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A rapid and precise enzymatic method was developed for the determination of hydrogen peroxide (H202) and glucose using acidified
ammonium metavanadate (NH4VOz3) as a chromogenic reagent. In this method, H20z2 is generated in situ through the glucose oxidase
(GOD)-catalyzed oxidation of glucose and subsequently reacts with vanadate to produce a red-orange coloured complex exhibiting
maximum absorbance at 450 nm. The method showed a linear response for H202 over the concentration range of 0.67-86 umol L. For
glucose determination, linear ranges of 20-1040 umol L and 5-925 pmol L-* were obtained using rate-based and single-point
measurement methods, respectively. The Michaelis-Menten kinetic parameters (Km and Vmax) were determined to be 3453 umol Lt and
0.9582 umol mint, respectively. The within-day precision ranged from 0.25-0.76% (n = 10), whereas the between-day precision was
0.47-1.98% (n = 20). Glucose recoveries of 98.9-100.4% were obtained in the analyzed samples, with no appreciable influence from
commonly encountered urinary constituents. The measured accuracy fell within the range of 90-102%. The method provided limits of
detection and quantification of 0.268 and 0.894 umol L, respectively, for glucose. The proposed scheme is a quick and effective for
quantifying glucose in human urine samples with a single enzyme, hence the method is possibly intended for use by clinical laboratories.
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INTRODUCTION

Glucose is an important energy source and a clinically
essential biomarker. The constant regulation of biochemical
and physiological pathways is a critical task for the human body
[1]. Disturbances in the glucose regulation can result in either
elevated or reduced glucose levels, characteristic of hyper-
glycemia and hypoglycemia, respectively [2,3]. According to
a World Health Organization (WHO) assessment, diabetes is
undiagnosed in every adult in low- and middle-income nations
[4]. Diabetes is one of the top ten eradicators of human health,
such as severe cardiac disease, nephropathy and blindness [5].
Other renal complications are due to the excretion of glucose
through urine [6]. The determination of glucose has received
considerable attention in the clinical and analytical research.
Urine offers a readily obtainable biological matrix for glucose
analysis and can be collected through a non-invasive proce-

dure without the discomfort associated with blood sampling.
Urinary glucose measurement may consequently be useful as
a simple screening test for identifying elevated glucose con-
centrations in individuals with hyperglycemia. Urinary glucose
analysis is complicated by the presence of diverse inorganic
and organic constituents, blood cells and microorganisms that
can alter the composition of the sample. These matrix compo-
nents may interfere with glucose detection and affect analytical
results. Regular assessment of glucose levels remains important
for appropriate diabetes management. Many analytical methods
like electrochemical methods [7-9], biosensors [10], fluori-
metric [11,12] and chemiluminescence [13,14], are available
for determining glucose in a biological specimen. Contrarily,
fluorescence bio-probes such as organic dyes and quantum
dots possess flaws like (i) interference from biological auto
fluorescence, (ii) low photochemical stability and (iii) high
toxicity [15-17]. As a result, those inquiries are not complete
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for applications in determining glucose in human serum or urine
samples. Several colorimetric methods have been reported
for glucose determination in blood using glucose oxidase
(GOD) and horseradish peroxidase (HRP) enzyme systems
[18-20]. Gold and silver nanoparticles have likewise been
explored for glucose detection [21]. The catalytic activity of
these nanoparticles is strongly influenced by particle size,
with GOD-like activity reported predominantly for particles
smaller than 10 nm. Their application may require additional
characterization to confirm particle size and catalytic prop-
erties, while the sensitivity toward glucose can remain lower
than that achieved with conventional enzymatic systems under
certain conditions.

Although GOD-based colorimetric methods for glucose
determination are well established, conventional assays gener-
ally employ a coupled GOD-HRP system in which glucose
oxidase generates H,O,, followed by HRP-mediated oxida-
tion of chromogenic substrates. Such methods require multiple
reaction components and their performance may depend on the
stability and activity of the auxiliary enzyme, chromogenic
substrate and reaction conditions. The present study investi-
gates acidified ammonium metavanadate as a direct chromo-
genic system for detecting H.O- generated during GOD-cata-
lyzed glucose oxidation. The vanadate-H,O; reaction produces
a measurable optical response at 450 nm without requiring
HRP or conventional chromogenic substrates such as 3,3',5,5'-
tetramethylbenzidine (TMB) and o-dianisidine, thereby simp-
lifying the signal-generation step. The study evaluates both
direct H,O, determination and glucose determination through
in situ enzymatic H,O; generation using one-time and rate-
based measurements. The proposed system is further applied
to glucose analysis in human urine to assess its suitability in
a biological matrix. The main objective is to determine whe-
ther the GOD-vanadate system can provide a simpler and
reliable alternative to conventional multi-component colori-
metric assays for urinary glucose determination.

EXPERIMENTAL

Glucose oxidase stock solution (147 units/mg, Sigma
Aldrich) was prepared by dissolving 20 mg of enzyme in 10
mL of 100 mM phosphate buffers at pH 6.0. The glucose (E-
Merck, India) and was desiccated for 2 h at 80 °C in a hot air
oven. A stock glucose solution was prepared in double disti-
lled water and diluted as required using the same solvent.
Commercial H,O; (E. Merck, India) was standardized against
a standard KMnOy solution. NH,VO3 (Merck, Germany) was
prepared at 1 mg mL™ in distilled water and diluted as
required. A 0.5 M phosphate buffer (pH 7.0) was prepared by
dissolving appropriate amounts of KH,PQO, and K;HPO4 in
distilled water. An acetate buffer (pH 4.6) was prepared by
mixing 50 mL of 0.1 M sodium acetate with 25 mL of 0.2 M
CH3;COOH. A Tris buffer (pH 10) was prepared by dissol-
ving tris(hydroxymethyl)aminomethane in distilled water
and adjusting the pH with NaOH. Double-distilled water was
used throughout for reagent preparation and dilution.

Apparatus: Absorbance was recorded by a JASCO
UVIDEC-610 UV-Visible spectrophotometer with a matched
quartz cell. Equiptronics 4-Digit LED Display Digital pH Meter
(EQ-610) was used to measure and adjust the pH.

Human urine sample collection and preservation for
assay of glucose: The urine sample was collected from a
healthy and diabetic volunteer and subjected to centrifugation
at 14,500 rpm for 15 min to remove any cells and other waste.
The centrifuged solution was stored in a polythene sample
bottle and refrigerated until further manipulation. The human
urine sample was obtained with the permission of Mysore
University’s Ethical Committee.

Assessment of glucose: Glucose was assessed ina 3 mL
reaction mixture containing 2.28 mM NH4VOs and 8.2 EU of
GOD in 100 mM CH3COOH/CH3COONa buffer at pH 4.0.
The reaction mixture was incubated with 100 pL of glucose
solutions of different concentrations and maintained at 30 °C
with continuous agitation. The absorbance was continuously
recorded at 450 nm. Linear responses were obtained over the
glucose concentration ranges of 20-1040 pmol L* and 5-925
umol Lt using the rate and one-time methods, respectively.

Assessment of GOD: GOD activity was determined
using a reaction mixture containing 2.28 mM NH4VO; and
1040 umol Lt glucose in 100 mM CH3COOH/CH3;COONa
buffer at pH 4.0, with the final volume adjusted to 3.0 mL. The
reaction was initiated by adding 100 uL of GOD solutions of
different concentrations. The change in absorbance was recor-
ded against a reagent blank at 450 nm and 30 °C. The initial
reaction velocity was obtained from the absorbance-time curves
and the GOD concentration in the test solutions was determined.

Assessment of H202: H,O, was determined using 2.28
mM NH4VOs in 100 mM CH3COOH/CH3COONa buffer at
pH 4.0. The reaction was initiated by adding 100 uL of H,O;
solutions of different concentrations and the final volume was
adjusted to 3.0 mL with distilled water. The reaction mixtures
were incubated at 30 °C for 10 min, after which the absorb-
ance was measured at 450 nm against an appropriate reagent
blank.

RESULTS AND DISCUSSION

UV-spectra of peroxovanadium complex: The prop-
osed method was based on the formation of an orange-red
coloured complex. The absorption spectrum of the chromo-
genic product was recorded over 300-700 nm using different
concentrations of H,O; in the presence of fixed amounts of
GOD and glucose. The maximum absorbance was observed
at 450 nm, whereas the reagent blank showed negligible absor-
bance. The absorption spectra of the peroxovanadium complex
formed at different H,O, concentrations are shown in Fig. 1.

Test of influencing factors: The reaction conditions were
optimized to identify the minimum concentration of vanadate
required for adequate colour development. The effects of sub-
strate and co-substrate concentrations, temperature, pH and
incubation time on the glucose and GOD assays were investi-
gated.

Effect of ammonium metavanadate (NHsVOz): The
effect of NH4V O3 concentration on colour development was
investigated and the results are shown in Fig. 2. The colour
intensity increased with increasing NH.VO3 concentration
from 0.28 to 2.28 mM. No appreciable increase in colour
intensity was observed above this concentration. Therefore,
2.28 mM NH4V O3 was selected for subsequent experiments.
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Fig. 2. Effect of ammonium metavanadate on the rate of the reaction

Effect of temperature and stability of the coloured
complex: Temperature significantly affected the enzymatic
reaction. A reaction mixture containing 2.28 mM NHsVOs,
1040 pmol L™ glucose and 8.2 EU GOD in 100 mM CH;COOH/
CH3COONa buffer (pH 4.0) was prepared and made up to 3.0
mL with double-distilled water. The mixture was incubated
for 5 min at temperatures ranging from 0 to 80 °C and the
catalytic activity was evaluated by measuring the absorbance
of the coloured product. The activity increased with tempera-
ture up to 30 °C and decreased at higher temperatures (Fig. 3),
which was attributed to loss of enzymatic activity at elevated
temperatures. The coloured peroxovanadium complex rem-
ained stable at 30 °C for approximately 120 h. Accordingly,
30 °C was selected for subsequent experiments.

Effect of pH on the reaction rate: The effect of pH on
enzyme activity was investigated using KH;PO4/K;HPO4,
CH3COOH/CH3;COONa, NaOH/KH2PO; and Tris buffer sys-
tems over the pH range of 3.6-10.0. The highest activity was
obtained in 100 mM CH3;COOH/CH3;COONa buffer at pH
4.0. No appreciable colour development was observed in the
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Fig. 3. Impact of temperature on the rate of reaction

KH2PO4/K;HPO,4, NaOH/KH2PO4 or Tris buffer systems.
Therefore, CH;COOH/CH;COONa buffer at pH 4.0 was sele-
cted for subsequent studies. The effect of pH on the reaction
rate is shown in Fig. 4.
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Fig. 4. Effect of pH on the rate of the reaction

Robustness: The robustness of the proposed method
was evaluated by introducing small deliberate variations in
the optimized experimental conditions. The optimized condi-
tions comprised 100 mM CH3;COOH/CH3COONa buffer at
pH 4.0, 2.28 mM NH4VOs, a reaction temperature of 30 °C,
and the optimized reaction time. The effects of minor varia-
tions in pH, NH4VVO3 concentration, reaction time, tempera-
ture and buffer concentration on the analytical response were
investigated.

Each parameter was varied individually while the remain-
ing conditions were kept constant. The pH was varied from
3.8t04.2, corresponding to 0.2 pH units around the optimized
value. The NH4VOs concentration was varied from 2.18 to
2.38 mM, while the temperature was varied from 28 to 32 °C.
The reaction time was varied by £1 min from the optimized
value, and the CH3COOH/CH3;COONa buffer concentration
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was varied slightly around 100 mM. For each condition, the
absorbance was measured and the corresponding glucose
concentration was calculated.

Only minor changes in the analytical response were
observed following these deliberate variations. The glucose
recoveries remained close to those obtained under the opti-
mized conditions, indicating that the method was not subs-
tantially affected by small changes in the investigated para-
meters. The proposed method therefore showed satisfactory
robustness within the tested experimental ranges. The results
of the robustness study are shown in Table-1.

TABLE-1
ROBUSTNESS OF THE PROPOSED ANALYTICAL METHOD
UNDER DIFFERENT EXPERIMENTAL CONDITIONS

Glucose found

Parameter Variation Absorbance

(umol L)
3.8 0.453 1.9355
pH 4.0 0.456 1.9483
4.2 0.452 1.9312
2.18 mM 0.458 1.9569
NH4VO3 2.28 mM 0.457 1.9526
2.38 mM 0.454 1.9398
28°C 0.455 1.9440
Temperature 30°C 0.458 1.9569
32°C 0.454 1.9398
9 min 0.452 1.9312
Reaction time 10 min 0.456 1.9483
11 min 0.458 1.9569

Analytical figures of merit and catalytic parameters:
For glucose determination, calibration curves were construc-
ted using both rate and one-time methods. Linear responses
were obtained over 20-1040 pmol L and 5-925 umol L for
the rate and one-time methods, respectively. The limits of
detection and quantification were 0.268 and 0.894 umol L,
respectively. Calibration curves for GOD and H,0, were
constructed using the rate method, with linear ranges of 0.42-
8.2 EU and 0.67-86 umol L2, respectively. The correspon-
ding calibration plots are shown in Fig. 5a-c.

The kinetic behaviour of the GOD-catalyzed oxidation
of glucose was investigated over a glucose concentration
range of 20-1280 umol L. Initial reaction rates were expre-

ssed in umol mint and fitted to the Michaelis—-Menten equa-
tion using non-linear regression:

Kn +[S]

where v is the initial reaction rate, [S] is the glucose concen-
tration Vmax is the maximum reaction rate and K, is the
Michaelis—Menten constant.

The nonlinear Michaelis-Menten analysis yielded a Vmax
of 0.9582 umol min and a Ky, of 3453 umol L™ (3.453
mmol L), with an (R?) value of 0.9929. The calculated reac-
tion rates showed good agreement with the experimentally
determined rates. The nonlinear Michaelis—Menten curve is
shown in Fig. 6.
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Reaction pathway of the proposed method: Glucose
detection was based on the GOD-catalyzed oxidation of glu-
cose to D-gluconic acid with concomitant generation of H,O5.
Under the acidic conditions used in the assay, NH4VOs3 pro-
vided vanadate species that reacted with the enzymatically
generated H,O, to form peroxide—vanadate species. The form-
ation of these species was accompanied by the development
of a characteristic orange-red colour, which provided the
basis for spectrophotometric detection at 450 nm.
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The vanadate—H,O, system can involve several peroxide—
vanadate species depending on the acidity and composition
of the reaction medium. Since the vanadium species and mole-
cular structure of the coloured product were not directly char-
acterized in the present study, the precise reaction pathway
could not be established conclusively. The observed colour and
absorption response were therefore attributed to the forma-
tion of peroxide-vanadate species under the experimental
conditions, which is consistent with the reported chemistry of
vanadate—H»0, systems [22]. The intensity of the developed
colour increased with the amount of H,O, generated during
glucose oxidation and was consequently related to the glucose
concentration. The proposed reaction pathway is presented in
Scheme-1.

CsH1206 + O2 + H20 — CeH1207 + H20;
VO(V) species + H,O, = Peroxovanadate species

Peroxovanadate species — Red—orange coloured complex
(?\.max =~ 450 nm)

Scheme-1: Proposed reaction mechanism

The exact composition and oxidation state of the vana-
dium containing chromogenic species were not directly deter-
mined in the present study. Therefore, the reaction scheme
represents a proposed interpretation based on the established
chemistry of vanadate—peroxide systems.

Method validations

Recovery test: Recovery studies were performed using
6 different urine samples spiked with known amounts of glu-
cose within the linear range of the assay. The results obtained
by the proposed method were compared with those obtained
using a commercial glucose assay kit (Contour-Link gluco-
meter). Glucose recoveries ranged from 98.95 to 100.42%, with
a mean recovery of 100.07% (Table-2). The results indicated
good recovery of glucose from the urine matrix. The effects of
common urinary constituents were further investigated and no
appreciable interference was observed under the tested condi-
tions (Table-2).

The proposed method was further evaluated using 12 diff-
erent human urine samples, and the glucose concentrations
obtained were compared with those measured using the com-
mercial kit. The results showed close agreement between the
two methods, with no statistically significant difference under
the conditions investigated (Fig. 7). Although the proposed
method used GOD and NH4VOs as the enzyme and chromo-
genic reagent, respectively, without an additional HRP enzyme

10

Kit method

0 T T T T T
0 2 4 6 8 10

Proposed method

Fig. 7. Plot of glucose concentrations determined by the proposed method
versus the enzymatic kit method

or conventional chromogenic substrate, comparison with a
standardized laboratory reference method, such as a validated
hexokinase or GOD-POD assay, would provide a more rigo-
rous assessment of analytical accuracy. However, further
validation using a larger number of clinical samples would be
required to establish its applicability to routine clinical anal-
ysis.

The analytical characteristics of the proposed method
were compared with those of previously reported glucose
determination methods (Table-3). Several reported methods
require sophisticated instrumentation, multiple reagents or
coupled enzyme systems. The proposed procedure provided
spectrophotometric detection using GOD-mediated H,O, gene-
ration followed by the vanadate-based chromogenic reaction,
thereby reducing the number of reaction components.

Interference studies: The selectivity of the proposed
method was evaluated in the presence of common urinary
constituents, for example, urea, uric acid and creatinine. The
effect of these potentially interfering species was investigated
at a glucose concentration of 0.240 mmol L. An interfer-
ence level corresponding to a deviation of less than 3% in the
analytical response was considered acceptable. No appreci-
able interference was observed from the tested constituents at
the investigated concentrations (Table-4). Maltose, which may
interfere with GOD-based glucose assays depending on the
enzyme specificity, was also examined. No significant inter-
ference was observed up to three times the glucose concen-
tration under the experimental conditions. These results con-

QUANTIFICATION OF GLUCOSE IN HUMAN URINE SAMPLES USING THE PROPOSED METHOD.

TABLE-2

. Glucose (mmol L) Added Recovery proposed

Urine samples Recovery (% CV (%
P Proposed method Kit method (mmol L) method (mmol L) y (%) (%)
1.526 1.510 3.00 4510 98.95 1.08
Healthy

erson 1.835 1.845 3.00 4.840 100.27 1.16
P 2.113 2.101 3.00 5.122 100.42 1.12
6.855 6.848 3.00 9.860 100.07 1.15
Diabetic patient 7.155 7.150 3.00 10.180 100.35 1.06
7.266 7.310 3.00 10.290 100.33 1.14
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TABLE-3
COMPARISON OF ANALYTICAL PARAMETERS OF THE PROPOSED
METHOD WITH REPORTED METHODS FOR GLUCOSE DETERMINATION

Method Linear range (uM) LOD (uM) Ref.
Colorimetric method 500-15 00 450 [23]
Colorimetric method 200-1100 09 [24]
Potentiometric method 0.32-1.0 x 10° 0.19 [25]
Voltammetric glucose sensor 2.0 x 10>-8.0 x 103 1.0 x 10* [26]
Cyclic voltammetry method 3 x10%9 x 10° 1x 103 [27]
Fluorimetric method 5-900 1.8 [28]
Electrochemical method 500-3000 - [29]
Colorimetric assay by nanozyme 5-1000 1.79 [30]
Amperometric method 1.0 x 10%-32 x 10° 0.1x10° [31]
Chemiluminescence 0.005 x 10%-1.0 x 10° 0.1x10° [32]
Proposed method 5-925 0.268 Proposed method

TABLE-4
TOLERANCE OF POTENTIAL INTERFERENTS IN THE
DETERMINATION OF 0.240 mmol L™t GLUCOSE

Foreign species [Interferants] Tolere_nce*
(mmol LY) ratio
Ascorbic acid 0.0012 0.005
Bilirubin 0.0019 0.0079
NO2~ 0.0048 0.02
Fe(ll) 0.0098 0.041
Fe(l11), uric acid 0.382 1.592
Maltose, urea 0.510 2.125
KClI, Ca(Il), magnesium, serine 0.755 3.146
Glycerin, acetaminophen 1.08 4.50
Citric acid, L-histidine 1.662 6.925
DL-methionine, phenylalanine, 2.286 9.525
EDTA
Fructose, oxalic acid 3.126 13.025
Mannose, alanine 4.858 20.242
Creatinine, sodium, sulphate, 8.278 34.492
carbonate
Glycine, sucrose, D-glactose 20.26 84.417
Ammonium, L- serine 28.44 118.50

firmed that tested urinary matrix had no appreciable effect on
the selective determination of glucose.

Imprecision studies: The precision of the proposed
method was evaluated at three glucose concentrations (80, 250
and 450 pmol L1) within the established linear range. The
reaction mixtures were prepared using the optimized reagent
concentrations, and fresh solutions were prepared daily.
Within-day precision was assessed from 10 replicate measure-
ments performed at 1 h intervals, whereas day-to-day precision
was evaluated from 20 measurements performed over intervals
of 24-25 h. The within-day and day-to-day imprecision results
are shown in Table-5. The within-day imprecision ranged from

0.25 to 0.76% (n = 10), while the day-to-day imprecision
ranged from 0.47 to 1.98% (n = 20).

Determination of glucose in human urine samples:
The applicability of the proposed method was evaluated using
human urine samples. A 3.0 mL reaction mixture containing
2.28 MM NH4VO3z and 8.2 EU GOD in 100 mM CH3;COOH/
CH3;COONa buffer at pH 4.0 was mixed with a fixed volume
of urine sample. The absorbance was measured against a
reagent blank containing all assay components except the urine
sample. Glucose concentrations were calculated from the
established calibration curve. Recovery and precision were
evaluated using urine samples spiked with known concentra-
tions of glucose within the linear range. Satisfactory recoveries
and low within-day and day-to-day imprecision confirmed
the reproducibility of the proposed method under the tested
conditions.

Conclusion

An acidified ammonium metavanadate-based colori-
metric method was developed for glucose determination
using glucose oxidase (GOD). GOD catalyzed the oxidation
of glucose with associated generation of H,O, which reacted
with acidified ammonium metavanadate to produce a coloured
peroxide-vanadate species with maximum absorbance at 450
nm. Unlike conventional GOD-HRP assays, the proposed
system used GOD as the sole enzyme and ammonium meta-
vanadate as the chromogenic reagent, eliminating the require-
ment for an additional peroxidase enzyme and conventional
chromogenic substrates. The method provided linear responses
for glucose over 20-1040 pmol L™ and 5-925 pmol L™ using
the rate and one-time methods, respectively. The limits of
detection and quantification were 0.268 and 0.894 umol L7,
respectively. Michaelis—Menten analysis gave a Kn, of 3453
umol Lt and a Vmax 0f 0.9582 pmol min-t under the experi-

TABLE-5
DAY TO DAY AND WITHIN-DAY PRECISION

Within day precision*

Day-to-day precision*

X (M) SD cv n X (M) ) cv n
80 0.602 0.76 10 80 1.586 1.98 20
250 1.025 0.44 10 250 1.891 0.75 20
450 1.162 0.25 10 450 2.127 0.47 20
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mental conditions. The recovery, selectivity and precision
studies supported the applicability of the method to glucose
determination in urine samples. The method used fewer react-
ion components and eliminated the requirement for an auxi-
liary peroxidase enzyme, offering a simple spectrophotometric
approach for urinary glucose determination.
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