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The full automated microfluidic system has been designed
for the determination of zinc (II) ion in pharmaceutical
samples home-made. Two-channel microchips (30 plx4
cm) was designed in this study. The proposed system was
controlled by wusing Arduino UNO and Mega
microcontrollers. The first type was utilized to control the
homemade micro-peristaltic pump to withdraw samples
and chemical reagents in the microchip and then to the
spectrophotometer equipment with 7-microliter flow cell.
The other one type is Mega, was used as a data-logger to
manipulate and recording the results as peak height
corresponding the concentration by using Microsoft Excel
2016 program. The linearity was ranged 1-7 pg/ml, the
correlation coefficient (R2) was 0.9998. The relative

standard deviation for ten measurements of Zn(ll) ion 4
pug/ml was (0.982%), as well as the detection limit was
0.125 pg/ml. The dilution factor of this system was 1.07.

1. Introduction

Microfluidics is defined as the science and technology of systems in which small quantities (10-°-10-
18 Jiters) of liquids are processed using microchips containing micro-channels with micro scales ranging
from tens to hundreds of micrometers [1-3]. Microfluidics are widely used to reduce analytical processes
because of their many advantages, such as consuming small quantities of samples and reagents and
improving system performance by integrating several analytical processes into one tool, where detection
and separation operations are carried out with accuracy and high sensitivity, in addition to short analysis
time and low cost, as well as little production waste[4-7]. As a result of these good features, this
technology has gained great interest in the fields of biology, chemistry, medicine, and engineering[8-10].
Microchip-based analysis systems are systems in which one or more chemical processes are carried out
for the purpose of analysis using very small volumes of liquids, these applications are called Total
Microanalysis Systems or chip-on-Lab technology (LOC) [11-13]. Zinc is essential for growth. It is also
one of the elements involved in stimulating biological functions such as cellular integrity and protein
synthesis [14-15]. Zinc plays an important role in brain development as well as an antioxidant [16]. Zinc
is a popular nutritional supplement on its own or as part of a nutritional formula that contains vitamins,
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minerals, and other nutrients [17]. Most zinc supplements are taken orally, either as a single or divided
dose, in tablet or capsule form, or as concentrated syrup. Zinc can reduce the risk of contracting viral
respiratory infections, including SARS-CoV-19, and shorten the duration and severity of illness [18-21].
A spectrophotometer can determine the presence of zinc as one of the most common elements in
pharmaceutical preparations. There are several FIA methods that have been used for the determination of
zinc (1) [22-25].

The aim of the research: Design of a homemade fully Automated Microfluidic System for the
Determination of Zinc Dioxide in Pharmaceutical Preparations Using 8-Hydroxyquinoline Reagent.

2. Materials and Methods

Microfluidic system design

A home-made microfluidic system was designed for the determination of zinc (I) in pharmaceuticals. A
two-channel micro slide was fabricated with dimensions of 30 puL x 4 cm, each channel containing a
volume (15 pL) resulting in the use of very small reagent and sample volumes. The designed system is
equipped with microcontrollers of the Arduino type, the first of the UNO type, that control the peristaltic
pump, which in turn takes samples and reagents, and the other type of Mica works by receiving the analog
signal from the detector and converting it into a digital signal and then sending it to the computer processor,
which outputs it in the form of Tops in Microsoft Excel 2016 and locally designed.

2.2 Preparation of solutions and reagents for the determination of zinc (I1) in pharmaceutical preparations.

All the chemicals used are of high purity, and distilled water free of ions has been used.

1. The standard solution of zinc (I1) was prepared from zinc (I1) sulfate (aqueous (ZnSO4.7H20) at a
concentration of 100 ppm by dissolving (gram 0.4933) of the substance in 100 ml of deionized
water, from which the standard solutions were prepared by the dilution method sequentially.

2. Preparation of sulfuric acid solution: A solution of sulfuric acid was prepared at a concentration of
0.1 M in a volumetric bottle (100 ml).

3. Preparation of ammonium hydroxide solution: ammonium hydroxide solution was prepared by
taking 10 ml in a volumetric bottle of 100 ml capacity, then we completed the volume to the mark
by adding distilled water free of ions.

3. Result and Discussion:

The locally designed microfluidic system Figure (1) was used for the determination of zinc (lI) in
pharmaceutical preparations under the optimal conditions studied and with a wavelength (380 nm) in
Figure (2).
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Fig. 1 Microfluidic Apparatus for the Determination of Zinc (I1) in Pharmaceutical Preparations
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Fig. 2 The maximum wavelength of the Zn-8HQ complex

3.1 Optimum Conditions for the Determination of Zinc (I1) in Pharmaceuticals.
3.1.1 The effect of the flow rate:

The effect of the flow rate within the range (0.5 -2.5 ml/min) on the peak height resulting from ( 4pg/mL)
zinc (1) withdrawal was studied, as the increase in the flow velocity leads to a decrease in the peak height due
to the formation of the resulting complex Figure (3) and table (1). Therefore, the choice of speed (1 ml/min)
was chosen for the purpose of obtaining a short analysis time and a high modelling speed.
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Fig. 3 Effect of flow Injection on peak height after zinc (I1) withdrawal (4pg/mL)

Table 1 Effect of the flow Injection on the peak height resulting from the withdrawal of (ug/mL 4) of
zinc (11).
peak height rate (mm)

Flow rate (ml/min)

0.5 4l
| 40
1.5 35
) 25
2.5 18

3.1.2 Effect of slide slit length.

The height of the top formed by withdrawing (ug/mL 4) zinc (1) shows a noticeable increase in
the height of the top when the incision of the slice is increased, and it quickly begins to decrease
within the range (0.5-2.5 cm) due to the increase in the dilution when the length of the incision of the
slice was increased. choosing 1.5 cm as the best incision length for subsequent studies Figure (4) and
table (2) .
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Fig. 4. Effect of the length of the chip slit on the height of the peak resulting from the withdrawal of (4
pug/mL) of zinc (I1).

Table 2. The length of the incision of the slice at the height of the top results from the withdrawal of
(4 pg/mL) of zinc (I1).

slit length(cm) peak height rate (mm)

0.5 30
| 37
1.5 40
) 39
2.5 34

3.1.3 The effect of sample volume:

An increase in the height of the top formed by clouds (4pg/mL) was observed when the sample
volume was increased within the range (10-50 pL), which allowed the complex to form when the size of
the model used was increased, as we chose the size (50 pL) of the model as the best size to study other

conditions (Fig. Figure (5) and table (3) after stabilizing the velocity of (1 ml/min) and the length of the
reaction slit (1.5 cm).
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Fig. 5 Effect of the sample volume on the peak height resulting from the withdrawal of (4 pug/mL) of

zinc (11).

Table 3 Effect of sample size on peak height resulting from withdrawal (4 pug/mL) of zinc (11).

Sample volume (uL)

peak height rate (mm)

10

20

30

40

50

12

20

29

35

40

3.1.3  Effect of 8-hydroxyquinoline reagent concentration:
The increase in the concentration of the 8-hydroxyquinoline reagent leads to an increase in the peak
height resulting from the withdrawal of (4 pug/mL) zinc (I1) after stabilizing the flow rate (1 ml/min),
sample volume (50 pL) and the slide incision length (1.5 cm). The concentration (1.2 w/v%) was
chosen for subsequent studies as soon as the peaks began to decline at high detector concentrations and
within the range (0.1-1 w/v%) in order to consume the sample used and the availability of a quantity of

the reagent Figure (6) and table (4).
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Fig. 6 Effect of 8-hydroxyquinoline concentration on peak elevation caused by zinc (11) withdrawal
(4pg/mL).
Table 4 Effect of 8-hydroxyquinoline concentration on peak height resulting from withdrawal (4
pug/mL) of zinc (I1)

peak height rate (mm) Concentration w/v %

5 0.2
11 0.4
23 0.6
33 0.8
36 1

40 1.2
37 14
33 1.6
30 1.8

3.1.4 Effect of sulfuric acid volume:

The rise in the peak resulting from the withdrawal of (4pg/mL) of zinc (I1) quickly suffers a
decrease when the volume of sulfuric acid increases within the range (0.1-1 ml) due to the lack of
absorption at high volumes of acid Figure (7) and table (5), as was chosen, (0.5 ml) as the best
volume for the study after stabilizing other conditions of flow rate of 1 ml/min, sample volume of 50
pL, and slide incision length of 1.5 cm.
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Fig. 7 Effect of the volume of sulfuric acid on the peak height resulting from the withdrawal of
(ng/mL 4) of zinc (I1).

Table 5. Effect of the volume of H2SO4 on the height of the peak resulting from the withdrawal of
(ug/mL 4) of zinc (I1).

peak height rate (mm) Volume of sulfuric acid (ml)
13 0.1
20 0.2
26 0.3
34 0.4
40 0.5
35 0.6
31 0.7
29 0.8
26 0.9
22 1

Table 6. Optimal conditions for the determination of zinc (Il) in pharmaceutical preparations.

The value Factors
1 Flow rate ml\min
0.5 Acid volume ml
50 Sample volume pL
4 Slit chip length cm
0.7 10.1 phenanthroline

concentration w/v%
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3.2 The Standard Calibration Curve.
Under the optimum conditions that were obtained and as shown in Table (6) for the determination of

zinc (1) ion in pharmaceutical preparations by the completely autologous microfluidic method, the
standard calibration curve was studied as in Figure (8), and the linear relationship within the range ( 1- 7
pg/mL) was found for the peaks of concentrations shown in Table (7) and Figure (9.b). The correlation
coefficient (R?) for seven points was 0.9998, and the relative standard deviation (R.S.D%) for ten points

was 0.982% in Figure (9.c), with a detection limit 0f0.125 pg/mL. The equation y = 9.8571x + 0.25
shows the relationship between the concentration and the peak height, where y represents the peak height

and X represents the concentration of zinc (l1).
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Fig. 8. calibration curve for microfluidic determination of zinc (1) ion in pharmaceutical

preparations
Table 7. Peaks of the calibration curve.

peak height rate (mm) Concentration (ug/mL)
10 1
20 2
30 3
40 4
50 S
59 6
69 /
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Fig. 9.
b. The resulting peaks of zinc (I1) were withdrawn three times for each concentration.
c. The peaks resulting from the withdrawal of 4 pg/L zinc(ll) times

3.3 Dispersion: The dilution factor of the manifold unit of the designed system was 1.07 in Figure
(10).
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Fig. 10. Dispersion Factor for Zinc (I1) lon Determination System.
3.4 Analytical applications.

We used the microfluidic system designed for the determination of zinc (1) ion for four samples
taken on-site from pharmacies in Basrah governorate within the range of 1-7 g/mL Table (8).
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Table 8. Concentrations of Zinc (I1) in Selected Pharmaceutical Preparations.

Zinc Total zine Total zinc
Sa mp]e added found Recovery %
(ug/mL) (Mg/mL) (Hg/mL)
Tablet2 4 0.2567 0.2459 97.96
Tablet3 4 1.0389 1.0400 98.01
Capsuled 4 0.1366 0.1359 96.98

3.5 Interferences.
Table (9) shows the peak height resulting from the withdrawal of 0.8 pg/mL of Zinc (Il )in the presence
of (1,10, 100, 1000 pg/ml) of positive and negative ions, NOz, SO4, Ca*?, Mn*2 Cu, Ni *?, Co ** Sn,
Cd, Ca, Ba. It was observed that the majority of ions had no effect on the determination of zinc (1) in
pharmaceutical preparations through stability in the height of the peak.

Table 9. Interferences Effect

Peak height mm
Foreign cation (+2)

Folds

1 10 100 1000
Ba 50 47 42 36
Co 51 46 40 34
Cu 44 39 32 26
Ni 47 41 34 29
Cd 52 44 38 31
Ca 56 53 50 41
Pb 51 50 51 48
Mn 54 54 53 52
Sn 55 54 52 51

4. Conclusions.

¢ Homemade and designing a completely self-contained microfluidic system for the first time in
our university laboratories by using microfluidic chips for the determination of zinc binary
ions in pharmaceutical preparations.

e Manufacture of micro-pumps from materials available in the local market, which were
characterized by different speeds that were controlled by Arduino microcontrollers.

e Processing the data represented by the analog signal and converting it into digital signals that
are easy to process using the Mega controller and drawing it on the Excel 2016 program.

e The possibility of using very small volumes made the designed system friendly to the
environment in terms of waste disposal, consisting of the use of models and reagents
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