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ABSTRACT:  

Background: Tetracycline hydrochloride (TC-HCl) microgram quantities can 
be determined using a spectrophotometric technique that has been proposed.  

Methods: The process involves reacting diazotized m-nitroaniline with 
Tetracycline hydrochloride (TC-HCl) in an alkaline media.  

Results: At λmax of 382.5 nm, the produced dye's obeyed Beer's law within the 
range of (1.0 – 30 μg.mL-1). The sensitivity represented by molar absorptivity 
reached 1.66× 104 l.mol-1. cm-1 and Sandell sensitivity index of 2.8 × 10-2 µg.cm-2 
. Depending on the concentration level, the color reaction had a relative 
standard deviation of 0.357 to 1.26% and a relative accuracy of -2.8 to 0.45%. It 
was also quite steady. The technique has been effective in of tetracycline-HCl in 
pharmaceutical.  

Conclusions: Thus, this technique has been successfully proven to be effective 
in determining the concentration of Tetracycline hydrochloride (TC-HCl)  
compound within its pharmaceutical formulations. 
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INTRODUCTION: 
 
In recent years, many chemists have tried to find various methods that have been used to determine 

Chemicals  in pharmaceutical preparations (Hussein and Othman, 2023; Faeji, Fasoro, & Oni, 2024). 

Tetracycline (TC-HCl) is one of the primary antibiotic groups used for veterinary purposes, human 

treatment, and agriculture, is the most often used throughout the world (Daghrir and Drogui 2013; 

Lo pez-Pen alver et al. 2010). , discovered in the 1940s. Its first chemical structure was published in 

1954 titled “The Structure of Aureomycin (Nelson and Stuart 2011). The chemical scaffold of (TC-HCl) 

is a versatile and adjustable structure that can interact with plentiful cellular targets (Zakeri and 

Gerard 2008).  Consequently, it is used as an active ingredient in antibacterial products against a wide 

range of gram-positive/-negative bacteria with numerous therapeutic potentials  (Tauch et al. 2000; 

Bahrami et al. 2012) and is used in the therapy of dysentery, pneumonia, mycoplasmas, gonorrhea, 

rickettsiae and other infectious diseases (Eliopoulo et al. 2003; Ian et al. 2001). It is available in the 

form of tablets, capsules, and suspension solutions, in addition to the rare form of injections. The 

ointment form covers the treatment of eye diseases and burns, and some of it is used in compound 

pharmaceutical formulations to expand its therapeutic effect (Bezruk et al. 2017). (TC-HCl) is a yellow 

hygroscopic powder, odorless, crystalline, with a bitter taste. It has the ability to dissolve in water 

(Egbuna 2019). TC-HCl compound that has the ability to form complex compounds by reacting with 

metal ions. It has the chemical formula (4S,4aS,5aS,6S,12aS)-4-(Dimethylamino)-3,6,10,12,12a-

pentahydroxy-6-methyl-1,11-dioxo1,4,4a,5,5a,6,11, 12a-octahydro-tetracene-2-car boxamide 

hydrochloride according to (IUPAC) (The Stationery Office 2009).   Figure (1). 

 

Figure 1. Structure of tetracycline. HCl 
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The chemical structure of tetracycline includes aromatic rings, as well as, amide/methylamine and 

hydroxyl groups. Hydroxyl groups can be oxidized, while the other groups enter the electrophilic 

substitution reactions. In addition, in aqueous media, methylamine and hydroxyl groups present acid-

base equilibria which could strongly influence the reactions of tetracycline (Benavides et al. 2017). 

Therefore, various methods have been reported in the literature for the determination of tetracycline 

in pure and its pharmaceutical formulations, including flow injection (Rufino et al. 2009; Rodrí guez, 

Pezza et al. 2016; Townshend et al. 2005; Oteef and Idris 2023; Wangfuengkanagul, Siangproh, and 

Chailapakul 2004) , high performance liquid chromatography (HPLC) (Kargin et al. 2016; Peres et al. 

2010), square wave voltammetry adsorptive stripping (Turbale et al. 2020) , and electrochemical 

techniques (Liu et al. 2018; Wang et al. 2011; Gan et al. 2014). But a lot of these call very pricey gear 

and expert operation. The most used spectrophotometric methods for determining tetracycline are: 

complexation with zirconium (Saenjum et al. 2022) , diazo-coupling with sulphanilic acid (Ali, R. J., et 

al. 2018) , charge transfer complex (Fahelelbom 2008) , and oxidative coupling (Hameedi 2021) 

estimation of area under the peak of acidic tetracycline (Alhfidh and Othman 2021) .  

Several of these methods have one or more drawbacks, like poor selectivity, sensitivity, or extraction 

techniques. Therefore, a straightforward and precise approach for measuring tetracycline in various 

drugs is required for routine analysis. The present suggested procedures aim to determine TC-HCl in 

its formulation via safety rate is a high and inexpensive, easy, accurate and routine, method. The azo-

dye and coupling reactions are used as a basis for work and are considered important reactions in the 

field of chemistry because of their highly stable results. Diazonium salts work as intermediates for the 

preparation of other compounds such as phenols, aryl halides (Hari and Ko nig 2013). Some azo 

compounds in biological research as tools for identifying proteins or nucleic acids(Mix, Aronoff, et al. 

2016). These reactions were selected for the purpose of quantitative determination of (TC-HCl)  in 

pharmaceutical preparations in this article. 

MATERIALS and METHODS  
Apparatus 

For recording CECIL CE7200 UV-Visible spectrophotometer instrument with 1.0 cm matched quartz 

cells was used for all absorption measurements. 

Reagent and Solution 

Every chemical utilized is of the caliber of an analytical reagent. Pure TC-HCl (SDI Company, Sammara, 
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Iraq), m-nitro aniline (Fluka, Germany) was used. 

100 ml of distilled water was used to dissolve 0.0100 g of TC-HCl to prepare a solution with a 

concentration of 100 μg ml−1. The appropriate amounts of sodium hydroxide at concentrations of 

(1M), and prepared varied interference solutions (Arabic Gum, Sucrose, Lactose, Starch, Cellulose) 

(1000 μg.ml-1) by using distilled water as a dissolving and diluting solution. 

To prepare the corresponding diazonium salt from m-nitroaniline: dissolving 0.0691 g of m-

nitroaniline in 60 ml of distilled water and adding 3 ml of strong hydrochloric acid (11.8 M), the 

diazotized m-nitroaniline (5 mM) solution was ready. In the end step, the liquid was poured into a 100 

ml volumetric flask placed in an ice bath for cool at 0–5 OC, after adding 0.0345 g of sodium nitrite, the 

mixture was forcefully agitated. Fill it to the mark with cold distilled water after five minutes. It 

remains stable until five days. 

General procedure and calibration graph 

A series of volumetric flasks, to which (0.1–3.0 ml) of TC-HCl (100 μg ml-1) was added. Then, 1 ml of 

diazotized m-nitroaniline solution (5 mM) and 2 ml of sodium hydroxide solution (1 M) were added to 

each flask. The volume was then filled to mark with distilled water. At 382.5 nm, the absorbance of the 

dye produced by the reaction was measured against a reagent blank that contained the reaction 

mixture but without TC-HCl. According to Figure 2. The calibration graph was linear between 10 and 

300 μg of TC-HCl/10 ml ≃ 1 and 30 μg.ml-1. It has been determined that the apparent molar 

absorptivity was 1.66×104 l.mol-1.cm-1, and the Sandell sensitivity is 0.029 μg.cm-2. 

 

Figure 2: Calibration curve for absorbance TC-HCl using the proposed approach 

Determination of TC-HCl in pharmaceutical formulations 

1. A capsule (250 mg); took five capsules, removed the cap, weighed them andmix the contents. 
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Equivalent to 0.0100 g TC-HCl accurately weighed an amount of powder, then dissolved and 

transferred it to a 100 ml volumetric flask.  by procedures used in the proposed approach for 

analyzing the pharmaceutical formulation, the samples were prepared for measurement. 

2. Ointment (3%); four containers were mixed well, from which the equivalent of 0.0100 g of TC-

HCl was accurately weighed, the weighed portion was completely dissolved in 3 ml of ethanol 

and then 50 ml of distilled water was added, followed by heating for 10-15 minutes and the 

mixture was filtered and transfer to a volumetric flask capacity 100 ml, and with distilled water 

the volume was fill to the mark, using the recommended estimation procedures for the 

pharmaceutical compound, their applicability to the pharmaceutical formulation was verified. 

 

Results and Discussion 

The effect of different parameters on the color development resulting from the diazotization of m-

nitroaniline and then its coupling with tetracycline was investigated in order to select the optimum 

conditions to achieve the highest accuracy in the results. 

The principle of method 

The aromatic primary amine reacts with nitrous acid to form diazonium salt, a reaction called 

diazotization (Betelu et al. 2017). It is an exothermic reaction, so care must be taken during its 

preparation by controlling the reaction temperature (Schotten et al. 2020; Mahouche-Chergui et al. 

2011). The nitrous acid used in the reaction is prepared immediately from the reaction of sodium 

nitrite in an aqueous solution with a strong acid such as hydrochloric acid or sulfuric acid, as it is 

unstable at normal temperatures, so it is prepared at temperatures below 5οC (Sheng, Frurip, and 

Gorman 2015; Maseer and Najem 2023). The reaction suggested approach included the following 

steps (Figure 3,4):  

 

 Preparation of diazonium salt of m-nitroaniline: 

 

 
Figure 3. Preparation of diazonium salt 
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 Coupling of tetracycline with diazotized m-nitroaniline    

 

Figure 4. Coupling reaction 

 

Selected of diazotized agents 

Two diazotized agents were tested to select the appropriate one in an azo-dye reaction by neutralizing 

the wavelength and absorbance intensity under certain conditions. The results are shown in Table 1. 

The m-nitroaniline provides the highest absorbance intensity, the widest colour difference, and the 

optimal sensitivity. The result of this was select in subsequent experiments. 

Table 1. selected of reagent (diazotized agents) 

5mM Reagents Absorbance λmax(nm) 
∆λmax(nm

) 

 (l.mol-1.cm-

1) 

m-Nitroaniline 0.345 382.5 122.5 1.86 × 10 4 

p-Phenyldiamine 0.280 390 38 1.35×10 4 

∆λmax = widest colour = λmaxZ- λmaxB where (Z: The dye, B: Blank) 

 

Effect of diazotized m-nitroaniline amount 

To study the effect of 5 mM diazonium salt (diazotized m-nitroaniline) on the absorbance of the 

resulting dye colour, a series of various volumes (0.1-1.0 ml) of it were taken. Each volume separately 

added to a series of volumetric flasks containing various concentrations of tetracycline (10-30 μg.ml-

1). The results showed that the absorbance gave its highest intensity when utilizing a volume of 0.5 ml 

of diazonium salt. 

Effect of basic solution 
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Through the initial experiments conducted between TC-HCl and the diazonium salt (m-nitroaniline), 

the dye appears only when the reaction medium is basic. As a result, different bases (weak/strong) 

were studied, as shown in Table 2. It is noted that 1M sodium hydroxide gives the highest intensity of 

the colored dye at 2 ml, the result was confirmed for subsequent use. 

Table 2. Effect of various basic solutions on dye absorbance intensity 

Amount of 

basic (ml) 

Absorbance of basics concentrations (1M) 

Sodium 

hydroxide 

Potassium 

hydroxide 

Sodium 

carbonate 

Sodium 

bicarbonat

e 

0.5 0.335 0.277 0.125 0.031 

1.0 0.350 0.345 0.132 0.063 

2.0 0.352 0.348 0.104 0.054 

3.0 0.349 0.340 0.091 0.050 

pH (12.6- 12.9) (12.3-12.80) 
(10.78-

10.90) 
(8.97-9.22) 

 

Stability of azo dye 

To complete the limitation of the optimal conditions for the reaction, the effect of the time of 

development of the dye color resulting from the diazotized reaction and the stability of that color was 

studied by studying the absorbance measured at subsequent periods shown in Table 3. The results 

show that the formed color is stable for up to 60 minutes. 

Table 3. Stability of dye with subsequent periods 

Time/min. 
Absorbance/TC-HCl (μg.ml-1) 
10 20 30 

Immediatel
y 

0.340 1.000 0.648 

5 0.341 0.997 0.649 
10 0.342 0.998 0.647 
20 0.341 0.995 0.645 
30 0.342 0.996 0.644 
40 0. 341 0.994 0.643 
50 0. 341 0.995 0.640 
60 0. 340 0.993 0.643 

 

Final absorbance spectrum 

An absorbance spectrum of the developed colored dye by coupling of diazotized m-nitroaniline with 
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TC-HCl in 1M sodium hydroxide solution as a basic medium, under recommended conditions, against 

its blank show maximum absorbance at 382.5 nm in comparison to the reagent blank against distilled 

water which shows maximum absorbance at 255 nm with out-of-range absorbance value, as shown in 

figure 5. conducted under recommended conditions. 

 

Figure 5. Absorbance spectrum of (5.0 µg.ml-1) TC-HCl (as azo-dye)reaction 

Reliability and Compatibility 

To investigate the reliability (accuracy) and compatibility (precision) of the proposed approach for 

determined TC-HCl, two concentrations were selected within the calibration curve range, and 

mathematical calculations were performed. The results indicated that the proposed gave satisfactory 

results, as shown in Table 4. 

Table 4. reliability (accuracy) and compatibility (precision) 

TC-HCl (µg.ml-1) 
Accuracy  Precision  

Recovery, % Relative error, % *RSD, % 

5.0 100.51 0.51 1.290 

10 101.75 1.75 0.707 

Average of five determinations, *RSD; Relative standard deviation 

 

Complexity type of azo-dye formed 

Using the Joule and mole-ratio methods (Hargis 1988), it was possible to determine the type of 

binding between TC-HCl and the reagent, which was 1:1, confirming what was stated in previous 

studies (J Al-Ashow and S Othman 2012; Khaleel and Mohammed 2020; Khalafa and Othmanb 2023) . 
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Therefore, the coupling of diazotized at the para position of TC-HCl, and the suggested structure of 

formed azo dye was as shown in figure 6. 

 

Figure 6. Yellow azo-dye 

Effect of interferences 

To invagination the effectiveness and compatibility of the suggested approach, used the standard 

addition method (Nejres and Najem 2022) , it was carried out by taking increasing concentrations of 

pure TC-HCl (0, 2.0, 4.0, 6.0, 8.0 and 10) and two constant concentrations of its pharmaceutical 

formulations (5.0 and 10 µg.ml-1) each concentration individually The approach successfully 

determined the property without interferences effect, can be shown that in Figure 7. 
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Figure 7. Standard addition method plot of TC-HCl capsules; a) PVT. SECTOR/Indian b) SDI /Iraq 

The results shown in Table 5, extracted from Figure 7, indicated no additive effect in determining TC-

HCl in their formulation and recoveries with the accepted analytical error. 

Table 5. The measured of standard addition method in figure 7. 

Pharmaceutical formulations  

Concentration per μg.ml-1 
Recovery, 

% Amount taken 
Amount 

measured 

Apecycline 250 mg Capsules             

(PVT.SECTOR India) 

5.0 5.21 104.33 

10 10.36 103.62 

Samacycline 250 mg Capsules 

(S.D.I/Iraq) 

5.0 5.05 101.19 

10 10.14 101.44 

 

Application the approach on pharmaceutical formulations 

To verify the success of the proposed approach, it was applied to TC-HCl pharmaceutical formulations 

by taking concentrations within the range of the calibration curve, calculating the percentage recovery, 

and comparing the taken and measured amounts. The results in Table 6. showed that the proposed 

approach gave good results that can be relied upon in determining the pharmaceutical formulations, 

capsule, and skin ointment. Table 6. displays the findings. show that a successful recovery was 

achieved 

Table 6. Analytic applications of the suggested approach 

Pharmaceutical formations  

Concentration per μg.ml-1 
Recovery, 

% Amount taken 
Amount 

measured 

Apecycline 250 mg Capsules             

(PVT.SECTOR India) 

5.0 4.979 99.58 

10 9.967 99.67 

Samacycline 250 mg Capsules 

(S.D.I/Iraq) 

5.0 5.003 100.06 

10 10.054 100.54 

Samacycline ointment 3% 

(S.D.I/Iraq) 

5.0 5.008 100.16 

10 10.011 100.11 

Average of five determinations 

 

Validity of proposed approach 

To verify the validity of the proposed approach,The results of the tabular t-test calculated by 
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comparing the reading rate of the proposed method with the estimation method in the British 

Pharmacopoeia protocol(Prichard 2009), at 95% Confidence Interval of the Difference degrees of 

freedom; t-test 4.303 (Christian, G. D., Dasgupta, P. K., and Schug 2013) , showed no significant 

difference between the statistical values of the proposed method and the standard method Table 7. 

Table 7. T-test value of pharmaceutical preparation TC-HCl of the proposed approach 

Pharmaceutical 
formations 

Recovery % 
t-test* 

Amount measured 
The-British 
Pharmacopoeia 

TC-HCl 
100.60 

99.55 
0.81 

101.70 3.02 

 *    𝑡 = (𝑥 − µ)
𝑁

𝑠
 

Comparison of the proposed approach 

The proposed approach was compared to previous studies of TC-HCl, as shown in Table 8, in which the 

most important parameters were reviewed, which shows that the method has a wide range of obey 

Beer’s law, in addition to the accuracy, precision and sensitivity of the method. 

Table 8. Comparison of the proposed approach 

methods λmax(nm) 
Range 

(μg.ml-1) 

Recovery 

% 

RSD 

% 

Molar absorptivity 

(l.mol−1.cm−1)×104 

Sandal’s 

sensitivity 

μg.cm-2 

Ref. 

oxidation of 

chromium (VI) 

345 1.2-30 NA NA 1.03 0.0431 
(Saleem, et al. 2020) 

610 2.0-60 NA NA 0.63 0.0705 

TC-HCL- Ce(IV) 

complex 
430 50-350 101 0.030 NA NA 

(AL-Sowdani, et al. 

2006) 

Sulphonation 435 2-40 96.6 0.142 0.831 0.0294 
(Alhfidh and Othman 

2021) 

azo dye, coupling  419 0.5-50 99.58 0.295 1.461 NA 
(Abd, Dikran, and 

Mahmood 2017) 

chelate complex 430 
5.0-160 100.56 0.917 

0.289 
NA (Ali and Kamoon 

2016) 2.0-50 101.05 0.897 NA 

azo dye, coupling  382.5 1.0-30 101.13 0.80 1.66 0.0290 This work 

 

CONCLUSION 

TC-HCl could be determined in its pure and pharmaceutical form, using the proposed method, which 

was characterized as a simple and sensitive method with few steps that reduced the relative error, 

giving it good accuracy and precision (molar absorptivity reached 1.66× 104 l.mol-1. cm-1and sandell 

sensitivity index of 2.9 × 10-2 µg cm-2 . Depending on the wide concentration level, the color reaction 

had a relative standard deviation of 0.357 to 1.26%). This is confirmed by comparing it with 
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spectrophotometric methods, where the results came out good with values close at times and superior 

at other times to those previous studies, in addition to the extent of obey with Beer's law and stability 

that enabled the researcher to use the method comfortably. Therefore, the method succeeded in all its 

aspects. 
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