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Quantity vs. Quality Trade-off in

Higher Education: Challenges and

Consequences in India

Aparna Kulkarni*

Abstract
Higher education is expected to be a ‘public good’ to become timely accessible

and universal, wherein the state apparatus has a major role in its provision. With this
view, democratic countries like India make huge investments in education through
public sector. As a result, Indian education system is characterised by coexistence of
private and public sector institutions. In some cases, PPP (public-private partnership)
model has also been implemented in India. So, it is obvious that public and private
institutions can take care of quantity aspect of higher education. Undoubtedly, there
have been evidences of quantitative improvement in higher education considering the
indicators like, technological advancement, increasing number of state and private
sector universities, teacher-pupil ratio, infrastructural development, etc. But at the
same time, there are serious concerns about the quality aspect of higher education in
India. This paper is an attempt to examine the quality aspect of higher education in
India.

Keywords: Outbound mobility, higher education, personality development.

Introduction
As Swami Vivekananda has rightly pointed out, “We want that education by which character is

formed, strength of mind is increased, the intellect is expanded, and by which one can stand on one’s
own feet.” A nation can be built only if the character, skills and capabilities of its people are levelled
up. Education is the key to nation-building in the true sense if it is accessible to all at all levels. Higher
education in particular can shape the future of a country if universalised and rightly offered to those
who deserve it. Hence, access to higher education becomes crucial for character-building and national
development. Ensuring good quality education is something very essential that a nation can do for its
future generations.

As it is well known, higher education in particular, is expected to be a ‘public good’ to become
timely accessible and universal, wherein the state apparatus has major role in its provision. With this
view, democratic countries like India make huge investments in education through public sector. As a

* Assistant Professor, Department of Economics, St. Xavier, College, Mumbai.
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result, Indian education system is characterised by coexistence of private and public sector institutions.
In some cases, PPP (public-private partnership) model has also been implemented in India.
Supposedly, it is understood that public and private institutions can take care of quantity aspect of
higher education. Undoubtedly, there have been evidences of quantitative improvement in higher
education considering the indicators like, technological advancement, increasing number of state and
private sector universities, teacher-pupil ratio, infrastructural development, etc. So it is clear that
‘quantity’ aspect of higher education in India is definitely a satisfactory factor but at the same time,
there are serious concerns about the quality aspect of higher education in India.

Modern India still follows the colonial method of education, i.e., 10+2+3 comprising of primary,
higher secondary schooling and graduation level degree. Also, our system is inflexible in terms of
selection of courses, course structure, and lack of interdisciplinary, multidisciplinary approach, and so
on. Dropout rate, lack of well-equipped libraries and laboratories across the country, deficiency of
public investment in higher education, incompetent university campuses, and insufficient research
expenditure are the serious challenges before the higher education in India. Obviously, there is a
growing tendency among the students to go abroad for higher education. With an average increase of 7
per cent to 10 per cent in number of students going abroad every year, there are several pertinent
issues about the quality aspect of higher education in India which must be addressed.

Let us first look into the data that justifies the quantity and quality aspects of higher education in
India:

Growth in Universities and Colleges in India
The following table shows the quantitative increase in number of universities and colleges in

India:

Institutions 2008 2016 Increase in Number Increase in %
Central Universities 25 47 22 88
State Universities 228 345 117 51
State Private Universities 14 235 221 1579
Deemed Universities 103 123 20 19
Total 370 750 380 103
Colleges 23209 41435 18229 79
Source: UGC India Report, 2017.

The above data shows that the decadal growth (2008 to 2016) in number of state and private
universities and colleges in India is excellent and it has definitely improved the accessibility of higher
education in India with an effective penetration ratio.

Growth in Enrolment of Students
The other parameter of higher education can be the enrolment of students at different levels of

education. The following data will show the status:

Level of
Education

2008 2016 Increase in Number Increase in %

Graduate 11908151 24592421 12685170 107
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Postgraduate 1489675 2764886 1275201 86
Doctorate 95872 180957 85085 89
Others 148100 945582 797482 538
Total 13641808 28484746 14842938 109
Source: UGC Report, 2017.

Considering the above statistics, it is clear that at different levels of higher education, there has
been an increase in India which shows that higher education has become important for people even
though the opportunity cost is high and private cost is far more than public cost.

At the same time this data shows that at postgraduate level of higher education, the dropout rate is
very high. This gap indicates several policy implications as well as quality dimensions of higher
education. According to the same report, the proportion of students enrolled for science subjects has
increased by 107 per cent, whereas for arts and humanities it is just 75 per cent. The same for
engineering and technology is 272 per cent. This is a clear indicator of a transition that the higher
education system in India is going through.

After understanding the quantity aspect of higher education, it is pertinent to look at the quality
aspect of it. Some of the qualitative indicators of education as a socially necessary service are proper
infrastructure, advanced libraries with e-resources, well-equipped laboratories, conducive research
environment, etc. Unfortunately, the percentage of public expenditure on higher education in India is
less than 1 per cent which is lessening the possibility of India becoming a world-class education hub.
There are less than ten universities in India which can match with the global standards, according to
the global ranking of higher education. The ever-increasing percentage of students willing to go
abroad for higher education shows that universities in West are definitely assuring better quality of
education along with academic freedom for research. Due to this, outbound mobility of Indian students
has become a crucial fact which is raising several issues for diaspora culture and educational migration.
Simultaneously, the population in the age group of 15 to 25 is adding one million students every year
to higher education system in India which is creating pressure for already heavily burdened
educational institutions that causes outbound mobility. Another factor that contributes to this is the
emerging middle class in the country which can afford the expenses of higher education abroad. India
is the number two sender (after China) of qualified students to the top universities including US,
Canada and Australia. India’s demographic status and growth trajectory show that India will remain as
a top sender of students to different destinations for higher education.

The following graph shows the status of outbound mobility of Indian students:
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Source: IIE, UNESCO, 2017.

Also, most interesting and explanatory are the percentage changes in Indian student enrolments in
top seven countries over the decade. It is shown below.

Number of Indian students enrolled abroad:

Source: IIE, UNESCO, 2017.

Affordability of middle class, growing aspirations of Indian students, employability of education
abroad, telecommunication facilities, safety and excellent work culture are some of the driving forces
for such outbound mobility. While India is still concerned with quantity aspect of education at all
levels, the efforts for qualitative improvement are insufficient. Higher education abroad is surely
causing severity of brain drain issue of Indian intellect. This is an alarming factor for Indian education
system which can no more enjoy the memories of past legacy of world-class ancient universities, like
Nalanda and Takshashila. The present scenario is indicating unhappy trend of educational migration
causing academic damage to Indian society.
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Conclusion
1. Public investment in higher education in India needs exponential increase to create world-

class infrastructure.
2. There is a clear quantity-quality trade-off in higher education. So, the government has to

balance out the nexus.
3. Encouragement to research, academic autonomy, industry-university partnership, innovation,

infrastructural development can be some of the ways to improve the status.
4. Foreign collaborations, joint ventures and students exchange programmes will alter the

educational migration.
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ABSTRACT 

 
Two simple, sensitive, accurate, precise, rapid and economical methods were developed for the 
estimation of Ofloxacin and Tinidazole from combined tablet dosage form. First method is based 
simultaneous equation and second method is based on Q ‐analysis (absorbance ratio method). 
Ofloxacin and Tinidazole show 𝜆max  at 300 nm and 275 nm in 0. 1N  Methanolic‐HCI (20:80) 
respectively. The linearity was obtained in the concentration ranges of 1 − 20 μg/ml for Ofloxacin and 
3 − 60 μg/ml for Tinidazole with Regression Coefficient (R2) greater than 0.999. In the first method 
concentration and subsequently amount of drug determined by using simultaneous equations and in 
second method concentration and amount of drug determined by using ratio of absorbance at 
Iso‐absorptive point (which was found to be 286 nm) and at 𝜆max  of one of the drugs. The results of 
analysis have been validated statistically and subsequently by assay and recovery studies. 
 
Keywords: Ofloxacin; tinidazole; absorbance ratio; iso‐absorptive point; regression coefficient. 
 
ABBREVIATIONS 
 
OF : Ofloxacin 
TNZ : Tinidazole 
SEM : Simultaneous Equation Method 
ARM : Absorbance Ratio Method 
 
1. INTRODUCTION 
 
In the topical countries like India, the major problems of health arise due to improper lifestyle, 
unhealthy environmental conditions, unhygienic and substandard food. Infections caused by the 
microorganisms like, fungi, protozoa, are most common. Drugs with antifungal and antiprotozoal 
activity have been used in the treatment of the same. 
 
Ofloxacin C18H20FN3O4 is used as an antibacterial drug. (Molecular weight: −361.368 g/mol). 
 
Ornidazole, C7H10ClN3O3 is used as an antiprotozoal drug. (Molecular weight: −219.625 g/mol). Both 
the drugs in combined dosage formulations are available in the market and has gained great 
acceptance in diarrhea, bacterial and protozoal infections as this combination is broad spectrum 
antibiotic. In many cases, drugs with two active ingredients are prescribed to the patients to have an 
added advantage. Many of these antibacterial drugs are found in combination with antifungal and 
antiprotozoal drugs which are highly effective against fungal and protozoal infections. It is highly 
effective for bacterial and protozoan infections and is available in the tablet form. 
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The present study a successful attempt has been made to quantify both these drugs i.e., Ofloxacin 
and Tinidazole simultaneously in pharmaceutical dosage formulation by two spectrophotometric 
methods namely, simultaneous equations and Q‐analysis (absorbance ratio method). The proposed 
methods have been validated as per ICH guidelines. 
 

 
 

2. MATERIALS AND METHODS (EXPERIMENTAL) 
 
2.1 Instruments 
 
Systronics UV —VIS spectrophotometer type 118, single beam spectrophotometer with spectral width 
of 2.0 nm. Wavelength accuracy is + 1.0 nm and a pair of 10 mm matched quartz cells were used to 
measure the absorbance. The wavelength ranges from 200—1000 nm obtained by a 1200 
grooves/mm grating with Czerny —Turner Mount. Fused Silica deuterium lamp and tungsten iodide 
sources are used to cover the wavelength range. High sensitivity, wide range, reliable silicon photocell 
is used as the detector. The photometric readings of %T (Percent Transmittance), ABS (Absorbance) 
and CONC (Concentration) are displayed on an electronic display. Stray light corrections are made 
using a built‐in filter wheel containing four filters. There is a built‐in 4‐position sample changer 
provided for 10 mm cuvettes. The instrument runs on 230 V, 50 Hz. 
 
2.2 Materials 
 
Pure standard of ofloxacin and tinidazole was obtained from Cipla Pharmaceutical Pvt. Ltd. The tablet 
formulations of the said combination were purchased from a local pharmacy (The label claim 
contained 200 mg of ofloxacin and 600 mg of tinidazole.) All the solutions were prepared in double 
distilled water. All the reagents used were of AR grade. 
 
2.2.1 Preparation of standard solution 
 
10 mg of standard Ofloxacin and 30 mg of standard Tinidazole was accurately weighed and dissolved 
in 0. 1N Methanolic‐HCI (20:80) and made up to a volume of 50 ml in standard flask to give stock 
solution (200 μg/ml of ofloxacin and 600 μg/ml oftinidazole respectively). Further all the standard 
solutions containing the mixture of ofloxacin and tinidazole were prepared by using this stock solution. 
 
2.2.2 Preparation of sample solution 
 
Ten tablets of a combined formulation were weighed and powdered. Average weight of tablet has 
been taken. From this 45 mg  of the powder (which amounts to 10 mg  of Ofloxacin and 30 mg  of 
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Tinidazole) was transferred to 50 ml flask. The powder was dissolved and diluted up to the mark using 
the solvent. The solution was then allowed to settle at room temperature and was then filtered using 
Whatman Filter paper no. 41 to remove the additives which did not dissolve in the solvent used. 
 
From this 10 ml of the solution was pipette out into 100 ml flask and was diluted to the mark using the 
solvent. Absorbance of this solution was made appropriately at 300 nm and at 275 nm which are the 
λ1 and λ2 respectively. 
 
2.2.3 Simultaneous equation method [1,2,3] 
 
Working standard solutions were scanned in the entire range of 200‐800 nm to determine λmax  of 
both the drugs. The λmax  of ofloxacin and tinidazole were found at 300 nm and 275 nm respectively. 
A series of standard solutions were prepared from the working standard solution. Absorbances of 
resulting solutions were measured at their λmax  and calibration curve was plotted. 
 
The absorptivity coefficients of these two drugs were determined by using calibration curve equation. 
Two simultaneous equations were constructed using same. 
 

A1 = 0.106 CX + O. 0142 CY           (1) 
 
A2 = 0.0348 CX + O. 0261 CY           (2) 

 
Where, A1 and A2 are the absorbances of sample at 300 nm and 275 nm respectively. CX and CY are 
the concentration (μg/ml) in of Ofloxacin and Tinidazole in sample respectively. From the resulting 
concentration obtained after solving above equations, then amount of both the drugs present in the 
given sample was calculated. 
 
2.2.4 Analytical method validation [4,5]  
 

2.2.4.1 System suitability 
 
System suitability test is used to ensure reproducibility of the equipment. The test was done with a 
solution containing 10 μg/mL of OF and 30 μg/mL of TNZ i.e. at the working concentrations of OF and 
TNZ. These solutions were analyzed with five replicates and the mean was used for the whole 
calculation. 
 
2.2.4.2 Linearity and range 
 
A good linearity was achieved for OF and TNZ in the concentration ranges of 1 − 20 μg/ml and 3 −
60 μg/ml  respectively. The calibration curves were constructed with concentration (C) against 
absorbance of both the drugs. 
 
2.2.4.3 Limit of detection and limits of quantitation 
 
For LOD and LOQ analysis twenty readings for blank recorded then their standard deviation 
calculated i.e., for LOD = (SD × 3 +Mean absorbance of Blank) and for LOQ = (SD × 10 +Mean 
absorbance of Blank). 
 
2.2.4.4 Intra‐day and inter‐day precision/ruggedness 
 
The intra‐day and inter‐day precision was used to study the variability of the method. Ruggedness is 
the degree of reproducibility of the results obtained under variety of test conditions. It is expressed as 
percent RSD. It is also called as reproducibility or intermediate precision. It is the analysis of same 
sample under variety of normal test condition such as different laboratories, different analysts, 
different instruments, different lots of reagents, different days etc. 
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It was checked by recording the absorbance as well as spectra of standard solutions of ofloxacin and 
tinidazole i.e. at working concentrations for OF (8 μg/ml, 10 μg/ml, 12 μg/ml) and for TNZ (24 μg/
ml, 30 μg/ml and 36 μg/ml)  with five replicates (both at intra‐day (five times within 24 hour) and 
inter‐day (two times each. during 3 days intervals) to check the precision. 
 
2.2.4.5 Assay 
 
For estimation of drugs from commercial formulations, 45 mg of powder which is equivalent to (10 mg 
of ofloxacin and 30 mg of tinidazole) was accurately weighed and transferred to 50 ml volumetric flask 
and dissolved in 25 ml of 0. 1N Methanolic‐HCI (20:80) and sonicated for 10 mins. The solution was 
filtered through Whatman filter paper No.41 and residue was washed thoroughly with given solvent. 
The filtrate and washings were combined in 50 ml volumetric flask and diluted with same solvent. The 
spectra were obtained and absorbance was measured at 300 nm and 275 nm and finally 
concentration of both the drugs was calculated using equations 1 and 2. The amount of ofloxacin and 
tinidazole present in the given sample found out. Assay studies were carried out at three different 
levels i.e. 80%, 100%, 120% level. 
 
The validated spectrophotometric method was used for the simultaneous quantitative determination of 
OF and TNZ from the tablet formulation. Quantification has been done by simultaneous equation 
method (SEM). The absorptivity coefficients of these two drugs were determined by using calibration 
curve equations 1 and 2 mentioned earlier. 
 
Further two more equations were derived with the equations (1) and (2) which are given below: 
 

CO = (O2
H2 X AO1) – (O1

H2 X AO2)                                                                                                            (3) 
         (O1

H1 X O2
H2) – (O1

H2 X O2
H1) 

 
CT = (O1

H1 X AO2) – (O2
H1 X AO1)                                                                                                            (4) 

         (O1
H1 X O2

H2) – (O1
H2 X O2

H1) 
 
CO and CT were calculated where CO =Concentration of standard OF and CT = Concentration of 
standard TNZ. From their concentration the amount of OF and TNZ in the tablet formulation is 
calculated, where, 
 

 
 
2.2.4.6 Accuracy (Recovery) 
 
The recovery was used to evaluate the accuracy of the method. Accuracy of the method was 
determined using the method of standard addition. A fixed volume of standard tinidazole solution was 
mixed with different concentrations of preanalyzed sample solutions and mixtures were analyzed by 
proposed method. The percent recovery was determined at different levels i.e., from 80% to 120% 
level. 
 
2.2.4.7 Sensitivity 
 
Sensitivity refers to the smallest quantity that can be accurately measured. It also indicates the 
capacity of the method to record or measure small variations in concentrations. In the case of 
Spectrophotometric methods, a parameter known as “Sandell’s Sensitivity” is used to evaluate the 
sensitivity of the method. It is the amount required to give an absorbance of 0.001 units in one square 
centimeter path. 
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2.2.4.8 Method‐2: Absorbance ratio method (𝑄‐analysis) [6,7,8] 
 
Absorbance ratio method uses the ratio of absorbance at two selected wavelengths one at 
iso‐absorptive point and other being the λmax  of one of the components. From the overlay spectra of 
two drugs, it is evident that Ofloxacin and Tinidazole show Iso‐absorptive point at 286 nm and the 
second which is the λmax  of Ofloxacin (300 nm). The quantification of both drugs was carried out at 
the selected wavelengths. i.e., 286 nm and 300 nm. 
 
2.2.5 Analytical method validation 
 
2.2.5.1 Linearity and range 
 
The linearity was obtained in the concentration ranges of 1 − 20 μg/ml for ofloxacin and 3‐60 μg/ml 
for tinidazole. Absorbance of resulting solution was measured at 286 nm  and 300 nm  Calibration 
curves were plotted at these wavelengths. The absorptivity coefficients of these two drugs were 
determined by using calibration curve equation at 286 nm and 300 nm. 
 
2.2.5.2 Assay 
 
For assay studies, procedure used for sample preparation in absorbance ratio method is exactly 
similar to that used in simultaneous equation method. 
 
Absorbances were measured at 286 nm and 300 nm and concentration of both the drugs was 
calculated using equations 5 and 6. Finally the amount of ofloxacin and tinidazole present in the given 
sample found out. Assay studies were carried out at three different levels i.e. 80%, 100%, 120% level. 
The validated spectrophotometric method was used for the quantitative determination of OF and TNZ 
simultaneously from the formulation. Quantification has been done by Absorbance Ratio method 
(ARM). Two samples of different brands were used for the determination. The Absorptivity coefficients 
of these drugs were determined at 286 nm and 300 nm. 
 
The concentration of OF and TNZ was found by using the following equations 
 

            
(5)

 
 

           (6) 
 
Where, 
 
Co =Concentration of Standard OF and CT =Concentration of TNZ 
Qm =Ratio of absorbance of mixture (Sample) at λ max (300 nm) and λiso(286 nm) 
Qo =Ratio of absorptivity of OF at λ max  (nm) and λiso(286 nm) 
QT =Ratio of absorptivity of TNZ at λ max  (nm) and λiso(286 nm) 
A =Absorbance of sample at Iso‐absorptive point (286 nm) 
AO1  & AT1 =Absorptivity of pure Ofloxacin and Tinidazole respectively at Iso‐absorptive point i.e. 
286 nm 
 
3. RESULTS AND DISCUSSION 
 

1. The given methods have been validated as per as ICH guidelines. Method validation 
parameters for the determination of Ofloxacin and Tinidazole is given in (Table 1) i.e., system 
suitability, the mean% RSD was found to be less than 1. For both OF and TNZ, which was 
found to be well within the acceptable limit. Regression analysis (Linearity and Range) for 
both the drugs was > 0.999 indicates the precision of the validated method. Lower value of 
LOD and LOQ confirm the sensitivity of the specified method. 
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2. The specificity of method was confirmed by recording and subsequently comparing the 
spectra obtained for standard and the drug sample, which was found to be identical. The 
addition of the standard solution to the drug sample solution did not change the 
characteristics of spectra. 

3. Lower values of Sandell’s Sensitivity and higher values for Molar Absorptivity signifies the 
effectiveness of the methods for routine use. 

4. Repeatability, inter and intra‐day precision was studied where % RSD was found to be less 
than 1) for both drugs (Table 1). 

5. Accuracy was determined for the given method by calculating the percent recovery at 
different levels i.e., from 80% to 120% level. The percentage recovery at three different was 
found to be from 98.00% to 102.00% for both the drugs (Table 3). 

6. Quantification of drugs from formulation was done out by assay analysis for the given method. 
Assay studies were carried out at three different levels i.e. 80%, 100%, 120% level. The 
percentage assay at three different levels for OF and TNZ was found to be from 98.00% to 
102.00% (Table 2). 

 
 

Table 1. Method validation parameters for the determination of Ofloxacin and Tinidazole 
 

 
 
Sample Used: 
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Table 2. Result of assay studies of ofloxacin and tinidazole 
 

 
 

Table 3. Results of recovery experiment 
 

 
 

 
 

Fig. 1. Linearity graph for: (SEM) 
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Fig. 2. Linearity graph for: (ARM) 
Iso-absorptive point 

 

 
 

Fig. 3. Overlain spectra of ofloxacin (300 nm), tinidazole (275 nm) and Iso-absorptive point (286 
nm) 

 
4. CONCLUSION 
 
All the necessary factors discussed earlier directed to the conclusion that, both the methods described 
in this paper for simultaneous estimation of OF and TNZ are found to be simple, accurate, precise, 
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accurate, economical, and rapid, therefore presented methods can be recommended for routine 
quality control analysis of Ofloxacin and Tinidazole in their combined dosage forms. 
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ABSTRACT 

 
Two simple, sensitive, accurate, precise, rapid and economical methods were developed for the 
simultaneous estimation of Ofloxacin and Ornidazole from combined tablet dosage form. First method 
is based simultaneous equations and second method is based on Q-analysis (absorbance ratio 
method). Ofloxacin and Ornidazole show absorbance maxima at 293nm and 275nm in 0.1N HCI 
respectively. The linearity was obtained in the concentration ranges of 2-14 μg/ml for Ofloxacin and 5-
35 μg/ml for Ornidazole with Regression Coefficient (R2) greater than 0.999. In the first method 
concentration and subsequently amount of drug determined by using simultaneous equations and in 
second method concentration and amount of drugs determined by using ratio of absorbance at iso-
absorptive point(which was found to be 284 nm) and at λmax of one of the drug. The results of 
analysis have been validated statistically and by assay and recovery studies. Therefore the proposed 
validated method can be successfully applied for routine quality control analysis and simultaneous 
determination of Ofloxacin and Ornidazole in combined drug formulations.  
 
Keywords: Ofloxacin; Ornidazole; Absorbance ratio; iso-absorptive point; regression coefficient. 
 
ABBREVIATIONS  
 
OF : Ofloxacin 
OZ/ ONZ : Ornidazole 
SEM : Simultaneous equation method 
ARM : Absorbance ratio method 
 
1. INTRODUCTION 
 
In the topical countries like India, the major problems of health arise due to improper lifestyle, 
unhealthy environmental conditions, unhygienic and substandard food. Infections caused by the 
microorganisms like, fungi, protozoa, are most common. Drugs with antifungal and antiprotozoal 
activity have been used in the treatment of the same.  
 
Ofloxacin, C18H20FN3O4 with molecular weight 361.368 g/mol is used in the treatment of bacterial 
infections, while Ornidazole, C7H10ClN3O3 with molecular weight 219.63 g/mol is used as an 
antiprotozoal agent. Ofloxacin and Ornidazole in combined dosage form is available in the market, 
has gained great acceptance in diarrhea, bacterial and protozoal infections. In many cases, drugs with 
two active ingredients are prescribed to the patients to have an added advantage. Many of these 
antibacterial drugs are found in combination with antifungal and antiprotozoal drugs which are highly 
effective against fungal and protozoal infections.  
 
A literature surveys reveals few Chromatographic methods [1] i.e. HPLC HPTLC, Derivative and 
Extractive spectrophotometric methods for the simultaneous determination of ofloxacin and 
ornidazole. Very little attention has been paid to the use of electroanalytical method. 
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In the present study a successful attempt has been made to estimate both these drugs i.e. Ofloxacin 
and Ornidazole simultaneously in combined pharmaceutical formulation by two simple 
spectrophotometric methods. First method is based simultaneous equations and second method is 
based on Q-analysis (absorbance ratio method). The proposed methods have been validated as per 
ICH guidelines  
 
1.1 Structure 

 

           
Ofloxacin                               Ornidazole 

 
2. MATERIALS AND METHODS (EXPERIMENTAL) 
 
2.1 Instruments  
 
Systronics UV – VIS spectrophotometer type 118, single beam spectrophotometer with spectral width 
of 2.0 nm. Wavelength accuracy is + 1.0 nm and a pair of 10 mm matched quartz cells was used to 
measure the absorbance. The wavelength ranges from 200 – 1000 nm obtained by a 1200 
grooves/mm grating with Czerny – Turner Mount. Fused Silica deuterium lamp and tungsten iodide 
sources are used to cover the wavelength range. High sensitivity, wide range, reliable silicon photocell 
is used as the detector. The photometric readings of %T (Percent Transmittance), ABS (Absorbance) 
and CONC (Concentration) are displayed on an electronic display. Stray light corrections are made 
using a built-in filter wheel containing four filters. There is a built-in 4-position sample changer 
provided for 10mm cuvettes. The instrument runs on 230V, 50Hz.  
 
2.2 Materials 
 
Pure standard of Ofloxacin and Ornidazole was obtained from Cipla pharmaceutical Pvt. Ltd. The 
tablet formulations of the said combination were purchased from a local pharmacy (The label claim 
contained 200 mg of Ofloxacin and 500 mg of Ornidazole.)  All the solutions were prepared in double 
distilled water. All the reagents use were of AR grade. 
 
2.2.1 Preparation of standard solutions  
 
10 mg of standard Ofloxacin and 25 mg of standard Ornidazole was accurately weighed and 
dissolved in 0.1N HCI and made up to a volume of 50 ml in standard flask to give stock solution (200 
μg/ml of Ofloxacin and 500 μg/ml of Ornidazole respectively). Further all the standard solutions 
containing the mixture of Ofloxacin and Ornidazole were prepared by using this stock solution.  
 
2.2.2 Preparation of the sample solution  
 
Twenty tablets of the combined drug formulation O2 (Medley Pharma Limited) were weighed and 
powdered. 51 mg the powdered sample equivalent to (10 mg of OF and 25 mg of OZ) was weighed 
and transferred to a 50 mL standard flask. To it 25 mL of 0.1N HCI was added to dissolve the sample. 
The mixture was sonicated for 10mins with intermittent shaking. The sample was cooled to room 
temperature and diluted to 50 mL with 0.1 N HCI and mixed well. The above solution was filtered 
through Whatman filter paper no. 41 and Further 1.0 mL of this filtered solution was diluted to 10 mL 
using 0.1 N HCI. The solution so obtained is supposed to contain 20µg/mL of OF and 50µg/mL of OZ.  
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Absorbances of these solutions were measured at appropriate wavelengths, i.e. at 293 nm (λ1) and 
275 nm (λ 2). 
 
2.3 Method-1: Simultaneous Equation Method [2,3,4,5,6] 
 
Working standard solutions were scanned in the entire range of 200-400 nm to determine λmax of 
both the drugs. The λmax of Ofloxacin and Ornidazole were found at 293 nm and 275 nm 
respectively. A series of solutions were prepared having concentration ranges 1-40 μg/ml by using 
0.1N HCI from working standard solutions. Absorbances of resulting solutions were measured at 293 
nm and 275 nm and calibration curves plotted at these wavelengths. The linearity was obtained in the 
concentration ranges of 2-14 μg/ml for Ofloxacin and 5-35 μg/ml for Ornidazole. The absorptivity 
coefficients of these two drugs were determined by using calibration curve equation. Two 
simultaneous equations were formed using these absorptivity coefficients values.  
 

  A1= 60.1 CX + 15.0 CY                                                                                                              (1) 
 

   A2= 35.7 CX + 23.4 CY                                                                                                              (2) 
  
Where, A1 and A2 are the absorbances of sample at 293 nm and 275 nm respectively. CX and CY are 
the concentration (μg/ml) in of Ofloxacin and Ornidazole in sample respectively. From the resulting 
concentration obtained after solving above equations, then amount of Ofloxacin and Ornidazole 
present in the given sample was found out. 
 
2.3.1 Analytical method validation [7,8] 
 
2.3.1.1 System suitability 
 
System suitability tests are used to ensure reproducibility of the equipment. The test was carried out 
by recording absorbance at working concentrations for Ofloxacin (4 μg/ml,8 μg/ml, 12 μg/ml) and for 
Ornidazole (10 μg/ml, 20 μg/ml, and 30 μg/ml) with five replicates and the mean was used for the 
whole calculations.  
 
2.3.1.2 Specificity 
 
The  specificity  of  method  was  confirmed by  recording  the spectra  of  both  the  standard solution  
and  the  drug  sample  solutions. The spectra obtained  from  the  drugs  sample  solution  were  
found  to  be  identical  to  those  obtained  for  standard  solution.  
 
The  addition  of  the standard  solution  to  the  drug  sample solution for recovery analysis did  not  
change  the characteristics  of   spectra confirms specificity. 
 
2.3.1.3 Linearity and range 
 
A good linearity was achieved for Ofloxacin and Ornidazole in the concentration ranges of 2-14 μg/ml 
for Ofloxacin and 5-35 μg/ml Ornidazole. The calibration curves were constructed with concentration 
(C) against absorbance of both drugs.  
 
2.3.1.4 Limit of detection and limits of quantitation 
 
The signal-to-noise ratio of 3:1 and 10:1 was used to establish LOD and LOQ, respectively. For LOD 
and LOQ analysis twenty readings for blank recorded then their standard deviation calculated i.e. for 
LOD= (SD×3+ Mean absorbance of Blank)  and for LOQ= (SD×10 + Mean absorbance of Blank.) 
 
2.3.1.5 Intra-day and inter-day precision/ ruggedness 
 
The intra-day and inter-day precision was used to study the variability of the method. According to 
USP, ruggedness is the degree of reproducibility of the results obtained under variety of test 
conditions. It is expressed as percent RSD. It is also called as reproducibility or intermediate 
precision. It is the analysis of same sample under variety of normal test condition such as different 
laboratories, different analysts, different instruments, different lots of reagents, different days etc.  
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It was checked by recording the absorbance as well as spectra of standard solutions of Ofloxacin and 
Ornidazole i.e. working concentrations for Ofloxacin (4 μg/ml, 8 μg/ml, 12 μg/ml) and for Ornidazole 
(10 μg/ml, 20 μg/ml, and 30 μg/ml) with five replicates (both at intra-day (five times within 24 hour) 
and inter-day (two times each. during 3 days intervals) to check the precision.  
 
2.3.1.6 Assay 
 
The validated spectrophotometric method was used for the simultaneous quantitative determination of 
OF and OZ from the formulation. Quantification has been done by simultaneous equation method 
(SEM). Two samples of different brands were used for the determination.  
 
The absorptivity coefficients of these two drugs were determined by using calibration curve equation 
(1) and (2) mentioned earlier. 
 

CX = (λ2
€2 × A λ1) - (λ1

€2 × A λ2)                                                                                                (3) 
                     (λ1

€1 × λ2
€2) - (λ1

€2 × λ2
€1)    

 
CY = (λ1

€1 × A λ2) - (λ2
€1 × A λ1)                                                                                                (4) 

                    (λ1
€1 × λ2

€2) - (λ1
€2 × λ2

€1) 
 
CX and CY was calculated  
 
Where CX = is Concentration of Ofloxacin, CY = is Concentration of Ornidazole 
 
From their concentration finally, the amount of OF and OZ in the tablet formulation is calculated.  
 
Where, 
 

λ1
€1 = 60.1 × 10- 3 -(OF at 293 nm), λ2

€1 = 35.7 × 10- 3 -(OF at 275nm) 
λ1

€2 = 15.0 × 10- 3 -(OZ at 293 nm), λ2
€2 = 23.4 × 10- 3 -(OZ at 275 nm) 

A λ1 = Absorbance of sample mixture at 293 nm 
A λ2 = Absorbance of sample mixture at 275 nm 

 
2.3.1.7 Accuracy (recovery) 
 
The recovery was used to evaluate the accuracy of the method. Accuracy of the method was 
determined using the method of standard addition. A fixed volume of standard Ornidazole solution 
was mixed with different concentrations of preanalyzed sample solutions and mixtures were analyzed 
by proposed method. The percent recovery was determined at different levels i.e. from 50% to 150% 
level.  
 
2.4 Method-2: Absorbance Ratio Method (Q-Analysis) [9,4,5,6] 

 
Absorbance ratio method uses the ratio of absorbance at two selected wavelengths one at iso-
absorptive point and other being the λmax of one of the components. From the overlay spectra of two 
drugs, it is evident that Ofloxacin and Ornidazole show iso-absorptive point at 284 nm and the second 
which is the λmax of Ofloxacin (293nm). The quantification of both drugs was carried out at the 
selected wavelengths. i.e. 284nm and 293nm. The absorptivity coefficients of these two drugs were 
determined by using calibration curve equation at 293 nm and 308 nm.   
 
2.4.1 Linearity and range 
 
A series of solutions having concentration ranges 1-40 μg/ml were prepared by using 0.1N HCI 
Absorbance of resulting solution was measured at 293 nm and 284 nm. Calibration curves were 
plotted at these wavelengths. The linearity was obtained in the concentration ranges of 2-14 μg/ml for 
Ofloxacin and 5-35 μg/ml for Ornidazole.  
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2.4.2 Assay 
 
The validated spectrophotometric method was used for the quantitative determination of OF and OZ 
simultaneously from the formulation. Quantification has been done by Absorbance Ratio method 
(ARM). Two samples of different brands were used for the determination.  
 
The Absorptivity coefficients of these two drugs were determined at 293 nm and 284 nm. The 
concentration of OF and OZ was found out using following equations 
  

                                                                        (5) 
            
   

                                                                       (6) 
                                                                  
Where,  
   

Cx   = Concentration of X i.e. Ofloxacin 
Cy   = Concentration of Y i.e. Ornidazole 
Qm = Ratio of absorbance of mixture at λmax (293nm) and λiso (284 nm) 
Qx = Ratio of absorptivity of X at λmax (293nm) and λiso (284 nm) 
Qy = Ratio of absorptivity of Y at λmax (293nm) and λiso (284 nm) 
A   = Absorbance of mixture at iso-absorptive point i.e. 284 nm. 
Ax1 = E (1%, 1cm) of X at λiso (absorptivity of x drug at isoabsorptive point) 
Ay1 = E (1%, 1cm) of Y at λiso (absorptivity of y drug at isoabsorptive point) 

 
2.4.3 Sensitivity  
 
Sensitivity refers to the smallest quantity that can be accurately measured. It also indicates the 
capacity of the method to record or measure small variations in concentrations. In the case of 
Spectrophotometric methods, a parameter known as “Sandell’s Sensitivity” is used to evaluate the 
sensitivity of the method. It is the amount required to give an absorbance of 0.001 units in one square 
centimeter path.  
 
3. RESULTS AND DISCUSSION 

 
1. The proposed methods were found to be simple, accurate, sensitive, precise and economical. 
2. Both the methods have been validated as per as ICH guidelines. For system suitability, the mean 

% RSD was found to be less than 1.for both OF and OZ, Regression analysis (Linearity and 
Range) for both the drugs was > 0.999 indicates the precision of the validated method. Lower 
value of LOD and LOQ confirm the sensitivity of the specified method. 

3. Lower values of Sandell’s Sensitivity and higher values for Molar Absorptivity signifies the 
effectiveness of the methods for routine use. 

4. Repeatability and also inter and intra-day precision was studied where % RSD was found to be 
less than 1) for both drugs (Table 1). 

5. Accuracy was determined for the given methods by calculating the percent recovery at different 
levels i.e. from 80% to 120% level. The percentage recovery at three different was found to be 
from 98.00% to 102.00% for both the drugs (Table 3). 

6. Quantification of drugs from the formulation was done by assay analysis Assay studies                    
were carried out at three different levels i.e. 80%, 100%, 120% level. The percentage                          
assay at three different levels for OF and OZ was found to be from 98.00% to 102.00% (Table 
2). 
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Table 1. Method validation parameters  
 

Parameters Method 1 (SEM) Method 2 (ARM) 
Ofloxacin Ornidazole Ofloxacin Ornidazole 

System suitability 
(n=5) %RSD 

0.69% 0.46% 0.24% 0.51% 

Linearity range 
(μg mL-1) 

2 to 14 µg/ml 5 to 35 µg/ml 2 to 14 µg/ml 5 to 35 µg/ml 

Correlation 
coefficient (R2) 

0.9998 0.9999 0.9998 0.9998 

LOD (μg mL-1) 0.3 µg/ml 0.8 µg/ml 0.3 µg/ml 0.8 µg/ml 
LOQ (μg mL-1) 1 µg/ml 2.5 µg/ml 1 µg/ml 2.5 µg/ml 
Intraday precision (n=5) 
%RSD 

0.75% 0.65% 0.35% 0.71% 

Interday precision (n=5) 
%RSD 

0.60% 0.45% 0.29% 0.54% 

Assay 98% to102% 98% to 102% 98% to 102% 98% to102% 
Recovery 98% to102% 98% to 102% 98% to 102% 98% to102% 
Sandell's sensitivity (µg 
/cm2) 

0.01034 0.02858 0.01184 0.02969 

Molar Absorptivity 
(mole/lit/cm) 

21718.22 5139.23 18502.041 4128.95 

 
Sample Used: 

 
Brand  Name O2 (Medley Pharma Limited) 
Batch  No. E00701 
A.P.I. Ornidazole- 500 mg 

Ofloxacin – 200 mg 
Excipients q.s. 
Colours Sunset yellow FCF, & titanium dioxide IP 

 
Table 2. Result of assay studies 

 
 Method 1 (SEM) Method 2 (ARM) 

Ofloxacin Ornidazole Ofloxacin Ornidazole 
Labeled claim  
(mg) 

200 mg 500 mg 200 mg 500 mg 

Drug found in mg 198.8 mg 499.1 mg 201.2 mg 504.0 mg 
% Assay 99.7% 99.85% 100.3% 100.6% 
SD 0.366 0.498 0.524 0.467 
% RSD (n=5) 0.311 0.472 0.515 0.461 

 
Table 3. Results of recovery studies  

 
Method 
Name 

Level of % 
Recovery 

% Recovery Found 
 

Standard 
Deviation (SD) 

Relative Standard 
Deviation % (RSD)(N=5) 

OF OZ OF OZ OF OZ 
SEM 

 
0 100.6% 100.2% 0.037 0.032 0.57 0.73 
50 % 99.8% 99.4% 0.041 0.04 0.35 0.51 
100 % 101.01% 101% 0.051 0.045 00.39 0.50 
150% 100.2% 99.7% 0.01 0.07 0.69 0.79 

ARM 0 99.6% 100.0% 0.02 0.056 0.33 0.62 
50 % 99.5% 99.9% 0.025 0.015 0.53 0.22 
100 % 100.3% 100.5% 0.032 0.05 0.52 0.55 
150% 101.7% 100.7% 0.033 0.076 0.44 0.69 
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Ofloxacin standard (293nm)                 Ornidazole standard (275nm) 

     
 

Fig. 1. Linearity graph for :- (SEM) 
  

Iso-absorptive point 
 

Ofloxacin standard (284nm)                  Ornidazole standard (284nm)

     

Fig. 2. Linearity graph for: - (ARM) 
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Fig. 4. Overlain spectra of Ofloxacin (293nm), Ornidazole (275nm) and Iso-absorptive point 
(284nm) 

 
4. CONCLUSION 
 
All above mentioned factors lead to the conclusion that, both the methods described in this paper for 
simultaneous estimation of Ofloxacin and Ornidazole are found to be simple, accurate, precise, 
accurate, economical, and rapid, therefore presented methods can be recommended for routine 
quality control analysis of Ofloxacin and Ornidazole in their combined dosage form. 
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