
Ghusoon Jawad Shabaa, Rahman Sahib Zabibah

1007

 

IN SITU SAMPLE PREPARATION AND DETERMINATION OF DAPSONE IN TABLET 
FORMULATION USINGA NEW CHEMICAL MICRO-TOTAL ANALYSIS SYSTEM 

WITHOUT MICROCHIPS 

Ghusoon Jawad Shabaa1, Rahman Sahib Zabibah2

ABSTRACT

In this work, a novel study was investigated in situ sample preparation using the green micro total analysis system 
(µTAS) without microchips for the determination of dapsone. The microchips have been replaced by capillary tubes with 
very small internal diameters. These capillary tubes are used in the field of human medicine. As a spectrophotometric 
reagent, 7-chloro-4-nitrobenzoxadiazole (NBD-Cl) was employed. The suggested approach was dependent on the 
desired medication, NBD-Cl, reacting in an alkali solution to produce a coloured adduct that had λmax = 468 nm. 
Investigations have been done into the several physical and chemical factors that affect the measurement, including 
sample volume, pH, flow rate, the reacting loop, and the volume and amount of NBD-Cl. This method shows 
the linearity range of 0.5 to 100 µg mL-1 with a coefficient of regression R2 of 0.9989. The regression equation 
A = 0.0697C + 0.0034. Also, the limit of detection was 0.3998µg mL-1. The proposed system has been applied 
efficaciously to determine the presence of dapsone in medical preparations.
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INTRODUCTION

Dapsone, also known as 4,4-diaminodiphenylsulfone, 
is an anti-neurotic medicine in addition to its anti-
malarial characteristics. Given its medicinal priority, 
significant research has been conducted to detect 
and quantified [1, 2]. Numerous analysis methods, 
such as pulse-polarography [3], flow injection [4], 
gas chromatography [5, 6], high-performance liquid 
chromatography [6, 7], cloud point extraction [8], and 
spectrophotometric methods [9 - 11], have been used 
to determine the concentration of dapsone in plasma, 
serum, bodily fluids, medicine dosage, and others [12].

Despite first being developed in the early 1990s, 
µTAS have had an important effect on several areas 
and fields during the past two decades [13]. These 
lab-on-a-chip (LOC) platforms, also known as tiny 
fluidic mechanisms, may execute laboratory tasks 
like preparation, preconcentration, separation, and 

measurement on one instrument [14]. µTAS systems have 
minimal sample usage, a low process cost, and a quick 
time to analysis due to their compact size and channel 
diameters of the order of tens of micrometres. Despite 
these benefits, a significant barrier to microfluidics 
continues to be determining the presence of analytes in 
trace quantities [15 - 17]. To overcome this sensitivity 
barrier, a preconcentration step before detection seems 
like a suitable alternative [18 - 20]. Microfluidic systems 
have performed well in several biological investigations 
in terms of applications, particularly those involving 
single cells. The use of microfluidic devices is common 
in various application fields, such as illness assessment, 
medication screening, and nucleic acid investigation. 
Additionally, there has been a surge in interest in creating 
clinical tests for use on microfluidic devices composed of 
paper in environments with limited resources [21 - 26].

This paper describes in situ preparation sample using 
a new µTAS without microchips method for determining 
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of dapsone in tablet formulation. This work includes 
the design of new µTAS in which the microchips have 
been substituted by using capillary tubes with very 
small internal diameters. These capillary tubes are used 
in the field of human medicine (called Embolectomy 
catheters), specifically in the cardiac catheterization 
operation, and both the capillaries themselves, as well 
as the micro-flow cells, have been manufactured to be 
convenient for the system.

EXPERIMENTAL

Instrumentation
The schematic diagram of the new manufacturing 

µTASwithout microchips is explained in Fig. 1. It involved 
from the left to the right of peristaltic pump (Osmatic, 
Germany), the homemade valve with 4-port using capillary 
tubes with very small internal diameters Fig. 5, many 
new designs of valves were developed by researchers 
[16-18]. UV-Vis spectrophotometer (Apple), manufactured 
micro flow cell having a capacity equal 25 µL [13], 
Kompensograph (C1032) from Siemens, Germany. The 
tubes from Teflon throughout of i.d. 0.5mm is used.

Chemicals and reagents 
In a graduated flask, 0.05 g of dapsone was dissolved 

in 100 mL of NaOH (0.01 M) to generate a standard 
solution that contained 500 g mL-1. The NBD-Cl solution 
was prepared at 0.03 % (w/v) by dissolving a suitable 
amount in 100 mL of distilled water in a volumetric flask.

Preparation Pharmaceutical Solutions (Tablet 
solution of Dapsone) 

Ten Dapsone tablets were evaluated precisely and 
ground in a mortar. Using distilled water, a quantity of 
powder equal to 100 mg of the medicine was dissolved 
and applied to the sign. The container and what it 
contained were rather well cracked and filtered. To obtain 
1000 µg mL-1 of the medicine, the remaining material 
had been cleaned and diluted with the same solvent [19].

General procedure 
As shown in Fig 2 - 5, the first step is to collect 

those capillary tubes, which are then sorted, cut, and 
coil according to their internal diameters; those with an 
internal diameter of 0.01 cm (equivalent to 0.0785 µL for 
each one cm of tube length) are used as loops to download 

Fig. 1. Manufactured Micro total analysis system (µTAS).

Fig. 2. Some of the used capillary tubes.
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Fig. 3. Some of the capillary tubes used as loops have 
different lengths.
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Fig. 4. Some of the capillary tubes used as reaction coils 
have different lengths.

Fig. 5. The reaction equations between Dapsone and NBD-Cl.

the materials, while those with an internal diameter of 
0.05 cm are used as reaction coils. This proposed method 
was based on the targeted drug’s combination with NBD-
Cl in an alkaline solution to produce a colored compound 
with a maximum absorbance λmax = 468 nm. The amino 
group on the dapsone structure combines with NBD-CL 
to create a colorful complex. [19 - 22]. The chemical 
equations combining dapsone and NBD-Cl are shown in 
Fig. 4. In comparison to dapsone (300 nm), the product’s 
wavelength was shifted 168 nm to the long wave. Also, 
dapsone may be detected in the visible light spectrum. 
Due to significant potential interference, the detection of 
dapsone in bimolecular analysis may be prevented. The 
main benefit of this approach is that dapsone wavelength 
was moved from the range of ultraviolet light to the 
range of visible light, allowing for its detection in this 
range. The technique is easy to apply and can be used to 
determine how much dapsone is in the tablets.

RESULTS AND DISCUSSION 

Absorption spectra
The solution of dapsone is colorless. It does not contain 

any absorbance in the spectral region of 340 - 468 nm, and 
its λmax = 300nm. The NBD-Cl-dapsone complex may be 
easily identified at 468 nm against a solution blank, even 
though the maximum absorbance wavelength of NBD-Cl 
is 340 nm. Fig. 6 shows that the colored complex solution 
has a peak at 468 nm. Between the absorbance and the 
dapsone concentration, there was an outstanding linear 
relationship (R = 0.999).

Analysis of optimal conditions
Ligand (NBD-Cl) concentration effect 

The impact of the NBD-Cl amount was investigated 
with range values between 0.01 % and 0.04 % after 
selecting the optimal shape of the TAS manifold (Fig. 5), 
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under the conditions tested. 0.03 % of NBD-Cl was the 
amount at which the optimum result occurred, as shown 
by the outcomes in Table 1 and Fig. 7.

NaOH Concentration effect
The influence of NaOH concentration was also 

examined. after standardizing the NaOH, (by titrating 
it against an accurately weighed sample of potassium 
acid phthalate KHP), utilized to dissolve Dapsone, the 
range of concentrations that produced the best results 
was 0.01 mol L-1, according to Table 2 and Fig. 8.

Flow rate effect 
At the flow rate range of 70 - 110 µL min-1, the impact 

of the flow rate on the peak height was investigated (Table 

Fig.6. The UV-Vis spectrum of the product (Dapsone- NBD-Cl).

3, Fig. 9). Reduced flow rates result in double peaks, 
presumably as a result of insufficient carrier solution 
dispersion into the sample zone’s middle 18. On the 
reverse side, as the flow rate increased, the peak height 
dropped [19]. For the following test, the flow rate was 
chosen at 100 µL min-1due to its greatest sensitivity, 
considering the stability of the pump, the peak form, 
and the sampling period [21 - 24].

Reaction coil length effect 
Several reaction coil lengths (30 - 125 cm) were 

used in this work, with a flow rate of 100 µL min-1 and 
Dapsone quantities of 100 µg mL-1. It was found that 
the selectivity of the response increased at a coil length 
of 60 cm [23 - 26]. The findings in Table 4 and Fig. 10.

Fig. 7. Impact of the NBD-Cl amounts on the peak height.

[NBD-Cl], % Height of peaks, cm MeanȲ SD RSD, %
0.01 3.30 3.30 3.30 3.3000 0.0000 0.0000
0.02 4.50 4.50 4.50 4.5000 0.0000 0.0000
0.03 5.30 5.25 5.25 5.2667 0.0288 0.5481
0.04 4.70 4.70 4.80 4.7333 0.0577 1.2197

Table 1. The impact of the NBD-Cl amount on the peak height.
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NaOH, mol L-1 Height of peaks, cm MeanȲ SD RSD, %
0.005 3.50 3.50 3.50 3.500 0.000 0.000
0.010 5.25 5.25 5.25 5.250 0.000 0.000
0.015 4.80 4.80 4.80 4.800 0.000 0.000
0.020 4.50 4.50 4.50 4.500 0.000 0.000

Table 2. Impact of the NaOH amounts on the peak height.

Fig. 8. Effect of NaOH concentration on the response.

Flow rate, µL min-1 Height of peaks, cm MeanȲ SD RSD, %
70.00 4.80 4.80 4.80 4.8000 0.0000 0.0000
80.00 5.30 5.25 5.25 5.2667 0.02887 0.5481
90.00 5.50 5.40 5.50 5.4667 0.0577 1.0561
100.00 5.80 5.80 5.80 5.8000 0.0000 0.0000
110.00 5.60 5.60 5.60 5.6000 0.0000 0.0000

Table 3. The peak height’s relationship with flow rate.

Fig. 9. The response as a function of flow rate (µL min-1).

Length of reaction 
coil, cm

Height of peaks, cm MeanȲ SD RSD, %

30 4.30 4.30 4.30 4.3000 0.0000 0.0000
60 6.00 6.00 6.00 6.0000 0.0000 0.0000
100 5.60 5.60 5.60 5.6000 0.0000 0.0000
125 5.30 5.25 5.25 5.2667 0.0288 0.5481

Table 4. The association between the response and reaction coil lengths.

Fig. 10. The impact of reaction coil lengths on response selectivity.
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Table 5. The connection between the responses and the volume of Dapsone.
Loop of DAP, cm Dapsone volume, µL Height of peaks, cm MeanȲ SD RSD, %
40 3.2 4.40 4.30 4.30 4.3333 0.0577 1.3323
50 4.0 6.00 6.00 6.00 6.0000 0.0000 0.0000
60 4.8 5.80 5.80 5.80 5.8000 0.0000 0.0000
70 5.6 5.50 5.48 5.48 5.4867 0.0115 0.2104
80 6.4 4.40 4.50 4.50 4.4667 0.0577 1.2926

Fig. 11. The responses as a function of Dapsone volume.

Loop of NBD-Cl, 
cm

NBD-Cl volume, 
µL

Height of peaks, cm MeanȲ SD RSD, %

40 3.2 4.20 4.20 4.20 4.2000 0.0000 0.0000
50 4.0 6.10 6.10 6.00 6.0667 0.0577 0.9516
60 4.8 6.90 6.90 6.90 6.9000 0.0000 0.0000
70 5.6 6.30 6.30 6.10 6.2333 0.1154 1.8524
80 6.4 6.00 6.00 6.00 6.0000 0.0000 0.0000

Table 6. The impact of NBD-Cl volume on wave height.

Fig.12. Changing the peak height with NBD-Cl volume.

Dapsone volume effect 
Several volumes (3.2 - 6.4 µL) of injection were 

used to test the effect of sample volume on peaks. After 
4 µL, the peak height declined. The peak height grew to 
its maximum at 4 L. Hence, the 4 µL was selected for 
additional investigation (Table 5, Fig. 11).

The NBD-Cl volume effect 
The injection of various volumes (3.2 - 6.4 µL) was 

done to study the impact of the NBD-Cl volume on the 
peaks. After 4.8 µL, the peak height decreased. The peak 
height reached its maximum at that volume. As a result, 
Table 6 and Fig. 12 selected the 4.8 µL for further research.

The determination of dead volume 
We should be examined to guarantee accurate results 

from this section. Where there is little dead volume, the 
outcomes are best. There was no response in either of 

the two tests that were performed; in the first, water was 
used as the reagent rather than Dapsone in the loop, and 
in the second, water was used as the carrier rather than 
NBD-Cl. This demonstrates the system’s effectiveness, 
as shown in Fig. 13.

Reproducibility 	
By utilizing repeatability injections of 30 ppm and 

60 ppm of dapsone, the prediction range and efficient 
method of determining dapsone were explored. Table 7 
and Fig. 14 display the findings.

Establishing dispersion
One of the significant physical phenomena is 

dispersion. The coefficient of dispersion is the most 
widely used exploratory measure to determine the level 
of dilution of the sample from the inlet to its passage 
before the spectrometer. Its definition is the percentage 
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Fig. 13. The study of dead volume.

of the concentration that occurred prior to and following 
the dispersion procedure in those components of liquid. 
It is stated in Eq. 1 [27]:

					     (1)

where: Ho- peak height without dilution outside the µTAS; 
Hmax- peak height with dilution inside the µTAS system. 

Dispersion was 1.07 and 1.08, respectively, for the 
two concentrations of Dapsone, 60 and 90 µg mL-1. 
These numbers reflect the manifold’s limit dispersion. 
In light of the findings in Table 8 and Fig. 15.

Standard Calibration Curve for Dapsone
The calibration graph was created under ideal 

conditions and with several amounts of dapsone, 
the results are shown in Table 9 and Fig. 16. In the 
concentration range of 0.5 to 100 µg mL-1, the calibration 
curve is linear [28, 29]. The limit of detection which 
was calculated based on the standard deviation of the 

Fig. 14. The repeatability of responses.

Dapsone amounts, 
mg L-1 Height of peaks, cm MeanȲ SD RSD, %

30 2.00 2.00 2.00 2.00 2.00 2.00 2.0000 0.0000 0.0000
60 4.19 4.20 4.19 4.20 4.19 4.20 4.1950 0.0055 0.1306

Table 7. The repeatability of responses.

Table 8. Calculation of dispersion.

Dispersion, 
D

Response, cmDapsone amounts, 
µg mL-1 HoHmax

1.074.504.2060
1.086.756.2590

Fig. 15. The dispersion at the different doses of 60 and 
90 µg L-1

response (Sy) of the curve and the slope of the calibration 
curve (S) at levels approximating the LOD according 
to the formula: LOD = 3.3(Sy/S), is good and stable at 
0.399 µg mL-1. Table 10. An overview of the statistical 
analyses [30 - 32].

The application µTAS method for Determination of 
dapsone in medicines.

The evaluation of dapsone in tablet form and the 
generated solution was satisfactorily completed using 
the suggested methodology. The outcomes achieved 
demonstrate excellent agreement with the product’s labeled 
information as well as between the taken dose and the 
recovered quantities of dapsone, as indicated in Table 11.
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Fig. 16. The calibration graph for variable Dapsone concentrations.

Table 9. The calculations related to Calibration graph of this method.

Dapsone amounts, 
µg mL-1 Height of peaks, cm Mean Ȳ SD RSD, % Ȳ ± t(0.05/2), n-1 

0.5 0.35 0.35 0.35 0.3500 0.0000 0.0000 0.3500
1.0 0.60 0.60 0.60 0.600 0.0000 0.0000 0.6000
5 1.60 1.60 1.65 1.6233 0.0288 1.7856 1.6233 ± 0.0458
10 2.10 2.10 2.00 2.0667 0.0577 2.6646 2.0667 ± 0.0918
20 2.40 2.40 2.40 2.4000 0.0000 0.0000 2.4000
30 3.50 3.50 3.50 3.5000 0.0000 0.0000 3.5000
40 4.18 4.20 4.20 4.1933 0.1154 0.2753 4.1933 ± 0.0918
60 4.90 4.90 4.90 4.9000 0.0000 0.0000 4.9000
80 5.40 5.40 5.40 5.4000 0.0000 0.0000 5.4000
90 6.30 6.30 6.30 6.3000 0.0000 0.0000 6.3000
100 7.00 7.00 7.00 7.0000 0.0000 0.0000 7.0000

Parameters Value
λmax 468 nm
Flow rate 100 µL min-1

Reaction coil length 60.00 cm
DAP volume 4 μL
NBD-Cl volume 4.8 µL
Cons. of NaOH 0.01 M
Cons. of NBD-Cl 0.03 %
Linearity range 0.5 - 100 µg mL-1

Regression equation Y = 0.0697X + 0.0034
Regression coefficient (R2) 0.9989
Correlation coefficient (R) 0.9994
Standard deviation of the residuals, 
Sy/x = [Σ (yi – ӯi)2/(n – 2)]0.5; ӯi = b xi + a

0.0284

Standard deviation of the slope, Sb= Sy/x / [Σ (xi –x)2]0.5 1.4025×10-4

RSD % for (6) determination of standards 60 µg mL-1 0

Table 10. The statistical treatments for the calibration graphs by using µTAS.
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CONCLUSIONS 

The suggested system µTAS is a novel procedure 
to determine dapsone. The µTAS is not required to use 
microchips. This strategy produces outcomes that are 
simple, quick, cheap, and accurate. The main benefit of 
the suggested method is that it can be used to measure 
the amount of dapsone in tablets at a low cost.
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