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RESUMO

Como os recursos de saude sao limitados, condicdes de baixa renda exigem desenvolvimento
tecnologico acessivel. O projeto e a analise sdo um método colorimétrico de baixo custo para monitoramento
diagnéstico diabético ndo invasivo por detecgdo de glicose da saliva e do sangue discutido, onde um novo
composto (HAZM) foi preparado por meio de uma reagao 4-aminoantipirina com 1-fenil-2-metil-5-pirazolon; este
composto sintético foi analizado pelas técnicas de FTIR, '"HNMR e '*CNMR. As amostras foram processadas e
analisadas utilizando o equipamento de produgdo usando a reagdo das enzimas glicose oxidase (GO) e
peroxidase (PO) com (HAZM); dé ao método a capacidade de calcular o nivel de glicose em menos de 15
segundos com precisdo. A inclinagdo da curva de calibragéo é igual a 0,0026, € = 468,26 e sensivel a Sandel é
igual a 0,384 mg/dL, para quantificar as concentragdes salivares de glicose e o sangue (5-500 mg / dL) a 423
nm. Atingir um limite de deteccdo de 0,421 mg/dL, onde 5 % CV a (n = 3). Porque os testes HAZM foram
realizados de acordo com um método de kit, que reflete os valores médios do kit (101,35 + 3,647 mg/dL) e os
resultados do HAZM (104,41 + 4,951 mg / dL) com viés positivo de 3,1 mg / dL no sangue. Comparando os
niveis médios de kit e glicose HAZM na saliva, 99,48 + 1,26 e 100,97 + 2,38 mg/dL, respectivamente, mostram
viés positivo de 1,5 mg/dL para o processo do kit. Os resultados do uso desse método para medir glicose em
amostras de sangue e saliva indicam que ele é eficaz, pois oferece resultados precisos e baratos, em
comparagao com outras técnicas comerciais.

Palavras-chave: Composto Azo, Espectrofotométrico, Glicose, Sangue e Saliva.

ABSTRACT

Because health resources are limited, low-income conditions demand affordable technological
development. The design and analysis is a low-cost colorimetric method for non-invasive diabetic diagnostic
monitoring by glucose detection of the saliva and blood discussed, where a new compound (HAZM) was
prepared through a reaction 4-aminoantipyrine with 1-phenyl-2-methyl-5-pyrazolon; FTIR, '"HNMR, and "*CNMR
diagnosed for this synthetic compound. Samples have been processed and analyzed using the production
equipment using glucose oxidase (GO) and peroxidase (PO) enzymes reaction with (HAZM); give the method
the ability to calculate glucose level in less than 15 seconds accurately. The slope of the calibration curve is
equal to 0.0026, ¢ = 468.26, and Sandel sensitive equals 0.384 mg/dL, to quantify the glucose salivary
concentrations and blood (5-500 mg/dL) at 423 nm. Achieve a detection limit of 0.421 mg/dL where 5 % CV to
(n = 3). Because HAZM tests performed according to a kit method, which reflects the mean kit values (101.35
3.647 mg/dL) and the results of HAZM (104.41 + 4.951 mg/dL) with 3.1 mg/dL positive bias in blood. Comparing
the mean kit and HAZM glucose levels in saliva, 99.48 + 1.26, and 100.97 + 2.38 mg/dL, respectively, shows
1.5 mg/dL positive bias for the kit process. Results from the use of this method for measuring glucose in blood
and saliva samples indicate that it is effective, as it offers accurate, and its cheap results compared to other
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commercial techniques.

Keywords: Azo compound, Spectrophotometric, Glucose, Blood and Saliva.
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1. INTRODUCTION:

Diabetes was the leading cause of
impairment and death due to higher blood
glucose  (Deshpande, Harris-Hayes, and
Schootman, 2008). The accepted standard level
of the blood glucose range is 87.88 to 123.78
mg/dL (Owens, Dada, Cyrus, Adedoyin, and
Adunlin, 2020). Blood glucose control levels are
essential in the prevention of severe chronic
disease complications (Mian, Hermayer, and
Jenkins, 2019). In general, coupling enzymatic
reactions in glucose oxidase (GO) and
peroxidase (PO) because of the advantages of
variables such as substrate specificity, reaction
rate, pH, products inhibition, quality, and cost of
enzymes have been taken into account amongst
the various detection techniques (Bankar, Bule,
Singhal, and Ananthanarayan, 2009). Glucose
coupling enzymatisation begins with GO
oxidation, producing by-products of H.O, where
used by PO to oxidize the aromatic organic
component by electron donor substrate (EDS)
(Galant, Kaufman, and W.ilson, 2015). It is
possible to estimate glucose levels in the blood or
saliva by changing the absorbance intensity of
the wunique interaction with the responsible
enzymes by varying the response speed
according to each concentration (Villamena,
2017); such as Trinder's method (Abrera, Sitzl,
and Haltrich, 2020). Azo compounds may interact
with the PO enzyme to indicate that the blood
sugar level is measured (Sarkar et al., 2020).

In this research, a new chemical azo
compound, (Z)-1,5-dimethyl-4-((1-methyl-3-oxo-
2-phenyl-2,3-dihydro-1H-pyrazol-4-yl)diazinyl)-2-
phenyl-1,2-dihydro-3H-pyrazol-3-one, which is

called (HAZM) acronym, it was prepared in a
direct synthesis process, through which the
concentration of glucose in blood and saliva
samples was measured for several volunteers in
addition to a number of patients with diabetes
and a number of healthy people, depending on
enzymatic reactions and a spectral technique that
can be relied upon in clinical laboratories in
hospitals or routine tests for people with diabetes
as they are fast and inexpensive.

2. MATERIALS AND METHODS:

All the chemicals used in this research
were highly pure. A number of spectral devices

were used, such as FTIR Shimadzu
measurements model 8400 Series, 'HNMR
spectra BRUKER AV 400, "*CNMR spectra
BRUKER AV 100, and Shimadzu UV-Vis

Spectrophotometer Shimadzu UV-1650Pc.

2.1. Preparation of azo compound (HAZM):

2.0325 g from 4-aminoantipyrine (0.01
mol) was diazotized by dissolving it in 50 mL of
ethanol; then, 5ml of HCI [5M] was added. The
temperature was kept between 0 to 5 °C. It was
slowly added a 1% solution NaNO, and then it
was left resting for one hour (Sayhood and
Mohammed, 2015a, 2015b). Later, an alkaline
well-cooled solution of (1.7420 g) 1-phenyl-2-
methyl-5-pyrazolon (0.01 mol) was slowly added
to the diazonium salt. The mixture formed a
precipitated, and it was washed with a 0.5:1
(ethanol: water) to it was recrystallized and dried
after that Scheme 1 demonstrates the synthesis
of (Z)-1,5-dimethyl-4-((1-methyl-3-oxo-2-phenyl-
2,3-dihydro-1H-pyrazol-4-yl)diazinyl)-2-phenyl-
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1,2-dihydro-3H-pyrazol-3-one (HAZM); this
synthetic compound was analyzed using FTIR,
THNMR, and '*CNMR, where these techniques
were essential for the exact chemical structure of
the synthesis compound to be decided (Balci,
2005; Karabacak et al., 2014).

2.2. FTIR measurement:

The FTIR spectra were recorded in the
region (4000-400) cm™! by used 0.1 g of (HAZM),
which mixed with 0.1 g KBr and ground together
to form a transparent dick about 1 cm in diameter
and 1 mm thick after pressing the mixture.

2.3. 'THNMR and 3C-NMR measurement:

10 mg of (HAZM) dissolved in pure
deuterated DMSO as a solvent and
tetramethylsilane as an internal standard to the
analysis of THNMR and "*C-NMR spectra.

2.4, Preparation of (HAZM) solution with enzymes:

The preparation of the mixture was
accompanied by freshly-prepared enzyme
solutions. In the phosphate buffer, 0.01 M (2 mL,
pH 7.6) of GO (0.25 mg) and PO (0.5 mg) were
separately prepared and kept at 4 °C during
experimental procedures. (2 mg) of HAZM was
dissolved into ethanol with (5 mL, pH 7.6) of 0.01
M phosphate buffer. The solutions have been
degaussed as well as the stability of solution
changes has been monitored throughout three
days with UV / VIS spectroscopy. No change was
observed in the HAZM solution absorption
spectrum at 423 nm (Figure 1) due to auto-
oxidation or precipitation (Banham et al., 2015;
Najafi, 2017).

2.5. Preparing blood serum and saliva samples:

For the establishing of the methodologies,
the Al-Najaf Center for Diabetes and Endocrine
obtained both saliva and blood test. The Sample
was taken under a fasting state from the
volunteers. Two volunteer groups aged 18-61
years, with 94 diabetics and 22 non-diabetics.
Whole blood (5 mL) has been drawn into the non-
anti-coagulant vacuum tube. To facilitate
coagulation, it remained still for 20 minutes. The
serum was suctioned, then maintained at 4 °C
after the centrifugation (10 min at 25000 cycles).
Collected saliva samples 2 mL of the whole
unstimulated saliva has been used to assess the
salivary glucose level. The samples were then
centrifuged (3 min at 25000 cycles), and glucose
tests were performed on the resulting
supernatant. In order to determine the connection

between blood glucose and the salivary
concentration, the Center carried out
simultaneous blood sampling for every volunteer.

Ethical Consent

"Verbal consent was taken from all participants
after explaining the aims, methods, sources of
funding, any possible conflicts of interest,
institutional affiliations of the researcher, the
anticipated benefits and potential risks of the
study and the discomfort it may entail." (Schroter,
Plowman, Hutchings, and Gonzalez, 2006)

2.6. Determination of glucose:

In order to establish the HAZM method, a
commercial Glucose Assay Kit was used to
examine test samples in which a (1 mL) solution
kit was added to ten uL of serum tests. The
mixture was 20-minute incubated at 25 °C, and it
is measured at 516 nm. The concentration of
glucose was determined from the typical vendor
curve.

In the HAZM method, a test solution
consisting of phosphate buffer (0.01 mM)
containing GO (0.025 pM), PO (0.05 pM), and
HAZM (0.02 mM), where the final volume was (2
mL), was applied to the blood sample serum (20
ML). After 15 seconds, the optical density change
was registered at 423 nm. The concentration of
glucose was determined from the resulting
calibration curve (Figure 2). In order to determine
the HAZM method for evaluating the level of
salivary glucose, in the testing solution, 10uL of a
resulting supernatant has been used after
drawing 0.5 mL of freshly saliva and
centrifugation; and measure at 423 nm.

3. RESULTS AND DISCUSSION:

3.1. Explanation of the process:

Actual blood glucose monitoring systems
are based on photometric or electrochemical
techniques (Pu et al., 2016). Direct glucose
oxidation by GO was wused to produce
electrochemical sensors for personal optical
measuring instruments (Zhang et al., 2019). The
replicability of tests, in addition to the sensitivity
of electrochemical sensors to specific significant

interventions, nevertheless decreases as the
system time of life (Aljafery, Sayhood,
Abdulridha, and  Yousif, 2018). Unlike

electrochemical electrode construction, it is
simpler and cheaper to create photometric
instruments (Al-Shirifi, Dikran, and Halboos,
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2018; Halboos, Ammar Sayhood, and Ala’a
Hussein, 2019). Even so, the precision of these
instruments depends both on the overall
performance of the technique and on the
technical specifications (Hwang et al., 2017).

Trinder method for measuring glucose in
the blood is the first procedure based on the use
of H202 (GO by-product) in clinical laboratories.
Still, it has not been developed by researchers to
benefit from them in measuring glucose in the
miniaturized personal colorimeters (Kengne,
Erasmus, Levitt, and Matsha, 2017).

The spectrum of the HAZM method
showed one peak at 423 nm Figure 1. HAZM's
reaction to varying quantities of PO with a
constant H>O, concentration has linear. For the
tests, 2 mL of PO 5 nM was chosen, HAZM
response was also linear to different amounts of
H20,. Consequently, PO oxidation of HAZM was
coupled with GO (2.5 nM) glucose oxidation. The
oxidation response of the HAZM procedure to
various glucose levels was linear of 5-500 mg/dL
glucose; this result is considered good if
compared to previous studies (Bruen, Delaney,
Florea, and Diamond, 2017; Dominguez, Orozco,
Chavez, and Marquez-Lucero, 2017).

3.2. FTIR Analysis

Spectroscopy of the synthetic compound
(HAZM) was performed using FTIR, where the
analysis showed a number of peaks as shown in
(Figure 3) having a wide band of 3485 cm™ (s)
attributable for the stretching, vibration of O-H,
vC-H aromatic at 3157 cm™' (m). Carbonyl group
v(C=0) stretching frequency at 1674 cm (s).
Likewise the frequency at 1537 cm™ (w) and
1491 cm™ (m) corresponding to v(N=N).

3.3. 'THNMR and *C-NMR Analysis

The following signals are shown in the
deuterated DMSO solution with the tetra
methylsaline internal standard: '"HNMR (Figure 4)
and "C-NMR (Figure 5) of the prepared azo
compound (HAZM). The 'H-NMR (HAZM)
spectrum has a multiplied spectrum of & (7.57-
7.33) ppm (s,12H, Ar) due to phenyl groups, -N-
CH=(4-Aminoantipyrin) due to & (3.4) ppm (s, H)
and =C-CHsz due to & (2.6) ppm, -N-CH= (1-
phenyl-2-methyl-5-pyrazolone) due to a multiple &
(3.1) ppm (s, H) and =C-CHs due to & (2.5) ppm.
The signals in C-NMR show (HAZM) were:
(138-126) ppm (12C, Ar-C); 151 ppm (C=0); 31.9
ppm (C-CHs) (1-phenyl-2-methyl-5-pyrazolone)
39 ppm (N-CHs3); 34.8 ppm (C-CHs3) (4-
aminoantipyrine), 40.3 ppm (N-CHs3) 143 ppm (-
C-N=N-C-).

3.4. Glucose measurements in blood:

The glucose levels of 116 serum samples
were examined by kit and HAZM system in order
to verify the relevant HAZM process. A review of
results from Pearson showed a strong
association (r > 0.95) between kit and HAZM
tests. The experimental (t-test) of levels of sugar
blood there in samples tested using HAZM and
kits approaches did not show a significant
distinction between these results (P > 0.05).
Because HAZM tests were performed according
to a kit method, more favorable mistakes were
reported, which reflect the mean kit values
(101.35 £ 3.647 mg/dL) and the results of HAZM
(104.41 £ 4.951 mg/dL) with 3.1 mg/dL positive
bias. This is expected to be caused by delayed
glycolysis (Moutasim and Thomas, 2020).

3.5. Glucose measurements in saliva:

Early identification and prevention of
many diseases were assisted by salivary
diagnosis (Lee, Garon, and Wong, 2009). The
reliance on HAZM for non-invasive control of the
salivary glucose concentration has been
evaluated based on the promising potential saliva
application areas in personal dentistry (Olczak et
al., 2019), and much more crucially, the limit of
detection for the HAZM method (0.421 mg/dL). In
this study, both kit and HAZM methods evaluated
non-stimulated whole saliva of diabetic and non-
diabetic samples. The speedy samples obtained
to limit the effects of possible interference
substances, particularly C,H,OHCOOH, where
can has a significant effect in saliva pH (Kuban,
Dvorak, and Kuban, 2019). Analysis of the data
of the HAZM and the kit data for salivary glucose
concentration indicated insignificant results
differences (P > 0.05). The results of diabetic and

non-diabetic  individuals' salivary  glucose
concentration were also correlated with
corresponding fasting glucose level values.

Comparing the mean kit and HAZM glucose
levels, 99.48 + 1.26 and 100.97 + 2.38 mg/dL
respectively, show 1.5 mg/dL positive bias for kit
process.

Conflict of Interest:
"The authors declare that they have no
conflict of interest."

4. CONCLUSIONS:

The current method for blood sugar
calculation and salivary samples using coupled
enzyme GO and PO was based primarily on the
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spectrophotometric characteristics of HAZM. It is
stable and accurately calculates the glucose
levels in less than 15 seconds. Taking into
consideration that only the first stage in the
combined enzyme assay quantification of blood
glucose has also been modified in the HAZM
method. It will be possible to develop this method
in the near future to make it one of the techniques
that are characterized by ease of dealing with it.
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Scheme 1. Steps to synthesize the compound (HAZM)
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Figure 2. Calibration curve of HAZM method at 423 nm
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Figure 4. *HNMR spectra of HAZM compound
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Figure 5. 3CNMR spectra of HAZM compound
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