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ABSTRACT:
A sensitive spectrophotometric method was used for the
determination of Dopamine (DM) in a basic medium via its oxidative
coupling by Mesalazine (MES), which was exploited as a reagent and
Na2S2O8 as an oxidizing agent, the measurement was at a wavelength
of 522 nm. The proposed method was successfully applied for the
determination of dopamine (DM) in the pharmaceutical preparation
(ampules). It was valid within a concentration range of 2.7 31.25
-1 and the linear regression was R 2 = 0.9977. The important
analytical parameter include: molar absorptivity (0.45x104 l.mol1.cm-1), the Sandell's sensitivity index (0.03343 µg/cm 2), limit of
detection (LOD) and limit of quantification (LOQ) were (0.37 and
1.23 µg.ml-1), respectively. It also succeeded in giving acceptable ttest values.
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Introduction
Dopamine (DM) is one of the indispensable catecholamine neurotransmitters disbursed through the
main worried device to obtain message switch. It affects brain processes and the function of the
cardiovascular, hormonal, renal and central nervous systems as a chemical message(Guo, Zhang, and Li
2009)(Goldstein et al. 1995)

[3][4]. It has

the chemical formula [ 2 ( 3,4 dihydroxy phenyl ) ethyl amine ], figure .1(Hassan 2010).
In recent years, many chemists have tried to find various methods that have been used to determine
dopamine (DM) in pure and pharmaceutical preparations; it should be sensitive, accurate and simple.
The previous methods used a fluorescent reaction based on the reaction with 7-fluoro-7-nitro-2,1,3benzoxadiazol (Zhu, Shaw, and Barrett 2003), and the determination of it by an ion-selective electrode
with cyclodextrin (Lima and Montenegro 1999). Fast-scan cyclic voltammetry succeeded in estimating
dopamine(Robinson et al. 2003) by the inhibition of the chemiluminescence reaction of luminolpotassium chlorate Dopamine has been determined(Sun et al. 2004). Spectrophotometric methods via
coupling reaction between phenyl and Dopamine after the formation of colored ligand chelates with
copper(Nour El-Dien et al. 2005), and other spectrophotometric determinations using the Surface
Plasmon Resonance Band of Silver nanoparticles (Hormozi Nezhad, Tashkhourian, and Khodaveisi
2010). Moreover, Capillary electrophoresis \ UV-mass spectrometric has been applied to determine
Dopamine (DM) and Methoxycatecholamines (Vuorensola, Sirén, and Karjalainen 2003). HighPerformance Liquid Chromatography method was described for the determination of Dopamine
(DM)

. It was estimated indirectly when it was used to reduce Fe+3 to

Fe+2, then reacted Fe+2 with Prussian blue to form a color solution (Abbaspour, Valizadeh, and
Khajehzadeh 2011). Based on the reaction with bromanil to form charge-transfer complexes, dopamine
was determined (Al-Sharook 2007).
This work used 5-aminosalicylic acid as a reagent. It was a chemical formula for Mesalazine (MES),
which is an important component in the treatment of inflammatory bowel disease (Brunner et al. 2003).
Previously valued as a pharmaceutical preparation in several spectrophotometric methods (Al-Enizzi,

Shihab Al-Hammoodi, and Saeed 2022; Vyas et al. 2022; Jedidi et al. 2021). Currently, it has been used
as a reagent in the oxidative coupling reaction to estimate dopamine for the presence of sodium
persulfate as an oxidant agent in the base medium. This reaction gives a colored solution with maximum
absorption of 522 nm. It gave a wide range of compliance with Beer-Lambert's law. The analytical
results obtained with this method were satisfactory.

Figure 1. Structure of dopamine
Experimental

Apparatus and Chemical Reagents
All spectrophotometric absorbances were measured by JASCOV- 360 digital spectrophotometers
equipped with 1- cm glass cells. While adding samples, a disposable tip Gilson micropipette was utilized.
BEL-sensitive balance was used in the weighing procedures. To measure the acid function, used HANNA
pH211 pH meter.
All chemical reagents used in this work were of a high degree of purity.
Solution
-1)

It was prepared by dissolving 0.0250 g of an appropriate amount of distilled water, and then
transferred to a 100 mL volumetric flask.

Sodium persulfate Na2S2O8 solution (1 x 10-3 M)
It was prepared by dissolving 0.0238 g of an appropriate amount of distilled water, and then
transferred to a 100 mL volumetric flask.
5-aminosalicylic acid or mesalazine (MES) solution (3.2 x 10-3 M)
It was prepared by dissolving 0.0500g of MESALAZINE (MES) in 100 ml of distilled water in a volumetric
flask.
Sodium hydroxide NaOH (approximate 1M)
It was prepared by diluting ampule container (10 M NaOH) in 1000 mL volumetric flask.
Preparation of Pharmaceutical Preparations
-1),

1 ml of (200 mg.5ml-1) and (40 mg.1ml-1) solution was

diluted with distilled water in a volumetric flas

-1

by diluted

31.25 ml in 50 mL volumetric flask.
Procedure and Calibration Curve of Dopamine (DM)
The standard curve was prepared for the determination of Dopamine (DM) by adding amounts of
Dopamine (DM) solution (2.5 to 31.25 µg.ml-1 of Dopamine (DM) to a serious of 10 ml volumetric flasks,
then 1 ml of Mesalazine (MES), and 0.5 ml of 1 x10-3 M Sodium persulfate Na2S2O8 solution, then leave
the solutions for 5 minutes at room temperature, then adding 0.75 ml (1M) of NaOH, leave the flasks
for 15 minutes, then complete the volume to the mark with distilled water. The absorbance is recorded
against the blank at 522 nm. Figure 2. Describes the calibration curve of Dopamine (DM) via the current
method. Beer's law obeys from 2.5 to 31.25 µg.ml-1 and the determination coefficient value 0.9977, the
molar absorptivity is 0.45x104 l.mol-1.cm-1 and the Sandell's sensitivity index is 0.03343 µg.cm2.

1.2
y = 0.0291x + 0.0723
R = 0.9977

1
0.8
0.6
0.4
0.2
0
0

10

20
µg.ml-1

30

40

Figure 2. Calibration curve of Dopamine (DM) at 522 nm
Results and Discussion
Preliminary Study
In a basic medium, when mixed with dopamine and mesalazine (MES) solutions in the presence of
sodium persulfate, the corresponding complex color is formed. The suggested mechanism of the
reaction is shown in figure 3.

Figure 3. The suggested mechanism of oxidative coupling reaction

The reaction in the basic medium led to the formation of the phenoxide ion (O¯ ), the negative charge on
the oxygen atom participated in the resonance process and helped in the process of bonding with the
reagent, which led to the appearance of the colored product, it has absorbance at 522nm.
Optimal Study Conditions
Selected the Reagent for Reaction
Several experiments were carried out to select the appropriate reagent that gives the highest
absorbance, among those reagents, as shown in table 1, 5amino-salicylic acid gave the highest
absorption and was selected for subsequent experiments.
Table 1. Chemical reagents used in the experiment

Selected the Oxidative Agent for Reaction
Several experiments were carried out in to find the oxidative agent that produces the maximum
absorbance. Table2. Demonstrates that sodium persulfate (Na2S2O8) provided the maximum absorption
Table 2. Oxidative agents used experiment

Amount of 5 Aminosalicylic Acid(Mesalzine) Reagent
For the study of the effect of different amounts of reagent on the absorbance, a series of volumes was
taken (0.5-1.2) ml from 5amino-salicylic acid, as shown in table 3. It appears that 1 ml of (3.2 x 10-3 M)
5amino-salicylic acid was enough to be the optimum amount for giving high absorbance and the
determination coefficient, R2 = 0.9940.
Table 3. Absorbance values measured with different volumes of 5-aminosalicylic acid (mesalazine)

Amount the Oxidative Agent for Reaction
Various volumes of (1 x10-3 M) Sodium persulfate Na2S2O8 solution were used and the effect on
absorbance was studied. As shown in table 4. 0.5 mL gave the highest absorption value.
Table 4. Effect of the amount of Sodium persulfate Na2S2O8 on absorbance

Selected Type and Amount of Base
Take 1 mL of sodium hydroxide, potassium hydroxide, sodium carbonate, and sodium bicarbonate,
which have been concentered at 1M, and add them to four different volumetric flasks containing 1 mL
of Dopamine, 1mL of reagent, 0.5 mL of the oxidative agent, and completed to 10mL with distilled water,
gave sodium hydroxide highly absorbance figure 4a., and it gave the best absorbance with 0.75 ml. after
taken various volumes of base figure 4b. This volume and concentration were used in the subsequent
experiments.
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Figure 4. A; Selection of the appropriate basic solution(concentration 1M).
B; Selection of the appropriate volume of the base solution

The reason for this is believed, sodium hydroxide behavior in strongly alkaline solutions and mass
weight is lower than other basic solutions, as it dissociates easily and faster in solution and provides an
appropriate alkaline medium for the reaction.

Time of Oxidation
In order to determine the oxidation time and the formation of the colored product, the effect of time on
the reaction of two concentrations of the drug was monitored. As shown in figure 5, the oxidation time
required for a complete reaction to occur was 15 minutes. This was adopted in subsequent experiments.
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Figure 5. time of oxidation of reacted Dopamine (DM) with 5-aminosalicylic acid
The Ordered Addition
-1) dopamine, 1mL (3.2 x 10-3 M) 5aminosalicylic acid, 0.5mL (1x 10-3M) Na2S2O8 and 0.75 mL NaOH, added in different sequences. The
effect was studied by measuring the absorbance at 522 nm. The best absorbance was achieved in the
following order: drug, reagent, oxidant agent, and basic solution, table 5.
Table 5. Selection of order addition the mixture of reaction

The Effect of Temperature on Oxidation Time and Stability
It happened through observing the change in absorbance of the resulting color over time.
Simultaneously, the stability of the resulting colored compound was monitored at various times at three
temperatures (10, 25, and 35 co). As shown in table 6, it appeared the highest absorbance was at room
temperature. On the stability of the compound, on the contrary, when raising the temperature, it was
noted that the oxidation time was reduced, but it was accompanied by decay in the absorbance.
Table 6. Effect of temperature on oxidation time

Final Absorption Spectra
-1)

Dopamine (DM) , 1mL (3.2 x

10-3 M) 5-aminosalicylic acid, 0.5mL (1x 10-3M) Na2S2O8 in alkaline medium 0.75mL (1M) NaOH ,
showed that in Figure 6. While the reagent blank has a little absorption at this wavelength.

Figure 6. Final Absorption Spectra for oxidative coupling reaction suggested method, A; peak of
dopamine against blank, B; blank against distilled water
Stoichiometry of Reaction
The color complex of oxidative coupling produced under optimal conditions was investigated for
stoichiometry using Job's approach of continuous variation (job) and molar ratio methods(Nejres and
Moath A. Najem 2022). The results obtained gave a stoichiometry of 1:1, as shown in Figures 7 and 8.
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Figure 7. The stoichiometry of oxidative coupling reaction by job's method
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Figure 8. The stoichiometry of oxidative coupling reaction reaction by mole ratio
Stability Constant for Complex Color Produced (Ks)
The Stability constant(Hargis 1988) has been studied by the equation below :

Ks =
Where As represents the absorbance of dopamine (DM) solutions with mesalazine (MES) solution were
equivalent in moles, while Am represents the absorbance of mesalazine (MES) excess moles than
dopamine (DM) solution. From the results in table 7, the average (Ks) 1.69x106 l.mol-1.
Table 7. The average Stability Ks of oxidative coupling

Accuracy and Precision
Taking three concentrations of dopamine (DM) from the linear part of the calibration curve (7.5, 15 and
20 µg.mL-1) individually in three replicate measurements, Table 8.
Table 8. Accuracy and precision of the proposed method

Application on Pharmaceutical Formulations
The applicability of the proposed method for the determination of Dopamine (DM) in drugs, through
investigating two ampules (HAVER\Dopasel and pharma-sunny) was applied to two concentrations (
-test looks at three degrees of
freedom and a 95% confidence level(Christian, Dasgupta, and Schug 2013). Statistically, the success of
the proposed method confirms.
Table 9. The result of application of the proposed method on pharmaceutical formulations and t-test
for it .

Standard Addition
To verify the determination of Dopamine (DM) in the pharmaceutical preparation without
interferences, using standard addition methods. From figures 9 and 10, the suggested method showed
success in estimating the property without interference.
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Figure 9. Standard addition Calibration graphs of Dopamine (DM) in the pharmaceuticals
formulations of HAVER \ dopasel ampule.
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Figure 10. Standard addition Calibration graphs of Dopamine (DM) in the pharmaceuticals
formulations of Pharmasunny ampule

After that, the results were taken out from figures 8 and 9 that were listed in Table 10. The recovery
value and drug content have been calculated. Limit of detection (LOD) and limit of quantification (LOQ)
were also evaluated

. The calculated values were (0.37 and 1.23 µg.ml-1), respectively.

Table 10. Results from the application of standard addition method for determination of Dopamine
(DM) in ampules.

Comparison of Method
Many analytical variables for the Suggested method were compared with the same spectrophotometric
methods. The results are shown in table 11.
Conclusion
A sensitive spectrophotometric method was used for the determination of dopamine in a basic medium
via its oxidative coupling by Mesalazine as a reagent and Na2S2O8 as an oxidant agent, and the
measurement was done at the wavelength of 522 nm. The proposed method was successfully applied
for the determination of dopamine in pharmaceutical preparations (ampules).
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