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ABSTRACT

Objective: Naringenin (NAR) is a part of the human daily diet, and it plays an important role in human health for its biological functions. This study
describes a new, sensitive, simple, and accurate method for determining NAR in supplements.

Methods: The method is based on oxidative coupling reaction between NAR and N, N-dimethyl-p-phenylenediamine in an alkaline medium using
manganese dioxide immobilized in cellulose acetate as online oxidant agent to form a colored product which can be monitored atA 598 nm.

max

Results: Several operating parameters such as reactor column length, particles size, chemicals, and physicals reaction conditions were studied. The
proposed method was sensitive and good repeatable, the linear range of NAR concentration was from 1 to 70 pg/ml with a limit of detection of

0.292 pg/ml, and recovery range of analysis was 99.55-100.48%.

Conclusion: The proposed method was successfully applied for determining NAR in supplements.
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INTRODUCTION

Naringenin (NAR) is a white powder, soluble in organic solvents.
Its chemically name is (2, 3-dihydroxy-2-(4-hydroxyphenyl)-4H-1-
benzopyran-4-one, with molecular weight of 272.3 g/mol) [1]. NAR
(Fig. 1) can be found in citrus fruits, beverages, and vegetables [2]. It can
exhibit a wide range of biological properties: Antioxidant, antimicrobial,
antiviral, anti-allergic, antiestrogenic, antidiabetic, anti-inflammatory,
anti-obesity, anticancer activity, enzymes inhibitor and lowering
cholesterol, and blood lipid reduce low-density lipoprotein [3- 6]. It has
been reported that NAR has been determined in fruits [7], honey [8],
human urine and plasma [9].

Different analytical methods were used to determine NAR, such as high-
performance liquid chromatographic [10,11], capillary electrophoresis
CE coupled to ultraviolet (UV), capillary electrophoresis coupled to
mass spectrometry with an electrospray interface (CE-ESI-MS) [12],
capillary zone electrophoresis [13], and gas chromatographic (GC) with
MS [14].

Solid-phase reactors (SPRs) were used in flow injection analysis
(FIA) manifold to offer many advantages such as reducing reagents
consumption, reducing waste generation, simplified manifold,
increase the sensitivity, and increase the samples throughput [15];
therefore, numerous FIA systems with SPR have been reported for
pharmaceuticals analysis [16-18].

In the present study, SPR incorporated in flow injection manifold
was utilized for the determination of NAR, knowing that no SPR
coupled to reverse flow injection manifold (r FIA) has been reported
for determining NAR. The determining method based on using
SPR contains manganese dioxide immobilized on cellulose acetate
(SPR- Mn) as oxidant agent in the oxidative coupling reaction between
NAR and N,N-dimethyl-p-phenylenediamine dihydrochloride (DMPD)
in sodium hydroxide medium to form colored product can be detected
spectrophotometrically.

METHODS

Apparatus

Digital double-beam recording spectrophotometer (Shimadzu UV-VIS 260,
Kyoto, Japan) was used for spectral and absorbance monitored for NAR
determination, flow cells (Cecil) of 1 cm patch made of quartz with 50 ml
internal volume, 6-ways injection valve (Knauer, Germany) with various
sample loops, peristaltic pump (Shenchen, China) was used to transport
the carrier solution, flexible portly vinyl chloride tubes of 0.8 mm internal
diameter was used for the peristaltic pump, and flexible Teflon tubes of
0.5 mm internal diameter was used for reaction coils and to transport the
reagents solutions. Sieves (50x200 mm) of different mesh size (Retsch
Gmbh and Co., KG, Germany) used to get the suitable particles size.

rFIA manifold and procedure

Fig. 2 shows the rFIA manifold used in this work. 100 plof 5x1073 M of
DMPD was injected into a stream of 0.3 M NaOH (the carrier solution)
through the injection valve at a total flow rate of 1.95 ml/min. The
reagent (DMPD) oxidized through SPR-Mn and then combined at T-link
with a stream of NAR (1-70 pg/ml). After complete mixing in the
50 cm reaction coil, the absorbance was measured at 598 nm at room
temperature (25°C).

Reagents, chemicals, and supplements
Chemicals and reagents used in this work were of analytical grade.

NAR

NAR (NAR, 500 pg/ml) was supplied from Carl Roth, Germany: Stock
solution was prepared daily by dissolving 0.05 g of NAR in 100 ml of
ethanol; working solutions were prepared by suitable dilution of the
stock with distilled water.

DMPD

DMPD (0.01 M) was freshly prepared by dissolving 0.1045 g of DMPD
(209.12 g/mol, BDH, England) in 50 ml distilled water. The prepared
solution was kept in a brown bottle.
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Sodium hydroxide solution

Sodium hydroxide solution (1 M) was prepared by dissolving 20 g of
sodium hydroxide (40 g/mol, BDH, England) in distilled water and then
transferred into 500 ml volumetric flask and diluting to the mark with
the same solvent.

Supplements samples (500 ug/ml)

An appropriate number of supplements capsules (Alternative Medicine
Solutions, Inc,, USA, 250 mg) were emptied and weighted, and the
average weight of the content of one capsule was taken. An accurate
weight equivalent to 0.05 g of NAR was taken and dissolved in ethanol
into a 100 ml volumetric flask; the residue was washed with ethanol,
completed to the mark with the same solvent, and then filtered. More
diluted solutions were prepared by simple dilution with distilled water.

Preparation of Mn-SPR

The immobilization of MnO, was similar to that previously reported
[19], 0.25 g cellulose acetate (CA) was completely dissolved in 0.5 ml
dimethylformamide and 3 ml acetone while stirring, and 4 g manganese
dioxide powder was added slowly to the solution. The mixture was
homogenized by manual stirring until an obvious increase in viscosity
10 min later, the mixture was washed with distilled water and rigid
polyester (solid) was obtained and left for air-drying. After drying the
polyester (containing immobilized MnO,) breaking, cutting and sieving
steps carry out to get 1.0 mm particles size. The SPR was constructed
from glass tubing (2 mm i.d. and 6 cm length); the tubing was packed with
0.1502 g of 1.0 mm particles. Small pieces of sponge insert at the ends of
the tube to hold the particles in place. SPR placed to the manifold between
the injector valve and the detector. The packing reactor conditioned for at
least 10 min before use by passing distilled water and then passing the
carrier solution to minimize the particles compaction in the reactor.

RESULTS AND DISCUSSIONS

Absorption spectra

The absorption spectra of the colored product was obtained by carrying
out the reaction in 10 mL volumetric flask. A 40 pg/ml of NAR, 1 ml
of 5x107* M of DMPD, 0.1 g of immobilized MnO, and 1 ml of 0.3 of
NaOH were mixed and swirled. The blue colored product was formed
immediately, the solution was diluted with distilled water to the mark
and then filtered. The absorption spectra were recorded between 350
and 1100 nm, and maximum absorbance was recorded at 598 nm against
reagent blank which has neglected absorbance at this wavelength (Fig. 3).
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Fig. 1: Structure of naringenin (C,.H,,0,)
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Fig. 2: Schematic representation of r flow injection analysis
manifold; I.V: Injection valve, P: Peristaltic pump, FC: Flow cell,
D: Detector, SPR: Solid-phase reactor containing immobilized
MnO,, and W: Waste

NAR
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The probable mechanism for the coupling reaction of NAR and
DMPD is depicted in Scheme 1. The oxidant (MnO,) led to oxidize
DMPD which loses two electrons and a proton to yield diethyl
benzoquinone-diimine [20], and this reactive compound couples with
NAR by the electrophilic attack at their nucleophilic site, at slightly
alkaline medium, if possible at para-position of NAR.

Different parameters which influenced the absorbance intensity
including SPR- parameters and chemical and physical conditions were
studied and optimized by altering one variable in time while keeping
others constant. The experiments were carried out using 40 pg/mL of
NAR, three injections were performed, and the average absorbance was
taken.

SPR parameters

The SPR containing manganese dioxide has essential roles in the
proposed method, and it is not only responsible for DMPD oxidation
into the active compound but also responsible for the dispersion of
reactant plug in the flow system. Several factors influencing the reactor
performance, such as MnO,:polymeric resin ratio, reactor length,
particles weight, and particles size, were studied.

To investigate the suitable ratio of immobilized MnO, in the matrix
(CA), different ratios were used in SPR preparation. The high sensitivity
and reproducibility were obtained with the ratio (4: 0.25); thus, this
ratio was adopted in the next experiments (Fig. 4a).

1.000
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0.000
250.00 ©€00.00 800.00 1000.00 1100.00
nm.

Fig. 3: The absorption spectra of the blue product against the
reagents blank (A), reagents blank against distilled water (B)
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blue product measured at 598 nm

Scheme 1: The probable reaction mechanism between naringenin
and N,N-Dimethyl-p-phenylenediamine dihydrochloride
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Particle size influence was studied in the range of 0.15-1.18 mm mesh
(the column was packed with the same weight for each study). With
the increasing of the size of particles up to 1 mm, the absorbance was
also increased, and the smaller particle size leads to high hydrodynamic
resistance and lower sampling rate; therefore, 1 mm was used in further
experiments as a compromise between sensitivity and the sampling
frequency (Fig. 4b).

Testing the reactor length and particle weight was carried out with
different lengths of reactors in range (4-12 cm) and packed with
different particles weight from 0.0775 to 0.2012 g, as Fig. 4cand d shows
that the maximum absorbance and stability of baseline were obtained
when 6-cm column length packed with 0.1502 g of particles; the reactor
shorter than 6 cm led to lowering the residence time, while the reactor
higher than 6 cm increased the dispersion. In respect to the particles
weight, it was found that the strong backing (weight above 0.1502 g)
leads to increase the resistance against the flow stream, and hence, the
reactor of 6 cm packed with 0.1502 g selected as the optimum reactor.

Chemical and physical parameters

The variables that influenced rFIA performance were studied to choose
the variables which gave the best absorbance, sample throughput,
reproducibility, and longer life-span of SPR.

Varying concentration of DMPD in the range (1x107* to 9x107 M)
was studied to examine the reagent effect on the reaction. Maximum
absorbance was obtained when the concentration of DMPD was
5x107%M, so this concentration was chosen for further use (Fig. 5).

The preliminary tests indicated that the alkaline medium leading essential
for developed the color product, and for that therefore, the reaction
was performed in the presence of 0.2 M of sodium carbonate, sodium
hydroxide, ammonium hydroxide, and potassium hydroxide to select the
suited base solution. It was found that using sodium hydroxide gave the
maximum sensitivity of the product the concentration of sodium hydroxide
was optimized, and the results are shown in Fig 6a and b indicated that
0.3 M was the optimum concentration and used from here on.

Under the optimal reagent and base concentrations, physical flow
parameters were experienced to obtain the compromise between
absorbance, sample throughput, and reproducibility. Sample volume,
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reaction coil length, and total flow rate were studied in separated
experiments.

The total flow rate was tested in the range of 0.2-3.2 ml/min. When
flow rate reached to 1. 95 ml/min,best sensitivity obtained, and above
this flow rate, it was found that the sensitivity decreased because of
both dilution and the reaction incomplete; nevertheless,the lower
flow rate increased the analysis time and decreased the sample rate.
The flow rate of 1.95 ml/min was chosen for further use to balance the
sensitivity and the sample throughput.

Effect of the reaction coil length on the absorbance and sampling rate
was investigated using different reaction coil lengths in the range of
0-200 cm; 50 cm gave the maximum absorbance. Using longer coil,
length causes a decrease in absorbance because of the increase in
dispersion; therefore, 50 cm reaction coil was selected. The influence
of the sample volume was studied in 75-250 pl range. It was found
from this study that using 100 pl sample loop gave the best absorbance
signal, in addition to the reduced in reagent consumption. Fig. 7 shows
the results obtained from the study of physical parameters.

Under the optimum reaction conditions, the sample throughput was
60 samples per hour, and reactor lifetime and reproducibility were also
investigated. The SPR material found stable for more than 40 days, and
reactor preparation’s reproducibility was good (for 37 injections, the
relative standard deviation was [RSD %] = 2.38 and for more than 45
injections, RSD% <5).

Analytical characteristics

The calibration curve was obtained by plotting the absorbance versus
the corresponding concentrations. Under the optimum conditions, series
of solutions containing 1-70 pg/ml of NAR in 10 ml volumetric flasks
treated as the proposed procedure. Table 1 summarizes the analytical
characteristics values. The accuracy and precision of the proposed method
were studied under the optimum conditions using different concentrations
of NAR, and the results obtained show good accuracy and precision based
on the values of the relative error (E %) and RSD %, (Table 2).

Evaluation of the proposed method
To assess the quality and validity of the determination method of NAR,
a comparison was made between the proposed analytical method and
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the reported UV method [21]. NAR was analyzed using UV-vis 260
Shimadzu double-beam spectrophotometer, the spectrum of 15 pg/ml
of NAR in ethanol was traced between 200 and 600 nm against reagent
blank of ethanol, and it was found that maximum absorption was at a
wavelength of 292 nm (Fig. 8). Calibration graph was constructed, and
the linear range for UV method was 0.5-30 pg/ml of NAR concentration.

This method was applied for determining NAR in supplements, an
accurately weighed of contents of 10 capsules powder equivalent
to 0.01 g of pure NAR was dissolved in ethanol and transferred into
100 ml volumetric flask, and the volume was completed to the mark
with ethanol and then filtered to obtain 100 pg/ml of NAR. More diluted
solutions were prepared by simple dilution with ethanol to get 5, 7,
and 15 pg/ml of NAR; the absorbance was measured atA _ of 292 nm
against the reagent blank.

Application analysis and recovery

The standard addition method was applied to exclude the effect of the
interferences; this test was performed by spiking the pure sample with

Table 1: Analytical values of the proposed method for NAR

determination
Parameter Value
Regression equation Y=0.0213x+0.0179
Correlation coefficient, r 0.9993

Linear concentration range (ug/ml) 1-70

Molar absorptivity (L/mol/cm) 5799.138
Sandell’s sensitivity, S (ug/cm) 0.0470
Standard deviation of the residuals, S 0.0088
Standard deviation of the slope, S, 0.000126
Standard deviation of the intercept, S, 0.0049
Limit of detection (nug/ml) 0.292
Limit of quantification (ug/ml) 0.973
RSD % 1.303

NAR: Naringenin, RSD: Relative standard deviation

Table 2: Accuracy and precision of the proposed method for the
determination of NAR

Concentration E% Rec. % RSD %
of NAR ng/ml

Present Found*

20 19911 -0.445 99.555 1.236
30 30.146 +0.486 100.486 1.557
40 39.864 -0.340 99.660 1.118

*Average of three determinations. NAR: Naringenin, RSD: Relative standard
deviation

Table 3: Recovery test using standard addition method

Concentration of E% Rec.% RSD %

NAR pg/ml

Supplements

Present Found*

Naringenin 5 5.025
capsule 250

mg (alternative

medicine solutions

Inc., USA)

+0.500 100.500 1.971

10 10.088
20 20.089

+0.880 100.880 1.251
+0.445 100.445 1.229

*Average of three determinations. NAR: Naringenin, RSD: Relative standard
deviation
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three different concentrations of NAR supplements. The result obtained
was indicating good accuracy and precision (Table 3).

The proposed method was also applied to determinate NAR in capsule
supplements directly. Three concentrations were analyzed using
previous optimal conditions. The results are compared statistically
with those obtained using UV method [21] using t-test and F testat 95%
confidence level [22]. In terms of accuracy and precision, the results
indicate that there was no significant difference between the proposed
method and the comparative method (Table 4).

Table 4: Analytical results of the application the proposed
method for the determination of NAR in supplements directly

Supplements  Proposed method Classical
method
Conc. of NAR pg/ml Rec. %
Present Found* RSD Rec.
% %
Naringenin 10 10.098  1.010 100.980 100.572

20.145 1.500 100.725 100.227
29.989 1.750 99.963

capsule250 20
mg (alternative 30
medicine

solutions)

Pure NAR 1.303
t=(4.303). **0.464
F=(161.4)*3.615n-1=n,-1=1

*Average of three determinations. **Theoretical value. NAR: Naringenin
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CONCLUSION

This study demonstrated the ability of determiningNAR in supplements
depending on the oxidative coupling reaction between NAR and the
reagent N, N-dimethyl-p-phenylenediamine in alkaline medium with
online SPR containing immobilized MnO, as oxidant. The proposed rFIA
is sensitive, safe, cost-effective, and good sample throughput (60 samples
per hour) to allow the determination of NAR in supplements. Moreover,
the reactor material was stable for a long time. The results obtained were
compared with the reported UV method, the comparison indicated clearly
that there is no significant difference between the proposed method and
the reported method, and the proposed method could be recommended
for routine determination of NAR in pure and supplements form.
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