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Article 

TLC-Densitometric Method for Determination of 
Metronidazole and Tinidazole in Pharmaceutical 
Preparations 
Alina Pyka-Pająk 

Department of Analytical Chemistry, Faculty of Pharmaceutical Sciences in Sosnowiec, Medical University of 
Silesia in Katowice, Jagiellońska 4, 41-200 Sosnowiec, Poland; apyka@sum.edu.pl; Tel.: +48-32-364-15-30 

Abstract: An easy and short-time  TLC-densitometric method was developed for the separation of 
metronidazole, secnidazole, ornidazole, tinidazole, and 2-methyl-5-nitroimidazole and for the determination 
of metronidazole  and tinidazole in Metronidazole Polpharma and Tinidazolum Polpharma tablets. Analyzes were 
performed on chromatographic plates precoated with silica gel 60F254 using the optimal mobile phase: 
chloroform + methanol + diethylamine in a volume ratio of 9:1:1. The method has been validated. The intraday 
and interday precision values for the three different concentrations ranged from 0.99% to 1.48% and 0.89% to 
1.76%, and the precision values ranged from 1.13% to 2.48% and 0.95% to 2.49% for metronidazole and 
tinidazole, respectively. The limit of quantification (LOQ) was 0.036 and 0.066 µg/spot for metronidazole and 
tinidazole, respectively. The mean recovery was 103.1% and 100.6% for metronidazole and tinidazole, 
respectively. The content of metronidazole and tinidazole in tablets in relation to the content declared by the 
manufacturer was 101.3% and 99.8%, respectively. The obtained results were verified using the 
pharmacopoeial method. The presented method is fast, sensitive, precise, selective, accurate and robust. It 
allows for the analysis of several samples on one chromatography plate at the same time. 

Keywords: metronidazole; tinidazole; pharmaceutical preparation; TLC; densitometry 
 

1. Introduction 

Medicinal products on the market must be of appropriate quality to guarantee safety of use and 
effectiveness. The medicinal substance and product must meet all quality criteria regarding identity, 
purity, active substance content and suitability. The preferred method for examining the identity of 
organic compounds is infrared absorption spectrophotometry and chromatographic methods. The 
most commonly used chromatographic methods are high preformance liquid chromatography 
(HPLC), thin layer chromatography (TLC) and gas chromatography (GC). In chromatographic 
methods, confirmation of identity is obtained by comparing the retention times or retardation factors 
(TLC) of the test substance and the reference substance [1,2]. TLC combined with densitometry is also 
a great tool for investigating the content of biologically active substances in a drug, impurities present 
in the drug, but also for investigating many physicochemical properties, including lipophilicity of 
biologically active substances [3–13]. 

Counterfeiting and illegal trade in medicines are global problems. The scale of the phenomenon 
is becoming more and more common. This poses a threat to the safety and life of patients. Falsified 
pharmaceuticals do not meet the quality requirements established for given medicinal products. They 
usually contain ingredients of lower quality, inappropriate proportions, impurities or other 
unapproved active substances with unknown safety of use - substances dangerous to health and life. 
Quite often, their composition is completely different from that declared on the packaging [14,15]. 
Hence, there is a need to constantly develop new analytical methods for qualitative and quantitative 
testing of drugs. One of such methods may be thin-layer chromatography combined with 
densitometry. Scientific literature describes methods using thin-layer chromatography for the 
determination of selected 5-nitoimidazole in the presence of another drug, e.g. metronidazole and di-
iodohydroxychinoline [16], diiodohydroxyquine [17], spiramycin [18], furazolidone [19,20], 
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loperamide [19], tetracycline hydrochloride [21], ciprofloxacin [22], diloxamide furoate [23], 
clotrimazole [24] as well as tinidazole and clotrimazole [25,26], omeprazole [27], clarithromycin [27], 
fluconazole [28,29], norfloxacin [30–32], ciprofloxacin [33]. 

So far the scientific literature has not described the simultaneous chromatographic separation 
using the TLC technique of metronidazole (M), secnidazole (S), ornidazole (O), tinidazole (T) and 2-
methyl-5-nitroimidazole (IMP). Therefore, the aim of this work was to develop a fast and cheap thin-
layer chromatography method allowing the separation of M, S, O, T, in the presence of potential IMP 
contamination. Only pharmaceutical preparations containing M and T are available on the Polish 
pharmaceutical market. Therefore, the developed chromatographic conditions were used to 
determine M and T in tablets. The proposed method has been fully validated. The motivation to 
develop another method was to obtain a quick and effective determination, with a low detection limit 
and at the same time low costs. 

2. Materials and Methods 

2.1. Chemicals and Reference Standards 

Silica gel 60F254 (E. Merck, #1.05554, and #1.05570) plates were used for the study. The solvents 
used were: benzene, methanol, toluene, acetone, chloroform, ammonia 25%, n-hexane, ethyl acetate, 
ethanol (99.8%), acetic acid (80%), glacial acetic acid, diethylamine, acetonitrile. The solvents 
mentioned were produced by POCh Gliwice,  Chempur or Merck and showed analytical purity. 
They were components of the mobile phases used. Methanol  was also used to extract the M and T 
present in the tablets and to dissolve the standards. M, S, O and T as well as IMP were supplied by 
Sigma-Aldrich (USA). M and T were pharmaceutical primary standards with purity according with 
United States Pharmacopeia and European Pharmacopoeia, respectively.  IMP was British 
Pharmacopoeia (BP) reference standard. S and O were analytical standards with quality level equal 
100. Metronidazole and Tinidazolum tablets (Polpharma, Poland) contained 500 mg of M and 500 mg 
T, respectively. Anhydrous acetic acid (analytical purity, Chempur, Poland) and chloric acid (VII) 
(analytical purity, POCh, Poland) were used to determine M and T using pharmacopeia method.  

2.2. Preparation of Standard Solutions of APIs 

Standard solutions of M and T were prepared by dissolving their standard substances in 
methanol . Following M and T solutions were obtained, respectively: 0.60, 0.55, 0.50, 0.45, 0.40, 0.35, 
0.30, 0.25, 0.20, 0.15, 0.10, 0.08, 0.06, 0.04, 0.02, 0.01 mg⋅mL-1. Methanol solution of mixture of M, S, O, 
T, and IMP were prepared at a concentration of 0.20 mg⋅mL-1.  

Five µL of standard solutions prepared in this way were taken and applied to chromatographic 
plates. 

2.3. Preparation of Solutions of Metronidazole and Tinidazolum Drugs 

After weighing ten tablets of Metronidazole Polpharma and Tinidazolum Polpharma, they were 
crushed for 25 min using a three ball mill at 6000 rpm. Then, the equivalent of 100 mg of M and 100 
mg of T was weighed from the obtained powdered tablet masses. Extraction of M and T from tablet 
masses was carried out using 15 ml of methanol using a three ball mill at 6000 rpm for 20 minutes. 
The drug extracts obtained in this way were filtered through paper filters into volumetric flasks and 
supplemented with methanol to a volume of 50 ml, obtaining solutions with a concentration of 100 
mg/50 mL. In the next step, a series of dilutions were made to obtain solutions with the following 
concentrations of M and T: 0.3 mg/5mL, 1.0 mg/5mL, 1.75 mg/5mL. 

Five µL of the above-mentioned solutions were taken and applied to chromatographic plates. 

2.4. TLC Combined with Densitometry 

TLC analysis was performed using 10 cm x 20 cm aluminum plates coated with silica gel 60 F254 
(#1.05554). The chromatographic plates were activated at 120°C by 30 min. Standard solutions of M, 
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T, mixture of M, S, O, T, and IMP as well as Metronidazole and Tinidazolum drug extracts were applied 
using 5 µL micropipettes. The tests were performed using the mobile phase: chloroform + methanol 
+ diethylamine in a volume composition of 9: 1: 1. It was selected experimentally from among the 19 
mobile phases tested (Table S1). The chromatographic chamber was saturated for 30 min. The plates 
were developed in a chromatographic chamber to a height of approx. 7.5 cm, and then dried in a 
fume hood for 2 hours. 

Using the Camag TLC 3 densitometer, in which the radiation source is a deuterium lamp, 
spectrodensitometric and densitometric analysis were performed. The parameters of the first of these 
analyzes were: wavelength 200÷400nm, slit size 12.00x0.40 mm, Macro, scanning speed - 20 nm/s, 
resolution 1 nm/step. Densitometric scanning parameters were:  λmax=313 nm, slit size 12.00x0.40 
mm, macro, resolution 100 µm/step and scanning speed 20 mm/s.   

2.5. TLC Method Validation 

Range and linearity, precision, accuracy, specificity, robustness, limit of detection and 
quantification were determined according to validation guides [34,35], which allowed validation of 
the TLC method for the determination of M and T. The accuracy of the method was additionally 
checked by comparison with the pharmacopeial method recognized as accurate [1]. Validation details 
are provided in Tables S2 and S3. 

2.6. Quantitative Determination of Metronidazole and Tinidazole in Tablets and Comparison with 
Pharmacopoeial  Method 

The comparison of the proposed TLC-densitometric method (method A) with the pharmacopeia 
method (method B) to determine M, and T in pharmaceutical preparations was studied by the use of 
ten independently repeated different analyses. The samples about concentrations 1 mg/mL described 
in section 2.3 were investigated by method A. Method B involves potentiometric titration of samples 
[1]. Powdered tablet samples containing 150 mg of M and T, respectively, were dissolved in 50 mL of 
anhydrous acetic acid. The samples were titrated with chloric acid (VII) at a concentration of 0.1 
mol/L, and the end point of the titration was determined using combined pH electrode type EPS 
(Elmetron, Zabrze, Poland). Students t-test and the F-Snedecor value were used to check the 
significance of the differences between the two analytical methods.  

2.7. Statistical Analysis 

Statistical studies of the analysis results were made using the Statistica v. 13 PL program 
(StatSoft, Kraków, Poland), and the charts using Microsoft Office Excel 2016. 

3. Results and Discussion 

3.1. Validation 

A TLC-densitometric method was developed that allows the separation of M, S, O, T, and IMP. 
The developed chromatographic conditions were used to determine M and T in Metronidazole 
Polpharma and Tinidazolum Polpharma tablets. The method has been fully validated (Tables 1–5, 
Figures 1–8, S1–S10). 
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Figure 1. Densitogram of a mixture of standard substances: metronidazole (M), secnidazole (S), 
ornidazole (O),  tinidazole (T), and 2-methyl-5-nitroimidazole (IMP) made at 313 nm, using silica gel 
60F254 plate and mobile phase: chloroform  + methanol + diethylamine (9:1:1, v/v). 

 

Figure 2. Densitogram of a mixture of standard substances: metronidazole (M), tinidazole (T), and 2-
methyl-5-nitroimidazole (IMP) made at 313 nm, using silica gel 60F254 plate and mobile phase: 
chloroform  + methanol + diethylamine (9:1:1, v/v). 
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Figure 3. Densitogram of a Metronidazole Polpharma drug sample  made at 313 nm, using silica gel 
60F254 plate and mobile phase: chloroform  + methanol + diethylamine (9:1:1, v/v); where M – 
metronidazole. 

 

Figure 4. Densitogram of a Tinidazolum Polpharma drug sample  made at 313 nm, using silica gel 
60F254 plate and mobile phase: chloroform  + methanol + diethylamine (9:1:1, v/v); where T – 
tinidazole. 
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Figure 5. Comparison of the spectrodensitogram obtained for the standard substance metronidazole 
with the spectrodensitogram obtained for metronidazole, the source of which was sample of 
Metronidazole Polpharma tablets. 

 
Figure 6. Comparison of the spectrodensitogram obtained for the standard substance tinidazole with 
the spectrodensitogram obtained for tinidazole, the source of which was sample of Tinidazolum 
Polpharma tablets. 
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Figure 7. Robustness test: the effects of factors (A), and half-normal probability plot of effects (B) for 
determination of metronidazole (M) in Metronidazol Polpharma tablets. 
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Figure 8. Robustness test: the effects of factors (A), and half-normal probability plot of effects (B) for 
determination of tinidazole (T) in Tinidazolum  Polpharma tablets. 

Table 1. RF and Rs values for the best separations of metronidazole (M), secnidazole (S), ornidazole 
(O),  tinidazole (T), and 2-methyl-5-nitroimidazole (IMP). 
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2 RF RF(M) = 0.35±0.02, RF(O) = 0.43±0.02, RF(T) = 0.50±0.02, RF(S) = 0.57±0.02, RF(IMP) = 

0.64±0.03;  

RS RS(M/O)=0.78, RS(O/T)=0.77, RS(T/S)=0.83, RS(S/IMP)=0.80 

8 RF RF(IMP) = 0.36±0.02, RF(M) = 0.41±0.02, RF(O) = 0.46±0.03, RF(S) = 0.51±0.03, RF(T) = 

0.59±0.03;  

RS RS(IMP/M)=0.75, RS(M/O)=1.07, RS(O/S)=1.05, RS(S/T)=1.29 

9 RF RF(IMP) = 0.31±0.02, RF(M) = 0.34±0.02, RF(S) = 0.39±0.02, RF(O) = 0.47±0.03, RF(T) = 

0.59±0.03;  

RS RS(IMP/M)=0.83, RS(M/S)=1.27, RS(S/O)=1.43, RS(O/T)=1.78 

12 RF RF(M) = 0.45±0.02, RF(IMP) = 0.49±0.02, RF(O) = 0.55±0.03, RF(S) = 0.65±0.02, RF(T) = 

0.74±0.03;  

RS RS(M/ IMP)=0.83, RS(IMP/O)=1.33, RS(O/S)=1.33, RS(S/T)=1.33 

13 RF RF(M) = 0.39±0.02, RF(IMP) = 0.42±0.02, RF(O) = 0.50±0.03, RF(S) = 0.61±0.02, RF(T) = 

0.67±0.02;  

RS RS(M/ IMP)=0.53, RS(IMP/O)=1.18, RS(O/S)=1.58, RS(S/T)=1.13 

14 RF RF(M) = 0.28±0.02, RF(S) = 0.35±0.02, RF(T) = 0.41±0.03, RF(O) = 0.47±0.03, RF(IMP) = 

0.56±0.03;  

RS RS(M/S)=0.88, RS(S/T)=1.07, RS(T/O)=1.07, RS(O/IMP)=1.33 

16 RF RF(M) = 0.35±0.02, RF(S) = 0.41±0.02, RF(T) = 0.51±0.02, RF(O) = 0.54±0.02, RF(IMP) = 

0.63±0.03 

RS RS(M/S)=1.05, RS(S/T)=1.44, RS(T/O)=0.30, RS(O/IMP)=1.20 

19 RF RF(IMP) = 0.30±0.02, RF(M) = 0.38±0.03, RF(S) = 0.44±0.03, RF(O) = 0.51±0.03, RF(T) = 

0.70±0.04 

RS RS(IMP/M)=1.33, RS(M/S)=1.22, RS(S/O)=1.29, RS(O/T)=2.10 

a)where:   2 - acetone + chloroform + ethyl acetate (4:4:1, v/v); 8 – chloroform + methanol + ammonia (9:1:0.06, 
v/v); 9 – chloroform + methanol + ammonia (9:1:0.1, v/v); 12 – chloroform + methanol + glacial acetic acid 

(9:1:0.1, v/v); 13 – chloroform + methanol + glacial acetic acid (9:1:0.05, v/v); 14 – acetone + chloroform + ethyl 
acetate + glacial acetic acid (4:4:1:0.05, v/v); 16 – acetone + chloroform + ethyl acetate + acetonitrile (3:4:1:1, v/v); 

19 – chloroform  + methanol + diethylamine (9:1:1, v/v). 

Table 2. Method-validation data for the quantitative determination of metronidazole (M) and 
tinidazole (T) by TLC with densitometry. 

Method Characteristic 
 5-Nitroimidazole 

Metronidazole Tinidazole 

Retardation factor (Rf) 0.38 ± 0.03 0.70 ± 0.04 

Range [µg/spot] 0.2–2.0 0.2–2.0 

Linearity 
[µg/spot] 
A=a⋅X+b 

a 7340.4(±133.1) 7828.0(±114.2) 
b 3071.5(±140.2) 5567.9(±130.1) 
n 10 10 
r 0.9989 0.9992 
s 235.6 218.6 
F 3557 4701 
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LOD [µg/spot] 0.012 0.022 

LOQ [µg/spot] 0.036 0.066 

 For tablets  
                          

  Accuracy (n=6)  
 
for 50% standard added 
 

R = 103.8%; CV = 1.96% R = 101.8%; CV = 0.95% 

 
for 100% standard added  
 

R = 104.3%; CV = 1.13% R = 99.1%; CV = 2.31% 
 
for 150% standard added 
 

 R = 101.2 %; CV = 2.48% R = 100.9%; CV = 2.49% 

Average recovery                  103.1%         100.6% 

    Precission (CV, [%])  

Intraday (n=3)   

for 1.75 µg/spot  1.08 0.76 

for 1.00 µg/spot  1.12 0.89 

for 0.30 µg/spot  0.99 1.28 

Interday (n=3)   

for 1.75 µg/spot  1.33 0.99 

for 1.00 µg/spot  1.39 1.44 

for 0.30 µg/spot  1.48 1.76 

Robustness (CV, [%]) robust robust 
where: A- area of the chromatographic band (spot) M, T [AU], n- number of measurement points, X - 

micrograms M/spot,  or T/spot, r- correlation coefficient. 

Table 3. Comparison of LOD and LOQ of metronidazole and tinidazole obtained by other authors. 

Method Mobile phase 
LOD and LOQ 

[µg/plamkę] 
Ref 

Metronidazole 

HPTLC Methanol + chloroform (9:1, v/v) 
LOD = 0.61  

LOQ = 0.95  
[18] 

HPTLC 
Toluene + ethyl acetate + methanol + ammonia 

(3 : 1.5 : 0.5 : 0.1, v/v) 

LOD = 0.046 

LOQ = 0.116 
[19] 

HPTLC 
Benzene + ethyl acetate + toluene + methanol + 

glacial acetic acid (9.5 : 2 : 5 : 1.5 : 0.5, v/v) 

LOD = 0.88  

LOQ = 1.93  
[21] 

TLC 

Acetonitryle + ammonia + methanol + 

methylene chloride + hexane (1.3 : 1.1 : 2 : 3 : 1, 

v/v) 

LOD = 0.32  

LOQ = 0.96  
[22] 

TLC 
Ethyl acetate + acetone + hexane + ammonia 

(9.5 : 0.5 : 0.3 : 0.3, v/v) 

LOD = 0.13  

LOQ = 0.38  
[23] 

TLC 
Chloroform + acetone + glacial acetic acid  

(7.5 : 2.5 : 0.1, v/v) 

LOD = 0.51  

LOQ = 1.55  
[16] 
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TLC Chloroform+methanol (9:1, v/v ) 
LOD = 0.052  

LOQ = 0.159 
[36] 

Tinidazole 

HPTLC 
toluene + ethyl acetate + methanol + triethyl 

amine (5.5:1.0:1.0:0.1, v/v) 

LOD = 0.011  

LOQ = 0.037 
[25] 

HPTLC 
Acetone + ethanol + 2% watery sodium dodecyl 

sulfate 
(3:4:2, v/v) 

LOD = 0.0067  

LOQ = 0.0203 
[33] 

HPTLC 30% Trifluoroacetic acid  

LODa = 0.01  
LOQa = 0.03 

 
LODb = 0.12 
LOQb = 0.36 

[32] 

TLC 
Isopropanol + butanol + ammonia + water 

(25:50:5:25, v/v) 

LOD = 0.1  

LOQ = 0.3 
[30] 

TLC 
methylene chloride + isopropyl alcohol + 

acetonitrile + ammonia (11: 1.2: 5: 0.2, v/v) 

LOD = 0.2  

LOQ = 0.6 
[27] 

TLC Chloroform+methanol (9:1, v/v) 
LOD = 0.058 

LOQ = 0.174 
[36] 

where: a) for low concentration calibration  b) for high concentration calibration. 

Table 4. Experimental design matrix (23) for robustness test for metronidazole (M) and tinidazole 
(T) ingredients in tablets. 

Experiment 

No 

X1 X2 X3 X4 X5 X6 X7 Active 

pharmaceutical 

ingredienta 

content (yi) 

[mg⋅tablet-1]  

M T 

1 + + + + + + + 493.8 494.2 

2 + + - + - - - 489.9 502.5 

3 + - + - - + - 496.9 495.2 

4 + - - - + - + 500.2 506.1 

5 - + + - + - - 502.8 499.5 

6 - + - - - + + 493.1 490.2 

7 - - + + - - + 493.2 493.5 

8 - - - + + + - 513.8 508.2 

Size of 

effect 

M -

3.025 -8.625 

-

5.075 -3.075 11.875 0.375 

-

3.275 

  

T 

1.650 -4.150 

-

6.150 1.850 6.650 

-

3.450 

-

5.350 
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The label  

claim [mg] 

        500 500 

Average 

amount 

[mg]  

        498.0 498.7 

Variance         58.4 41.7 

Standard 

devitation 

(SD) 

        7.64 6.46 

Coefficient 

of 

variation 

[CV, %] 

        1.5 1.3 

a M– metronidazole, T-tinidazole. 

Table 5. Comparison of metronidazole, and tinidazole assays [mg/tablet] obtained from ten 
repeated different analysis of by proposed TLC-densitometric (A) and pharmakopeial (B) methods. 

 Metronidazole Tinidazole 
Method 

A B A B 
Number of 
analysis 

10 10 10 10 

1 510.3 528.6 489.9 492.5 

2 523.0 506.4 495.2 488.9 

3 520.0 521.5 492.3 512.6 

4 495.6 516.2 487.6 501.8 

5 503.6 508.3 502.6 481.7 

6 488.4 498.2 509.9 479.6 

7 520.1 501.3 487.1 509.9 
8 515.3 496.3 512.3 508.1 
9 491.7 517.8 507.8 505.5 

10 496.7 497.5 508.8 491.8 

Average 506.5 509.2 499.4 497.2 

Label claimed 500 500 500 500 

Amount of 

metronidazole and 

tinidazole  (%) in 

relations to the label 

claim 

101.3 101.8 99.8 99.4 

Standard deviation 

(SD) 

12.9 11.3 10.0 11.9 

Coefficient of 

variation [CV, %] 

2.55 2.22 2.00 2.39 
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Method A -  proposed in this work: TLC-densitometric method; Method B – pharmacopoeial method. 

3.1.1. Optimization of Chromatographic Conditions 

Chromatographic analyzes were performed on plates precoated with silica gel 60F254. Nineteen 
mobile phases (Table S1) were tested for their ability to separate five substances, namely M, S, O, T 
and the potential contamination of IMP. In this, mobile phases that were previously used for studies 
on metronidazole and tinidazole were tested [3,16,20,21,36–38]. Attempts were also made to optimize 
the developing distance. It turned out that increasing the chromatogram development distance had 
an adverse effect on the blurring of the chromatographic bands (the chromatographic bands of the 
substance were more blurred when a development distance greater than 8.0 cm was used). This is 
due to the fact that in thin-layer chromatography without forced flow of the mobile phase (analysis 
in a regular chromatographic chamber), when ordinary or high-performance plates are used, the 
values of the theoretical plate height (H) increase over a longer development distance. It is known 
that the smaller the blurring of the chromatographic bands, the better the separation of the bands and 
the lower the value of the theoretical shelf height (H), i.e. the more efficient the chromatographic 
system is. Moreover, increasing the chromatogram development distance also contributes to 
extending the analysis time.  The tested mobile phase was chloroform+methanol 9:1 (phase no. 11), 
which proved to be effective for testing the degradation products of M,S,O,T carried out in separate 
samples [36]. Using this mobile phase, four chromatographic bands are obtained on the densitogram, 
i.e. no separation of metronidazole from secnidazole is achieved. On the densitograms using mobile 
phase 18, only two chromatographic bands were obtained, using mobile phases 10 and 17, three 
chromatographic bands were obtained, while using mobile phases 1,3-7 four chromatographic bands 
were obtained. Five bands from individual tested biologically active substances were obtained using 
mobile phases number 2 (Figure S1), 8 (Figure S2), 9 (Figure S3), 12 (Figure S4), 13 (Figure S5), 14 
(Figure S6), 16 (Figure S7), and 19 (Figure 1).  

The order of elution of the substances depends on the mobile phase used. Also, the quality of 
separation of chromatographic bands varies depending on the mobile phase used. The RS separation 
coefficient was used to assess the quality of chromatographic separation. Table 1 lists the RF and RS 
values for the best M, S, O, T and IMP separations. The presented comparison shows that mobile 
phase chloroform + methanol + diethylamine (9:1:1, v/v) proposed in this work is the best. When 
using this mobile phase, all RS values are greater than 1. Using this mobile phase, the following RF 
values were obtained: RF(IMP) = 0.30±0.02, RF(M) = 0.38±0.03, RF(S) = 0.44±0.03, RF(O) = 0.51±0.03, RF(T) = 
0.70±0.04. The resolution factor (RS) calculated had the following values: RS(IMP/M)=1.33, RS(M/S)=1.22, 
RS(S/O)=1.29, RS(O/T)=2.10. Spectrodensitometric analysis indicates that the maximum absorption of all 
five investigated compounds occurs at 313 nm (Figure S8). Densitogram of a mixture of standard 
substances: metronidazole (M), tinidazole (T), and 2-methyl-5-nitroimidazole (IMP) made at 313 nm, 
using silica gel 60F254 plate and mobile phase: chloroform  + methanol + diethylamine (9:1:1, v/v) was 
presented in Figure 2. 

The densitograms obtained from the Metronidazole Polpharma tablet and Tinidazolum Polpharma 
tablet extracts for the optimal chromatographic conditions, shown in Figures 3 and 4, respectively 
and indicate that there are no additional chromatographic bands from the analyzed tablets. This 

Confidence interval 

of 

arithmetic mean with 

confidence level 

equal 95% 

µ=506.5±9.2 µ=509.2±8.1 µ=499.4±7.2 µ=497.2±8.5  

t calculated 0.497 0.447 

t(95%.18) tabulated 2.101 2.101 

F calculated 1.30 1.42 

F(95%.f1 = f2 = 9) tabulated 3.18 3.18 
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means that no impurities, including 2-methyl-5-nitroimidazole, were found in drug samples. The RF 

values of the reference substances metronidazole and tinidazole are consistent with the RF values of 
metronidazole and tinidazole from the tablet samples. The spectrodensitograms of metronidazole 
and tinidazole standards were also found to be consistent with the spectrodensitograms of 
metronidazole and tinidazole from tablet samples (Figures 5 and 6). 

3.1.2. Linearity and Range  

It was found that the linear range of M and T determined was from 0.20 to 2.00 µg/spot. Linear 
equations showing the dependence of the area of the chromatographic band on the amount of 
micrograms/spot of metronidazole and tinidazole determined are presented in Table 2 and on Figures 
S9A and S10A. The differences between the real  chromatographic band area values and those 
calculated from the correlation equations, presented on Figures S9B and S10B, indicate that 
construction of the correlation equations is correct. 

3.1.3. Precision 

The intra- and inter-day precisions were described using the coefficient of variation (CV, %) by 
measuring the area of the chromatographic bands of metronidazole and tinidazole samples with 
concentrations of 0.30, 1.00 and 1.75 µg/spot. The values of the coefficients CV ranged from 0.99% to 
1.12% and from 1.33% to 1.48% for metronidazole and from 0.76% to 1.28% and from 0 .99% to 1.76% 
for tinidazole, respectively for intraday and interday precisions (Table 2). These results indicate that 
proposed method is precise. 

3.1.4.. Accuracy 

The accuracy of the method was tested by recovery. The average recovery for metronidazole 
was: 103.8%, 104.3% and 101.2%, and for tinidazole: 101.8%, 99.1% and 100.9%, respectively for 50%, 
100% and 150% of standard substances added to the Metronidazole Polpharma and  Tinidazolum 
Polpharma samples (Table 2). The low values of the coefficient of variation, which are less than 3% for 
both metronidazole and tinidazole, indicate that the proposed method is accurate. 

3.1.5. Limit of Detection (LOD) and Limit of Quantification (LOQ) 

The detection limit values calculated on the basis of the calibration curves are equal 0.012 and 
0.022 µg/spot for metronidazole and tinidazole, respectively. The average values of the limit of 
quantification are equal 0.036 and 0.066 µg/spot for metronidazole and tinidazole, respectively. Low 
LOD and LOQ values indicate that the proposed TLC-densitometric method is sensitive.  

After reviewing the publicly available literature on the determination of metronidazole and 
tinidazole using TLC methods, the obtained LOD and LOQ results were compared with those 
obtained by exemplary authors of other studies (Table 3). The presented comparison shows that the 
TLC-densitometric method developed in this study provides lower LOD and LOD values for 
metronidazole and comparable or lower LOD and LOQ values for tinidazole in relation to those 
previously described in the scientific literature. The value of the obtained LOD and LOQ values of 
metronidazole and tinidazole is influenced by the chromatographic conditions used 
(chromatographic plates and the qualitative and quantitative composition of the mobile phase). 

A very important element of determining LOD is checking whether solutions with appropriately 
selected concentrations were used for testing. Because the LOD results obtained must meet the 
following criteria [39]:  10 x LOD > C  and  LOD < C, where: C are a concentrations of 
metronidazole and tinidazole used. 

3.1.6. Robustness 

The robustness of the method [35,40,41] was checked by spotting sample solutions on the plate 
and developing the plate after altering the conditions (Table S3). The conditions changed were the 
sorbent type, development distance, the temperature of plate activation, extraction time, saturation 
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time of the chamber, wavelength in densitometric analysis at λ, and the volume of chloroform in 
mobile phase. The method conditions and the selected factors which the values of their (+) and (-) 
levels are summarized in Table 4. A high level is represented by “+” and a low level by “-“. The effects 
(E) characterizing the particular individual factors and rank probabilities were calculated. Table 4 
shows the results regarding the determination of the content of metronidazole and tinidazole in 
Metronidazole Polpharma and Tinidazolum Polpharma tablets with changed analysis conditions. The 
results of the analyzes were interpreted with a coefficient of variance that was less than or equal to 
1.5% and presented in Figures 7 and 8 the effects of factors (A), and half-normal probability plot of 
effects (B) for determination of metronidazole (M) in Metronidazole Polpharma tablets and for 
determination of tinidazole (T) in Tinidazolum Polpharma tablets indicate that the method is robust. 

3.2. Quantitative Determination of Metronidazole and Tinidazole in Tablets and Comparison with 
Pharmakopeial Method 

Table 5 shows the results regarding the determination of metronidazole and tinidazole in 
Metronidazole Polpharma and Tinidazolum Polpharma tablets. The content of metronidazole and 
tinidazole in tablets determined by TLC-densitometry was 506.5 and 499.4 mg, respectively. The 
content of metronidazole and tinidazole in tablets in relation to the content declared by the 
manufacturer was 101.3% and 99.8%, respectively. These results are consistent with pharmacopoeial 
requirements as they range from 95% to 105% [1,2]. The obtained results were verified using the 
pharmacopoeial method. The comparison of both methods is summarized in Table 5. The results 
obtained with both methods are similar. This is confirmed by the calculated statistical parameters t 
and F. The calculated t and F values also confirm that the proposed TLC-densitometric method is 
accurate.  

4. Conclusions 

An easy and short-time TLC-densitometric method was developed for the separation of 
metronidazole, tinidazole, secnidazole, ornidazole and 2-methyl-5-nitroimidazole and for the 
determination of metronidazole and tinidazole in pharmaceutical preparations. Analyzes were 
performed on chromatographic plates precoated with silica gel 60F254 using the optimal mobile phase: 
chloroform + methanol + diethylamine in a volume ratio of 9:1:1. The method has been validated. The 
intraday and interday precision values for the three different concentrations ranged from 0.99% to 
1.48% and 0.89% to 1.76%, and the precision values ranged from 1.13% to 2.48% and 0.95% to 2.49% 
for metronidazole and tinidazole, respectively. The limit of quantification (LOQ) was 0.036 and 0.066 
µg/spot for metronidazole and tinidazole, respectively. The mean recovery was 103.1% and 100.6% 
for metronidazole and tinidazole, respectively. The content of metronidazole and tinidazole in tablets 
in relation to the content declared by the manufacturer was 101.3% and 99.8%, respectively. These 
results are consistent with pharmacopoeial requirements as they range from 95% to 105%. The 
presented method turned out to be fast, sensitive, selective, accurate and robust. The obtained results 
were verified using the pharmacopoeial method. Comparison of both the proposed and 
pharmacopoeial methods shows that the proposed method is accurate. Elaborated method allows for 
the analysis of several samples on one chromatography plate at the same time. This method is suitable for 
quick and routine testing of substance content in pharmaceutical preparations and for routine quality 
control of products in the pharmaceutical industry. 

Supplementary Materials: The following supporting information can be downloaded at the website of this 
paper posted on Preprints.org. Table S1: Mobile phases tested, Table S2: Details of the validation of the proposed 
TLC-densitometric method, Figure S1: Densitogram of a mixture of standard substances: metronidazole (M), 
secnidazole (S), ornidazole (O),  tinidazole (T), and 2-methyl-5-nitroimidazole (IMP) made at 313 nm, using 
silica gel 60F254 plate and mobile phase: acetone + chloroform + ethyl acetate (4:4:1, v/v), Figure S2: Densitogram 
of a mixture of standard substances: metronidazole (M), secnidazole (S), ornidazole (O),  tinidazole (T), and 2-
methyl-5-nitroimidazole (IMP) made at 313 nm, using silica gel 60F254 plate and mobile phase: chloroform + 
methanol + ammonia (9:1:0.06, v/v), Figure S3: Densitogram of a mixture of standard substances: metronidazole 
(M), secnidazole (S), ornidazole (O), tinidazole (T), and 2-methyl-5-nitroimidazole (IMP) made at 313 nm, using 
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silica gel 60F254 plate and mobile phase: chloroform + methanol + ammonia (9:1:0.1, v/v), Figure S4: Densitogram 
of a mixture of standard substances: metronidazole (M), secnidazole (S), ornidazole (O),  tinidazole (T), and 2-
methyl-5-nitroimidazole (IMP) made at 313 nm, using silica gel 60F254 plate and mobile phase: chloroform + 
methanol + glacial acetic acid (9:1:0.1, v/v), Figure S5: Densitogram of a mixture of standard substances: 
metronidazole (M), secnidazole (S), ornidazole (O),  tinidazole (T), and 2-methyl-5-nitroimidazole (IMP) made 
at 313 nm, using silica gel 60F254 plate and mobile phase: chloroform + methanol + glacial acetic acid (9:1:0.05, 
v/v), Figure S6: Densitogram of a mixture of standard substances: metronidazole (M), secnidazole (S), ornidazole 
(O), tinidazole (T), and 2-methyl-5-nitroimidazole (IMP) made at 313 nm, using silica gel 60F254 plate and mobile 
phase: acetone + chloroform + ethyl acetate + glacial acetic acid (4:4:1:0.05, v/v), Figure S7: Densitogram of a 
mixture of standard substances: metronidazole (M), secnidazole (S), ornidazole (O),  tinidazole (T), and 2-
methyl-5-nitroimidazole (IMP) made at 313 nm, using silica gel 60F254 plate and mobile phase: acetone + 
chloroform + ethyl acetate + acetonitrile (3:4:1:1, v/v), Figure S8: Comparison of spectrodensitograms of M, S, O, 
T, and IMP, Figure S9: Calibration plot (A) and plot of residuals (B) for metronidazole (M) in the linear working 
range mobile phase: chloroform + methanol + diethylamine in a volume ratio of 9:1:1, Figure S10: Calibration 
plot (A) and plot of residuals (B) for tinidazole (T) in the linear working range mobile phase: chloroform + 
methanol + diethylamine in a volume ratio of 9:1:1. 
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