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Aim. To develop and validate a spectrophotometric technique for quantitative determination of glibenclamide in tablets by reaction with 
2,3-dichloro-1,4-naphthoquinone.

Materials and methods. In the study, the substance glibenclamide of pharmacopoeial purity was used, tablets – “Maninil” 5 mg and 
“Glibenclamid-Zdorovye” 5 mg, 2,3-dichloro-1,4-naphthoquinone of the “CFA” qualification was chosen as a reagent, as a solvent – di-
methylformamide (DMF) “CFA”. 

The following analytical equipment was used for the research: spectrophotometer “Specord-200” (Analytic Jena AG, Germany), water 
bath “MEMMERT WNB7”, laboratory electronic scales RADWAG XA 210. 4Y, measuring laboratory vessels of class A.

Results. A new, simple spectrophotometric method of quantitative determination of glibenclamide in tablets by reaction with 2,3-di-
chloro-1,4-naphthoquinone in DMF medium was developed. The absorption maximum was at 489–491 nm. The value of the detection 
limit is 10.9 μg/ml, which indicates sufficient sensitivity of the reaction. 

Subordination to the basic law of light absorption is within the limits of concentrations of 13.7–27.4 mg/100 ml. In the process of developing 
the methodology, the following validation characteristics were determined: specificity, linearity, precision, correctness, and robustness.

Conclusions. The methodology for the quantitative determination of glibenclamide was developed and validated according to the 
requirements of the State Pharmacopoeia of Ukraine. It has been proven that the method is simple, accessible, and validated for such 
characteristics as linearity, convergence and robustness and can be used for application in laboratories for quality control of medicinal 
products.
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Розробка методу кількісного визначення глібенкламіду в таблетках
Л. Г. Лелека, С. О. Васюк

Мета роботи – розробити та валідувати спектрофотометричну методику кількісного визначення глібенкламіду в таблетках за 
реакцією з 2,3-дихлор-1,4-нафтохіноном.

Матеріали та методи. У дослідженні використали субстанцію глібенкламіду фармакопейної чистоти, таблетки – «Манініл» 5 мг і 
«Глібенкламід-Здоров’я» 5 мг, як реагент обрали 2,3-дихлор-1,4-нафтохінон кваліфікації «ч. д. а.», як розчинник – диметил форм-
амід (ДМФА) «ч. д. а.». 

Для дослідження застосували таке аналітичне обладнання: спектрофотометр «Specord-200» (Analytic Jena AG, Німеччина), водяна 
баня «MEMMERT WNB7», ваги лабораторні електронні RADWAG XA 210. 4Y, мірний лабораторний посуд класу А.

Результати. Розроблено нову, просту спектрофотометричну методику кількісного визначення глібенкламіду в таблетках за ре-
акцією з 2,3-дихлор-1,4-нафтохіноном у середовищі ДМФА. Максимум поглинання – при 489–491 нм. Значення межі виявлення 
становить 10,9 мкг/мл, що свідчить про достатню чутливість реакції. 

Підпорядкування основному закону світлопоглинання перебуває у межах концентрацій 13,7–27,4 мг/100 мл. У процесі розроблення 
методики визначили такі валідаційні характеристики: специфічність, лінійність, прецизійність, правильність і робасність.
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The problem of type 2 diabetes mellitus is getting bigger 
every year. According to WHO statistics, the number of 
diseases will reach the seventh cause of death in the world 
by 2030 [1]. With this in mind, the pharmaceutical market 
of hypoglycemic drugs is expanding. Therefore, the search 
for new, express, selective, and sensitive methods for the 
quantitative determination of hypoglycemic medications 
(M) plays an important role at all stages of quality control of 
finished pharmaceuticals (FP).

For the quantitative determination of the glibenclamide 
substance, SPU offers alkalimetric titration. 0.400 g of the sub-
stance is dissolved when heated in 1.00 ml of 96 % alcohol and 
titrated with a 0.1 M sodium hydroxide solution to a pink color, 
using 1.0 ml of phenolphthalein solution as an indicator [2].

Instrumental methods of analysis are most often used to 
determine glibenclamide as part of medications. Among 
them, chromatographic and spectrophotometric in the UV 
and visible range of the spectrum are mainly found. Most 
often, glibenclamide in tablets and biological fluids is de-
termined by TLC with densitometry [3], high-performance 
thin-layer chromatography [4,5], liquid chromatography [6], 
reversed-phase liquid chromatography [7], tandem method 
of liquid chromatography with mass spectrometry [8], HPLC 
[9], OF-HPLC [10,11], combined methods of HPLC with 
spectrophotometry [12,13], spectrophotometric methods 
[14–16] and UV-visible spectroscopy [17].

A spectrophotometric method for the quantitative determi-
nation of glibenclamide by reacting it with 2,3-dichloro-5,6-
disiano-1,4-benzochinoin in a buffer solution at pH 2.0 has 
been previously reported [15]. However, the method requires 
heating the reaction mixture at 40 °C for 35 minutes, which 
limits its efficiency. The authors managed to obtain quite 
high response sensitivity results, but the long heating of the 
reaction mixture makes this technique long-lasting.

Therefore, development of express, direct, selective, and 
sensitive spectrophotometric method of quantitative determi-
nation of glibenclamide in tablets, certainly, is a promising 
direction of improvement of quality control of pharmaceutical 
preparations.

Aim
To develop and validate a spectrophotometric technique for 
the quantitative determination of glibenclamide in tablets by 
reaction with 2,3-dichloro-1,4-naphthoquinone.

Materials and methods
All chemicals and reagents used were of analytical or phar-
maceutical grade.

The following were used for the research: glibenclamide 
substance series G-0619012 (MI); tablets “Maninil” 5 mg 
(BERLIN-CHEMIE MENARINI, Germany) series 18001, 
“Glibenclamid-Zdorovye” 5 mg (Pharmaceutical company 
“Zdorovye”, Ukraine) series 51121. As a reagent and solvent, 
2,3- dichloro-1,4-naphthoquinone and DMF.

Analytical equipment: spectrophotometer “Specord-200” 
(Analytic Jena AG, Germany), water bath “MEMMERT 
WNB7”, electronic laboratory scales RADWAG XA 210. 
4Y electronic laboratory scales RADWAG XA 210. 4Y, 
measuring laboratory vessels of class A.

General method of determination of glibenclamide
Preparation of the comparative solution of glibenclamide 

(WRS). Dissolve 0.05150 g of glibenclamide substance in 
25.00 ml of DMF in a volumetric flask. If necessary, use an 
ultrasonic bath. Then fill the flask up to the mark with the 
same solvent and mix well. Transfer 1.00 ml of the resulting 
glibenclamide solution to a 10.00 ml volumetric flask, add 
1.00 ml of a 0.5 % solution of 2,3-dichloro-1,4-naphthoqui-
none, and heat the mixture in a water bath at 95 °C for 25 
minutes. After the solution has cooled down, fill the flask up 
to the mark with a DMF solution.

Preparation of the compensation solution. Place 1.00 ml of a 
0.5 % solution of 2,3-dichloro-1,4-naphthoquinone in DMF 
in a 10.00 ml volumetric flask. Heat the flask, fill it up to the 
mark with the DMF solution, and mix well.

Determination of glibenclamide in tablets
Forty tablets are weighed and ground in a mortar. The 

exact weight of the obtained tablet mass (“Maninil” 5 mg – 
1.23222 g; “Glibenclamid-Zdorovye” 5 mg – 0.99441 g) is 
placed in a 25.00 ml flask, dissolved, and brought to volume 
with DMF. The resulting solution is stirred and filtered. The 
first portions of the filtrate are discarded. From the following 
portion, 1.00 ml is taken and analyzed according to the pro-
posed procedure. The content of glibenclamide is calculated 
using the generally accepted formula.

Results
It was experimentally established that glibenclamide reacts 
with some quinones in a DMF environment to form colored 
reaction products. The highest optical density value (Fig. 1) 
was observed when using 2,3-dichloro-1,4-naphthoquinone, 
which has an absorption maximum of 491 nm. Therefore, 
2,3-dichloro-1,4-naphthoquinone was chosen as the reagent.

In the process of developing the technique, the optimal 
conditions for the course of the reaction between glibencla-
mide and 2,3-dichloro-1,4-naphthoquinone were established.

It was experimentally established that 2,3-dichloro-1,4-naph-
thoquinone interacts faster with glibenclamide at 95 ℃.  

Висновки. Розроблено та валідовано методику кількісного визначення глібенкламіду згідно з вимогами Державної Фармакопеї 
України. Доведено, що методика є простою та доступною, валідована за такими характеристиками, як лінійність, збіжність і ро-
басність, може бути рекомендована до застосування в лабораторіях з контролю якості лікарських засобів.

Ключові слова: глібенкламід, 2,3-дихлор-1,4-нафтохінон, спектрофотометрія, валідація, кількісне визначення, лікарські засоби, 
субстанція, Державна Фармакопея України.
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Fig. 2 and 3 show that the maximum absorption is observed 
after 25 minutes of heating. Therefore, a heating time of 
25 min was chosen for further tests. The detection limit under 
such conditions is 10.9 μg/ml.

The concentration of the reagent was determined experi-
mentally by the maximum yield of the reaction product, that 
is, by the maximum optical density (Fig. 4). As can be seen 

from Fig. 3, the maximum value of the optical density is 
observed at a reagent concentration of 0.5 % in a volume of 
1.00 ml, so this concentration was chosen for further work.

The stability of the studied solutions was determined by 
measuring the optical density every 15 min for 1 h. It was 
established that the studied solutions are stable for at least 
1 hour (Fig. 5).
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Fig. 1. Absorption spectra of the reaction products of glibenclamide with: 1) 2,5-dichloro-1,4-benzoquinone, 2) p-chloroanil, 3) 2,3-dichloro-1,4-
naphthoquinone in DMF.

Fig. 2. Dependence of absorption of glibenclamide reaction products with 2,3-dichloro-1,4-naphthoquinone on the heating temperature of the reaction 
mixture.
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Fig. 3. Dependence of reaction product absorption on heating time.

Fig. 4. Dependence of the absorption of the reaction product on the amount of added reagent.
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Fig. 5. Graph of the dependence of the reaction product of glibenclamide with 2,3-dichloro-1,4-naphthoquinone in DMF medium on time.

Fig. 6. Saturation curves: 1 – glibenclamide at a constant reagent concentration (1.00 ml of 0.005 M solution); 2 – 2,3-dichloro-1,4-naphthoquinone 
at a constant concentration of glibenclamide (1.00 ml of 0.005 M solution).
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To determine the stoichiometric coefficients between glib-
enclamide and 2,3-dichloro-1,4-naphthoquinone, the method 
of continuous changes (method of isomolar series) and the 
method of molar ratios (method of saturation) were used. As 
can be seen from Fig. 6 and 7, glibenclamide interacts with 
the reagent in a ratio of 1:1.

Linearity. To determine the linearity, 9 absorption 
measurements of the comparison solution of glibencla-
mide were carried out in the range of concentrations in 
which subordination to Beer’s law is observed, namely 
13.7–27.4 mg/100 ml. The graph of the dependence of 
absorption on the concentration of glibenclamide in nor-
malized coordinates is shown in Fig. 8.

The linearity of the proposed technique was evaluated 
using least squares regression analysis. The obtained values 
are given in the Table 1.

Precision. The precision of the proposed method for each 
dosage form was determined at the level of convergence. 
9 parallel measurements were carried out. Three solutions 
were prepared from three measurements, each with three 
parallel measurements under optimal conditions. In parallel, 
the absorbance of the comparison solution was determined 
and the content of the substance under study was calculated. 
The obtained data are shown in the Table 2.

Correctness. To establish the correctness of the proposed 
methodology, the additive method was used. Different 
volumes of RSZ were added to three equal samples of the 

medicinal substance and the optical density was determined 
three times. As can be seen in Table 3, the results of the deter-
minations are correct, since the obtained results are included 
in the established confidence interval.

Complete uncertainty of the analytical technique
In order to confirm that the developed method will be 

correctly replicated in other laboratories, the total uncer-
tainty of the reported method results has been calculated. 
According to the SPU, the total expected uncertainty in 
the technique is not expected to exceed the maximum 
allowable value of ∆As.

Table 1. Numerical indicators of the linear dependence of the technique

Size Value Criteria Conclusion

Equation of linear regression Yi = bXi + a

Correlation coefficient, r 0.99961 ≥ 0.9631 meets

Residual standard deviation, Sx,0 0.7032 ≤ ∆Аs (%) /t (95 %, 6)
0.8247

meets

Intercept term, a ± (Sa) 0.608 ± (1.160) ≤ t (95%, 6) ∙ Sa
2.245

meets

Slope, b ± (Sb) 0.994 ± (0.0113) – –
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Fig. 7. Graph of dependence of absorption on the ratio of components of an isomolar solution. V1: volume of 0.005 M solution of 2,3-dichloro-1,4-
naphthoquinone; V2: volume of 0.005 M solution of glibenclamide).

Fig. 8. Graph of absorption dependence on glibenclamide concentration (in normalized coordinates) at a wavelength of 491 nm.

Table 2. Determination of the convergence of the results  
of the quantitative determination of glibenclamide in tablets

Dosage form Z% (n = 9) Sz% ∆As ∆% δ ≤ ∆% / 3

“Maninil” 5 mg 100.44 0.95 1.6 1.78 0.44 ≤ 0.59

“Glibenclamid- 
Zdorovye” 5 mg 99.76 0.45 1.6 0.85 0.24 ≤ 0.28

Table 3. Determination of the correctness of the results of the quantitative 
determination of glibenclamide in tablets

Dosage form Z% (n = 9) Sz% ∆% |100-Z| σ ≤ ∆% / 3

“Maninil” 5 mg 100.23 0.57 1.06 0.23 0.23 ≤ 0.35

“Glibenclamid- 
Zdorovye” 5 mg 99.79 0.69 1.29 0.21 0.21 ≤ 0.43

7 8
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The total uncertainty prediction was computed based on 
the formula (1):

∆As = √(∆sp
2 + ∆FAO

2)    (1)

where ∆sp– is the uncertainty of sample preparation;
∆FAO – is the predicted uncertainty of the final analytical 

operation.
It was taken into account that two solutions are used for the 

measurement procedure (comparison solution and test solu-
tion). When carrying out three parallel measurements with 
cuvette removal, the uncertainty value of the final analysis 
operation (∆FAO) will be equal to 0.70 % [18].

The calculation of the total uncertainty of the method is 
given in the Table 4. The calculations took into account the 
minimum weight of the finished medication.

Therefore, the total predicted uncertainty of the analysis 
(1.53 %) does not exceed the maximum permissible uncer-
tainty of the method (3.20 %), which may be replicated in 
other laboratories [18].

Discussion
During the development of the method, optimal conditions 
were established for the reaction of glibenclamide with 
2,3-dichloro-1,4-naphthoquinone, which involved heating 
for 25 minutes at a temperature of a boiling water bath in 
the DMF environment. Under these conditions, the methods 
for the quantitative determination of glibenclamide in tablets 
“Maninil” 5 mg and “Glibenclamid-Zdorovye” 5 mg were 
developed, and validation characteristics such as linearity, 
precision, correctness, and sensitivity were determined. It has 
been demonstrated that the developed methods comply with 
the requirements of the SPU. The predicted total uncertainty 
of the technique suggests that it can be replicated in other 
laboratories.

Thus, after analyzing the literature on methods for analyz-
ing glibenclamide in medical forms and biological objects, it 
can be asserted that the chromatographic methods presented 

are very accurate and selective [3–7], but they require expen-
sive equipment, lengthy preparation, and costly consumables. 
Some of these methods require other detection techniques to 
improve accuracy [12,13].

For spectrophotometric methods in the visible and UV 
spectrum, there is a need to optimize the conditions for in-
creasing selectivity, such as by using derivatization reagents 
or changing the pH of the medium [14–16].

Despite the high sensitivity and selectivity of the reported 
methods, their cost and complexity remain a challenge. There-
fore, the development of new, economical, and accessible 
methods for determining glibenclamide is still necessary.

Conclusions
1. As a result of the conducted research, a spectrophotomet-

ric method for the quantitative determination of glibenclamide 
was developed and validated.

2. The developed method is sensitive, easy to perform, 
available, and meets the requirements of the State Pharmaco-
poeia of Ukraine, so it can be recommended for the analysis 
of glibenclamide in the laboratories of the technical quality 
control departments of pharmaceuticals.
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Table 4. Calculation of the total uncertainty of the method of quantitative determination of glibenclamide

The operation of sample preparation Calculation formula parameter Uncertainty, %

The investigated solution

Taking a measurement of the finished medicinal product a1 0.2 mg/994.4 mg × 100 % = 0.02 %

Bringing the volume up to the mark in a 25 ml volumetric flask 25 0.23

Taking an aliquot of the dilution of the finished medicinal product with a 1 ml pipette 1 0.74

Bringing the volume up to the mark in a 10 ml volumetric flask 10 0.50

Comparison solution

Taking a dose of glibenclamide a0 0.2 mg/51.5 mg × 100 % = 0.39 %

Bringing the volume up to the mark in a 25 ml volumetric flask 25 0.23

Taking a 1 ml aliquot of gliclazide dilution with a pipette 1 0.74

Bringing the volume up to the mark in a 10 ml volumetric flask 10 0.50

∆sp=√(0.022 + 0.232 + 0.742 + 0.502 + 0.392 + 0.232 + 0.742 + 0.502) = 1.36 %
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