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ABSTRACT 

A simple, accurate, and cost-effective UV spectroscopic method has 
been developed for the simultaneous estimation of rifampin in 
pharmaceutical formulations. Rifampin, a key anti-tuberculosis drug, 
exhibits characteristic absorption in the UV region, making it suitable 
for analysis via UV spectroscopy. The method involves determining 
the absorbance maxima of rifampin in a suitable solvent at specific 
wavelengths. The linearity of the drug was established in a given 
concentration range, and the method was validated according to ICH 
guidelines for parameters such as accuracy, precision, and 
reproducibility. This UV spectroscopic technique offers an efficient 
alternative to more complex analytical methods, providing reliable 
results for quality control and routine analysis in pharmaceutical 
environments. 
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1. INTRODUCTION 

Tuberculosis (TB) is a disease caused by 
Mycobacterium tuberculosis; the bacteria usually 
attack the lungs, but can also damage other parts of 
the body. Most people who are exposed to TB never 
develop symptoms because the bacteria can live in an 
inactive form in the body; but if the immune system 
weakens, TB bacteria can become active [1, 2]. 

INH (isonicotinic acid hydrazide) is an anti-
mycobacterial agent which is bactericidal for both 
extracellular and intracellular organisms. It is the 
primary drug for the treatment of TB when the 
disease is caused by isoniazid-sensitive strains of the 
Mycobacterium tuberculosis. INH is a colourless, 
odourless, white crystalline powder slowly affected 
by exposure to air and to light; soluble in water, 
methanol and alcohol, slightly soluble in chloroform, 
very slightly soluble in ether [3, 4]. 

RIF (3-[[(4-methyl-1-piperazinyl)-imino]-methyl)]-
rifamycin) is a semisynthetic derivative of rifamycin 
antibiotics which are produced by the fermentation of 
the strain Streptomyces mediterranei. The primary  

 
indications for RIF are for treatment of TB 
(pulmonary and extra-pulmonary lesions) and for 
leprosy. It is also useful for elimination of Neisseria 
meningococci in carriers and for Gram-positive 
(Staphylococcus aureus and S. epidermidis, 
Streptococcus pyogenes, S. viridans and S. 
pneumoniae) and Gram negative bacteria 
(Haemophilus influenzae type B). RIF is a red 
odourless powder; very slightly soluble in water, 
acetone, alcohol, ether, soluble in methanol and ethyl 
acetate, freely soluble in chloroform [3, 4]. 

Isoniazid (INH) and Rifampicin (RIF) are probably 
the most efficient antitubercular agents available in 
modern therapy; they are usually administered in 
combination, because of the high drug resistance 
shown by Mycobacterium tuberculosis, being a 
component of all combined antituberculosis chemo-
therapy regimens recommended by WHO [5]. 

The combination of these drugs has high therapeutic 
advantages as it increases the treatment adherence 
and reduces the risk of resistance or relapses, 
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treatment costs and errors in drug administration; 
however, the combination of drugs brings new 
challenges to the pharmaceutical industry with respect 
to the development of new analytical methods for 
their simultaneous determination. Literature survey 
revealed high performance liquid chromatography 
(HPLC) [6, 7, 8], capillary electro-phoresis (CE) [9, 
10], voltammetric [11], spectro-photometric analysis 
combined with multivariate regression [12, 13], 
derivative spectrophotometric [14] and visible 
spectrophotometric [14, 15] methods for the 
simultaneous determination of INH and RIF. The 
spectrophotometric methods for multicomponent 
sample analysis are based on the properties that the 
absorbance of a solution is the sum of absorbances of 
individual components and the measured absorbance 
is the difference between total absorbance of the 
solution and that of the blank solution. Various 
spectrophotometric methods can be used for 
estimation of drugs in combined dosage form 
including here simultaneous equation method and 
derivative spectrophotometry [16, 17].The aim of 
present work was to develop new simple, sensitive 
and rapid spectrophotometric methods and their 
validation, for the simultaneous determination of INH 
and RIF in combinations. 

2. DRUG PROFILE: 

2.1. RIFAMPICIN: 

Summary: Rifampicin is indeed an antibiotic used to 
treat various mycobacterial infections, including  

Mycobacterium avium complex and leprosy. It's also 
commonly used in combination with other anti 
bacterials to treat both latent and active tuberculosis. 

Brand Names:- Isonarif, Rifadin, Rifamate, Rifater, 
Rofact. 

Generic Name:- Rifampicin 

Background: Rifampicin, also known as rifampin, is a 
semisynthetic antibiotic derived from Streptomyces 
mediterranei. It possesses a broad antibacterial 
spectrum, effective against various forms of 
Mycobacterium. In susceptible organisms, rifampicin 
works by inhibiting the activity of DNA-dependent 
RNA polymerase, forming a stable complex with the 
enzyme. This action suppresses the initiation of RNA 
synthesis. Rifampicin is bactericidal, meaning it kills 
bacteria, and it targets both intracellular and 
extracellular organisms. 

 
Fig no.1: RIFAMPICIN 

Structure:- 
Weight Average:- 822.9402 
Monoisotopic:- 822.40512334 
Chemical Formula:-C43H58N4O12 
Synonyms:-Rifampicin, Rifampicina, Rifampicine, 
Rifampicinum, Rifampin. 

2.2. ISONIAZIDE: 

Summary: Isoniazid is an antibiotic primarily 
employed in treating mycobacterial infections, 
frequently in combination with other ant 
mycobacterial agents. It is commonly used for both 
active and latent tuberculosis treatment. 

Brand Names:-Isonarif, Isotamine, Isotamine B, 
Rifamate, Rifater 

Generic Name:-Isoniazid 

Background:-Antibacterial agent used primarily as a 
tuberculostatic. It remains the treatment of choice for 
tuberculosis. 

 
Fig no.2 ISONIAZID 

Structure:- 
Weight Average:- 137.1393 
Monoisotopic:- 137.058911861 
Chemical Formula:-C6H7N3O 
Synonyms:-4-pyridinecarbohydrazide, Isoniazid, 
Isoniazida, Isonicotinic acid hydrazide, Isonicotinic 
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hydrazide, Isonicotinohydrazide, 
Isonicotinoylhydrazide, Isonicotinsa urehydrazid, 
Isonicotinylhydrazine. 

3. UV SPECTROSCOPY:  

UV spectroscopy:  

The study of the interactions between light and 
electromagnetic radiation and matter is known as 
spectroscopy. The energy absorbed or emitted in 
discrete amounts known as quanta indicates this 
interaction. From radio waves to gamma rays, these 
absorption and emission processes reveal important 
details regarding the characteristics of the materials 
under study throughout the electromagnetic spectrum. 
UV spectroscopy is an analytical technique that 
utilizes light with wavelengths ranging from 200 to 
800 nm, which falls within the ultraviolet (UV) or 
visible spectrum. Due to the technique's versatility, 
colorless chemicals in the UV range (200-400 nm) 
and colored substances in the visible range (400-800 
nm) can both be analyzed. In essence, UV 
spectroscopy counts the precise UV or visible light 
wavelengths that a sample absorbs or transmits in 
comparison to a reference or blank. This 
measurement can provide information on the 
components and their concentrations within the 
sample because it is directly related to the 
composition of the sample.  

Uv principle: The transition of electrons within a 
molecule or an ion from a lower to a higher energy 
level produces the UV absorption spectrum, while the 
opposite type of transition produces the UV emission 
spectrum. A molecule's or an ion's valence electrons 
can be stimulated or promoted by UV radiation to 
move from their ground state orbital to an excited 
stateorbital, or anti bonding, at a higher energy level. 
orbital, which exhibits absorption upon detection 
(45).  

Chromophores: The presence of specific 
chromophores allows many organic compounds to 
absorb ultraviolet and visible light. operational unit. 
Chromophores are the real groupings that absorb the 
radiation. Statistically speaking, some electronic 
transitions are.  

Auxochromes: The color of a molecule can be 
enhanced by certain groups known as auxochromes. 
These groups typically do not absorb light strongly 
within the 200-800 nm range but can influence the 
absorption spectrum of the chromophore they are 
attached to. 

Solvents: The absorption spectrum of a compound 
can change depending on its chemical structure when 
it is dissolved in a solvent. Typically, non-polar 
solvents and molecules have minimal impact on the 

absorption spectrum. In contrast, polar molecules can 
experience significant changes when interacting with 
a polar solvent. This interaction often results in 
broadening of the absorption bands and a decrease in 
both structural resolution and the maximum molar 
absorptivity (ε max).  

Potentially: there are three ground state orbitals 
involved. They are: σ (bonding) molecular orbital, 
π(bonding) molecular orbital and n (non bonding) 
atomic orbital  

Instrumentation: There are two type of absorbance 
instruments to collect uv absorption spectra  
 Single beam UV spectrophotometer  
 Double beam UV spectrophotometer  

A monochromator or filter is positioned between the 
light source and the sample in a single beam UV 
spectrophotometer. The device can measure one 
wavelength at a time with this configuration. UV 
Spectrophotometer with Dual Beam A double beam 
UV spectrophotometer, on the other hand, features a 
beam splitter and a number of mirrors in addition to a 
monochromator and light source that are similar. 
These elements aim the laser beam at the sample 
under analysis as well as at a reference sample. The 
measurements are more accurate in this configuration. 
In general, the double beam instrument is quicker and 
model (46)  

CONTENTS:- 

3.1. LIGHTSOURCE 
3.2. SAMPLECELL 
3.3.WAVELENGTHSELECTOR(MONOCHROMA
TOR) 
3.4. DETECTORS 
3.5. RECORDINGSYSTEM(DISPLAY) 

3.1. LIGHTSOURCE: 

Deuterium lamps are utilized for measurements in the 
ultraviolet range, while tungsten lamps are employed 
for measurements in the visible and near-infrared 
ranges in a spectrophotometer setup. 

3.2. SAMPLE CELL: 

Glass cells are typically used for measurements in the 
visible range, particularly for wavelengths greater 
than 340 nm, as light below this wavelength doesn’t 
pass through them effectively. Quartz cells, on the 
other hand, allow light to pass through across the 
entire ultraviolet and visible ranges, but they are 
mainly utilized for ultraviolet measurements due to 
their higher cost. 

In sample compartment spectroscopy, it’s crucial for 
all materials in the beam path, except the analyte, to 
be as transparent to the radiation as possible. The 
geometry of all system components should aim to 
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maximize the signal and minimize scattered light. The 
choice of material for a sample cuvette dictates the 
optical window that can be utilized for measurement . 

 
Fig no. 03: CAVETTE 

3.3. WAVELENGTH SELECTOR 

(MONOCHROMATOR) 

A wavelength selector is an instrument component 
that either selects and transmits a narrow band of 
wavelengths emitted from a broad-band optical 
source or transmits one or more lines from a discrete 
wavelength source. 

A spectroscope plays a role in selecting 
monochromatic light from a light source, such as 
white light. Spectroscopes include filter type, prism 
type, and grating (diffraction grating) type. For 
grating-based monochromators used at small angles, 
the linear dispersion of wavelengths is constant, 
meaning the distance along the exit slit between 
where 300 nm light and 400 nm light strikes is the 
same as the distance between 600 nm to 700 nm. 

The linear dispersion from a prism-based 
monochromator is not constant. The resolving power 
or resolution for a monochromator is the ability to 
separate images. 

 

3.4. DETECTORS  

A detector plays a crucial role in converting the light transmitted from a sample into an electric signal. These 
detectors are also referred to as photometric detectors. They are essential components in spectrophotometry, 
where they measure the intensity of light passing through a sample at different wavelengths, allowing for the 
analysis of substances based on their absorption or emission properties. 

3.5. RECORDING SYSTEM: 

 
Fig no. 4: UV SPECTROSCOPY MACHINE 
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3.6. PRINCIPAL: 

Simultaneous equation are the set of algebraic equation that shares variables and are solved simultaneously 
Simultaneous equation method is used where a sample contain two absorbing drugs (X and Y) each of this 
absorbs at the λmax of eachother i.e.λ1 and λ2, it may be possible to determine both the drugs by the technique 
of simultaneous equation method provided that certain criteria apply. The information required is absorptivity of 
X at λ1 and λ2 and ax1 and ax2 respectively, absorptivity of Y at λ 1an day 1 an day 2 respectively, Absorbance 
of the diluted sample at λ1 and λ2, A1 and A2 respectively. Let Cx and Cy be the concentration of X and Y 
respectively in the diluted sample. Two equations are constructed based upon the fact that at λ1 and λ2 the 
absorbance of the mixture is the sum of the individual absorbance of X and Y. 

Atλ1A1 = ax1 bcx + ay1 bcy ………(18) 

Atλ2A2 =ax2bcx+ay2 bcy (19) 

Rearrange eq. (19) 

cy=A2-ax2cx/ay2 

Substituting for cy in eq.(19),and rearranging gives cx=A2ay1–A1ay2/ax2ay1–ax1ay2 and 

cy=A1ax2–A2ax1/ax2ay1 –ax1ay 

 
Fig no. 5 

4. MATERIALS AND METHODS  

4.1. Instruments  

Lab India double beam UV visible spectrophotometer (UV 3092) with 1 cm matched quartz cells were used for 
all absorbance measurements with UV WIN Software. Shimadzu AX 200 balance was used for weighing the 
samples.  

4.2. Materials  

 Rifampicin 
 Isoniazid 
 methanol 

4.3. Selection of common solvent  

Ethanol of analytical reagent grade was selected as common solvent for developing spectral characteristics of 
drug. The selection was made after assessing the solubility of both the drugs in different solvents.  

4.4. Preparation of Standard Stock Solution  

The standard stock solution containing Rifampicin and Isoniazid were prepared by dissolving 100 mg of 
Rifampicin and 100mg of Isoniazid separately in 20 ml of ethanol. It was then sonicated for 10 minutes and the 
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final volume of both the solutions were made up to 100 ml with ethanol to get stock solutions containing 1000 
µg/ ml each of Rifampicin and Isoniazid in two different 100 ml volumetric flask 

4.5. Procedure for Determining the Sampling Wavelength for simultaneous analysis 

By appropriate dilution of two standard drug solutions with and 10 µg/ml of rifampicin and 10ug/ml of isoniazid 
were scanned separately in the ranges of 400- 200 nm to determine the wavelength of maximum absorption for 
both the drug. rifampicin and isoniazid showed absorbance maxima at 337 nm and 263 nm respectively as 
shown in fig.  
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4.6. Selection of Method and Wavelength 

For estimation of Rifampicin, simultaneous equation method employing 337 nm as analytical wavelength was 
used. For estimation of Isoniazid, 263 nm was selected as the analytical wavelength. In the simultaneous 
equation method developed for simultaneous estimation of Rifampicin and Isoniazid, the wavelengths were 
selected from the overlain spectra as shown in Fig. 5 

4.7. Procedure for plotting calibration curve 

Rifampicin and isoniazid showed linearity with absorbance with a range of 5 to 35 ug/ml and 5 to 25 ug/ml at 
their respective wavelength maxima, which were validated by least square regression method. coefficients of 
correlation were found to be 0.9991 for rifampicin and 0.9998 for isoniazid. for simultaneous estimation of 
rifampicin and isoniazid, a series of linearity solution were prepared by diluiting appropriate volume of standard 
stock solution of rifampicin and isoniazid were carried out in the ranges of 400 – 200nm against ethanol as 
blank. absorbance of series of linearity solution were recorded at selected wavelength 337nm and 263nm as 
shown in fig 
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4.8. Analysis of Capsule Formulation 

The average weights of twenty capsule contents were determined and a quantity equivalent to 100 mg of 
Rifampicin was transferred to a 100 ml volumetric flask. The contents were dissolved by using 70 ml of ethanol, 
filtered through whatman filter paper no. 41 and then made up to volume with the same. The solution was further 
diluted with ethanol to give concentrations of 10 µg/ml of Rifampicin and 10 µg/ml of Isoniazid. The solution 
was scanned in the range 200-400 nm as shown in Fig. 8. Absorbance of these solutions was measured at 337 
nm and 263 nm as Al and A2 respectively and concentrations of these two drugs in the sample were calculated 
using Simultaneous equation method. Results of analysis of the capsule formulations were reported in Table 1. 
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4.9. Determination of absorptivity value 

The solutions of each drug in triplicate were read against solvent blank at the selected wavelengths and A (1% 1 
cm) value were calculated using below formula: 

Absorptivity, A (1% 1 cm) = Absorbance at selected wavelengths/Concentration in g / 100 mL Simultaneous 
equation method by  
Cx = A2 ay1-Al ay2/ax2 ayl - axl ay2  
Cy = Al ax2-A2 ax1/ax2 ay1 - axl ay2 

where: 
ax1= The absorptivity of Rifampicin at 337.0 nm, 
ax2= The absorptivity of Rifampicin at 263.0 nm ay1= The absorptivity of Isoniazid at 337.0 nm, 
ay2= The absorptivity of Isoniazid at 263.0 nm 
C x and C y are the concentrations of Rifampicin and Isoniazid 
Al is the absorbance of mixture at 337 nm and A2 is the absorbance of mixture at 263 nm 

4.10. Validation Parameters 

The method was validated according to ICH Q2B guidelines for validation of analytical procedures in order to 
determine the linearity, sensitivity, precision and accuracy for the analyte. 

Linearity  

The linearity of measurement was evaluated by analyzing different concentrations of the standard solution of 
Rifampicin and Isoniazid. For simultaneous equation method, the Beer- Lambert's concentration range was 
found to be for 5-35µg/ml for Rifampicin and 5-25µg/ml for Isoniazid as shown in Fig. 9 and 10. 
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Sensitivity: 

The limit of detection (LOD) and limit of quantification (LOQ) were calculated using the following equation 
LOD=3.30/s and LOQ=10 σ/s, Where o is standard deviation of y intercept of calibration curve (n=6) and s is 
slope of regression equation. The results of the same are shown in Table 4. 

Precision: 

The precision of the method was established by carrying out the analysis of the analytes (n=6) using the 
proposed developed method. The low value of relative standard deviation showed that the method was precise. 
The results are shown in Table 2. 

Inter-day precision: 

It was done by analyzing the solutions by same analyst on alternate days till 3rd day. The % RSD is shown in 
Table 2. 

Intraday precision: 

It was done by analyzing the solutions by same analyst three times within a day at intervals of 1 hr. The % RSD 
is shown in Table 2. 

 

Accuracy  

To check the accuracy of the developed method and to study the interference of formulation excipients, 
analytical recovery experiments were carried out by using standard addition method at 50, 100 and 150% levels. 
From the total amount of drug found, the percentage recovery was calculated. The results revealed no 
interference of excipients.  

The results of recovery studies were summarized in Table 3. 
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5. RESULTS AND DISCUSSION  

The proposed method for simultaneous estimation of Rifampicin and Isoniazid in combined sample solutions 
was found to be simple, accurate and reproducible. Beer's law was obeyed in the concentration range of 5-35 
µg/ml for Rifampicin and 5-25 µg/ml for Isoniazid respectively. The correlation coefficients were found to be 
0.9991 for Rifampicin and 0.9998 for Isoniazid which shows the good linear relationship for both drugs. The 
capsule assay results obtained by proposed method was very close to labeled claim and low value of relative 
standard deviation, suggesting that the developed method has high precision. In order to check the accuracy of 
the developed methods, known quantities of standard drugs of Rifampicin and Isoniazid in three different levels 
were added to its pre-analyzed capsule sample and analyzed by the developed methods. The mean percentage 
recoveries were found in the range of 99.0-100.0 and it showed the non interference of the excipients from the 
capsule formulation. The results of optical characteristics such as Beer’s law limits, correlation coefficient, 
slope, intercept and molar absorptivity values were summarized in Table 4. 

5.1. RESULTS AND DISCUSSION  

The proposed method for simultaneous estimation of Rifampicin and Isoniazid in combined sample solutions 
was found to be simple, accurate and reproducible. Beer's law was obeyed in the concentration range of 5-35 
µg/ml for Rifampicin and 5-25 µg/ml for Isoniazid respectively. The correlation coefficients were found to be 
0.9991 for Rifampicin and 0.9998 for Isoniazid which shows the good linear relationship for both drugs. The 
capsule assay results obtained by proposed method was very close to labeled claim and low value of relative 
standard deviation, suggesting that the developed method has high precision. In order to check the accuracy of 
the developed methods, known quantities of standard drugs of Rifampicin and Isoniazid in three different levels 
were added to its pre-analyzed capsule sample and analyzed by the developed methods. The mean percentage 
recoveries were found in the range of 99.0-100.0 and it showed the non interference of the excipients from the 
capsule formulation. The results of optical characteristics such as Beer’s law limits, correlation coefficient, 
slope, intercept and molar absorptivity values were summarized in Table 4. 
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6. CONCLUSION: 

The proposed synchronous UV Spectrophotometric 
technique was created and approved completely for 
quantitative assurance of Rifampicin and Isoniazid in 
joined container dose structure. The developed 
method was found to be straightforward, quick, 
accurate, precise, and cost-effective. It also yielded a 
satisfactory recovery of the analytes, making it 
suitable for routine quality control analysis of 
pharmaceutical capsule formulations containing 
Rifampicin and Isoniazid. 
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