
Introduction

Moclobemide (Figure 1) is a reversible inhibitor of monoamine 

oxidase A (MAO-A) enzyme and prescribed in the 

management of depression and bipolar disorders (Nakai et al., 

1989; Bonnet, 2006). 

Moclobemide inhibits selectively MAO-A, but less extent 

to MAO-B receptors (Bonnet, 2006). It is well absorbed 

from the gastrointestinal tract, with bioavailability about 

55% and peak plasma concentration (Cmax) attained in 49 
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Figure 1. Chemical structure of drug substance moclobemide
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minutes and the peak serum concentration reported at 849ng/ml. 

It is strongly bound to protein (50 % bound to albumin), has a 

half-life of 2-4 hours, and is majorly metabolized in the liver 

(Fulton and Benfield, 1996). Moclobemide is beneficial in the 

elderly as well as individuals with cardiovascular illness due to 

its absence of anticholinergic, cardiovascular, cognitive, and 

psychomotor problems. When compared to other antidepressant 

targeted therapies, MAOIs like moclobemide are said to have a 

relatively fast onset of action and reasonably long tolerance in 

terms of side effects (Bonnet, 2006).

Drug dose is a key variable for any pharmaceutical product 

intended for human consumption and content of dose is an 

important aspect for desired therapeutic effectiveness. In any 

pharmaceutical dosage form, the dose accuracy is determined by 

performing its analysis through suitable analytical 

instrumentation, and the stability-indicating method is required to 

evaluate the content of the dose (Rao, 2019). A validated method 

can be employed to identify and determine drug quantity in bulk, 

in drug delivery systems, and in vitro and in vivo conditions 

(Kathirvel and Madhu Babu, 2012). In any pharmaceutical dosage 

form, the validated analytical method ensures that the 

manufactured drug substances or drug products are within their 

specification limit and safer for human consumption. Moreover, 

analysis and assessment of drugs in bulk and pharmaceutical 

formulation is an essential and routine activity of the analytical 

department in the pharmaceutical industry thus there is a need for 

a simple, robust, precise, rugged, consistent, and economic 

method (Kathirvel and Madhu Babu, 2012). 

Spectrophotometry is usually an ideal option, as it is an easy, 

economic, cost-effective analytical technique and can be 

performed by a variety of pharmaceutical and chemical 

industries especially by small-scale industries/SMEs (small and 

medium-sized enterprises) (Jadhav et al., 2014).

Ultraviolet-visible spectroscopy is an easy, prevailing, and 

economic analytical technique to analyses chemical compounds 

in bulk drugs or various pharmaceutical formulations (Jadhav et 

al., 2014). It is based on the principle of absorption spectroscopy 

in which UV or visible electromagnetic radiation is absorbed by 

molecules, resulting in the electronic transition. The resulting 

absorption spectrum is quite unique for a certain chromophore, 

which helps in the identification of compounds (Behera et al., 

2012).

Assessment of forced degradation of drug substance and drug 

product is a crucial step that offers information and decision for 

the development of a stability-indicating analytical method 

(Namdeo et al., 2013; Sharma, Murugesan, 2017). Both 

analytical development and stress study must be performed early 

in the development process in any analytical method 

development. This specifically helps to save a lot of time 

and effort (Blessy et al., 2014). The stability-indicating 

analytical methods presume an essential role in the 

assurance of stability, of any drug molecule. It helps in 

evaluating both qualitative and quantitative estimation of 

active pharmaceut ical  ingredients  (API).  UV 

spectrophotometry can be used for the analytical method 

development of certain drugs that contain chromophore 

such as moclobemide. 

Earlier studies related to the quantification of moclobemide 

in human plasma, and its pharmaceutical dosage form have 

described the use of various analytical methods such as 

HPLC-UV/Vis (Rafii et al., 1996; Gaillard, Pepin, 1997; 

Plenis et al., 2007), GC-MS, high sensitivity HPLC-ESI-

MS (Hoskins et al., 2001), and HPTLC (Patel et al., 2008). 

The above analytical methods are sophisticated, time-

consuming, and tedious, require a large volume of organic 

solvent, and are expensive. Moreover, the moclobemide 

drug substance and drug product is not official in any of the 

pharmacopoeias. However, until today, there has been no 

UV spectrophotometric method for quantifying 

moclobemide in its various available pharmacological 

dosage forms.

The primary aim of this study was to provide a simple, 

quick, and reliable UV spectrophotometric method for 

identifying and determining moclobemide in 

pharmaceutical dosage forms. The present work also holds 

the merit for the stability study of moclobemide by simple 

UV spectrophotometric method. To date, various methods 

and techniques are available for the estimation of 

moclobemide still the estimation is lacked a cost-effective 

and economic method that can be used especially for small-

medium enterprises (SMEs). Thus, in the present study 

stability indicating method was developed and a 

degradation study was demonstrated in different stress 

conditions by using the proposed method. For the forced 

degradation study the absorbance was measured at λ 239 max 

nm in all stressed conditions and the percentage 

degradation was determined.

The proposed method was further tested for criteria such as 

accuracy, precision, linearity, specificity, and sensitivity. 

The minimum concentration of detection by the method 

was established by limit of detection (LOD) and limit of 

quantification (LOQ). The findings of the analysis were 

statistically confirmed and supported by recovery studies. 

According to ICH guidelines, the proposed UV 

spectrophotometric method can also be utilized to perform 

the stress degradation study. The proposed technique is 
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suggested for routine analysis as it is easy, accurate, precise, 

delicate, and explicit.

Materials and Methods

Materials

Moclobemide was supplied as a gift sample from Alembic 

Pharmaceuticals Ltd. Gujurat, India. Tiva formulation 

containing moclobemide 150 mg tablet was obtained from the 

nearest domestic pharmacy store. All chemicals and other 

reagents utilized were of analytical quality procured from 

Rankem laboratories. Milli-Q® water was employed in all 

carried out experiments. A Shimadzu UV/VIS 1700 double beam 

UV spectrophotometer was used for measurement and 

estimation using a 1 cm quartz cuvette cell.

Preparation of standard stock solution of moclobemide

Around 50 mg of moclobemide was carefully weighed and taken 

in a volumetric flask of 50 ml capacity, where it was dissolved in 

40 ml of Milli-Q® water. The volume was adjusted up to the 

mark with Milli-Q® water to make a 1000 μg/ml stock solution 

(Jadhav et al., 2014; Martins, Oliveria, 2019).

 Determination of absorption maximum (λ ) max

A series of concentrations of moclobemide ranging from 5- 35 

μg/ml were made using the standard stock solution. Accurately 

measured 0.05 to 0.35 ml of the stock solution was placed in 

seven different volumetric flasks with a capacity of 10 ml and the 

final volume was adjusted to up to mark with Milli-Q® water. 

The max was determined by scanning in the UV-Vis λ

spectrophotometer in the spectrum range of 200-400 nm and 

found to be 239 nm. The absorbance was measured for all 

aliquots at 239 nm and the calibration curve was prepared 

(Jadhav et al., 2014; Maleque et al., 2012). 

Preparation of sample solution

Using a mortar and pestle, 20 pills of moclobemide were finely 

ground. A ten-milligram dose of the medication was transferred 

to a 100-Milliliter volumetric flask containing 10 ml Milli-Q® 

water and the final volume was brought up to 100 ml with Milli-

Q® water to achieve a concentration of 100 g/ml. A 30 μg/ml μ

solution was prepared from the 100 μg/ml stock solution. The 

final prepared solution was sonicated for ten minutes and filtered 

through Whatman filter paper No. 41. The quantification of 

moclobemide was estimated by measuring the absorbance of the 

prepared sample solution at  239 nm by using a 1cm slit width λ max

cuvette (Jadhav et al., 2014).

Method A- Method Validation

Validation is a method of ascertaining written confirmation that a 

certain activity will always generate the desired result, or that a 

product will always match its predefined acceptance criteria and 

quality attributes (Carr, Wahlich, 1990).  Evaluation of 

critical analytical method attributes is of key importance for 

any analytical method. Method validation is a process of 

ascertaining written confirmation of various evaluations to 

ensure that an analytical test method is suitable for its 

planned use. The analytical method was validated for 

different parameters as described below.

Linearity

Different standard solutions of moclobemide ranging from 

(5-35 μg/ml) were examined to establish the linearity range 

of the sample. Dilution was done to prepare the required 

aliquots from the stock solution. The absorbances of 

solutions were measured at 239 nm by using a UV 

spectrophotometer. Milli-Q® water was used as blank for 

measurement (Martins, Oliveria, 2019; Maleque et al., 

2012; Jenke, 1996; Jadhav et al., 2011). The linearity of 

solution preparation was presented in table 2.

 Establishment of Limit of detection (LOD) and limit of 

quantification (LOQ)

The method evaluated LOD and LOQ parameters to 

measure the sensitivity parameter of the method. The 

minimum quantifiable and the lowest detectable 

concentration of the analyte are termed LOQ and LOD, 

respectively (Martins, Oliveria, 2019; Jadhav et al., 2011). 

The LOD and LOQ were gauged by the following equation 

(Martins, Oliveria, 2019; Jadhav et al., 2011).

Where ' ' is the standard deviation and's' is the slope δ

Specificity

The specificity of moclobemide was determined in 

presence of excipients. Spiking of excipients was done to 

perform a specificity study. A 10 mg dose of moclobemide 

was spiked with 50% - 150 % (for 5 mg -15 mg) of placebo 

respectively. The placebo was mixed, and the sample was 

tested for moclobemide percent recovery [table 3] 

(Maleque et al., 2012; Okram, 2012). The final method was 

further confirmed by performing the interference study of 

excipients.

Accuracy 

The accuracy of the analytical process development was 

established by performing recovery studies. In our study, 

we used the conventional addition method to perform a 

recovery study at three different concentrations (i.e. 80 %, 
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100 %, and 120 %).The amount of moclobemide used to 

(Martins, Oliveria, 2019; Jadhav et al., 2011; Okram, 2012). All 

samples were measured in triplicate and % recovery was 

considered as a vital tool to evaluate the accuracy.

Precision

The precision of the intended analytical system was determined 

by performing intra-day and inter-day variation. In intra-day, the 

assay procedure was carried out by evaluating six different fixed 

concentrations (10 g/ml) triplicate (i.e. morning, afternoon, and μ

evening) in a day. On the other way for inter-day, the assay 

procedure was carried out for 3 days using the freshly prepared 

stock solution at a fixed concentration (10 μg/ml) in triplicate at 

24 hours intervals (Jadhav et al., 2011; Okram, 2012). The results 

were represented by absorbance mean, standard deviation, and 

%RSD .

Ruggedness 

To ascertain the ruggedness of the method, the analysis was 

performed by different analysts using the same procedure and the 

result was noted (Okram, 2012). The ruggedness results are 

indicated in Table 8.

Robustness 

Robustness is the ability of the method to remain stable after a 

deliberate change in the method parameters. This method was 

carried out by altering the diluent content in various ratios (95:05, 

90:10) (Okram, 2012). Then the outcomes were tabulated in table 9.

Method B- Forced degradation study

The ICH guideline Q1A (R2) emphasizes the importance of 

stress testing for an established analytical method. The stress 

testing of a drug molecule helps to interpret the innate stability 

properties of the API and also validate the stability-indicating 

power of the analytical method (Sunkara et al., 2021; ICH Q1A 

(R2), 2003; ICH Q1B, 1996). In the current study, forced 

degradation studies on active samples of moclobemide were 

performed under several stress environments like acidic, alkali, 

oxidative, thermal, and neutral conditions. In all stress 

degradation studies, the absorbance of drug samples was 

measured and % of drug degraded after 3 hours was compared 

with the initial.

Degradation in Neutral condition

Around 10 mg of the moclobemide was carefully weighed and 

transferred in 10 ml volumetric flasks. The drug substance was 

dissolved in a minimum volume of Milli-Q® water. After that, 

Milli-Q® water was used to bring the final volume up to the mark 

and placed in round bottom flasks under reflux. From this 

sample, 10 solution was prepared and analyzed (Jadhav et μg/ml 

al., 2014).

Degradation in Acidic condition

Around 10 mg of the moclobemide was carefully weighed 

in triplicate. The weighed moclobemide was transferred in 

three sets of three 10 ml volumetric flasks and dissolved in a 

minimum volume of Milli-Q® water. Then final volumes 

were made up to the mark with 0.1N, 0.5 N, and 1N HCl 

respectively and placed in round bottom flask  under s

reflux. From these samples, 10 g/ml solutions were μ

prepared and analyzed (Jadhav et al., 2014).

Degradation in Alkali condition

Around 10 mg of the moclobemide was carefully weighed 

in triplicate. The weighed moclobemide was placed in three 

sets of three 10 ml volumetric flasks and dissolved in a 

minimum volume of Milli-Q® water. The volumes were 

made up to the mark with 0.1 N, 0.5 N, and 1 N NaOH 

respectively and refluxed. From these samples, 10 μg/ml 

solutions were prepared and analyzed (Jadhav et al., 2014; 

Namdeo et al., 2013). 

Oxidative Degradation

Around 10 mg of the moclobemide was carefully weighed 

in triplicate. The weighed moclobemide was placed in three 

sets of three 10 ml volumetric flasks and dissolved in a 

minimum volume of Milli-Q® water. The volumes were 

made up to the mark with 1% w/v, 3% w/v, and 6% w/v H O2 2 

respectively and refluxed. From these samples, 10 g/ml μ

solutions were prepared and analyzed (Jadhav et al., 2014; 

Namdeo et al., 2013). 

Thermal Degradation

In three separate clean petridishes, 100 mg of moclobemide 

was taken and subjected to dry heat at 40 C, and 70 C. 0 0

Sampling was done at intervals of 10 days. From the 

exposed drug samples, 10 g/ml solutions were prepared μ

and analyzed (Namdeo et al., 2013; Patel et al., 2008; 

Okram, 2012).

Application of the method in commercial moclobemide 

tablet formulation

The analytical suitability and practicability of the proposed 

method were evaluated by quantifying commercial tablet 

formulation of moclobemide tablets 150 mg. The assay of 

the sample was measured by extracting the moclobemide 

drug as mentioned in the sample preparation method 

(Maleque et al., 2012; Okram, 2012). 

 Results 

A cost-effective, verified, and stability-indicating 

method for moclobemide was established in this work. 

The method development was performed by using a 

simple technique like a UV spectrophotometer for 

quantification of moclobemide in bulk and its 
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pharmaceutical dosage forms.

Optical characteristics and determination of absorption 

maximum (  ) λ max

Different optical characteristics of moclobemide were studied by 

using a UV spectrophotometer.

Table 1 recapitulates the validation parameters for the proposed 

spectrophotometric method. The result of the optical study 

demonstrates that all the optical characteristics are found to be 

acceptable.  The absorption spectra of moclobemide at different 

concentrations (5-35µg/ml) by using distilled water as a blank is 

presented in Figure 2.

Method A- Method Validation

The method validation program of moclobemide is consists of 

the evaluation of certain parameters to represent the method 

suitability. The following parameters are considered for the 

evaluation of the proposed method used for the quantification of 

moclobemide in both bulk and formulation.

Linearity and sensitivity

Linearity refers to a capacity of the method to produce test 

findings that are proportionate to the analyte concentration. The 

linearity study of the drug moclobemide was established at 5–35 

μg/ml concentrations in distilled water (Skibinski et al., 1997). 

The calibration curve of moclobemide was prepared in distilled 

water and presented [figure 3 and table 2]. The equation for 

calibration curve of moclobemide observed was y = 0.062X 

+ 0.001. All sensitivity parameters are evaluated as per the 

study requirement and are presented in table 1. 

Specificity

From the data, it was observed that moclobemide had no 

interference in the presence of the major excipient used in 

the dosage form [Table 3]. There is no indication of 

interference. 

Accuracy and Precision

The capability of the instrument to establish an agreement 

between the tests results to the true value is known as 

accuracy. The accuracy of the proposed method was 

evaluated by a recovery test. A recovery test was used to 

assess the accuracy of the suggested method. The accuracy 

test of the proposed method was performed and assessed by 

measuring % recovery and % RSD. The accuracy study was 

performed by changing the formulation weight whereas the 

analyte weight was kept constant. In our study the accuracy 

results at various levels of concentration of moclobemide 

ranging from 80 % to 120 % were depicted in table 4. 

The proximity between repeated measurements is known as 

the precision of a measurement system. Repeatability and 

reproducibility are the two important criteria to assess the 

precision of a method. The intra-day and inter-day analysis 

was usually performed to evaluate the precision parameter. 

The precision of the method was evaluated based on the 

obtained value of % RSD. The RSD of the six 

measurements evaluated three times (morning/afternoon/ 

evening) daily for intraday assay of moclobemide were 

found to be 0.0779%. Similar way, the RSD of the six 

measurements for the moclobemide sample analyzed on 

three different days was found to be 0.41%. The percentage 

contents of moclobemide are presented in table 6 and table 7 

for intra-day and inter-day analyses. 

www.apjonline.in

Parameters Value 

Absorbance maxima ( λmax ) 239 nm 
Beer’s Law limit (µg/ml ) 5 -35 
Sandell’s sensitivity  
(µg/cm3/0.001 absorbance unit ) 

 
0.01647 

Molar extinction coefficient 16312.4 
Precision 
(% Relative standard deviation ) 

 
0.279858 

Correlation coefficient (r2 ) 0.999 
Regression equation (y) Y=0.062 x + 0.001 
Slope (m) 0.062 
Intercept (c) + 0.001 
Limit of detection (LOD, μg/ml) 2.34 
Limit of quantification (LOQ, μg/ml) 4.23 
 

Table1. Validation parameters for standard moclobemide

Figure 2. A typical UV chromatogram showing absorption 

maxima of moclobemide at 239 nm in distilled water

Figure 3. Linearity graph of moclobemide
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Robustness and ruggedness

The robustness and ruggedness method was demonstrated for 

moclobemide by measuring the absorbance of standard 

moclobemide solution (10µg/ml) by two different analysts 

(analyst 1 and analyst 2). The robustness was performed by 

changing the solvent composition (distilled water: ethanol in 

95:05 and 90:10 ratio) and then assessing the absorbance of 

standard moclobemide solution (10µg/ml). 

Method B- Stability Studies

The stability indicating nature of the method was evaluated as per 

the recommendations of an international conference on 

harmonization (ICH Q1A (R2), 2003; ICH Q1B, 1996). This was 

achieved by performing the degradation study in different 

stress conditions like neutral, acidic, alkali, oxidative, and 

thermal and the percentage degradation was determined.

Neutral degradations

The neutral degradation was performed for moclobemide 

solution by placing the solution in round bottom flasks 

under reflux. The overlay graph of moclobemide and 

neutral degraded moclobemide is shown in figure. 4. The 

percentage of degradation for moclobemide was calculated. 

It was found that moclobemide is degraded only 2.9 % after 

3 hours of study. The results are shown in Table 10.

Acid and alkali degradation

www.apjonline.in

Sl.      Conc.         Abs. 1         Abs.2         Abs.3      Mean        SD ( σ )         % RSD 
No.    (μg/ml)   
1          5                0.305        0.306          0.306        0.305      0.000471          0.154222 

2         10               0.605        0.609          0.608        0.607      0.001711          0.27985 

3         15               0.941        0.948          0.949        0.946      0.003559          0.376218 
4         20               1.256        1.247          1.249        1.250      0.003859          0.308524 

5         25               1.563        1.560          1.569        1.564      0.003742          0.239236 

6         30               1.852        1.860          1.859        1.857      0.003559          0.191655 
7         35               2.156        2.158          2.157        2.157      0.000816          0.037853 

 

Table 2. Linearity table of moclobemide by UV spectrophotometric method

Excipient concentration 

added (%) 

Amount of pure drug 

added (mg) 

Total drug recovered (mg) Total drug recovered (%) Mean recovery % RSD 

50 

50 

10 

10 

10.01 

10.02 

100.1 

100.2 

100.03 0.22 

100 
100 

10 
10 

9.98 
10.01 

99.80 
100.1 

150 
150 

10 
10 

10.02 
9.98 

100.2 
99.80 

 

Table 3. Test for the specificity of moclobemide by UV-spectroscopic method

No of preparation Statistical Analysis 

Sample Formulation(mg)   Pure Drug(mg)   % Recovery        Mean SD % RSD 

S1 : 80 % 10   8 99.79    

S2 : 80 % 10   8 100.20 99.79         99.79         99.79         

S3 : 80 % 10   8 99.39                      

S4 : 100 %       10   10 98.38    

S5 : 100 %       10   10 99.03 99.19          0.735         0.741 

S6 : 100 %       10   10 100.16    

S7 : 120 % 10   12 100.01    

S8 : 120 %       10   12 99.46 100.00 0.436          0.436 

S9 : 120 %       10   12 100.53         
 

Table 4. Determination of accuracy data of moclobemide by UV-spectroscopic method

Concentration 
 (µg/ml )    

Absorbance Calculated Amount        Statistical Analysis 

10 0.615 9.90  
10 0.621 10.00 Mean= 9.962 
10 0.619 9.96  
10 0.62 9.98 SD= 0.033 
10 0.617 9.93  
10 0.620 9.98 % RSD=0.332 
 

Table 5. Accuracy results of marketed formulation of moclobemide
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The acid and alkali degradation was performed for moclobemide 

solution by treating with 1 N HCl and 1 N NaOH respectively for 

3 hours. The UV spectra of acid and alkali degraded 

moclobemide samples were presented in fig. 5 and fig. 6. It was 

observed that the degradation for both the condition is 

minimal i.e. 3.6 % and 3.4 % respectively [table 11 and 

table 12]. It demonstrated that under these conditions, 

moclobemide did not degrade very significantly.

www.apjonline.in

Conc. ( µg/ml )    Absorbance1 

(Morning) 

Absorbance2 

(Afternoon)    

Absorbance3 

(Evening) 

Statistical Analysis 

10 0.615 0.614 0.612 

Mean= 9.88 
SD= 0.007 

% RSD= 0.0779 

10 0.613 0.615 0.609 

10 0.619 0.617 0.615 

10 0.620 0.619 0.620 

10 0.612 0.609 0.613 

10 0.609 0.610 0.612 

Mean 0.6146 0.614 0.614 

Calc Amt. 9.89 9.88 9.87 

 

Table 6. Intra-day assay of moclobemide

Conc. ( µg/ml )    Day 1 Day 2 Day 3 Statistical Analysis 
10 0. 624 0.623 0.619 

Mean= 9. 948 
SD= 0.0407 

% RSD= 0.41 
 

10 0.621 0.620 0.609 
10 0.619                0.615 0.612 
10 0.622                0.619 0.621 
10 0.617 0.624 0.613 
10 0.609 0.621 0.612 
Mean 0.619 0.620 0.614 
Calc Amt. 9.96 9.98                  9.89 
 

Table 7. Inter-day assay of moclobemide

Analyst-1 Analyst-2 

Conc.         Abs      Calc.         Statistical 

(µg/ml)                   Amt.         Analysis 

Conc.         Abs.      Calc.           Statistical  

(µg/ml)                    Amt.           Analysis 
10           0.621        10.00        Mean= 9.95 
10           0.619        9.96 
10           0.615        9.90         SD= 0.063 
10           0.621        10.00 
10           0.622        10.01       %RSD=0.63 
10           0.611        9.83    

10              0.623       10.03        Mean=9.98 
10              0.622       10.01         
10              0.617       9.93          SD=0.034 
10              0.619       9.96             
10              0.621       10.00        %RSD=0.34 
10              0.618        9.95           

 

Table 8. Result showing ruggedness study of moclobemide

Table 9.Robustness study of moclobemide in various solvent compositions

             Distilled water: ethanol ( 95 : 05 ) Distilled water: ethanol ( 90 : 10 ) 

Conc.        Abs     Calc.         Statistical 

(µg/ml)                Amt.           Analysis 

Conc.        Abs.    Calc.      Statistical  

(µg/ml)                  Amt.     Analysis 

10            0.611       9.83        Mean=9.86 
10            0.615       9.90        
10            0.614       9.88        SD= 0.046 
10            0.617       9.93        
10            0.609       9.80        % RSD= 0.468 
10            0.610       9.82 

10           0.622         10.01     Mean=10.06 
10           0.625         10.06            
10           0.629         10.12     SD=0.038 
10           0.626         10.08 
10           0.625         10.06     % RSD=0.386 
10           0.622         10.01           

 

Sample Absorbance Concentration (µg/ml)            % Degradation 
Drug 0.621 10 0 
After 3 hours    0.605                           9.71                                      2.9 
 

Table 10. Neutral degradation of moclobemide
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Oxidation degradation

Moclobemide was subjected to oxidative degradation by 6 % 

H O for 3 hours. The absorption spectrum [figure 7] obtained 2 2

under oxidation condition with H O shows degradation i.e. 2 2 

17.17 % as compared to initial moclobemide. The results of 

oxidative moclobemide degradations are shown in table 13.

Thermal degradation

As shown in figure 8, the thermal degradation of moclobemide 

is much higher in comparison to other stress conditions. In the 

thermal degradation study, it was observed that there was an 

increase in degradant with an increase in temperature from 

40 C to 70 C [Table 14]. Thus, it was believed that the o o

formation of degradant was driven by high-temperature 

exposure.

Quantification of moclobemide in marketed sample

To validate the proposed method, quantification of 

moclobemide marketed formulation was performed. The 

www.apjonline.in

Figure 4. Overlay spectrum of (A) moclobemide and (B) 

neutral degraded moclobemide

Figure 5. Overlay spectrum of (A) moclobemide and (B) 

acid degraded (1 N HCl) moclobemide

Sample Absorbance Concentration (µg/ml)            % Degradation 

Drug 0.621 10 0 

After 3 hours    0.599                             9.64 3.6 
 

Table 11. Acidic degradation (1 N HCl) of moclobemide

Sample Absorbance Concentration (µg/ml)            % Degradation 

Drug 0.621 10 0 

After 3 hours    0.60                             9.66 3.4 
 

Table 12. Alkali degradation (1 N NaOH) of moclobemide

Figure 6.Overlay spectrum of (A) moclobemide and (B) 

alkali degraded (1 N NaOH) moclobemide Figure 7. Overlay spectrum of (A) moclobemide and (B) 

oxidation degraded (6 % O ) moclobemide2 2H
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results exhibited in table 16 are in close agreement with the 

labeled content
Discussion

Each of the study (Method validation and stress study) of 

moclobemide consists of certain analytical tests. The result of the 

each tests having its own significance and represents the 

capability of the method to quantify the moclobemide from the 

drug product. 

Optical characteristics

The result of the optical parameters for moclobemide 

illustrates that all the optical characteristics were found 

to be satisfactory including the precision which is 

found to be minimum i.e.0.279858. The molar 

extinction coefficient was found to be 16312.4 

(m /mol) indicates that moclobemide strongly absorbs 2

light at 239 nm. The absorption maxima spectrums of 

moclobemide were recorded between 200-400 nm and 

exhibit their maximum absorbance at 239 nm (Patel et 

al., 2008; Król-Morkisz et al., 2019). 

Method A- Method Validation

 The working and appropriateness of the method was 

evaluated by performing a series of method validation 

activity. The linearity study shows that it is found to 

maintain a linear relationship at 5–35 μg/ml 

concentrations with the r2value of 0.999. All the 

sensitivity parameters articulate admirable sensitivity 

characteristics of the proposed method. The observed 

Sample Absorbance Concentration (µg/ml)            % Degradation 

Drug 0.621 10 0 
After 3 hours    0.515 8.29 17.17 
 

Table 13. Oxidation degradation (6 % O ) of moclobemide2 2H

Table 14. Thermal degradation (40 /70 C) of moclobemideo o

Sample Absorbance     Concentration (µg/ml)            % Degradation 

Drug 0.621                           10 0 
At 40oC             0.620                           10 0 
At 70oC            0.223                           3.58                                      64.2 
 

Table 15. Brief overview of stress degradation study of moclobemide

Condition Time Degradation (%) 

Neutral degradation - 2.9 
Alkali degradation 
 (1 N HCl) 

3 hours 3.6 

alkali degradation 
 (1 N NaOH) 

3 hours 3.4 

Oxidative degradation 
(6 % H2O2) 

3 hours 17.17 

Thermal degradation (40o/70oC) 
3 hours 

At 40oC - 0 
At 70oC - 64.2 

 

Formulation                         Label Claim       Theoretical             Practical                 % Purity 

(Brand)                                 (mg)                     Conc.(µg/ml)         Conc.(µg/ml)      

Tiva                                       150                       5                              4.838                         96.77 

 

Table 16. Quantification of TIVA® moclobemide 150 mg tablets by using the proposed method

Figure 8. Overlay spectrum of (A) moclobemide and (B) 

thermal degraded (70 C) moclobemideo
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correlation coefficient of the calibration curve was observed to 

be very close to 1.0, which further strengthens the sensitivity of 

the method. There absence of interference indicated that the 

proposed method is highly specific and can be used in 

pharmaceutical formulations for the determination of 

moclobemide.

The accuracy of the method was validated by gauging the % 

RSD. The percentage recovery ranges from 98.38 % to 100.20 

%for different concentrations of moclobemide [Table 4] and the 

calculated amount observed for marketed formulation ranges 

from 99 -100% with RSD 0.332% [Table 5] demonstrated that 

the method was highly accurate. The results were in agreement 

with fixed limits of 98.0 to 102.0%. Similarly, the precision study 

was performed by performing intra-day and inter-day analyses 

(table 6 and table 7). The observed %RSD data for Intra/inter-day 

samples were found to be not significant (<0.5%) which 

indicates that the developed method was precise. Lower standard 

deviation and coefficient of variation indicate that the procedure 

is precise.

The robustness and ruggedness were gauged by an intermediate 

precision parameter, articulated as percent RSD, which was 

within the acceptable limits and found to be less than 1 % as 

shown in table 8 and table 9. The lower % RSD indicated that the 

method is quite stable with small variation in method parameters 

as well as against irrelevant influencing factors.

Method B- Stability Studies

The stress degradation studies demonstrate the stability of 

moclobemide in different conditions. It indicates that 

moclobemide degraded in oxidation and extreme heat 

conditions, but remained stable when exposed to neutral, acidic, 

and alkali conditions. Similar types of findings were observed by 

Patel et al. (Patel et al., 2008) while developing stability-

indicating HPTLC method for analysis of moclobemide. As per 

the ICH guidelines, for validation of chromatographic assay 

degradation between 5-20 % of a drug substance is reasonable 

and accepted. However, 10 % degradation is considered optimal 

(Sunkara et al., 2021). In our study the degradant ranges from 2.9 

% to 64.2 %. The proposed method can detect degradation of 

moclobemide from a small extent of 2.9 % to a large extent of 

64.2 %. The method is also able to quantify the degradant of 

moclobemide in percentage. This indicated the accuracy and 

precision of the developed method.

Heat is one of the potential factors for oxidative degradation. 

Oxidative degradation is driven by the thermal oxidation 

mechanism mainly involves the formation of free radicals with 

simultaneous interaction of oxygen and high temperature (Król-

Morkisz and Pielichowska, 2019). These conditions may 

attribute to a faster degradation rate and increase the oxidation 

process in thermal degradation.

Moclobemide is chemically 4-chloro –N-(2-morpholin-4-

yl-ethyl) benzamide]. Moclobemide structure is having 

benzamide which is linked with morpholine ring via ethyl 

moiety. Based on the forced degradation data, it can be 

concluded that after exposure of oxidizing agent H O  2 2

under reflux and thermal degradation at 70  C; there might o

be chances of breakage of 4-chloro benzamide from 

moclobemide structure due to oxidation. Hence 

percentages of drug degradation were found higher under 

oxidation.

Based on the findings of the research, it is assumed that the 

recommended procedures are accurate, precise, and cost-

effective and can be utilized to monitor the quality analysis 

of moclobemide in its pharmaceutical dosage forms on a 

routine basis. . Moreover, the proposed method has 

effectively assessed the quantity of moclobemide in the 

commercially available tablet dosage form and was found 

96.77 %.

Conclusion

The proposed method is easy, sensitive, and consistent, 

with high precision and accuracy. The projected method is 

precise in assessing commercial formulation without the 

intervention of excipients or other additives. As a result, 

this method can be used for routine quality control studies.

The strength of the method was judged by performing a 

series of forced degradation studies. The forced 

degradation studies show that significant degradation of 

moclobemide is observed under oxidative degradation and 

thermal degradation. This method also provides 

quantification of moclobemide in presence of degraded 

products.

The proposed UV-spectrophotometric method was 

evaluated for all parameters as per ICH guidelines. Based 

on the evaluated data the proposed method proved to be an 

advantageous and efficient tool for quality control and 

stability studies of moclobemide. A new easy analytical 

method was developed by using a simple instrument and 

technique. The developed method can be employed for 

stability analysis as well as determining the moclobemide 

and its degradation product in different pharmaceutical 

dosage forms.

Abbreviations

UV: Ultraviolet

HCl: Hydrochloric acid

NaOH: Sodium hydroxide 

H O : Hydrogen peroxide 2 2
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API: Active Pharmaceutical Ingredients

MAO-A : monoamine oxidase A

MAO-B : monoamine oxidase B

NLT: Not Less Than

SMEs: Small and medium-sized enterprises

HPLC-UV/Vis: High Performance Liquid Chromatography- 
Ultraviolet-visible

GC-MS: Gas Chromatography-Mass Spectrometry

H P L C - E S I - M S :  H i g h  P e r f o r m a n c e  L i q u i d  
Chromatography- Electro Spray Ionization-Mass 
Spectroscopy

HPTLC: High Performance Thin Layer Chromatography

LOD: Limit of detection

LOQ: Limit of quantification

μg/ml: Microgram per ml

nm: Nanometer

λ : Absorption maximummax

RSD: Relative standard deviation

SD: Standard deviation

Conc: Concentration

Abs: Absorbance

Calc: Calculated

Amt: Amount

ICH: The International Council for Harmonisation of 
Technical Requirements for Pharmaceuticals for Human Use

r : Correlation coefficient 2
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