrane fluidity, oxidation
Hyperglycemia causes tissue damage through multiple mechanisms  of membrane phospholipid and decrease in membrane symmetry
viz. formation of glycation adducts that can progress to development  [8]. Consequent to these free radical induced lipid peroxidation and
of advanced glycation end products (AGEs) and consequently = membrane protein glycation, structural-functional organisation of
accumulation of AGEs over life span of protein [1]. Glycation of  erythrocytes is compromised and makes the cell leaky and shortens
circulating and tissue protein including erythrocytic membrane  their life span [9].

protein can produce structural-functional alterations in proteins,  Thus there is a potential of increased haemolysis and rise in serum
can cause chemical modifications and can alter cell behaviour and  fHp |evels. Levels of total Hb in whole blood has been the most
interaction [2]. Besides glycation induced injury, hyperglycemia in  direct indicator of haemolysis whereas indirect indicator being
both type 1 and 2 diabetes can also increase oxidative stress due  reticulocyte count, serum lactate dehydrogenase, haptoglobin and
to autooxidation of glucose and redox shift in tissue and plasma  ferritin [10]. Therefore, it is desirable to determine serum fHb levels
[3]. Uncontrolled production of Reactive Oxygen Species (ROS)  in diabetes that has not been examined before. The current study
can cause mitochondrial superoxide overproduction in endothelial  has associated serum fHB with hyperglycemia by simple, rapid,
cells of small vessels, loss of B-cell function and mediation of  inexpensive spectrophotometric assay using Allen correction.
insulin resistance, consequently progressing to diabetes mellitus

and its microvascular and macrovascular complications [4]. ROS  MATERIALS AND METHODS

can cause lipid peroxidation producing hydroperoxides and highly  The present case control study was conducted in the Department
reactive aldehydes as malondialdehyde and 4-hydroxynonenal [5].  of Biochemistry, Indira Gandhi Institute of Medical Sciences,
It can also cause protein oxidation generating carbonylated proteins  Patna, Bihar, India and Andaman and Nicobar Islands Institute of
[6] though glycation itself is an inducer of protein carbonyls [7]. Itis  Medical Sciences, Port Blair Andaman and Nicobar Islands, India,
also evident that levels of plasma antioxidants/antioxidant enzymes  on serum specimen that were collected for various diagnostic
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purposes from April to October, 2018. Only those serum samples
were selected that were collected for Fasting Plasma Glucose (FPG)
and 2-hour Plasma Glucose (2-h PG). The study was approved
by Institutional Ethics Committee (registration no. ECR/640/Inst/
BR/2014/RR-17)and informed consent was taken from both cases
and controls. The power of the study was 80% associated with
95% confidence interval. A total of 74 participants were grouped
into 37 normoglycemic controls and 37 hyperglycemic subjects.
Hyperglycemic samples were obtained from freshly diagnosed
type 2 diabetes mellitus subjects. FPG of >7 mmol/L and 2-h
PG of >11.1 was used as criteria to diagnose hyperglycemic
subjects as diabetic [11]. Controls were selected from individuals
that came to attend various OPDs for routine check-up and were
matched with respect to age and gender with hyperglycemic
cases. Only those subjects that aged between 18-65 years
with normal liver and renal function tests were included for both
cases and controls. Exclusion criteria for both cases and control
were active smokers, undergoing hypoglycemic drug treatment,
uremia, sickle cell anemia, haematological malignancy, blood
transfusion, subjects supported by ventricular assisted devices,
recent trauma or surgery, pregnant females, any concurrent
medical illness and abnormal liver and renal function tests. A5 mL
of overnight fasting blood was collected in plain vial and serum
was separated by centrifugation and stored at -20°C till analysis
on following day.

Duplicates of serum sample and triplicates of haemoglobin
standard were analysed for haemoglobin concentration by direct
spectrophotometry (Analytical Technologies Limited, Model No.
UV-3366 Plus) using Allen correction [12]. Serum sample of 300 pL
was diluted with 2.7 mL of tris (hydroxymethyl) methylamine buffer
(62.5 mM, pH 8.0), vortexed and measured at 415 nm, 380 nm
and 450 nm at 25°C. For checking the accuracy and precision of
the assay, a freshly collected blood in Na,EDTA vial was used as
standard. Haemoglobin concentration in anticoagulated blood was
measured using automated haematology analyzer that measures
total haemoglobin and four specimen were selected (concentrations
of 5.5, 10.2, 12.6 and 16.3 g%) which were subjected to further
processing with slight modifications [12,13], briefly, to a 98 pL of
10.2 g% Hb specimen 9902 pL (~9.9 mL) of distilled water was
added, followed by freeze-thawing induced lysis of erythrocytes to
produce a haemoglobin stock solutions of 1000 mg/L. Similarly,
stock solutions for all other selected specimen were prepared and
six working standards (400, 300, 200,100, 50 and 25 mg/L) were
prepared from each stock solution. The concentration of serum
fHb/standard Hb was calculated using Harboe’s Allen correction
[12] as Ho (mg/L)=1.68.A,,,-0.84.A,,-0.84.A,., (absorbance in
milliabsorbance).

STATISTICAL ANALYSIS

Statistical analysis was done using SPSS statistics (V21.0) and
Microsoft excel software. Variables in controls were compared
with those of cases for significant mean with independent unpaired
student’s-t-test and pearson correlation coefficient. In all tests of
significance, two sided p-value have been reported with p-value
significant at <0.05. Hyperglycaemic cases were categorised into
quartiles according to distribution in controls. Risk was estimated
using binary logistic regression while Odds Ratio (OR) was calculated
for 4" quartile of cases using Interquartile Range (IQR) as reference.
The Coefficients of Variation (CV) for triplicates of serum/standard
were less than 10% and intra-assay and inter-assay precision for
CV ranges were 4.6-7.8% and 3.4-7.2% respectively.

RESULTS

Mean serum fHb levels were significantly elevated in hyperglycemia
compared to controls (101.74+61.73 mg/L in hyperglycemia
versus 58.44+39.69 mg/L in controls; p=0.001). A dose dependent
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relationship (y? test for trend) was evident between risk of increased
serum fHb with hyperglycemia (p<0.001). When OR was calculated
for 4" quartile with IQR as reference, OR was statistically significant
in hyperglycemia {OR (95% Cl)=2.95 (1.05-8.31); p=0.04}. Highest
number of cases were present in 4" quartile (56.76%) and lowest
in 15t quartile (2.70%) [Table/Fig-1]. Serum fHb concentration was
positively and significantly correlated with FPG (r=0.34, p=0.003)
[Table/Fig-2]. Average absorbance at 415 nm, 380 nm and 450 nm
of assay of each working standard was used for measuring
hemoglobin concentration i.e., concentration of working standard
used were 25, 50, 100, 200, 300, 400 mg/L while measured
concentrations were 22.01, 47.46, 94.92, 210.76, 312.06,
430.51 mg/L, respectively [Table/Fig-3].

Normoglycemia | Hyperglycemia p-value
Number of cases 37 37
Age in years (+SD) 49.98 (+11.71) | 51.43 (+11.09) 0.584
FPG' (+SD) mmol/L 4.86 (+0.63) 12.21 (+3.84) <0.001*
fHbS (+SD) mg/L 58.44 (+39.69) | 101.74 (+61.79) 0.001*
Quartiles Count® Count p value for »? test
15 (2.11-26.04 mg/L) 9 (24.32%) 1 (2.70%) ggt{gg% <0.001*
2rd (26.05-48.72 mg/L) 10 (27.03%) 7(18.92%) | C)*=2.95 (1.05-
3¢ (48.73-84.14 mg/L) 9 (24.32%) 8 (21.62%) g's;)ue for
4" (84.15-136.92 mg/L) 9 (24.32%) 21 (56.76%) | OR=0.04"

[Table/Fig-1]: Comparison between serum Hb in normoglycemia and hyperglycemia
patients.

“p-value significant at <0.05; TFPG=Fasting plasma glucose; $fHb=Serum free hemoglobin;
“Count: Count is in N(%) i.e., Number (Percentage); “*Odds Ratio (95%Cl)=OR (95%Cl) for 4" quartile
with IQR as reference.
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[Table/Fig-2]: Correlation between FPG and serum fHb.
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[Table/Fig-3]: Standard curve for Hb standard at 415 nm, 380 nm and 450 nm.
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DISCUSSION

To our knowledge, no study has correlated serum fHb levels
with hyperglycemia in Indian cohorts. In the present study, levels
of serum fHb were significantly increased in hyperglycemia than
controls (p<0.05). We also observed an upward trend from 1st
through 4" quartile for S.Hb in hyperglycemia (p<0.001). When
OR was calculated for 4" quartile with IQR as reference, OR
was statistically significant in hyperglycemia (OR=2.95; p=0.04).
Serum fHb concentration was positively and significantly
correlated with FPG (p=0.003). The studies that associate serum
fHb with diabetes mellitus are missing but it has been widely
employed in patients supported with Extracorporeal Membrane
Oxygenation (ECMO) or short-term centrifugal ventricular assist
devices (VADs) for the diagnosis of critical pump thrombosis
and circulating fHb levels in excess of 1000 mg/L to predict
mortality [14] as well as a predictor of acute renal failure [15].
Plasma fHb can be as high as 25 pM during sickle cell crisis
with lowering of haptoglobin (Hp) levels [16]. Circulating fHb
can cause adverse clinical effects by various mechanisms; as
extravascular translocation of Hb [17], depletion of NO (and
forming concurrent nitrosylated Hb, Hb-Fe®+ and ferryl Hb) [18],
release of hemin from Hb-Fe®* which could act as ligand both for
transcriptional repressor Bach-1 and nuclear hormone receptor
REV-ERB [19]. Free Hb is cleared by scavenger proteins
as haptoglobin and hemopexin to attenuate toxicity of fHb,
principally by sequestering fHb and there after reticuloendocytic
clearance in hepatocytes leading to decrease in haptoglobin
levels during haemolysis [20]. On the other hand, hyperglycemia
induces higher circulating glycoproteins levels as haptoglobin
besides causing glycation of serum proteins [21]. In an in-vitro
study, Kucherenko YV et al., reported increase in both eryptosis
and AGEs in high glucose treated erythrocytes [22]. On this
ground, we speculate that even in face of higher haptoglobin
levels, scavenging potential of it are not optimally utilised
because glycation could plausibly cause structural-functional
alterations in protein and consequently increase in fHb levels.

Hemoglobin concentration of diluted blood specimen can
be determined by cyanide-ferricyanide reagent based direct
spectrometry (without the need for a standard) using millimolar
extinction coefficient of hemoglobin at 540 nm [23] but presence
of turbidity could give erroneous results when measured at single
wavelength of 540 nm and reagent used is toxic [24]. Similarly, other
non-cyanide based methods are either inaccurate or expensive
[24]. In this study, we have used an inexpensive and rapid method
which does not require haemoglobin standard. This method has the
advantage of using minimal reagents and correction of background
‘shoulderabsorbance’i.e., interference due to bilirubin or triglycerides
by employing Allen correction [12]. The concentration (measured/
calculated) of Hb standards closely matched with concentration
(known) of anticoagulated whole blood and both correlated highly
significantly (r=0.999, p<0.001). The accuracy of measured Hb
standard in our study resonates with Fairbanks VF et al., [12,13]
that also utilised direct spectrophotometry using Allen correction,
thus demonstrating it to be a viable alternative to methods presently
available for estimating fHb.

LIMITATION

Our data provides preliminary evidence of elevated serum fHb in
hyperglycemia but our findings are not generalizable because
of restraint in number of samples. Therefore, a prospective case
control study involving a larger sample size is recommended.

CONCLUSION

Hyperglycemia causes tissue damage through multiple mechanism
as formation of glycation adducts, structural-functional alternations
in proteins and oxidative stress. Consequently erythrocytic
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membrane fluidity is affected leading to shortening of life span
of erythrocytes. fHb is widely used as marker of intravascular
haemolysis as in patients supported with ventricular assisted
device and sickle cell crisis. fHb is estimated by immunoassay
(expensive) and spectrophotomety using cyanide-ferricyanide
based reagents (toxic). The present study is first case-control
study to associate fHb with hyperglycemia using inexpensive and
non-cyanide based assay based on direct spectrophotometry
employing Allen correction. In our study, levels of fHb were
significantly increased in hyperglycemia than controls (p<0.05)
and fHb was positively and significantly correlated with FPG
(r=0.34, p=0.003). The findings of our study suggests that direct
spectrophotometry using Allen correction is a feasible inexpensive
alternative to existing methods for estimating fHb as marker of
intravascular haemolysis in diabetes.
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