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Introduction  
 

Being potentially hepatotoxic rifampicin (RIF)     

[Figure 1], 3-[(4-methyl-1-piperazinyl) imino] methyl 

rifamycin SV, is an established first-line anti-tuberculosis 

agent derived from rifampicin SV and its use in other 

serious infections, such as HIV, is increasing [1-3]. It is 

metabolized in liver mainly by deacetylation and is 

excreted with its metabolites in bile. Hence, care must be 

taken when RIF is used in patients with liver disease and 

in such circumstances, monitoring the serum 

concentrations of RIF is of value in optimizing the dose 

[4, 5]. 

Different techniques have been in general use for the 

determination of RIF in pharmaceutical products. 

Methods for the quantification of RIF in pharmaceutical 
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Abstract  

A rapid method based on ultra-performance liquid chromatography (UPLC) was developed and validated 

for the specific determination of anti-tuberculosis drug rifampicin (RIF) in bulk form and capsules.  The UPLC 

determination was carried out on a reversed-phase Waters Acquity UPLC BEH C18 (100 × 2.1 mm; 1.7 µm particle 

size) column within a short run time of 5.0 min using a mobile phase consisting of a mixture of formic acid buffer 

of pH 4.5 and acetonitrile (40:60 v/v) at a flow rate of 0.4 mL/min
 
with UV-detection at 235 nm. Calibration graph 

was linear from 5.0 to 80 g/mL RIF with regression coefficient (r) value of 0.9997. The limit of detection          

(S/N = 3) and limit of quantification (S/N = 10) were 0.03 and 0.09 g/mL, respectively. The method was validated 

according to current ICH guidelines including the assay of pharmacopoeial standard capsules. Intra-day and       

inter-day precisions were 1.05 - 1.48 % and 1.02 - 1.52 % respectively; and the accuracy expressed as % relative 

error was ≤ 2.02 %. The developed UPLC method is comparable in terms of accuracy and precision with that of a 

published method. To demonstrate the stability-indicating ability of the method, RIF active substance was subjected 

to acid-, base-, H2O2-, heat- and light-induced degradation; and the study revealed that the drug was highly 

susceptible to acid- and peroxide-induced degradation, and moderately susceptible to base-induced degradation, but 

remained stable to other stress conditions. The method provided rapid, sensitive and reproducible quantification of 

RIF to facilitate drug monitoring during treatment. 
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dosage forms in association with other antituberculosis 

drugs such as isoniazid and pyrazinamide are based on 

techniques such as UV-spectrometry and its variants      

[6-12], linear sweep and cyclic voltammetry [13], 

differential pulse polarography [14, 15], horseradish 

peroxidase-based amperometry [16], continuous flow-

chemiluminescence spectrometry [17, 18],  HPTLC [19, 

20], and HPLC [21, 22]. 

RIF in bulk drug and dosage form when present 

alone, has been assayed by visible spectrophotometry [23-

33], UV-spectrophotometry [34], nuclear magnetic 

resonance spectrometry [35], differential pulse 

polarography [36, 37] and HPLC [38]. 

HPLC is perhaps the most widely used technique for 

assaying drugs in dosage forms. However, analysis with 

HPLC with UV-detection could be significantly improved 

by the use of ultra-performance liquid chromatography 

(UPLC). UPLC is a relatively new technique using 

analytical bridged ethane hybrid (BEH) C18 columns 

packed with 1.7 µm particles, which offers the advantages 

of increased speed, improved sensitivity, selectivity and 

specificity compared to HPLC [39]. The literature reveals 

that, despite these advantages, UPLC has not been applied 

to the determination of RIF in pharmaceuticals. 

International Conference on Harmonization (ICH) 

guidelines [40] recommend performing stress-testing of 

the drug substance that can help in identifying the likely 

degradation products, in establishing the degradation 

pathways, and validating the stability-indicating power of 

the analytical method used [41]. Stability-indicating 

methods can be used for evaluating the drug in the 

presence of its degradation products, excipients and 

additives [42]. However, to the best of our knowledge, 

none of the reported methods for RIF is stability-

indicating. Therefore, in the present study, the 

development and validation of a stability-indicating 

UPLC/UV method for the determination of RIF in bulk 

drug and capsules has been described. The developed 

method was validated in accordance with the ICH 

guidelines [43]. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Materials and methods 
 

Reagents and materials: Analytical reagent grade 

triethylamine (Qualigens Fine Chemicals, Mumbai, 

India), HPLC grade acetonitrile, chloroform, formic acid 

and analytical reagent grade sodium hydroxide, 

hydrochloric acid, hydrogen peroxide were purchased 

from Merck Pvt. Ltd. Mumbai, India. Doubly distilled 

water filtered through a 0.45 m filter (Millipore India 

Pvt. Ltd., Bangalore) was used throughout the 

investigation. Sodium hydroxide solution (NaOH, 5M) 

was prepared by dissolving required quantity in water. 

Hydrochloric acid (HCl, 5M) was prepared by appropriate 

dilution of concentrated acid (Sp. gr. 1.18) with water. A 

3% solution of H2O2 was prepared by diluting required 

volume of the commercially available 30% reagent with 

water. 

Pharmaceutical grade RIF (99.9% purity) was 

procured from Lupin Limited, Tarapur, Maharashtra, 

India, and was used as received. R-Cin 300 and R-Cin 450 

capsules (Lupin Limited, Chikaltana, Aurangabad, India) 

were purchased from local commercial sources. 

Apparatus: UPLC analysis was performed using a Waters 

Acquity UPLC separation module equipped with binary 

solvent delivery pump, an auto sampler and tunable UV 

(TUV) detector (Waters Corporation, Milford, USA). The 

output signal was monitored and processed using 

Empower-2 software. The Chromatographic column used 

was Waters Acquity UPLC BEH C18 (100 × 2.1 mm; 1.7 

µm). Isocratic elution process was adopted throughout the 

analysis. The pH of the solutions was measured by pH 

meter (Control Dynamics, Model APX 175E/C, Digital 

pH meter). For the sample solution preparation, an 

ultrasonic instrument was used for sonification. 

 

Mobile phase preparation: Two mL of formic acid was 

dissolved in 1000 mL of water, pH adjusted to 4.5 with 

triethylamine. A 40 mL portion of this resulting buffer 

was mixed with 60 mL of acetonitrile (40:60 v/v), shaken 

well and filtered using 0.22 µm nylon membrane filter, 

the resulting solution was used as solvent system for 

chromatography.  

Instrumenta l  parameters :  Chromatographic  

separation was achieved on Waters Acquity UPLC BEH 

C18 (100 × 2.1 mm; 1.7 µm) and the isocratic flow rate of 

mobile phase was maintained at 0.4 mL/min. The column 

temperature was kept to 30 °C. The injection volume was 

2 µL. Eluted sample was monitored at 235 nm and the run 

time was 5 min and the retention time of the analyte was 

about 1.943 min. 

Preparation of standard RIF solution: Milli-Q water 

and acetonitrile in the ratio 50:50 v/v was used as a 

diluent. A stock standard solution containing 100 µg/mL
 

RIF was prepared by dissolving accurately weighed        

10 mg of drug in 100 mL diluent in a calibrated flask and 

filtered through a 0.22 µm nylon membrane filter.  

 

Procedures: 

Procedure for calibration graph: Working standard 

solutions equivalent to 5.0 - 80 g/mL
 

of RIF were 

 

Figure 1 Chemical structure of rifampicin 
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prepared by transferring 2.5 - 40 mL of stock standard 

solution (100 g/mL) into separate 50 mL volumetric 

flasks and diluting to volume with the diluent. Two L 

volume was injected automatically into the 

chromatograph in triplicate and chromatograms were 

recorded. Calibration graph was constructed by plotting 

the mean peak area against RIF concentration. The 

concentration of the unknown was computed from the 

regression equation derived using mean peak area-

concentration data. 

Procedure for capsules: Contents of twenty capsules 

were pooled and pulverized. A quantity of powder 

equivalent to 25 mg of RIF was accurately weighed out 

into a 100 mL volumetric flask. About 50 mL diluent 

were added, sonicated for 20 min, and then diluted to the 

final volume with the same diluent to yield a 

concentration of 250 μg/mL. A small portion of this 

solution (~10 mL) was withdrawn and filtered through a 

0.2 m nylon membrane filter to ensure the absence of 

particulate matter. This filtered extract was appropriately 

diluted to get the final concentration of 50 μg/mL RIF, 

and injected in five replicates as described earlier. 

Selectivity by placebo and synthetic mixture analyses: 

A placebo blank of the composition [34]: urea (10 mg), 

sodium oxalate (15 mg), camphor (10 mg), glucose (10 

mg), lactose (20 mg), sucrose (15 mg) and ascorbic acid 

(10 mg) was made by uniform mixing, 20 mg was 

transferred in to a 100 mL volumetric flask, and its 

solution prepared as described under “procedure for 

capsules” using the diluent, and analyzed as described 

earlier. To assess the role of the inactive ingredients on 

the assay of RIF, a synthetic mixture was separately 

prepared by mixing 10 mg of RIF with 10 mg placebo 

mentioned above, and homogenized. The drug was 

extracted and solution was prepared as described under 

the „procedure for capsules’. The solution after 

appropriate dilution was analyzed following the 

recommended procedure.  

Sample preparation for forced degradation: A 2 mL 

aliquot of 100 μg/mL RIF solution was transferred into 

three different 10 mL calibrated flasks and added 2 mL of 

5M HCl, 5M NaOH or 3 % H2O2 and the flasks were 

heated for 3 hours on a water bath maintained at 80 C. 

Then the solutions were cooled and neutralized by adding 

base or acid, the volume in each flask was brought to the 

mark with diluent, and the appropriate volume (2 µL) was 

injected for analysis. Solid state thermal degradation was 

carried out by exposing pure drug to dry heat at 105 C 

for 48 hours. For photolytic degradation studies, pure drug 

in solid state was exposed to 1.2 million lux hours in a 

photo stability chamber. The sample after exposure to heat 

and light was used to prepare 100 µg/mL solutions in 

diluent and the chromatographic procedure was followed.  

 

Results 
 

Method development and Optimization: The main 

objective of this study was to develop an UPLC method 

using isocratic conditions for the determination of RIF in 

drug substance and drug product. The wavelength, 235 

nm was selected for the detection of the eluted species, 

because the drug has sufficient absorption at this 

wavelength, and low concentrations of RIF may be 

detected. Furthermore, the calibration curves obtained at 

235 nm exhibited good linearity. The mobile phase very 

often used is the mixture of phosphate buffer and 

acetonitrile in varying proportions. The runtime was too 

long with the higher pH (above 5.0) and higher proportion 

of buffer in the mobile phase. To solve this problem, 

several mobile phases were tested varying their 

composition and pH to obtain a symmetric peak within a 

reasonable time. The proposed mobile phase consisting of 

formic acid buffer of pH 4.5 (adjusted with triethylamine) 

and acetonitrile (40:60 v/v) yielded a higher sensitivity 

with a shorter runtime. The Acquity UPLC BEH C18    

(100 × 2.1 mm; 1.7 µm particle size) column was 

produced good peak shape and symmetry. The injection 

volume was varied between 1 and 5 µL and finally 2 µL 

was chosen, because larger volumes resulted in wider 

peaks without much enhancement of the signal-to-noise 

ratio. After several trials, flow rate of the mobile phase 

was kept at 0.4 mL/min, and the column temperature was 

maintained at 30 

C.                                 

 

Validation of the method: The proposed method was 

validated for specificity, accuracy and precision, limits of 

detection (LOD) and quantification (LOQ), linear range 

and robustness and ruggedness as per the ICH guidelines 

[43]. 

System suitability: The system suitability test was used 

to ensure that the UPLC system and procedure are 

adequate for the analysis. The parameters of this test were 

column efficiency (number of theoretical plates) 

asymmetry of chromatographic peak and reproducibility 

as RSD of peak area of seven injections of standard 

solutions. While performing the system suitability test, 

%RSD of the peak areas was < 2 %, the number of 

theoretical plates was 2231 ± 10.6 and the USP tailing 

factor was ≤ 2.0. These results are summarized in Table 1. 

Specificity: The ability of the method to separate and 

accurately measure the peak of interest indicates the 

specificity of the method. This was checked by injecting 

in five replicates of RIF standard, RIF capsule extract, 

placebo blank and synthetic mixture solutions. There was 

no additional peak in the chromatograms for capsule  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1 System suitability test results 

Parameter Specification 
Observed 

value 

Retention time, min 

(mean ± RSD; 

 n = 7) 

≥ 1.65 and 

≤ 2.15 ± 0.1 min 
1.92 ± 0.18 

USP tailing         ≤ 2.0 1.27 

No. of theoretical 

plates 
≥ 2000 2231 ± 10.6 

Area  

(%RSD, n = 7) 
        ≤ 5 % 0.37 % 
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extract and synthetic mixture solutions at 1.9 min; and the 

chromatogram of the placebo blank did not show any 

peak at all. The analysis of the synthetic mixture solution 

yielded a percent recovery of 97.45 ± 0.64 (n = 5). It is 

implied from these studies that there is interference from 

the coformulated substances in the capsules, ensuring the 

specificity of the method. 

Linearity: Linearity of the method was studied by 

analyzing standard solutions at four different 

concentration levels ranging from 5 to 80 μg/mL. The 

calibration graph was constructed by plotting the mean 

peak area against the corresponding concentration 

injected. The regression equation (y = mx + b) obtained 

by the method of least squares was y = 37712.8x + 2534.5 

(r = 0.9997), where y is the mean peak area measured and 

x is concentration of RIF μg/mL. The standard deviations 

of slope and intercept were 14536.72 and 524.03, 

respectively. Further, low values of standard deviations of 

slope and intercept indicated that the points tend to be 

very close to the expected values. The high value 

correlation coefficient indicated a good linearity.  

Limits of detection (LOD) and quantification (LOQ): 

The LOD and LOQ values were determined based on a 

signal-to-noise ratio of 3:1 and 10:1, respectively, by 

injecting a series of dilute solutions of analyte with known 

concentrations, and were found to be 0.03 and              

0.09 μg/mL, respectively. The precision study was also 

carried out at the LOD and LOQ levels, by injecting seven 

replicates of RIF solution. The calculated %RSD of the 

peak areas at LOD and LOQ concentration levels were 

found to be < 10 % and < 5 %, respectively. 

Accuracy and precision: The accuracy of the method 

was determined by analyzing standard RIF solution at 

three concentration levels in seven replicates on the same 

day (intra-day) and on five consecutive days under the 

optimized conditions. The accuracy expressed as               

% relative error (%RE) was ≤ 2.02 % implying good 

accuracy of the proposed method (Table 2). 

The within-day precision of the method was 

determined for peak area by repeat analysis (seven 

identical injections) of the standard solution containing 

the drug at three different concentration levels. The day-

to-day precision was established by performing the 

analysis over a five-day period on solution prepared 

freshly each day. The low RSD values indicate the good 

precision of the method (Table 2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Robustness: Robustness of the method was determined 

by performing the analysis under slightly altered 

chromatographic conditions. The impact on retention 

time, peak asymmetry and % assay was evaluated by 

changing flow rate of the mobile phase (0.4 and 0.4 ± 0.05 

mL/min), mobile phase composition (45:55, 40:60 and 

35:65 buffer: acetonitrile v/v), column temperature        

(30 and 30 ± 2 

C) and detection wavelength (235 and       

235 ± 2 nm). In each case, the %RSD values were 

calculated for the obtained peak area. The number 

theoretical plates and tailing factors were compared with 

those obtained under the optimized conditions. These 

results are given in   Table 3. 

Ruggedness: The ruggedness of the method was 

demonstrated by carrying out the analysis by different 

operators using different columns of similar type. No 

marked changes in the vital system suitability parameters 

were observed as shown by the %RSD values of < 1 % in 

Table 3.  

Solution stability and mobile phase stability: Stability 

of RIF solution was investigated by injecting the standard 

solution into the chromatographic system at the time 

intervals of 0, 12 and 24 h, and the RSD values were 

calculated (Table 3). The mobile phase stability was 

studied by preparing the drug solution afresh with the 

mobile phase stored at room temperature at various 

intervals of time. The solution prepared at 0, 12 and 24 

hours was injected and RSD of the peak areas were 

calculated (Table 3). The results showed that in both cases 

the peak areas, retention times, tailing factors and number 

of theoretical plates remained almost unchanged      

(%RSD < 1 %) and no significant degradation was 

observed within the indicated period. This showed that 

both drug solution and mobile phase were stable for at 

least 24 hours, which was sufficient to complete whole 

analytical process. 

Application to RIF capsules: The developed method 

was applied to the determination of RIF in commercially 

available capsules. Results of determination of RIF 

content in capsules of two strengths were in good 

agreement with the labeled amount. The same batch 

capsules were analyzed by the reported method [8]. 

Capsule extract equivalent to 100 µg/mL RIF was 

prepared in methanol and 5 mL of this extract was diluted 

to 10 mL with phosphate buffer of pH 7.4, and absorbance 

measured  at 475  nm vs  buffer. The results obtained were 

Table 2 Results of accuracy and precision study 

RIF taken 

(µg/mL) 

Within-day (n = 7) Between-day (n = 5) 

Percent 

recovered 

 

%RE 

 

 

%RSD 

 

Percent 

recovered 

 

%RE  

 

 

%RSD  

 

20 99.21 0.80 1.05 98.70 1.30 1.45 

40 98.39 1.60 1.48 97.99 2.02 1.52 

60 99.21 0.79 1.13 101.2 1.20 1.02 

RE-Relative error; RSD- Relative standard deviation
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compared statistically by the Student‟s t-test and the 

variance-ratio F-test. The calculated t- and F-values did 

not exceed the tabulated values of 2.77 and 6.39 at the 

95% confidence level and for four degrees of freedom 

(Table 4), indicating close similarity between the 

proposed method and the reference method with respect to 

accuracy and precision. The results obtained are presented 

in Table 4. 

 

Recovery study: In order to further demonstrate the 

suitability and accuracy of the method, recovery studies 

were performed via standard-addition technique.  Pre 

analyzed capsule content was spiked with pure RIF at 

three different levels and the total was found by proposed 

method. The experiment at each level was repeated three 

times. The percent recoveries of the pure drug added 

which are compiled in Table 5 reveal that the commonly 

added additives urea, sodium oxalate, camphor, glucose, 

lactose, sucrose and ascorbic acid did not interfere in the 

assay method.  This was amply demonstrated by a single 

peak due to RIF in the chromatogram of the capsule 

solution. 

 

Stability indicating property: RIF was subjected to acid-, 

base- and hydrogen peroxide-induced degradation in 

solution state, and light- and heat-induced degradation in 

solid  state.  The  inference  was  drawn  by measuring the  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

peak area of RIF solution after subjecting to forced 

degradation. From the area, percentage recovery of RIF 

was calculated in each case. The study revealed that RIF 

was completely degraded in acid- and peroxide-induced 

stress conditions, moderately degraded under base- 

induced stress condition; and remained stable under other 

stress conditions (Figure 3). 
 

Conclusion 
 

In conclusion, a stability-indicating UPLC method 

has been developed and validated for the assay of RIF in 

bulk drug and capsules for the purpose of product quality 

assessment. The method is rapid, selective, accurate and 

precise for RIF quantitation. A single chromatographic 

run took less than 5 min.  The method does not require 

extensive sample treatment and involves a UPLC system 

employing an inexpensive mobile phase. The UV- 

detection response was linear for the concentrations 

studied. There was no interference from matrix sources.  

The proposed assay method is suitable for regular 

determination of RIF and for checking the stability of its 

formulations. Due to its speed, reliability and sensitivity, 

the method can be conveniently applied to the 

determination of the drug in body fluids after appropriate 

sample treatment. 

Table 4 Results of analysis of capsules by the proposed method and statistical comparison of the results with the 

published method 

 

Brand name of 

capsules 

Nominal 

amount, mg 

%RIF found
# 
± SD 

t- value F- value 
Published Method Proposed method 

R-Cin 300
*
 300 98.9 ± 0.63 99.46 ± 0.54 1.5 1.36 

R-Cin 450
*
 450      100.7 ± 0.74 99.63 ± 0.82 2.17 1.23 

*
Marketed by Lupin Limited, Chikaltana Aurangabad, India 

#
Mean value of five determinations 

Tabulated t-value at 95% confidence level is 2.78 

Tabulated F-value at 95% confidence level is 6.39 

 

Table 5 Results of recovery study by standard addition technique 

 

Capsules studied 
RIF in capsules, 

(µg/mL) 

Pure RIF added, 

(µg/mL) 

Total found,  

 (µg/mL) 

%Pure RIF 

recovered ± SD 

R-Cin 300 

29.84 

29.84 

29.84 

15.0 

30.0 

45.0 

43.29 

60.80 

77.16 

96.56 ± 0.58 

101.6 ± 0.89 

103.8 ± 0.72 

R-Cin 450 

29.89 

29.89 

29.89 

15.0 

30.0 

45.0 

43.25 

60.79 

78.93 

96.36 ± 0.82 

101.5 ± 0.76 

105.4 ± 0.69 

*Mean value of three determinations 
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