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INTRODUCTION timate or under-estimate the glucose levels. In these

conditions, it is advisable to determine and confirm

Glucose provides energy for life processes and is the  the glucose concentration in the laboratory (Ayaz and
primary end product of carbohydrate metabolism.  Marya, 2017).

Blood gl i d mainly for the di i
00d glucose Is measured mamly for the Qagnosis . 1 poratories so far, estimation of blood glucose lev-

and management of diabetes mellitus. Reasonable els is being done by the glucose oxidase/peroxidase

control of blood glucose levels in diabetes helps to method described by Trinder in 1969, using the con-

t or delay the devel t of lications, . o '
prevent of defay the development of COMPHCAtons, o tional macro-protocol (CMac). This Trinder's rea-

which may lead to premature disability or death from gent is specific for glucose, readily available, stable

blindness, kidney failure, coronary thrombosis, . .

and less of an occupational hazard than in other
stroke, bacterial infections, and fungal infections
(Monica Cheesbrough, 1999). Diabetes mellitus (DM)

is a chronic disorder and a global health issue. About

methods (Lott and Turner, 1975). However, the pro-
tocol involved a considerable amount of reagent and
cost (Srikanth et al, 2004; Thomas, 1998). Conse-

20 to 30 million people in India are diagnosed with quently, a cheap yet reliable procedure for glucose

DM. This figure is expected to rise to about 80 million
by 2030 (Kaveeshwar and Cornwall, 2014; Wild et al.,
2004). There is a need for continuous and stringent

estimation using the GOD/POD approach is required.
In light of its importance, an attempt has been made

in the present study to develop a new semi-micro-

management of diabetic patients; maintaining the . . ) .
& P & protocol (SMic) using a semi-auto analyser, which can

lasma glucose level within the acceptable range is . .
P & P & provide an opportunity to reduce the cost of the test

essential for diabetic management. Various laborato- .
for patients.

ry methods determine glucose levels (Basak, 2007).
Although Glucometers are useful for self-monitoring MATERIALS AND METHODS

and keeping records of glycemic control, they should The present observational and cross sectional study

be used with caution in emergency hypoglycemic con- was undertaken in the Loyola Health Centre. 300

ditions or cases of hyperglycemia as they can overes-
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blood samples altogether were obtained from healthy
volunteers and diabetic patients between the ages of
22 and 84 who were willing to take part in the study.

Inclusion and exclusion criteria: All patients of ei-
ther sex attending Loyola health centre with prior
written consent were included in the study. Patients
with major acute illness, recurrent myocardial infarc-
tion and who had refused to give informed consent
were excluded from the study.

Equipment and reagents: Glucose estimation was
done using the GOD-POD method based on endpoint
assay using the kit of Span Diagnostics Limited, Surat.
Each component of the kit was stable; it was kept firm-
ly covered at 2-3° C, shielded from light and contami-
nation while in use. Routinely signs of reagent deterio-
ration, such as the presence of particles and turbidity
and blank absorbance against the water, were checked.
Semi-autoanalyser used in the study was Bayer's Diag-
nostics, Model: RA - 50, and Micropipettes were of Mi-
crolit high precision pipette. The semi-auto analyser
was programmed for endpoint assay as per the Span
Diagnostics kit (Table 1).

Specimen collection: One milliliter of blood was
drawn from the antecubital vein using sterile needles
and a syringe provided by Becton Dickinson India Pri-
vate Limited, New Delhi, with nearly aseptic precau-

Table 1 : Assay Parameters for CMac and SMic protocol
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tions. Blood sample from each patient was collected
into plain tubes and permitted to clot and stand uncen-
trifuged at room temperature, the average decrease in
serum glucose is 7% 1 hour (5-10 mg/dl). The serum
was separated from a non-hemolysed blood sample by
centrifuging at 3500 rpm for 10 minutes using REMI
research centrifuge. Glucose concentration is generally
stable up to 8h at 25°C or 72 hours at 4°C in a separat-
ed non-hemolysed serum sample if kept free of bacte-
rial contamination. Each serum sample was aliquoted
for two tubes, one for CMac and the other for SMic pro-
tocol. Each tube was coded to reduce the bias. Glucose
was estimated by GOD-POD endpoint assay for both
methods using semi autoanalyser.

Principle of GOD-POD method: Beta-D-glucose is con-
verted to gluconic acid by the enzyme glucose oxidase
(GOD), which also releases hydrogen peroxide. Nascent
oxygen is liberated when the peroxidase enzyme acts
on hydrogen peroxide. The 4-amino antipyrine and
phenol combine with nascent oxygen to create red qui-
none imine colour. The relationship between the col-
our's intensity and the serum's glucose level is
straightforward. The intensity of the colour is meas-
ured colourimetrically at 530 nm and compared with
that of a standard treated similarly (Trinder,1969;
Sharma et al., 2017).

CMac SMic
Mode End Point End Point
Wavelength 505 nm 505 nm
Flow- Cell temperature 370C 370C
Blanking Reagent Blank Reagent Blank
Reagent volume 1000 pl 500 pl
Sample volume 10 wl 5ul
Sample 10 wl 5ul
Standard 10 wl 5ul
Distilled water 10 wl 5ul
Incubation time 10 minutes 10 minutes
Concentration of standard 100 mg/dL 100 mg/dL
Stability of color 1 hour 1 hour
Linearity Upto 500 mg/dL Upto 500 mg/dL
Units mg/dL mg/dL
Reagent Blank Absorbance <0.2AU <0.2AU
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CMac protocol: The glucose reagent supplied along
with the kit was aliquoted (1000 pl) into three differ-
ent test tubes, and the tubes were marked as blank
(B), test (T) and standard (S) (Table 1). An aliquot of
10yl of distilled water was added to the tube marked
as "B", later aliquots of 10l of sample and 10pl of glu-
cose standard (supplied with kit) were dispensed into
the "T" and "S" tubes, respectively. The absorbance of
the "T" was measured at 505 nm using a semi-auto
analyser against a reagent "B", and the concentration
of glucose was noted.

SMic protocol: For SMic protocol method, the glu-
cose reagent supplied along with the kit was aliquoted
(500p]) into three different test tubes, and the tubes
were marked as blank (B), test (T) and standard (S)
(Table 1). An aliquot of 5pl of distilled water was add-
ed to the tube marked as "B", later aliquots of 5ul of
sample and 5ul of glucose standard (supplied with kit)
were dispensed into the "T" and "S" tubes, respective-
ly. The absorbance of the test was measured at 505 nm
using a semi-auto analyser against a reagent "B", and
the concentration of glucose was noted.

Statistical analysis: The results obtained through
CMac and SMic protocol was recorded on Microsoft
Excel and were subjected to statistical analysis by cal-
culating the range, mean (M), median, standard devia-
tion (SD), standard error (SE), skewness, kurtosis, An-
derson darling A2, p-value and K value by paired t-test
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and Mann Whitney-U test (Table 2).

RESULTS AND DISCUSSION

The results obtained from 300 patients by SMic proto-
col using the semi-autoanalyzer have yielded almost
similar values as that of CMac protocol, with a slight
variation (Table 2). The results envisaged that the cal-
culated M was 146.6 and 145.2, SD were 67.0 and 68.5,
and SE were 3.87 and 3.96 for CMac and SMic protocol,
respectively (figure 3). Both protocols were correlated
and depicted graphically in figure 1. Mann-Whitney U
test revealed Kappa value 0.901 (se = 0.036) at 95%
confidence interval for kappa = 0.831 to 0.971 and
showed no significant differences (P < 0.0001) be-
tween two protocols. Lower ranges of glucose estima-
tion were 34.0 & 35.0 mg/dL and upper range 444.0 &
493.0 mg/dL for CMac & SMic protocol respectively
(Table 2). The upper range can be taken up to 500 mg/
dL (Table 1); the linearity of CMac & SMic protocol is
depicted in figure 2.

In India, diabetes mellitus is considered a disease of
grave concern not only because of the rapidly increas-
ing prevalence of this disease but also because various
studies have shown the rising prevalence of diabetes
in young and middle-aged persons. Increased diabetes
mellitus would also increase the disease burden and
put socioeconomic pressure on the country's most
productive age group and health systems (Mohan et
al.,, 2007).

Table 2: Statistical comparison of CMac with SMic protocol

Method SMac SMic

Tool Paired t test, Mann-Whitney U Test
No of Sample 300 300
Range(Lower to upper) 34.0to 444.0 35.0t0 493.0
Mean 146.6 145.2
Median 127.0 126.0

SD 67.0 68.5

SE 3.87 3.96
Skewness 1.40 1.68

Kurtosis 5.24 6.84
Anderson Darling A® 10.41 11.46

p <0.0001 <0.0001

95% Cl 137.4 t0153.0 139.0 to154.2
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Figure 1. Correlation graph of glucose estimation between CMac and SMic protocol
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Figure 2. Linearity graph of glucose estimation by CMac and SMic protocol
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Figure 3. Graph shows the comparitive Mean, 95% Cl, SD and SE between CMac and SMic protocol

500 - '
450 . '
400 4 .
350 A
300 A =

==

250 A
200 A
150 A
100 4

50 A

o y

CMAC SMIC

Inaccurate laboratory glucose results can misidentify
patients as having diabetes. Failure to diagnose leads
to serious long-term consequences because diabetes
carries an increased risk of cardiovascular disease,
and its treatment can delay or prevent the onset of
type 2 diabetes (Knowler et al., 2002).
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The fundamental role of health care laboratories is to
generate reliable data for time and cost-efficient clini-
cal decision-making (Njab et al., 2005). Not only must
people with diabetes monitor their glucose concentra-
tion and take action to keep these values within ac-
ceptable limits (Hicks, 1985). Glucometer, though it

ISSN 2583-3936 (Online) 8



gives a rapid result of blood glucose estimation, is not
recommended because of its potential for imprecision
(Sacks et al., 2002; Basak, 2007).

Plasma glucose estimation based on the Glucose oxi-
dase - peroxidase (GOD-POD) method for the colouri-
metric determination was first introduced by
Worthington in 1956. Furthermore, it was improved
by other individuals, including Trinder (Trinder,
1969), and it quickly gained popularity in place of the
lengthy and time-consuming multistep chemical

methods for glucose quantification.

The GOD-POD method is linear (up to 500 mg/dl),
sensitive (detection limit 0.3 mg/dl), simple (requires
10 pL of sample to be incubated for 30 minutes with a
single reagent at room temperature) and requires
simple instrumentation (the absorbance to be read
between 505 nm to 550 nm) (Ambade et al,1998).
CMac protocol uses 1ml of glucose reagent for one
test in endpoint chemistry and costs around 40-50
Rs; SMic protocol reduces each test's cost to half, giv-
ing ultimate benefit to patients. Hence, the new SMic
protocol was evaluated.

The SMic protocol for serum glucose estimation using
a semi-auto analyser can provide an opportunity to
detect glucose levels very effectively with minimum
consumption of reagents. SMic has an excellent corre-
lation with the CMac protocol. With either protocol,
the method is suitable for analysing samples with
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