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ABSTRACT 

Objective:  

Mycobacterium tuberculosis, which most frequently infects the lungs, is the cause of the 

life-threatening dangerous disease known as tuberculosis (TB). Patient on anti-tubercular 

medications often have problem of hepatotoxicity, resulting in rapid liver failure and death. 

Such occurrences restrict the therapeutic application of drugs, which contributes to treatment 

failure and may result in antibiotic resistance. However, a number of unfavourable effects 

of these medications have been documented, including ototoxicity, neurotoxicity, 

nephrotoxicity, hypersensitivity, GI toxicity and CNS toxicity. The most widely used anti-

tubercular drug, Rifampicin belonging to BCS Class-II has a bioavailability of 50–60%. As 

a result, the drug dose must be increased to produce the desired biological activity, resulting 

in the emergence of resistant TB strains, protracted therapy, and a lack of patient compliance, 

immune system impairment, and lung tissue destruction. To overcome the above-mentioned 

problems, Quercetin is reported as a bio-enhancer and has proven anti-tubercular potential, 

hence combination of Quercetin with Rifampicin will be an effective remedy to improve the 

bioavailability and patient compliance, and may reduce the adverse effect associated with 

the tuberculosis treatment. Quercetin has antioxidant, anti-inflammatory, anti-radical, anti-

atherosclerotic and anti-tuberculosis properties. So, the present research was undertaken for 

development and validation of analytical and bio-analytical methods, for the newer 

developed formulations; liqui-solid compact and dry powder inhaler formulations of 

rifampicin and quercetin for pulmonary tuberculosis.  

Materials and methods:   

Three analytical methods, including Q absorption ratio UV spectrophotometric method, PLS 

chemometric UV spectrophotometric method and HPTLC method were developed and 

validated for this new combination of Rifampicin and Quercetin. Q-absorbance ratio 

spectrophotometric and chemometric assisted Partial least square regression method was 

developed for simultaneous estimation of RIF and QUE in three different dissolution media 

0.1 M HCl, pH-6.8 and pH-7.4 phosphate buffer. High performance thin layer 

chromatographic method using design of experiment approach in robustness study was 

developed for simultaneous estimation of RIF and QUE using Aluminium plates precoated 

with silica gel 60 F254 and chloroform : methanol : formic acid : ethyl acetate : benzene 

(4:1.8:0.3:1.7:1, v/v/v/v/v) as optimized mobile phase.  
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Two bio-analytical methods, UPLC-MS/MS and RP-HPLC-UV, were developed and 

validated along with application to pharmacokinetic study in rat plasma, BAL fluid and 

lung’s homogenate. The UPLC Acquity C18 (1.7 µm, 2.1 x 15 mm) column and 0.5 ml/min 

flow rate were used for separation. In a low-pressure gradient mode, A: 0.1 % formic acid 

in water and B: 0.1 % formic acid in acetonitrile was used as the mobile phase. Sample 

extraction was performed by protein precipitation technique with methanol and acetonitrile 

(1:1) from rat plasma. Isoniazid was used as an internal standard. Separation was achieved 

by RP-HPLC method using a Phenomenex Luna-C18 (150 × 4.60 mm, 5 μm) column and 

optimized mobile phase composed of Na2HPO4 buffer 20 mM, adjusted to pH 4.5 with 

orthophosphoric acid : methanol in a ratio of 35:65 (v/v).  Ofloxacin was used as an internal 

standard.  

Further, two formulations, liquid-solid compact and dry powder inhaler formulation were 

optimized and evaluated. For liqui-solid compact, Propylene glycol, PEG 200, and Tween 

20 were chosen as ideal non-volatile liquid carriers and Avicel pH-102, Aeroperl 200, and 

Aerosil 200 demonstrated good liquid retention potential values, demonstrating their 

efficiency as solid carrier and coating materials. Further various evaluation parameters 

including drug excipient compatibility studies were performed. Dry powder respirable poly 

(lactic acid-co glycolic acid) nanoparticles were formulated using 32 full-factorial design by 

the rotary evaporation process.  

Results and discussion: 

Linear concentration range for Q-absorbance ratio spectrophotometric method was 2–12 

µg/ml and the percent relative standard deviation for accuracy, linearity, precision was less 

than 2. For chemometric assisted PLS spectrophotometric method, the model was fund to be 

appropriate based on the validation and calibration data's (RMSE) root mean square errors. 

Recovery studies (%) and relative prediction errors were also determined and found to be 

acceptable. In HPTLC method, fractional factorial design assisted robustness testing 

statistically revealed that the volume of ethyl acetate affected the Rf of both drugs hence 

requiring stricter control of ethyl acetate volume compared to the other three variables. Rf 

for Rifampicin and Quercetin was 0.35 and 0.71 at 347 nm. The linear concentration range 

was 100–600 ng/band for both drugs. The % recovery ranged between 95.25% and 96.71% 

for Rifampicin and 95.33%–96.86% for Quercetin. The method was validated by 

determination of linearity, precision, accuracy and the % relative standard deviation values 

were less than 2% for both drugs. 
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In UPLC-MS/MS method, the analyte was found by tracking precursor-to-product ion 

transformations of 823 → 791.3 m/z for rifampicin, 303 → 257 m/z for quercetin, and 

138→121 m/z for isoniazid in MRM mode. The validation parameters, precision, accuracy, 

extraction recovery, stability study were determined to be within the acceptable range. In 

RP-HPLC-UV method the retention time was 3.54, 5.23 and 8.18 min for Ofloxacin, 

Quercetin and Rifampicin respectively. Extraction recovery was found to be more than 85 

% for all the drugs from three different biological fluid. The extraction procedure afforded 

clear samples resulting in convenient and cost-saving procedure and showed good linear 

relationship (r > 0.9958) between peak area ratio and concentration.  

In liqui-solid compact, medication and carrier had no discernible interaction, according to 

FT-IR spectra. The DSC and PXRD experiments proved that the crystalline form of the drugs 

was absent in the liquisolid powder. Furthermore, the improved drug dissolving performance 

in liquisolid systems revealed that the drug had changed into a molecular or amorphous state. 

The capacity of non-volatile liquid vehicles increased the gastro intestinal absorption and 

dissolution rate of Rifampicin and Quercetin that was also exemplified by pharmacokinetic 

parameters by in-vivo studies, which also showed an improvement in drug absorption from 

formulation. 

In dry powder inhaler formulation, the entrapment efficiency was found to be greater than 

75% for both medications, and the optimized nanoparticles of rifampicin and quercetin had 

irregular shape with an average particle size of 281 and 278 nm, respectively. The 70% 

favourable fine particle fraction in the optimized formula ensures that the powders could be 

inhaled. The AUC0-24h area under the curve for nanoparticles was 1.5 times greater than the 

one for pure medicine, demonstrating their target in lung tissues. Additionally, compared to 

pure drug, the formulation showed improved prolonged drug residency in the lung for up to 

24 hours after inhalation. 

Conclusion: 

A specific, robust, accurate, precise and reproducible analytical and bio-analytical methods 

were developed, for routine quality control testing and quantification of drugs in rat plasma, 

BAL fluid and lung’s homogenate. The developed liquid-solid formulation showed 

enhanced dissolution profile increasing the GI absorption and can be extended for a potential 

industrial scale-up. The developed dry powder inhaler formulation showed good drug 

loading and nanosized particles to reach the pulmonary site with delayed for 24 h. The dry 

powder inhalation therapy hence has a lot of promise and potential for treating pulmonary 

tuberculosis. 
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CHAPTER-1 

Introduction 

1. INTRODUCTION 

1.1. Tuberculosis 

1.1.1.   An Overview 

Robert Koch recognized the tubercle bacillus, frequently referred as Mycobacterium 

tuberculosis, to be the causative agent of tuberculosis (TB) in 1882. Despite his discovery, 

the global TB epidemic appears to be rife and distributing at an unchecked rate. One of the 

world's top causes of death and a disease spread through the air, TB is extremely contagious. 

Despite the fact that the illness most frequently affects the lungs (pulmonary TB), it may 

also spread to other sections of the body (extrapulmonary TB). M. tb can remain in the body 

for years without causing any symptoms, leading to many people becoming carriers with no 

symptoms (inactive TB). The World Health Organisation (WHO) study from 2022 states 

that 2 billion people worldwide have latent Tuberculosis infections. The probabilistic 

lifetime risk of TB reactivation in people with persistent TB infections is 5–10%. In fact, 

immunocompromised people, such as those who also have been infected by the virus that 

causes immunodeficiency syndrome (HIV), can experience the emergence of dormant 

mycobacteria (active TB). The risk of contracting TB is thought to be 18 times greater in the 

38 million or so individuals living with HIV than in the general population. When the 

impasse is broken, TB reactivates, the bacterial burden increases, and the illness manifests 

as symptoms. To stop the propagation of the microbes and the creation of resistant strains, 

early identification and effective treatment of TB are essential. Productive symptoms for 

diagnosis include cough, haemoptysis, exhaustion, lack of appetite, nocturnal sweats, and 

weight loss. To stop the propagation of the pathogen and the creation of resistant strains, 

early identification and effective treatment of TB are essential. Numerous methods of 

diagnosis are frequently used, including clinical, immunological, radiographic, microscopic, 

and bacterial culture techniques (Fig. 1.1).(1–5) 

Immunological tests can detect and rule out TB infection, such as QuantiFERON-TB Gold 

and the Tuberculin skin test. Although latent infection cannot be detected by radiography, it 

is helpful for diagnosing active pulmonary TB. Although sputum smear microscopy is a 
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useful diagnostic tool, it is insensitive and has trouble separating TB germs from other 

bacilli. Although sputum culture is an effective and sensitive diagnostic method, 

Tuberculosis organism are slow in development and can cause delays in both diagnosis and 

therapy. Chest pain, fever, coughing, and weight loss are clinical indicators and symptoms 

of active pulmonary tuberculosis.(1–5) 

 

FIGURE 1.1 The most common TB symptoms and general TB data.(1) 

 

1.1.2.   Pathogenesis 

Fig. 1.2 shows the infectious development process of M. tb. When a patient with active TB 

coughs, sneezes, or speaks, M. tb aerosol particles are released into the air and can transmit 

the disease. The TB bacteria infect the new host by entering the airways, moving through 

the respiratory tract, and reaching the lungs. In order to stop the infection, the host's innate 

immune system now engages, and alveolar macrophages then internalize the tubercle bacilli. 

Bacilli multiply inside their intracellular environment when macrophages fail to suppress or 

kill them, are released, destroyed by other alveolar macrophages, and the cycle repeats itself. 

A cell-driven immune system reaction is then triggered by the recruitment of lymphocytes 
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to the point of infection, where a swarm of immune system cells arrives in an effort to contain 

the bacteria and prevent further growth. The bacteria that trigger TB may either be 

completely eradicated or become latent within the granuloma at this time because the person 

is still asymptomatic. (1–5)              

However, the condition quickly evolves towards persistent tuberculosis with clinical 

symptoms when there is a compromised immune system. The granuloma, an amorphous 

aggregation of macrophage along with other immune system cells intended to stop the spread 

of the bacteria, is the primary characteristic of pulmonary tuberculosis. In immunocompetent 

people, the granuloma restricts the bacilli and prevents the development of the lively disease 

even while it is unable to eradicate the infection. (1–5) 

The bacteria avoid dying, nevertheless, by preventing phagolysosome fusion and 

manipulating the host's immunological response. By tricking the immune system and 

surviving in a non-replicating or gradually reproducing form, M. tb is able to establish a 

favourable niche in which it can thrive for decades. The patient in this instance is latently 

infected yet nevertheless non-infectious and asymptomatic. Notably, tackling this persistent 

bacterium inside the granuloma is one of the difficulties confronting the current TB therapy. 

Macrophages change to swollen macrophages and other diverse morphotypes as the 

granuloma progresses (Fig. 1.2). Due to the catastrophic destruction of the host immune 

system cells, which results in the formation of a caseum (caseous granuloma), the center of 

granuloma may necrotize. In fact, the accumulated soft necrotic debris in the granuloma's 

core has a cheese-like appearance, hence the term caseum. Surrounding the decaying foci of 

the granuloma, frothy macrophages which are distinguished by accumulating lipid droplets, 

are distributed. It is significant to note that the deregulation of the human metabolism of 

lipids caused by M. tb was demonstrated to play a significant role in the progression of the 

illness. This was accomplished by upsetting the equilibrium between the sequestration & 

excretion of lipid molecules from the serum. This malfunction in lipid metabolism 

encourages the growth of cells that foam, which in turn help bacteria survive and ultimately 

lead to the buildup of caseum in the tubercle. Additionally, it has been suggested that mycolic 

acid, which are the primary lipids in the strong cell wall of M. tb and are crucial for the 

development and survival of mycobacteria, aid in the transformation of macrophage into 

cells of foam. (1–5) 

The ensuing caseous abrasions act as pools by encapsulating and protecting the tubercle-

forming bacilli, keep the germs in their dormant state. The individual develops active TB, 

which results in the spreading of the infected bacteria into a new host, although in the late 
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stages of the illness, the fatty core weakens and cavitation occurs, reviving the bacteria (Fig. 

1.2). This potentially fatal metamorphosis heavily depends on how well the host's immune 

system controls bacterial multiplication. Lipid metabolism has been revealed to play an 

essential part in the disease by upsetting the equilibrium between lipid fragments' 

sequestration, inflow, and outflow in the serum. (1–5) 

 

FIGURE 1.2 Pathophysiology of pulmonary TB.(1) 

 

1.1.3.   Current pharmacotherapy 

Four antibiotics that were all discovered over 60 years ago ethambutol (EMB), pyrazinamide 

(PZA), rifampicin (RIF) and isoniazid (INH) are used in the current standard action for DS-

TB. For a high rate of treatment effectiveness and cure, the four-drug combination should 

be taken for at least 6 months while in directly observed therapy (DOT), the procedure is 

divided into two phases: the first entails giving the four medications listed above over a two-

month period, and the second involves giving RIF and INH for the following 4 months in 

order to destroy the germs that have been dormant. (1–5) 

The four medications all work in various ways to stop M. tb. INH, a prodrug, inhibits enoyl-

acyl carrier protein reductase, a crucial enzyme in the biosynthesis of Mycolic acid, when it 

is activated. The hydrophobic characteristics and insufficient penetration of the 

mycobacterial outermost layer are primarily mediated by Mycolic acid. RIF inhibits the 

initial stages of gene transcription by binding to the β-subunit of bacterial RNA polymerase, 
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which is how it kills bacteria. Similar to PZA, INH is a prodrug that is activated by the 

pyrazinamidase enzyme upon diffuse into the TB granuloma to pyrazinoic acid (POA), 

which then kills the M. tb bacteria inside the granuloma. (1–5) 

PZA's mode of action is yet unknown, though. By focusing on the three arabinosyl 

transferases EmbA, EmbB, and EmbC, the bacteriostatic drug EMB prevents the production 

of lipoarabinomannan and arabinogalactan, two crucial elements cell wall of mycobacteria. 

Despite the four front-line anti-TB drugs' success in treating drug sensitive-TB, this regimen 

has a number of unfavourable side effects, such as liver damage, neuropathy in the legs, 

erythromelalgia, ocular toxic effects, brain toxicity, intestinal toxicity and skin rash. The rise 

of drug resistance M. tb strains was influenced by poor patient compliance brought on by 

these unpleasant negative effects, a lot of pills, prolonged period of medication, as well as 

the overuse/misuse of antibiotics. (1–5) 

 

1.1.4.   Challenges for Tuberculosis 

Although the medical treatment of DR-TB is typically challenging, the therapeutic strategy 

for the disease and its prognosis are strongly connected with the resistance pattern. 

Resistance to the two most potent front-line anti-TB medications, INH and RIF, is what is 

known as multidrug-resistant tuberculosis (MDR-TB). Approximately 450,000 MDR-TB 

event cases were reported in 2021. MDR-TB often has much poorer cure rates than drug 

sensitive-TB. Depending on the patient's response to medication, the second-line treatment 

for MDR-TB proposed by the WHO is a treatment strategy lasting 18 to 20 months. In the 

intensive phase, the MDR-TB therapy includes at least four medications: clofazimine or 

terizidone/cycloserine, or three medications from group A (levofloxacin/moxifloxacin, 

bedaquiline (BDQ) and linezolid). After BDQ is withdrawn, a minimum of 3 of these 

medications should be provided throughout the remainder of the therapy (continuation 

phase). If only a few medications within group A are utilised, two medications from the 

group B need to be administered. If the M. tuberculosis strain is tolerant to at least one of 

the earlier medications, the regimen should also include treatments from group C, such as 

delamanid, amikacin/streptomycin, Pyrazinamide, EMB, Imipenem, 4-aminosalicylic acid, 

meropenem, prothionamide/ethionamide and high dosage Isoniazid. (1–5) 

In contrast to the previously indicated longer regimen, the WHO proposed an earlier all-oral 

regime for MDR-TB in 2020 (9–11 months), making it simpler for individuals to complete 

the therapy. A combination of clofazimine, moxifloxacin/levofloxacin, BDQ, 
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prothionamide/ethionamide, Ethambutol, Pyrazinamide and Isoniazid are given to patients 

during the first phase of this more restricted treatment plan. If the patient's sputum sample 

or culture are still positive at the conclusion of the fourth month, the treatment period may 

be extended up to six months. Bedaquiline should be utilised for a total of 6 months. (1–5) 

The duration of the continuation phase, which includes the delivery of Levofloxacin / 

Moxifloxacin, Pyrazinamide, clofazimine and Ethambutol, is set at 5 months. It is important 

to note that Rifampicin was licensed for clinical usage in Italy in 1968 and the USA in 1971. 

Bedaquiline and Delamanid, which have been recently incorporated into the second-line 

regimen, are the initial anti-TB medicines with novel modes for action to be authorised for 

the treatment of TB in more than fifty years. The European Medicines Agency (EMA) 

authorised the use of both BDQ and DLM in people with MDR-TB in 2014 and 2013, 

respectively. The United States Food and Drug Administration (USFDA) first approved 

Bedaquiline at the end of 2012. (1–5) 

There are a number of things to consider while choosing the regimen that will provide the 

patients the best therapeutic results. In individuals suffering from MDR-TB (at least 

demonstrated RIF tolerance) who meet the subsequent criteria requirements, a quicker all-

oral Bedaquiline-containing treatment is advised: (1) There is no second line medication has 

previously had been given for longer than 1 month (until trials were conducted to establish 

vulnerability for these medication), (2) there is no fighting or alleged ineffectiveness of any 

medication in the more brief regimen other than INH, (3) not serious extrapulmonary illness, 

(4) not broad TB illness, and (5) not fluoroquinolone resistance has been excluded. Patients 

must be re-evaluated for an additional all-oral regimen if they are unsuitable for the short 

all-oral regime or if therapy must begin right away even though medication sensitivity has 

not been determined. (1–5) 

However, extensively drug-resistant tuberculosis (XDR-TB) is a type of MDR-TB (not 

susceptible to RIF and INH) with an added susceptibility to a minimum of one 

fluoroquinolone (levofloxacin or moxifloxacin) and either of injected second-line TB 

medications (like amikacin). Because there are so few treatment choices for XDRTB, fatality 

rates are sky-high, increasing the risk of returning to the pre-antibiotic period. Pre-XDR-TB, 

that is an MDR-TB that is also susceptible to an oral fluoroquinolone or an intravenous 

second-line drug, is a stage in between XDR-TB and MDR-TB. Pre-XDR-TB and XDR-TB 

treatments last between 14 to 24 months, and they include both intensive and maintenance 

periods using a mix of second-line medications that the M. tb strain is sensitive to. The US 

FDA recently approved a brief new regimen for use in individuals with XDR-TB that 
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consists of BDQ, Pretomanid, and Linezolid. Nevertheless, this therapy should only be 

utilized in operational research situations and in patients who have never taken BDQ or 

linezolid before. The third and currently approved medicine to be included in the TB therapy 

arsenal is Pretomanid, derivative of nitroimidazole comparable to Delamanid. In 2019, the 

US FDA approved Pretomanid as a component of the Bedaquiline, Pretomanid, and 

Linezolid regimen (BPaL) with the restriction that only people with XDR-TB or 

unresponsive or drug-resistance MDR-TB could use it. (1–5) 

Persons may contract XDR-TB and MDR-TB either of two habits: (1) through direct contact 

with XDR and MDR bacteria (peer-to-peer communication), (2) through improper use or 

management of anti-TB medications in TB patients. In general, comparable to the primary 

regimen for DS-TB, XDR-TB and MDR-TB need treatment for up to 2 years longer. In 

addition, second-line anti-TB drugs, which are suggested for MDR- and XDR-TB, are 

frequently more toxic, more costly, and less efficient than first-line drugs. All of them 

worsen the issue with patient adherence, which makes TB a hazard to global health and the 

disease's spread in the neighbourhood. (1–5) 

 

1.2. Oral drug delivery system 

1.2.1.   An overview  

Knowledge about the physicochemical characteristics (such as the structure of crystals), 

biological elements (like transporters and metabolising enzymes) of drug, has grown 

significantly with the development of combinatorial science and advanced high-throughput 

screening. This has led to the creation of a sizable number of active medicinal compounds. 

But the majority of these medications have a low water solubility and are exceedingly 

lipophilic. According to reports, solubility problems affect roughly 60% of chemically 

synthesized substances and about 40% of newly created medications. Therefore, many 

pharmaceutical professionals are interested in enlightening the dissolution and solubility of 

these weakly water-soluble medications as well as their bioavailabilities. These 

Biopharmaceutical Categorization System Class 2 (BCS II) medications' solubility and rate 

of dissolution in the intestinal tract frequently place restrictions on their bioavailability.(6) 

1.2.2.   Solubility enhancement approach 

To improve the solubility of weakly water-soluble medicines, numerous effective 

formulation strategies have been created. Because it provides a rise in surface area, 
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the Micronization method is the most widely used method to increase drug solubility. Yet, 

since micronized hydrophobic drugs tend to aggregate, this method is less effective, 

particularly if the medication is created into medications or encapsulations. In recent 

decades, solid dispersion has attracted vigorous study attention for increasing drug 

dissolution, but its marketable applicability is quite limited, since only a few products, like 

Kaletra and Gris-PEG®, have hit the market. The main causes are its low storage stability 

and a lack of knowledge about its solid-state structure. Another popular method is to create 

soft gelatin capsules, although this method is expensive and requires advanced technology.  

Other methods have also been investigated for improving drug dissolution, including 

inclusion complexation, microencapsulation, creation of nanosuspensions, self-nano 

emulsions, and solid lipid nanoparticles. However, these methods need expensive machinery 

and/or complicated preparation techniques, resulting in high manufacturing costs. Many of 

the above-mentioned obstacles can be overwhelmed using the Liqui-solid method, a recently 

created and sophisticated technology for enhancing dissolving. Spireas et al. were the ones 

who first described this method, which they used to combine water-insoluble medications 

into solid dosage forms with quick release. The basic idea behind the liquisolid technique is 

to distribute drugs similarly to soften gelatin capsules that contain liquids by storing 

medication in liquid form (i.e., liquefied drugs, drug solutions, or suspension) in powdered 

form.(7–13) 

 

FIGURE 1.3 Mechanism of liquisolid system formation.(9) 

By combining the liquid drugs with the appropriate excipients, which are typically referred 

to as carrier and coat materials, the liquid medications can be transformed into powder 

combinations that look free-flowing, non-adherent, dry, and compressible. First, the liquid 

drug is absorbed into the carrier's internal structure. A liquid layer forms on the carrier 
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particles when the inside of the carrier has been saturated with liquid medication; this layer 

is immediately absorbed by the thin coating components. (7–13) 

As a result, a powder mixture that seems dry, free-flowing, and compressible is created. Fig. 

1.3 illustrates the process of liquisolid system generation. Typically, liquid vehicles consist 

of orally safe, preferred water-soluble solvents that are organic with high boiling points, like 

propylene glycol (PG) and polyethylene glycol, or PEG, 400. Carriers have large specific 

surface areas and porous materials that may efficiently absorb liquid pharmaceuticals. 

Numerous varieties of cellulose, starch, and lactose may be utilized as carriers. To be 

employed as coating materials, excipients must have extremely tiny particle size and great 

adsorptive properties, such as silica powder. (7–13) 

Despite being in a solid state, the medicine in a liqui-solid system actually resides in a fully 

or partially molecularly distributed state. Due to the larger dissolving area, higher solubility 

in water, or improved wetting qualities, a liquisolid solution may show an increased 

dissolution rate. Liquisolid method has recently been researched as a way to delay drug 

release in addition to improving dissolving. to enhance medication photostability and reduce 

the impact of pH change on the profile of the drug's dissolution. Finally, it is important to 

note that liquisolid systems do not have stability problems. (7–13) 

 

1.2.3.   Liquisolid technique 

Only a little amount of liquid medication can be reserved in a powder while still retaining 

sufficient flowability and compressibility. Therefore, it is advised to use a mathematical 

model created and validated by Spireas to determine the proper amounts of carriers and 

coating component in order to attain a liquisolid solution having appropriate flowable and 

compressible qualities. The model is based on the flowable fluid retention potential 

(Φ value) and compressible fluid retention potential (Ψ value), which are two key 

characteristics of a powder. The greatest amount of liquid vehicle that may be maintained in 

the powder bulk without impairing flowability and compressibility is represented by the Φ 

values of a powder excipient. The preferred method of calculating the Φ value is to measure 

the liquid-powder admixture's sliding angle. The activity experiment can be used to 

determine the Ψ value, which is referred to as the maximal crushing capacity of a pill with a 

one-gram weight when squeezed with enough compression force. (7–13) 

The excipients ratio (R), also known as the carrier/ coating ratio, is defined as follows: 

R = Q/q ...............(1.1) 
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R is therefore the weight ratio of the carrier (Q) to the coating substance (q). The amount of 

the carrier will increase as the R-value rises, whereas the amount of the coating substance 

will decrease. An ideal value of R is suggested to be 20, as this value is connected to the 

liquisolid system's flowability, compressibility, disintegration, and dissolution rates. A 

liquid loaded factor (Lf), often known as the liquisolid system's other crucial parameter, is 

the weight ratio between the liquid drug (W) with the substance that serves as the carrier (Q) 

in the system. (7–13) 

Lf = W/Q ....................(1.2) 

ADVANTAGES: Liquisolid approach is said to provide a lot of benefits including, (i) 

Liquisolid systems can be used to construct a large range of barely water-soluble and closely 

water-insoluble pharmaceuticals with better bioavailability and dissolution. (ii) 

Hydrophobic properties transporters, which include Eudragit polymer, or delaying agents, 

including hydroxypropyl methylcellulose, can be utilized in the liqui-solid systems to create 

formulations that sustain release with zero order release patterns. (iii) Using this method, it 

may be possible to create liquisolid capsules or tablets with drug release patterns that are not 

dependent on pH. (iv) Promising substitute for the traditional coating method for enhancing 

medication sunlight absorption in solid pill forms. (v) Excipients used are readily accessible 

and affordable. Additionally, the preparation method is straightforward and comparable to 

that of traditional solid dose forms like tablets and capsules. Additionally, the technology 

can be used for large-scale production due to the liquisolid powder's excellent flowability 

and compressibility. (7–13) 

 

DISADVANTAGES: The liquisolid technology has some downsides, including (i) The fact 

that it cannot be utilised for high dosages of water-insoluble drugs in liquisolid systems, 

despite the fact that it can be successfully applied to modest doses of water-insoluble 

treatments. substantial quantities of transfer and coating components are needed to make 

liquisolid material with sufficient flow and compressibility since these medications require 

a substantial volume of liquid vehicle. This could cause the weight of the tablets to surpass 

the limit, making it difficult for people to ingest them. There are many ways to get beyond 

the aforementioned problem that have been discovered and reported. For instance, increasing 

viscosity in liquid medications by adding chemicals (such PVP and PEG 35000). This 

reduces the amount of transport and coating substance. Using modern transport and coating 

materials with a significant specific surface area (SSA) and great absorption capabilities, 

such as Fujicalin® and Neusilin®, is another efficient way to deliver high doses of 
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medications that are insoluble in water. (ii) The great solubility of the drug in the liquid 

vehicle is required for the production of liquid-solid structures. (7–13) 

 

1.2.4.   Preparation of Liquisolid System 

LIQUID VEHICLE: Non-volatile organic solvents such glycerin, propylene glycol, PEG 

400 and 200, polysorbate 80 and 20 and PEG 400 and 200 are necessary for liqui-solid 

systems. The solubility of drug in the solvent has a big impact on the pill bulk and dissolving 

profile. When the medication is more solvent-soluble, less transport and coating material is 

needed, which reduces tablet weight. The rate of dissolution is accelerated by fusion method 

for the drug's molecular dispersion. Depending on the objectives of the inquiry, a liquid 

carrier with superior solubilization is chosen to enhance dissolution. Drug release profiles 

are also influenced by other physicochemical elements, such as polarity, lipophilicity, 

viscosity, and chemical structure. Due to their chemical structure, which includes hydroxyl 

groups that generate hydrogen bonds between the solvent and additives, liqui-solid vehicles 

can operate as a binder at low concentrations, aiding tablets in remaining compact. (7–13) 

 

CARRIERS: In order to incorporate significant amounts of liquid medicine into the 

structure, carrier surfaces are essential when creating liquisolid systems. The liquid 

adsorption capacity is substantially influenced by the specific surface area (SSA) value and 

fluid absorbing capability of the carrier. Additionally important factors are the coating 

material and the physicochemical properties of the liquid carrier, such as polarity, viscosity, 

and chemical structure. The most used carrier, microcrystalline cellulose (MCC), has a SSA 

of 1.18 m2/g. Three MCC grades (PH 101, 102, and 200) were studied by Javadzadeh for 

their effects on the flowability, compressibility, and rate of dissolution of piroxicam 

liquisolid tablets. MCC PH101-based liqui-solid compositions demonstrated excellent 

flowability, compressibility, and dissolving properties. (7–13) 

A liquid-solid tocopherol acetate formulation was made using Fujicalin®, a synthetic 

dehydrated dibasic calcium phosphate with a specific surface area value of 40 m2/g and a 

fluid absorption capability of up to 1.2 m2/g. Another recently developed carrier, Neusilin® 

US2, has a specific surface area of 300 m2/g and a liquid adsorption capacity of up to 3.4 

m2/g. When Neusilin US2 was put to the test with three non-volatile solvents, it was 

discovered by Vranikova et al. that it could contain up to 1 gm of propylene glycol, 1.16 

gm of PEG 400, and 1.48 gm of PEG 200 while still exhibiting adequate flowability. (7–13)           
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Compared to Neusilin and Fujicalin, ordered mesoporous silicates have larger pore volumes 

and specific surfaces (up to 1500 m2/g), making them a possible choice for liquisolid 

formulations. In order to make carbamazepine, Chen et al. used ordered mesoporous silicates 

as carriers, proving their efficiency in liquid drug reservoirs and enhanced loading capability. 

 

COATING MATERIALS: The term "coating substances" refers to extremely very 

absorbent and fine materials like powdered calcium silicate, Neusilin®, magnesium 

aluminometasilicate or Aerosil® 200. By adsorbing any extra liquid, these materials assist 

in encasing the moist carrier particles and produce an ostensibly non-adherent, dry and free-

flowing powder. It was established that using Neusilin US2 has a coating substance in place 

of Aerosil 200 significantly boosted the fluid's capacity for adsorption and decreased tablet 

weight.  Neusilin® can be used as a coating or a carrier, which makes the creation of 

liquisolid formulations much simpler when it is used. (7–13) 

 

ADDITIVES: Solid dose forms' tendency to break down plainly affects how much 

medication is released. To enable a quick disintegration, disintegrants are typically included 

to liquisolid pills. Low-substituted hydroxypropyl cellulose, croscarmellose sodium and 

sodium starch glycolate are a few of the disintegrants frequently utilized in liquisolid 

systems. Another intriguing addition is polyvinylpyrrolidone (PVP), this can minimise pill 

weight by absorbing significant amounts of medication into liqui-solid systems. 

Furthermore, liquisolid pills incorporating PVP exhibit an improved dissolving rate as a 

result of the inhibitory action of PVP on crystal development. The HPMC additive, which 

often functions as a sort of release-delaying reagent to extend medication release, is another 

component found in liquisolid systems. (7–13) 

 

PREPARATION: Specified amounts of the medicine and the liquid carrier are combined, 

heated, or blended equally using a sonicator. According to Spireas and Bolton, the 

subsequent mixing procedure of the produced liquid medicine with other additives utilised 

in the liquisolid composition is performed in three stages. To guarantee a fair distribution of 

the medicine in liquid form throughout the carrier powder, the resultant liquid medicine is 

poured onto the determined amount of the carrier powder during the first stage and blended 

for one minute at an estimated blending speed of one revolution per second. The coating 

material is next included and fully incorporated the amount determined. In order to assist the 

full penetration of the medicine into the interior structure of carriers and coated materials, 
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the prepared powder combination is spread as a homogeneous coating on the outside of 

mortars and left standing for five minutes. The above powder mixture is added and properly 

blended in the third stage to create a final liquisolid system. The ready liquid-solid mixture 

can undergo additional compression or encapsulation. It must be noted that the mixing time, 

speed, and holding time can all be adjusted depending on the circumstances. Fig. 1.4 shows 

the liquisolid system's preparation processes. (7–13) 

 

FIGURE 1.4 Procedures for liqui-solid system preparation.(9) 

 

1.2.5.   Applications of liqui-solid approach 

According to the literature, the liquisolid approach has been extensively utilised to increase 

the rate at which low dose insoluble medications dissolve, including prednisolone, 

famotidine, valsartan, ketoprofen, raloxifene hydrochloride, clonazepam, and clofibrate, 

among others. The viability of the liquisolid approach for high doses of water insoluble 

medications, such as carbamazepine, has also been considered. By incorporating some 

additives (like PVP, HPMC, and polyethylene glycol 35000), according to Javadzadeh et al., 

it may be possible to use the liquisolid technique to add large amounts of medications that 

are water-insoluble to liquid-solid systems. These additives have a capability to boost the 

fluid intake of both the carrier and coating substances. The use of contemporary carriers 

(such Neusilin®) with bigger SSA values and higher absorption capacities has been 

demonstrated by Hentzschel et al. as another viable method for loading high doses of weakly 

water-soluble medicines into liqui-solid systems. (7–13) 
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The initial goal of the liquid-solid approach was to speed up the disintegration of medications 

that were not very water-soluble. In-depth investigations conducted in the last several years 

suggested that the liquisolid approach could be used as a potential strategy for creating 

formulation for prolonged-release of many medications. Sustained release formulations 

provide a high level of efficacy, good patient compliance, and few adverse effects since the 

medicine is released gradually over time at a predefined rate. One of the main advantages of 

employing the liquisolid technology to delay drug release is the potential to build a liquisolid 

innovation with zero order in the release characteristics. (7–13) 

Acids and bases that are weak can be dissolved in water depending on the pH of the 

surrounding environment and the compound's ionisation constant (pKa). Therefore, the pH 

of the gut fluids has an important effect on the bioavailability and solubility of these 

medications. A substantial amount of inter- and intravariability in medication absorption and 

pharmacological effects is further caused by this. The prospect of employing the liquisolid 

approach to lessen how pH affects change on the dissolution of loratadine was initially 

investigated by El-Hammadi et al. Several liqui-solid compositions were made using 

propylene glycol as the liquid vehicle, MCC as the carrier, and silica as the coating 

ingredient. In three buffered mediums with corresponding pH levels of 5, 2.5 and 1.2, the 

dissolving profile of the produced liquisolid tablets was examined. According to the 

findings, liquisolid tablets dissolve far more quickly and are less sensitive to pH changes 

than directly compressed and commercially available tablets (Clarityn®). The findings 

suggested that the liquisolid approach is a useful method to lessen the effect of pH change 

on the rate at which medications with low water solubility dissolve. (7–13) 

The photostability research is an essential component of preparation studies for 

photosensitive pharmaceuticals since Loss of drug potency due to photo-degradation may 

result in dangerous by-products and undesirable effects. Because of its high coefficient of 

reflection and capacity to scatter light waves of various energies, silicon dioxide—a 

commonly employed material for coatings in liquisolid systems—has the photoprotective 

feature that underlies the liquisolid technique's photoprotective effect. (7–13) 
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1.3. Pulmonary drug delivery system 

1.3.1.   An overview 

Physiologically, the lungs are separated into the right lung and the left lung, each of which 

is further separated into three lobes and two lobes, respectively. The larynx, the trachea, and 

bronchi continue to develop in tiny tubes called capillaries, leading to alveoli, which are tiny 

sacs. Due to its numerous benefits over other drug administration methods, such as (i) rapid 

drug absorption due to the slim epithelial cells barrier covering the lungs, the abundance of 

vessels, and the huge surface area of lungs, (ii) non-invasive drug administration, and (iii) 

little risk for enzymatic breakdown of drugs due to the lung's low enzymatic activity, the 

pulmonary route has become more and more popular.(1, 14–21) 

Although pulmonary delivery has several benefits, some studies have found that this route 

is hampered by a few disadvantages, such as local discomfort in the trachea tube and quick 

removal beyond the site of deposit. It is thought that mucociliary elimination, which involves 

phagocytosis by alveolar macrophages and the neighbourhood dendritic cells found on the 

epithelial area of the tract lining, removes inhaled powders. Lower administered dosage 

concentrations are the result at the intended site. To get around these challenges and increase 

the bioavailability of given medications, several strategies have been employed. This entails 

altering size and shape of the particles for optimal inhalation, covering the external exterior 

of breathable nanoparticles with pulmonary-compatible materials, achieving maximum 

deposition, and successfully evading macrophage recognition. While spherical particles or 

particles with a size of 1.5–3 µm have been found to be more prone to ingestion by alveolar 

macrophages, the optimum size ranges for particles to settle in the alveolar region is thought 

to be between 1–5 µm. (1, 14–21) 

The physiochemical properties of dry powders, such as their shape and size, surface structure 

and charge, hygroscopicity or amount of moisture, have a direct impact on aerosolization, 

emission from therapy equipment, and bioavailability of dispersed drugs. Dry powders 

suited for breathing are very tiny, easily agglomerate, and challenging to aerosolize due to 

the cohesion between the distinct particles. It is believed that dry powders with bulk densities 

below 0.4 g/cm3 and mass median diameters of 1 to 5 µm are suitable for making aerosols 

for deepest lung deposits. (1, 14–21) 

Mechanical grinding is the most popular method for enhancing the physical and chemical 

characteristics features of dry powder in order to improve inhalation. Although this method 
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is straightforward and cost-effective, it has a number of technical flaws, including uneven 

particle shape, thermodynamically active surfaces, and high electrical charges of the 

particles due to strong impaction forces during manufacture. Spray drying, spray-freeze 

drying, and the supercritical fluid-carbon dioxide dryness technique are some of the other 

improved and promising procedures reported. (1, 14–21) 

 

1.3.2.   Respiratory System 

RESPIRATORY TRACT: The extrathoracic, tracheobronchial, and alveolar areas of the 

mammalian respiratory airway systems are subdivided into these three groups (Fig. 1.5). The 

oral-pharyngeal cavity, and larynx, and tracheal entry are located in the extra-thoracic 

region, whereas the trachea, the bronchial tubes, and bronchiole terminals are located in the 

tracheobronchial region. Air can be moved through this intricate system from the trachea all 

the way down to the terminal bronchioles. From the trachea through the terminal 

bronchioles, the tracheobronchial system is divided into 23 decades of dichotomous 

branching. Bronchioles, alveoli, and alveolar passageways make up the alveolar area. Within 

the lungs, there are about 300 million alveoli. The human body's most heavily vascularized 

organ is the lung, it permits the exchange of gases thanks to an estimated 280 billion 

capillaries. Because of the increased blood flow to the lung—up to 5700 mL/min—drugs 

given via the pulmonary route can be absorbed quickly with systemic effects. Additionally, 

when medications are given via the pulmonary route, the structure of the lung makes 

significant medication delivery possible. (1, 14–21) 

 

PATTERN OF DEPOSITED PARTICLES: The patient's physiological conditions, such 

as breathing habits and lung health overall, as well as the physicochemical characteristics of 

the inhaled particles—such as size, shape, mass density, hygroscopicity, and humidity 

content—determine the degree of the accumulation of debris in the respiratory system. 

Following inhalation of the particles, Brownian diffusion, impaction triggered by inertial 

forces, and gravity-induced deposition are the main mechanisms for deposition. Monitoring 

and electrostatic precipitation are two other mechanisms that explain for low rates of 

deposition. (1, 14–21) 

According to the particle's size, centrifugal pull from obstruction during inhalation causes 

the aerosolized particles to deposit in various bronchial regions. Smaller particles (1–5 µm) 

are sedimented into the bronchioles and larger particles (>5 µm) accumulate in the upper 
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airway. Additionally, Brownian diffusion is used to deposit particles smaller than 1 µm in 

deeper alveolar regions, whereas exhalation is used to expel particles smaller than 0.5 µm.  

Usmani et al. have thoroughly investigated the size-dependent particulate deposition 

tendency in the respiratory system. They created salbutamol aerosols with aerodynamic 

dimensions of 1.5, 3, and 6 µm and performed a clinical investigation on young human 

subjects using these aerosols During a double-blind, randomised trial, a placebo was used to 

control fashion. The research showed that tiny fragments (3 and 1.5 µm) silt in the middle 

and periphery airways at substantially higher rates than larger particles (6 µm). The study 

also discovered that particles smaller than one micrometer have a strong propensity to be 

expelled when breathing. (1, 14–21) 

 

CLEARANCE MECHANISM OF PARTICLES: The area that conducts air and the 

breathing zone make up the pulmonary system. Due to its solubility in different zones, the 

cleared particulate matter has a variety of clearance methods. The mucociliary escalator, 

whereby ciliated epithelia convey insoluble particulates toward the throat region, is the 

primary mechanism for removing stubborn particles out of the conduction zone. After being 

ingested, foreign particles that are caught in the conduction zone move away at a pace of 

between 4 and 20 mm per minute for 2 hours to 15 min. (1, 14–21) 

Alveolar macrophages that ascend with the mucociliary escalators or monocytes that enter 

the respiratory tract through the bronchi and bronchiolar mucosal and by epithelial 

endocytosis clear the accumulated insoluble debris from the conducting zone. The bulk of 

hydrophilic nanoparticles from the zone of conductivity are removed by an absorbing 

mechanism that includes passive and active transcellular transport as well as transepithelial 

penetration through intercellular channels. The tracheobronchial elimination of breathed 

hydrophilic nanoparticles can also be aided by coughing or physical clearance down the 

mucociliary escalator. (1, 14–21) 

Additionally, chemical interactions with and adherence to cell and extracellular elements 

can have an impact on the rates at which soluble compounds are cleared from the zone of 

conductivity. Undissolved particulate matter from the pulmonary region is mostly removed 

by alveolar phagocytosis by macrophages mechanisms and moved towards the throat by 

mucociliary escalating processes (Fig. 1.5). Another method of removing material from the 

deep lung is endocytosis by type 1 epithelium cells and subsequently exocytosis into the 

interstitium. (1, 14–21) 
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Unbound intractable particle elimination from pulmonary bronchial tubes and ducts in the 

lung can also be accomplished mechanically using techniques like fluid flux or dragging. 

Similarly, to this, transepithelial transportation is the main method for removing soluble 

chemicals from the alveolar region after inhalation. For clearance, these soluble chemicals 

diffuse via the interstitial tight junction. The molecule's dimensions and level of lipophilicity 

of the particulates, as well as their type, play major roles in how well they are cleared from 

this area. (1, 14–21) 

Pulmonary size, epithelium area of the surface, and the dispersion of the drug on the 

epithelium cushion layer are further considerations. Alveolar cells such as macrophages and 

type I epithelium cells' endocytosis can also aid in the removal of solutes from the lung's 

alveolar space. 

 

FIGURE 1.5 Respiratory tract, pattern of particle deposition and method of clearance.(17) 

1.3.3.   Dry Powder Physicochemical properties 

The physical and chemical features of a dry powder aerosol directly affect how much it 

reaches the lungs. Small-sized nanoparticles have a propensity to aggregate and form 

agglomerates. Particle size and shape, hygroscopicity, the amount of moisture, and 

electrostatic charge on the outermost layer of the particles are some of the physical 
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characteristics of particles that have a significant impact on the aerosolization and discharge 

from the nebulizer device. (1, 14–21) 

 

PARTICLES SIZE: A dry powder is often aerosolized for inhalation according to its shape 

and size dispersion. The accumulation of medications in the airways after inhalation can be 

directly impacted by the distribution of size, which can be determined by span. Specific size 

dispersion is essential for successful aerosol generation to penetrate deeply into the lungs. 

Several experimental methods, including the Anderson Cascade Impactor, Multiple-stage 

Liquid Impinger and Next Generation Impactor, are used to evaluate the quality of 

inhalational aerosol. The performance is quantified by a number of parameters, including 

the mass median aerodynamic diameter (MMAD), emitted dose, fine particles fraction 

(FPF), fine particle dosage (FPD), and geometric standard deviation (GSD). The amount of 

Dv50 shows that fifty percent of the dry powder released by the equipment during the 

aerosolization has a particle size in micrometer. In simple terms, Dv50 separates the 

observed dispersion into two groups based on particle size: smaller and larger. ED is a 

percentage that represents how much medication exits the device. Although the smaller-

sized fragments (< 3 µm) are determined as FPF, conveyed as a proportion of the ED or 

FPD, the total quantity of dry powder that is in the range of 3-5 µm dimensions can be 

determined by interpolating to the reverse of the conventional normal accumulative 

distribution of mass minus said the threshold dimensions for the specific stages of cascade 

impactor.  Several cascading impactors, which ignore nanoparticles greater than specific 

sizes which are not clinically relevant in inhalational medicine, can be used to quantify the 

MMAD value of particles. This restricting size for the next-generation Impactor at Sixty 

L/min is 8 µm, and it is 9 µm for the Andersen Cascading Impactor at the typical circulation 

rate of 28.3 L/min. The particles' MMAD values are often lower than their Dv50 values. 

Only in the event that the particulate size is smaller than these limiting values are both values 

equal. This MMAD number is crucial for any spray preparation intended for respiratory 

administration because it is a conceptual value. The geometrical dimension of particles and 

tap density can theoretically be used to compute the MMAD. GSD can be expressed as a 

percentile spanning the mean values of the 84th out of and 16th percentiles and provides 

information on the spread of the distribution of particle sizes about the average value, or 

Dv50 value. (1, 14–21) 
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PARTICLES SURFACE MORPHOLOGY AND SHAPE: Numerous research has 

focused on the shape of particles and interface morphology, which is the second most crucial 

component affecting particulate aerosol formation and lung deposit. In addition to 

possessing a low propensity to form aggregates, low contact areas and Van Der Walls forces 

are additional characteristics of particles with irregular shapes. Hassan and Lau used various 

methods for producing particles in a variety of forms, such as pollen, spheres, plates, cubes, 

and needles (Fig. 1.6), and then they looked at their fluidity, spraying, and deposit patterns 

(Fig. 1.7). Despite plate- and needle-shaped nanoparticles having larger aerodynamics 

diameters than round, pollen-, and cube-shaped fragments, the FPF of sphere and pollen-

shaped particles was higher. In contrast to the needle- and plate-shaped particles, the cube-

shaped particles were discovered to have lower FPF values. In contrast to the spherical, 

plate- and shaped-like cube particles, pollen-shaped particles have a rougher and more 

porous surface morphology, which lowers their particle density. These particles' 

aerodynamic dimensions are less than their actual sizes. In addition, these particles' uneven 

surfaces prevent them from coming into close touch with one another, which lowers the 

cohesive force needed for later dispersion. Chew and Chan used bovine serum albumin to 

create two distinct kinds of solid fragments with varied morphologies but a comparable 

dimension dispersion (volume median size 3 µm, span 1.5 µm). With a comparable bulk 

density (1.2 g/cm3), one has an even surface (2.8 µm) and another had a wrinkled surface 

(3.1 µm). They discovered that particles with wrinkled surfaces dispersed more effectively 

than those with flat surfaces (Fig. 1.8). (1, 14–21) 

 

MOISTURE CONTENT AND HYGROSCOPICITY: A solid's capacity to take in 

moisture from its surroundings is known as hygroscopicity. Until equilibrium with the 

environment is attained, solid materials continue to take in moisture from the surroundings. 

Whether a solid mass absorbs moisture depends on the ambient circumstances around it in 

addition to the material's lipophilicity or hydrophilicity. The phenomena of particles 

absorbing moisture from their surroundings have an impact on several facets of particles. 

For instance, it changes the outermost energy and aerodynamic shape of the powder and 

increases the bulk density of the particles. When stored at a 60% humidity level, spray-dried 

colistin powders drastically reduced their FPF from 80% to 63.2% due to their strong ability 

to take in water up to 30%. Additionally, it was shown that powder maintained in a 90% 

humid environment clumped together more frequently and could not aerosolize. The effects 

of the humid atmosphere on the inhalants are primarily to blame for this. Emery et al. 
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prepared particles of hydroxypropyl methylcellulose (HPMC) and respitose with moisture 

levels of 0%, 2%, 5%, 10% and 0%, 2%, 5%, 8%, respectively. They discovered that while 

respitose aerosol formation remained secure, HPMC aerosolization decreased over time as 

moisture content increased. (1, 14–21) 

 

FIGURE 1.6 SEM pictures of variously formed particles that are ready to be aerosolized.(17) 

 

 

Figure 1.7 The effect of shape on aerosolization.(17) 
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FIGURE 1.8 Comparison of the dispersibility of particles with wrinkled and smooth surfaces under 

various airflows. (17) 

 

SURFACE CHARGE: Several elements that have a direct impact on the aerosol formation 

of the fragments contribute to the creation of electrical energy on the outermost layer of the 

particles. Particle dimensions and surface features like lattice frameworks, surface charge, 

and area of surface all affect how charged a particle's surface is. In comparison to small 

particles, large particles frequently have rough exteriors and asymmetrical forms, which can 

lead to instability in the structure of crystals and a modest amount of moisture absorption. 

The correlation between the size and the outermost energy for spray-dried mannitol was 

examined by Kaialy et al. They discovered that when the average diameter of the mannitol 

particulates reduced from 122 µm to 45 µm, the overall electric energy on the surfaces of 

the nanoparticles improved from -0.1± 0.1 nano coulomb/gram to 2.3 ± 1.4 nano 

coulomb/gram. It was determined that smaller-sized particles offer greater surface areas for 

transferring surface charge based on the association between size and net surface charge. (1, 

14–21) 

1.3.4.   Dry Powders Preparations 

Preparing a fine powder for breathing is difficult, particularly in the most desirable particle 

diameter range of 1–5 µm. To attain this optimal size range, researchers have investigated a 

variety of methods, including grinding, freezing, spray drying, spray freezing, and 

supercritical liquid drying. Inkjet printing, thin-film thawing, nanoparticle duplication in 

the non-wetting template (PRINT), and hot-melt extrusion (HME) are a few recent examples 

of emerging technologies that have the potential to be used to create superior fine powder 
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for inhalation. In pharmaceutical firms, grinding and spray-drying are the methods most 

frequently employed to create fine powder for breathing (DPI) products. (1, 14–21) 

 

1.3.5.   Clinical efficacy of DPI in Tuberculosis 

The varieties of compositions, the instrument used to distribute the product, and the patient 

using the device are the three main determinants of the clinical effectiveness of DPIs. As 

was said above, while creating a fine powder for inhalation, it is crucial to consider the 

physical and chemical attributes of the drug ingredient, including dissolution, size of 

particles, morphology, and preparation process. Particles smaller than 0.5 micrometer may 

be breathed out or swiftly absorbed into the bloodstream after adhesion to the alveoli, while 

particles larger than 5 µm may be readily accumulated in the throat and may never enter the 

lung. (1, 14–21)         

FPD, FPF, and MMAD are the crucial variables influencing the given powder's pulmonary 

deposition. High FPD, FPF or low MMAD dispersed powders are more probable to 

accumulate in the deeper lung. To efficiently distribute DPI formulations, numerous kinds 

of DPI gadgets have been created by various pharmaceutical businesses. Despite the fact that 

the functioning of each gadget varies, they all use the same passive operating principle. This 

means that the medicine administration is dependent on the individual's breath, making it 

crucial to be aware of the patient's health issues prior to administering the formulations. The 

inhaled flow necessary to generate a 4 kPa drop in pressure can be used to classify the 

resistance to internal airflow of these DPI systems. Using the identical composition 

(budesonide/formoterol), Janson et al. performed an in vitro comparison evaluation of FPD 

administered from three distinct DPI equipment, namely Spiromax, Turbuhaler and 

Easyhaler. For every device and strength as well as both of the components, the FPD ratio 

of lower vs. moderate flows and substantial vs. moderate flows were comparable. All devices 

had consistent FPDs for the budesonide component, however, Turbuhaler consistently had 

greater FPDs for formoterol than the other devices. The authors concluded that the flow 

dependence of the devices evaluated for both formoterol and budesonide was equal. 

It was highlighted that the size of the FPD reduction for some of the examined gadgets could 

have clinical consequences in patients who have limited inhaling capacity, despite the fact 

that the dependence of FPD on the inhaled flow rate is a crucial feature of DPIs. Other DPI 

devices, like the HandiHaler, Breezhaler, and Diskus, have been reported. The capacity of 

the patients' inhaling volume determines how much dry powder may be delivered from these 
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devices. When tested with the Diskus® device on healthy volunteers as opposed to 

individuals with COPD, asthma, or neurological conditions, the results demonstrated a larger 

inspiratory volume capacity. DPIs' therapeutic effectiveness is also influenced by the 

patient's age, sex, and general state of health. Incorrect administration of the DPIs is more 

common in elderly (>60 years) individuals compared to patients who are younger. (1, 14–

21) 

1.4. Analytical methods 

1.4.1.   Introduction to High Performance Thin Layer Chromatography 

OVERVIEW: Mikhail Tswett, a physical scientist and botanical scholar, invented 

chromatography in 1906. Chromatography is a term that basically means "colour writing" in 

Greek. The method was first applied to separating of colored materials like plant-based 

pigments and dye. Germany's Merck, an innovator in TLC, placed the first already coated 

plate onto the market. To meet the needs of the demanding TLC and HPTLC uses prevalent 

today, we continue to develop novel products. HPTLC is a potent analytical technique that 

may be applied to both qualitative and quantitative analyses. It is one of the contemporary 

analytical tools. As a complementary approach to HPLC rather than as a replacement for it, 

HPTLC is playing an important role in the realm of modern analytical research. The major 

usage of reversed phases in HPLC against unaltered silica gel in high-performance thin- 

leading to partitioning and adsorption chromatography, respectively, is one of the most 

prominent complementary properties of the two techniques. With HPTLC, complex data 

regarding every single sample is apparent in chromatograms, unlike other methods. In order 

to compare references and test specimens for identification, many samples are visible at 

once.(22–26)            

With the aid of visual contrast, differences, and similarities are easily discernible. Despite 

using various plates, it is possible to directly contrast several chromatograms. A 

chromatogram also provides analogy peak data as an extra to the visual chromatograms. 

They can be assessed using either the image-based program QuickTime scan or scanned 

densitometry with a TLC Scanner, which measures the compounds on the plate's absorbance 

and/or fluorescence. TLC is an asynchronous method; because the succeeding processes are 

largely autonomous, numerous samples can be processed simultaneously during 

chromatography, which derivatization, and measurement. For instance, in post-

chromatographic derivatization, certain chemicals can be used in succession allowing for 
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multiple derivatizations and hence multiple identification of the same material. Some 

procedures can be performed independently of others. Given that the aforementioned article 

outlines the primary characteristics of conventional thin-layer chromatography and the 

benefits of contemporary HPTLC. (22–26) 

 

PRINCIPLE OF HPTLC: Adsorption techniques were used to accomplish the separation. 

Onto a thin layer of adsorbent (silica gel) deposited on a chromatographic aluminum plate, 

one or more chemicals are spot-analyzed. Due to the capillary reaction effect, the mobile 

phase passes through. Due to their affinities, compounds move in the direction of the 

adsorbent. The component moving more slowly is the one that is more drawn to the 

stationary phase. The component moving more swiftly is one with a lower affinity for the 

stationary phase. As a result, the elements divide on a plate used for chromatography 

depending on their affinity and solubility in the mobile phase. Visual or fluorescent detection 

using wavelengths of 254 and 366 nm can be used to identify the sample. (22–26) 

 

KEY FEATURES OF HPTLC: Processing both the sample and the standard 

simultaneously improves quantitative precision and accuracy and reduces the requirement 

for internal standards. 

• Multiple analysts are active at once. 

• A low price of upkeep. 

• Shorter times for analysis and cheaper testing prices.  

• No additional solvent treatment, such as filtering or the degassing 

• Manage specimens of diverse types with simple preparation of samples. 

• Lower sample-to-mobile phase ratio. 

• There was not any interference from earlier research. 

• No contaminants and new mobile and stationary stages for each assay. Open-system 

design and visual identification are both possible. (22–26) 

 

ADVANTAGES OF HPTLC: Particularly with colored substances, the process of separation 

procedure is simple to understand. The ability to differentiate multiple samples simultaneously 

on a single plate allows for rapid processing and quick, inexpensive analysis. It is simple to carry 

out a two-dimensional separation. Particular and accurate colour reagents can be utilized for 

identifying divided spots. HPTLC may combine and subsequently use various methods of 

assessment, enabling the identification of compounds that have distinct light-absorption features 
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or various colours. Contact detection enables the monitoring of radiolabel substances and the 

assessment of bacteria activity in spots. The plates that belong to TLC are thrown away. (22–

26) 

 

CHARACTERISTICS OF HPTLC: More complicated physicochemical processes are 

applied by HPTLC than by HPLC. 

• The three different phases of HPTLC are solid (stationary), liquid (mobile), and 

vapour, among which equilibriums are achieved. 

• Prior to the movement of the chemicals, both the stationary and liquid phases are 

barely equilibrated. The phase that moves may or might not be in balance with the 

vapor phase, dependent on how the separation is achieved.  

• Once a sizable portion of the sites of adsorption is occupied, the stationary phase's 

adsorption phenomena are significantly diminished. The spots appear longer as a 

result of this.  

• As a result, a molecule's Rf (retardation factor) in its pure form differs slightly from 

that of the same molecule when it is included in a mixture. 

• The front end of the solvent migrates at a variable speed. It follows an intricate 

equation where the dimension of the stationary phase's particle population is 

significant. 

• It is not possible to change the speed of the mobile phase's flow to increase separation 

efficiency. The multi-development approach, which involves washing the surface 

before every assignment, provides a solution to this issue. (22–26) 

 

GENERAL STEPS AND INSTRUMENTATION OF HPTLC 

Introduction 

Among the most significant processes for qualitative and quantitative evaluation in thin-

layer chromatography is method development. The choice of the creation of the mode, the 

stationary phase, the vapor phase, the right solvents, optimization of the mobile phase, 

transfer of the optimized mobile phase to a suitable forced-flow planner chromatography 

(FFPC) technique, and choosing of other various parameters for operation are the different 

steps in the method development. The fundamental difference between the two techniques' 

orthogonal uses of unaltered silica gel in HPTLC and reverse phases in HPLC, which 

produces a process called adsorption and partitioning chromatography, accordingly, is one 
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of the most visible. Despite distinct plates, various chromatograms can be immediately 

compared. He can be accessed via based on pictures software like a video scanner by 

examining with densitometry or a TLC scanner and measuring the component's plate 

absorption and/or fluorescence (Fig. 1.9). (22–26) 

 

FIGURE 1.9 Schematic procedure for HPTLC method development. 

 

Stationary phase selection 

The stationary phase selection throughout the creation of methods should be dependent on 

the kind of chemicals that will be separated. Silica gel 60F254 GF is used in 80% of 

the investigation. Fatty acids, carotenoids, and triglycerides are non-polar substances, and 

RP2, RP8, and RP18 are used. It is not necessary to activate the plates in a recently opened 

box of plates. Before spotting, the plate should be activated by being placed in an oven at 

110–120 ºC for 30 min. Sheets of aluminium should be placed between two glass plates and 

placed in an oven at 110-120 ºC for 15 min. (22–26) 

Layer prewashing 

To avoid contamination, plates are typically handled only with the upper edge. Unless 

chromatography creates contaminant fronts due to plate contamination, plates are often 

employed without prior treatment. (22–26) 

Mobile phase selection and optimization 

Mobile phase optimization is undoubtedly one of the crucial elements in the creation of a 

TLC technique that has a significant impact on the effectiveness of separation process. A 

mobile phase is chosen through experimentation, personal encounters, and research. Non-

polar chemicals discharge first when the mobile phase is non-polar in nature because they 

have a lower affinity for the stationary phase. Due to greater attraction with the stationary 

phase, polar molecules were preserved. When the mobile phase is polar and the stationary 
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portion is non-polar, the non-polar molecules are retained due to the stationary phase's 

stronger affinity while the polar compounds elute first. Mobile phase components need to be 

blended before being placed into the twin-trough chamber. (22–26) 

Sample preparation 

For the HPTLC extraction to be successful, adequate preparation of the samples is a crucial 

requirement. Compared to other analytical procedures, the sample's processing is less 

laborious. Drug dosage forms can frequently be easily dispersed in a solvent which will 

completely dissolve the analyte in question and leaving excipients or other foreign 

substances undisturbed to produce a sample solution which can be immediately spotted for 

HPTLC testing if the concentration of the analyte is high enough. (22–26) 

Application of sample 

There are computerised tools for applying specimens; specifically for numerical HPTLC, 

use the Automatic TLC sampler (ATS) 4 or Linomat 5 to apply samples using the spray-on 

method. Usually, the syringe with the specimen inside of it is expelled by a motor. Applying 

samples with narrow bands while using a specific separation by chromatography technology 

results in the highest resolution and sensitivity attainable; however, the concentration of the 

specimen band after administration must be as little as possible. (22–26) 

DEVELOPMENT OF CHROMATOGRAPHIC CONDITION 

General Aspects of Chromatogram Development  

Linear, spherical, and anticircular geometric modes can all be used to generate a horizontal 

chromatogram. Both the circular and anticircular patterns have advantages in some 

situations, but these emerging techniques have not gained widespread recognition. The layer 

in the tank reacts with the vapor stage as the solvent rises (Fig. 1.10). (22–26) 

Chromatogram Development in a Tank  

The chromatogram can develop in a traditional flat bottom container whether the tank's 

atmosphere is partially or completely saturated with liquid vapor. Except when further 

expedients are applied, layer presaturation can't be adjusted in terms of degree. A cover plate 

can be used to create the sandwich arrangement. Before inserting the plate, the layer must, 

if necessary, be preconditioned at a specific relative humidity in a different apparatus. (22–

26) 

Horizontal Developing Chamber  

The specimens are put perpendicular to the plate's opposed edges in the vertical developing 

chamber to prepare it for chromatography. The plate continues to develop from its outer 

edges towards the centre. The number of samples on each plate can be increased in this way.   
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Automated Chromatogram Development  

Mechanical management of chromatogram development is offered by the automated 

developing chamber. The arrangement of the preconditioned tank or a sandwich, the solvent 

migrating separation, and the conditions for drying are chosen. The development is tracked 

via a CCD sensor. The substrate has been dried with purified air that is either cold or warm 

once the scheduled run is over, stopped development, and kept in the container until the user 

removes it. (22–26) 

Automated Multiple Development (AMD)  

Over progressively longer migrating distances, the chromatogram develops each time in the 

same manner. In contrast to the PMD technique, each layer has been dried under a vacuum, 

and the solvent used for development for each subsequent run is different from the 

developing chamber. An AMD gradient, as opposed to gradients in column fluid 

chromatography, begins with a solvent having the greatest elution power. The solvent is 

changed to reduce elution power in the subsequent runs. (22–26) 

 

DETECTION: The regions in the layer can be identified in the removed mobile phase of 

the heated plate by their inherent colour, fluorescence, which is fluorescent cooling, or as 

colored zones, UV absorbers, or fluorescence ones following the reaction with zones of 

fluorescence-producing or fluorescent agent-deactivating agents. Fluorescence is visible in 

cabinets that have both short-wave (254 nm) and long-wave (366 nm) UV lighting. (22–26) 

 

DERIVATIZATION: To see the target analytes, derivatization is frequently required. 

Derivatization can be done by either completely soaking the plates in the reagent or by just 

misting them with it. The derivatization approach with the best reproducibility is Immerse. 

The plates may need to be heated in order to facilitate or optimize the derivatization reaction. 

The conditions and length of time must be specified for this phase as well. (22–26) 

 

QUANTITATION: The majority of contemporary quantified HPTLC analyses are carried 

out in-situ through measuring both sample and standard area with a chromatogram 

spectrophotometer, which is frequently referred to as a densitometer. The scanner has a 

rectangular slit-shaped fixed sample light beam. In general, TLC Scanner 3 and the win 

CATS program are used to carry out the quantitative evaluation. You can scan the reflectance 

chromatogram. (22–26) 
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FIGURE 1.10 Schematic diagram instrumentation of HPTLC. 

 

APPLICATION OF HPTLC: Identification and measurement of active components in 

herbal medicines, composition fingerprinting, evaluation of botanical compounds and 

biological data, and identification of counterfeiting in preparations.  

• A study of environmental contamination. 

• For use in criminal justice chemistry, foods and drug testing, biochemistry, clinical 

chemistry, and other analyses. 

• Therapeutic medication tracking to ascertain both urine and blood metabolite amounts. 

• Food analysis: testing for stability, herbicides, ingredients, and quality control. 

• Clinical use: medication assessment, testing for stability, and investigations on 

metabolic. (22–26) 

 

1.4.2.   Introduction to High Performance Liquid Chromatography 

OVERVIEW OF HPLC: High-performance chromatography is a sort of column-based 

chromatography that is used in biological science and research to separate, identify, and 

measure biologically active substances. The stationary phase (column packing material), 
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mobile phase (or mobile phases) pumps, and detector that shows the retention times of the 

molecules are the three main parts of HPLC. Retention time is influenced by interactions 

between the stationary phase, the molecules being examined, and the solvent(s) being used. 

The flow of the mobile phase is slowed down by specific physical or chemical reactions 

involving the stationary phase of the method and a small amount of the material under 

investigation. The degree of retardation is influenced by the kind of sample and the 

composition of both the mobile and stationary stages. The duration of time needed for a 

certain analyte to elute or leave the column is known as the retention time. The most widely 

used solvents are acetonitrile and methanol, however any miscible mixture including water 

or organic solutions may be used. The separation method utilised to alter the composition of 

the mobile phase throughout the analysis is called the gradient elution procedure. The 

distribution gradient separates the analyte mixture in accordance with the affinities of the 

analyte for the current mobile phase. The choice of solvents, additives, and gradients is based 

on the characteristics of the stationary stage and the substance being researched.(27–29) 

 

PRINCIPLE OF HPLC: In HPLC, a type of fluid chromatography, the sample elements 

are separated depending on their affinities between the stationary component and the mobile 

phase (a process known as partitioning). If the components of the sample are more 

appropriate to the mobile phase, that phase is used to elute them out, and if they are more 

appropriate to the stationary phase, that stationary phase is used to maintain them on the 

static column. In comparison to LC and HPTLC methods, the sensitivity is increased when 

using an HPLC because of the pressure of 400 atmospheres that is applied. (27–29) 

 

HPLC INSTRUMENTATION: A solvent storage tank, pump and injector, detector, 

integrator, and output system are among the components of the HPLC instrument. Mobile 

phase: In an HPLC structure, a combination of polar and non-polar substances is placed 

within a glass container as solvent storage. Polar and non-polar solutions will differ 

according to the sample's chemical composition (Fig. 1.11). (27–29) 

Pump 

A pump's primary job is to draw fluid phases or fluid ingredients from the solvent storage 

and force them through the column at a high pressure, where they are separated according 

to affinities and then eluted out and detected by a detector. The pump's working pressure is 

4200 kPa. This operating pressure is influenced by the fluid phase's chemical makeup, flow 

rate, column size, and particle size. (27–29) 
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FIGURE 1.11 Instrumentation of HPLC. 

Sample Injector 

A single injection or a computerised infusion system can be used for the injection. An 

injector should be used to introduce a liquid sample into an HPLC system that can deliver 

the fluid beneath high pressure (up to 4000 Psi) and repeatability in the volume range of 0.1 

ml to 100 ml. (27–29) 

Columns 

Clear stainless steel is used to construct columns, which have an inside diameter of 2 to 5 

mm and lengths between 50 and 300 mm. Typically, stationary phases with particle sizes 

ranging from 3 to 10 microns are put into columns. Microbore sections, or columns with an 

inner diameter of less than 2 mm, are frequently mentioned. Both the moving component 

and the column must keep a constant temperature. (27–29) 

Detector  

The HPLC column's released sample element is analyzed by the HPLC detection device, 

which is located near the tip of the column. The most often employed sensors are 

fluorescence, electrochemical, UV-spectrometry, and Mass spectrometry. (27–29) 

Data collection device or integrator 

The ability to analyze, store, and reprocessed chromatographic data varies greatly across 

graphic recorders and electronics integrators, which are two possible places where impulses 

from the detector may be collected. The PC integrates the indicator's response to each 

component and places it into an easily readable chromatograph. (27–29) 
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1.4.3.   Introduction to UV-Visible Spectrophotometric Method 

OVERVIEW: Physical and analytical chemistry researchers regularly employ spectroscopy 

to investigate and identify components using the spectrum of light that is emitted from or 

absorbed by them. Astrophysics and distant identification both heavily rely on spectroscopy. 

The majority of large telescopes are equipped with spectrometers, which are used to 

determine the chemical makeup and physical characteristics of astrophysical materials as 

well as their velocity, which may be determined from the Doppler variation of their spectral 

lines. As far as we are aware, the pharmaceutical business uses this strategy the most. The 

material in liquid absorbs electromagnetic radiation in the visible (380–800 nm) or 

ultraviolet (190-380 nm) spectrum. It measures the absorbed energy when electrons are 

promoted to higher energy levels. It calculates the amount of energy absorbed when 

electrons are elevated to higher energies. Electromagnetic energy that is consumed, released, 

or dispersed by the specimen is measured using spectral techniques for measurement in order 

to conduct a study. The amount of double bonds with conjugation determines a wavelength 

of absorbance; as the quantity rises, the wavelengths for absorbance move towards the 

visible spectrum. The UV-Visible spectrophotometric approach is used because the 

equipment is readily available and simple to use.(30–32) 

 

PRINCIPLE OF UV-VISIBLE SPECTROSCOPY: Beer's Lambert's law: The rate of 

decrease corresponds to the diameter of the medium as well as the amount of the absorbing 

chemicals when a stream of monochromatic radiation is put via a clear cell that has a solution 

of taking in analyzing substance. This occurs, and the causes are reflections at the inner and 

outer cell surfaces, scattering from sample particulates, absorption from sample solution 

atoms, and light transmission. (30–32) 

 

INSTRUMENTATION: The various parts of the ultraviolet (UV) visible equipment are 

presented in Fig. 1.12 and Table 1.1. 

TABLE 1.1 Components of UV-Visible Spectrophotometer. 

Energy source Monochromators Cells and cell 

holder 

Detectors 

Hydrogen discharge 

lamp 

Prisms Quartz or 

Fused Silica 

Barrier later cell 

Deuterium lamp Gratings Glass Photocell 

(phototube) 

Xenon discharge lamp Filters Quartz Photomultiplier 
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and tungsten filament 

lamp 

tube 

 

 

FIGURE 1.12 Diagram of UV-visible spectrophotometric system. 

 

UV-VISIBLE SPECTROPHOTOMETRIC METHOD FOR DRUG ANALYSIS: The 

different elements in the specimen are analyzed using a variety of techniques, some of them 

are listed below. (30–32) 

Single component analysis 

For a single-component investigation, the absorbance of the standard (As) and the 

unidentified (Au) is evaluated at the compound's maximum for a given solvent. The formula 

that follows is used to determine the unknown concentration: 

Au

As
=

Cu

Cs
 ..............(1.3) 

Where, Au = Absorbance of unknown, As = Absorbance of standard, Cu = Concentration of 

unknown, Cs = Concentration of standard. 

To calculate the amount present in the specimen from a graph, a typical calibration curve is 

constructed using a number of known solutions as concentrations v/s absorbance. (30–32) 

Binary component analysis (30–32) 

• Simultaneous equation method (Vierodt’s method) 

The simultaneous calculation method, which states: A pair of absorbing substances, each of 

which ought to absorb at the other's maximum, can be used to determine both drugs' 

concentrations in a sample containing two absorbing substances, such as x and y, which will 

each absorb at the other's  λ maximum like, for example,  λ1 and  λ2. The maximum 

concentration of the two medications ought to avoid interaction chemically with one another. 

• Two wavelength method 
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The spectroscopic mode's operation is the foundation of this technique. This approach entails 

calculating the values of two variables, with each assuming that the second variable 

interferes with the first. The existence of a certain absorption in the interfering element's 

spectrum, where the element has its "λmax," is a prerequisite for this approach. There is 

some overlap between these spectra. 

• Absorption ratio method 

The updated form of the simultaneous calculation is this. In essence, it is based on the idea 

that, for a material that obeys Beer's law at all wavelengths, the proportion of absorption at 

any given pair of wavelengths is fixed that is unaffected by the concentration or route length. 

• Geometric correction method 

Numerous statistical rectification techniques have been developed for the purpose of 

reducing or eliminating background unnecessary absorption that can be found in any 

specimen of chemical or biological origin. When the unimportant absorption is constant with 

respect to the three wavelengths which have been chosen, a geometric process with three 

points is the most basic method that may be used. 

• Area under curve method 

This method establishes the absorptivity measurements for each medication at a chosen 

frequency range. The sum of the areas under each component is equal to the entire curve's 

undercut area. When the overall variance of all the mixture's constituents is at its maximum, 

this approach is appropriate. This requires that two elements have no contact chemically and 

that both medications are soluble in the same solvent. This deviates when the labeled 

strengths change significantly. 

• Derivative spectrophotometric method 

This approach can be used when a medication sample exhibits a wide absorbance range. This 

approach improves resolution in situations where a drug exhibits either very broad or 

exceptionally small bands of absorption. This involves converting the standard spectra to 

their first, second, or higher derivatives, such as the four-derivative spectrum. where the 

derivative of the spectrum's amplitude is directly inversely associated with the level of the 

analyte. The most often utilized orders for spectrum in the quantitative evaluation are second 

and fourth. 

Zero order: [A] = f(λ) 

First order: [dA/dλ] = f(λ) 

Second order: [d2A/dλ2] = f(λ) 
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The graph shows the speed at which an absorbance within a typical spectrum change, 

showing one drug's wavelength against another drug's wavelength, or dA/dλ vs. λ. 

In the zero-ordered spectrum, the highest positive as well as negative slopes at λ2 and λ4 

correspond precisely to the greatest first derivatives spectra and the smallest first derivative 

spectra. The third wavelength's maximum is at a wavelength with zero slope, which results 

in a value of dA/dλ = 0 in the D1 region. The graph of the D0 spectral distortion against 

wavelength is known as the second derivative (D2). d2A/dλ2 vs. graph of the value. The 

maxima, crossover point, and minima of the first-order spectrum are thought to be located 

near the maximum of the spectra. The two satellites' extremes and an inverted band, whose 

minimum is the maximum of the essential bands, define the D2 spectrum. 

Advantages: 

➢ It has greater resolution, allowing for closer maximum component detection. 

➢ Baseline movement brought on by the equipment or because of the handling of samples 

is eliminated. 

➢ Additionally, it removes diffraction effects, making it useful for estimating the amount 

of substance in cloudy solution.   

• Ratio derivative spectrophotometric method 

A fantastic method for using to obtain quantitative information from the spectra of 

unresolved zones is ratio derivative spectroscopy. When derivative spectroscopy was unable 

to resolve heavily overlapping spectra of combination medications, ratio derivative 

spectroscopy was used as a substitute to solve the drug spectrum. For many reasons, it is 

crucial to choose the standard divisor and working wavelength precisely. It is required to 

assess the impact of the following variables in order to optimise the simultaneous 

determination of medicines in combination utilising ratio derivative spectroscopy approach. 

➢ Effect of wavelength on spectral standards for derivative ratios. 

➢ Derivatives ratio spectrum with derivatives interval. 

➢ Divisor results on derivatives ratio spectra values. 

Ratio derivative has following advantages over simple derivative spectrophotometry: 

➢ Quick observations on distinct peaks and increased analytic signals values. 

➢ No need to focus on zero crossing points explicitly (coexisting chemicals occasionally 

do not reach maximum or minimum at those wavelengths). 

➢ Another benefit was the large number of maxima and minima in the proportional spectra 

derivative data, which allowed for the detection of these chemicals in the presence of 

additional active ingredients and excipients that would have interfered with the test. 
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• Differential spectrophotometric method 

The measurement of values with different absorbances between two distinct spectral features 

is the most crucial aspect of multiple difference spectrophotometric evaluations. The 

difference spectroscopy approach can increase the degree of selectivity and precision of 

examining specimens having absorbing disturbance. This technique provides a sensitive 

examination by identifying minuscule chromophore-induced atmospheric fluctuations. It 

additionally has the potential to expose chromophores to ionization, which is crucial for 

identifying and quantifying different mixed component components. 

 

APPLICATIONS OF UV-VISIBLE SPECTROPHOTOMETRIC METHOD: 

Following are all of the major uses for UV-Visible methods: (30–32) 

➢ Finding a substance that has a chromophore 

➢ Metal ligand complex interpretation 

➢ Descriptive analysis 

➢ Quantitative assessment 

➢ Isomers with geometry and conjugation are both detected 

➢ Molecular weight estimation 

➢ Compound combination analysis  

➢ Acid-base dissociation constants 

 

1.4.4.   Introduction to UPLC-MS/MS 

OVERVIEW: Bioanalysis is necessary for the development of novel medications. The word 

"bioanalysis" describes the procedure of assessing analytes (drugs, metabolites, and 

biomarkers) in biological fluids. It involves a number of stages, such as sample gathering, 

evaluation of samples, and data reporting. Samples from clinical or preclinical research are 

first collected, and they are then delivered to a lab for examination. The second and most 

important step in the bioanalysis process is sample preparation. To get reliable results, a 

predictable and consistent sample preparation procedure must be used. Cleaning up sample 

matrix disturbances and improving the effectiveness of the analytical system are the goals 

of sample preparation. The preparation of samples requires a lot of time and effort. This 

method identifies key elements needed for the validation of bioanalytical methods. The 

guideline focuses on establishing the reliability of bioanalytical methods that generate the 

quantitative concentration data necessary to compute pharmacokinetic and toxicokinetic 
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parameters. Guidelines and criteria are offered on how to apply these tried-and-true methods 

in the routine analysis of research specimens from both human and animal studies. 

Measuring the concentrations of pharmaceuticals in biological matrices such as serum, 

plasma, blood, urine, and saliva is an essential stage in the development of pharmaceutical 

products. Therefore, it is essential that the applied bioanalytical processes used are fully 

characterized, confirmed, and documented to an acceptable standard in order to produce 

correct results. This article provides a summary of the invention and verification of 

bioanalytical methods along with important factors to consider at each stage of method 

validation. Estimating medications and their metabolites in the biological matrix is 

extremely difficult compared to formulations. The main constituents of biological matrix 

samples (such as blood, plasma, serum, and urine) include water and other biological 

materials such as dissolved proteins, glucose, clotting factors, mineral ions, hormones, and 

acids.(33–35) 

 

IMPORTANCE OF BIOANALYTICAL METHOD: 

• For the drug study and creation process that results in marketing approval, the 

development of trustworthy bioanalytical procedures is essential. 

• To investigate clinical pharmacology research requiring pharmacokinetic (PK) analysis, 

bioavailability (BA), bioequivalence (BE), and other related topics. 

• To develop bioanalytical methods for preclinical studies and animal models of 

pharmacology/toxicology. This recommendation only applies to blood and urine BA, 

BE, and PK tests used in studies looking at the process for approving veterinary 

medications. (33–35) 

 

GENERAL STRATEGIES FOR LC-MS/MS METHOD DEVELOPMENT: (33–35) 

General 

• Set objectives (LLQ, concentration range, sample size, precision, and assemble data 

about the physicochemical characteristics of the analyte. 

• For details on sample preparation, HPLC and/or MS accuracy limits, consult the 

literature. Choose a relevant internal standard. 

Mass spectrometry 

• Select ion source. 

• Optimize ionization parameters. 
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• Check for adducts and multimers. 

• Check for pH effects (pH range 2-7) 

• Determine LLQ using flow injection analysis using multiple reaction monitoring 

mode. 

i) Chromatography 

• Check columns with different physical properties and from different suppliers. 

• Check for pH effects. 

• Optimize flow rate and split ratio. 

• Optimize mobile phase composition to obtain optimal retention (1-5 min) and peak 

shape. 

• Re-optimize MS, if necessary 

ii) Sample preparation 

• Select method: dilution, protein precipitation, liquid-liquid extraction or solid. 

• Prepare a spiked sample; elution or reconstitution solvent must be compatible with 

HPLC. 

• Mobile phase, Check recovery, optimize sample preparation procedure. 

• Check for suppression effects. 

• Re-optimize chromatography, if necessary 

iii) Assay performance 

• Analyse a solution of analyte(s) and internal standard in mobile phase, n≥10, to 

determine the robustness of the mass spectrometric detection. 

• Prepare one spiked sample and analyse at least 10 times to determine the robustness 

of the LC-MS/MS method. 

• Prepare at least 10 spiked samples of the same concentration and analyse to determine 

the robustness of the total method. 

• Validate the Assay. 

 

ULTRA-PERFORMANCE LIQUID CHROMATOGRAPHY (UPLC): One could 

consider UPLC to be a liquid chromatography invention. UPLC stands for ultra-performance 

liquid chromatography. Sensitivity, resolution, and speed of analysis are significantly 

increased using UPLC. High linear velocities are used in this system to use mobile phases 

and small particles (less than 2.5 m). It uses equipment that operates at a higher pressure 

than that of HPLC it reduces the amount of solvent used, shortens the column, and saves 
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time. The UPLC is based on the idea of using stationary phase made up of particles less than 

2 m, whereas HPLC columns are typically filled with particles between 3 and 5 m. The basic 

tenets of this evolution (HETP or column efficiency) are governed by the van Deemeter 

equation, an empirical formula that describes the relationship between linear velocity (flow 

rate) and plate height to theoretical plate behaviour. A small diameter particle has a 

substantially greater usable flow range than a particle with a larger diameter, according to 

the van Deemeter curve, which is controlled by a three-component equation. (33–35) 

H=A + B/v + Cv.......(1.4) 

A, B, and C are constants, while "v" denotes the linear velocity and the flow rate of the 

carrier gas. The A word is velocity independent and stands for "eddy" mixing. It is at its 

lowest when the packed column particles are uniformly small and small. The B term is a 

mathematical representation of axial diffusion, or the natural tendency of molecules to 

diffuse. Since this influence is reduced at high flow rates, this term is split by v. The 

separation process's kinetic resistance to equilibrium leads to the C term. Kinetic resistance 

is the amount of time needed to go from the gas phase to the stationary packing phase and 

back again. The more gas flows through the packing, the more "A" molecules on the packing 

tend to lag behind molecules in the mobile phase. This sentence therefore has a connection 

to "v". (33–35) 

As a result, analytical speed can be increased without compromising chromatographic 

performance throughput. A new liquid chromatographic instrument system that can 

maximise separation performance (by minimising dead volumes) and is pressure-consistent 

(approximately 8000 to 15,000 psi, compared to 2500 to 5000 psi in HPLC) has to be created 

as a result of the introduction of UPLC. Efficiency is inversely proportional to column length 

and negatively connected with particle size. 36 As a result, the column can be compressed 

by the same amount as the particle size without losing resolution. (33–35) 

 

MASS SPECTROMETRY: Mass spectrometry is a powerful tool for identifying 

unknowns, studying molecular structure, and investigating the fundamental principles of 

chemistry. The usage of steroid use in sports, the location of contaminants in water samples, 

and the detection of metals in water samples at incredibly low quantities are all applications 

of mass spectrometry. Mass spectrometry is essentially a technique for "weighing" 

molecules. Instead, mass spectrometry is based on the motion of an ion, a charged particle, 

in an electric or magnetic field. The mass to charge ratio (m/z) of the ion affects its motion. 

Since the charge of an electron is known, the mass to charge ratio can be used to calculate 
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an ion's mass. The creation of samples in the gas phase is necessary for the mass sorting and 

detection processes that take place in a mass spectrometer. Recent advancements have 

allowed for the inclusion of materials in liquid solutions or embedded in solid matrixes, 

increasing the applicability of mass spectrometry. In the past, a gas sample was required for 

mass spectrometers. The sample enters the vacuum chamber through an intake and can be a 

solid, liquid, or vapour. Depending on the type of input and ionisation techniques employed, 

the sample may already be an ion in solution or it may be ionised concurrently with its 

volatilization or via other processes in the ion source. (33–35) 

 

1.4.5.   Chemometric – PLS 

The definition of chemometrics, a relatively new field of science, is "the chemical control 

that uses numerical, mathematical, and other techniques using formal logic (a) to develop or 

select best measurements and experiments and (b) to provide maximum relevant chemical 

information by analyzing chemical data." The term "chemometrics" was first used in 1971 

by the Swedish organic chemist Svante Wold. The first international chemometrics meeting 

took place in Cosenza, Italy, in 1983. The international chemometrics society was founded 

in the 1970s. Two international conferences on analytical chemistry, partial least squares 

analysis, chemometrics, calibration, and cross-validation were sponsored by the 

chemometrics society. journals in 1986 and 1987, namely Chemometrics, Intelligent 

Laboratory System, and Journal of Chemometrics. Both new chemometrics applications and 

theoretical advancements are published in these two publications. The foundational 

techniques of chemometrics were initially created for the analysis of large, correlated data 

sets derived from disciplines like psychology and economics in order to anticipate behaviour 

or assess intellect or to forecast economic trends using specific indicators.(36, 37) Since the 

early 1970s, chemometrics has been regarded as a component of analytical chemistry. It is 

typically employed in the following areas: (i) process control analysis; (ii) food analysis; 

(iii) forensic science; (iv) metabolomics; (v) clinical diagnostics; (vi) environmental 

monitoring; (vii) reaction monitoring; and (viii) synthesis optimisation. The development of 

personal computers was one of the primary factors in the rise in the acceptance of 

chemometric tools among analytical chemists. Chemometrics and computers allowed 

analysts to efficiently assess the massive amounts of data sets acquired from different 

instruments (single or hyphenated). Otherwise, this practise would be time- and labor-

intensive. One of the most popular chemometric techniques for reducing dimension and 
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streamlining data sets is principal component analysis (PCA). When PCA is applied to a 

given data set, two matrices of a smaller dimension called scoring and loading matrices are 

produced. To create a calibration model using the principle component regression (PCR) 

method, the score matrix that depicts the association between the samples might be regressed 

against the analyte concentration. Another method for creating the calibration model is 

multiple linear regression (MLR).(36, 37) It basically identifies a single variable that 

maximises the correlation between the predictor and the predicted variables. The MLR 

method has some drawbacks, including (1) the relative abundance of response variables in 

comparison to the number of calibration samples available (for the typical spectral 

calibration problem), which results in an underdetermined situation, and (2) the potential for 

collinearity of the predictor variables, which could result in unstable matrix inversions and 

regression results. By using PCA, the PCR resolves the collinearity issue. It does not, 

however, make an effort to increase the correlation between the predictor and the expected 

variables. A good strategy that not only solves the issue of collinearity but also maximises 

the correlation between the predictor and predicted variables is necessary to get over the 

limits of MLR and PCR approaches. The partial least square (PLS) algorithm is the 

chemometrician's go-to technique for quickly and efficiently analysing a huge volume of 

data sets and developing a calibration model. In essence, the PLS algorithm offers a way to 

regress the predictor and predicted variables against one another. The PLS algorithm was 

developed as an econometric tool by Herman Wold. Chemical scientists and 

chemometricians have been utilising it ever since it was first developed. An enthusiastic 

supporter of the PLS algorithm, Professor Svante Wold (the son of Herman Wold), 

successfully presented this method to the analytical chemistry community. Several 

spectroscopic and chromatographic approaches have been successfully merged with the PLS 

algorithm. The PLS algorithm has been successfully integrated with these methods. The 

underlying low-rank structure in the spectroscopic and chromatographic data sets, which are 

otherwise highly correlated, multivariate, and enormous in volume, is successfully 

discovered using the PLS method. In essence, the PLS algorithm analyses the data related to 

both predictor and predicted variables and identifies a collection of parameters that can both 

fully explain each variable's variation and have the highest correlation. The PLS technique 

has the major benefit of treating predictors and predicted variables equally, which is 

frequently not the case in conventional methods used to build calibration models. (36, 37) 
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1.4.6.   Introduction to Analytical Method Development and Validation 

OVERVIEW: An analytical method is a collection of procedures that enables us to 

understand the both quantitative and qualitative constitutions of any substance as well as the 

state of chemistry in which it is located. The drugs analysis can be finished using a variety of 

techniques, which are categorized according to the information provided in Fig. 1.13. Every 

year, there are more medications introduced to the market. These drugs could be brand-new 

substances or a partially structurally altered version of an existing one. The time between the 

release of a drug onto the market and the addition of that drug to pharmacopoeias occurs 

rather regularly (Table 1.2).(38, 39) 

 

FIGURE 1.13 Types of analytical methods. 

 

This is due to potential concerns about the continued and widespread use of these drugs, 

knowledge of new poisonousness (which led to their removal from the market), growth in 

human resistance, and the development of safer drugs by opponents. It's possible that the 

pharmacopoeias do not provide access to these conditions, values, and quantitative events 

for these drugs. Therefore, it becomes crucial to create cutting-edge analytical techniques 

for such medications. (38, 39) 
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MOTIVES FOR THE DEVELOPMENT OF NOVEL METHODS 

➢ There might not be a pharmacopoeia that authorizes the medicine or drug combinations.  

➢ Due to patent legislation, a proper analytical technique for medicine may not be 

published in scientific journals.  

➢ Owing to the disturbances brought on by the additives used in the formulation, analytical 

procedures may not be accessible for the medicine.  

➢ It's possible that there are no analysis methods to determine the drug's presence in body 

fluids.  

➢ When medicine is coupled with other drugs, analytical procedures for medicine are not 

possible.  

➢ The current methods of analysis could need pricey liquids and chemicals. This approach 

may not be accurate and might include laborious extraction and isolation steps. 

➢ Current approaches might be overly prone to errors, artifacts, and contamination, or they 

might even be unreliable (have inadequate precision or accuracy). 

➢ The degree of sensitivity or component selectivity of current techniques may not be 

sufficient for specimens of concern. (38, 39) 

Analytical techniques have a short life cycle, as depicted in the picture. The following are 

typical steps used in method evolution: 

1. Regular analysis of the analyte  

2. Conditions of the Method  

3. Research findings;  

4. Technique selection  

5. Instrumentation and initial research  

6. Variable optimization  

7. References for quantitative figures  

8. Method creation and assessment using (38, 39) samples  

9. Calculate the sample's percentage increase.  

10. A quantitative analysis of samples demonstration. 

 

OUTLINE OF ANALYTICAL METHOD VALIDATION 

Validation of the method is a technique used to make sure that the process of analysis being 

used for a specific test is suitable for its intended use and that the results may be used to 

assess the level of quality, dependability, and reliability of the testing results. Validating a 

method of analysis is a way of ensuring that quantitative events are suitable for their intended 
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purpose. The process of providing recorded evidence that offers an elevated level of 

confidence that the defined method will consistently produce precise test outcomes that 

evaluate an item against its established standard and quality characteristics is known as 

analytical technique validation. (38, 39) 

 

SIGNIFICANCE OF ANALYTICAL METHOD VALIDATION 

Technique validation is necessary for the following causes:  

➢ To ensure the product's quality. 

➢ To have the items accepted by the global organizations. 

➢ According to ISO 17025 regulations, it is a prerequisite for certification that must be 

met. 

➢ A prerequisite for registering any medicinal item or pesticide mixture. 

➢ Process improvement and good development are both confirmed by validation, which 

also makes processes better.  

Technique validation is essential for manufacturers in the following ways:  

➢ It improves procedure comprehension and lowers the risk of problems being 

prevented.  

➢ It lowers the threat of imperfections costs.  

➢ It lowers the threat of legislative non-compliance.  

➢ A fully verified process may need smaller procedure to regulate and finish product 

evaluation. (38, 39) 

 

CATEGORIES OF ANALYTICAL PROCEDURES TO BE AUTHENTICATED  

The most prevalent forms of analytical processes are those that accomplish. 

➢ Identity-verification tests 

➢ Tests that are measurable for contaminants' presence 

➢ Limit checks for the contaminants control 

➢ Testing an energetic component quantitatively in instances such as medication 

material, manufacturing of drugs, or other indicated constituent(s). 

➢ A test for identifying It guarantees the specimen's identity in an anticipated analyte. 

Typically, this is finished by comparing a sample characteristic. 

➢ Examples are chromatographic behavior, chemical response, and spectrum. 

➢ Testing for contaminants in an item can be done quantitatively or using a limit test. A 

test should be designed to fairly reflect the purity of the specimen's characteristics. 
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➢ Some validating traits call for a quantitative test before a limit test. 

➢ The substance found in the specimen was measured using an assay method. It 

examines the primary component of the pharmacological material quantitatively. The 

validation feature may be used in the same way as a medication when an assay is 

performed for another chosen ingredient or active ingredient. The same validation 

features apply to other quantitative assay methods like dissolution. 

➢ For the verification of many types of analytical procedures, validation features are 

thought to be the most crucial. The given analytical processes should be seen as 

common, but rare outliers should be handled on an individual basis. Although it should 

be noted in the table, it should also be considered at the right time during the 

construction of the analytical technique. (38, 39) 

TABLE 1.2 List of various method validation parameters with reference to USP, ICH, ISO 17205 and 

IUPAC 

Parameter Reference 

Specificity USP, ICH 

Selectivity IUPAC, ISO 7025, FDA  

Accuracy FDA, ISO 17205, USP, ICH 

Precision IUPAC, ICH, USP, FDA  

Repeatability ISO 17025, ICH 

Intermediate precision ICH 

Reproducibility ICH 

Ruggedness ISO 17025, FDA 

Trueness IUPAC 

Linearity ICH, ISO 17025, IUPAC, USP 

Range ICH, USP 

Limit of detection FDA, ICH, ISO17025, IUPAC, USP 

Limit of quantification ICH, ISO 17025, IUPAC, USP 

Robustness FDA, included in ICH as method 

Ruggedness IUPAC, USP defines as reproducibility in ICH 

Sensitivity FDA 

Recovery IUPAC 

Applicability IUPAC 

Measurement uncertainty FDA 
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1.4.7.   Analytical method validation 

SPECIFICITY: Specificity is the ability to clearly assess the subject with the aid of 

elements that would be predicted to be there. These usually include degradants, matrix, and 

pollutants. A lack of specificity in one analytical method may be compensated for by the use 

of several complementary analytical procedures. 

The following conclusions flow from this definition: 

Identification: to confirm that a substance is identifiable. 

Purity tests: to make certain that all methods of analysis, including those for related 

compounds, heavy metals, etc., provide an accurate description of the concentration of 

contaminants in an analyte. 

Assay: To deliver a precise result that enables a precise assessment of the substance or 

strength of the analyte in the specimen. (38, 39) 

 

ACCURACY: The closeness of the agreement among the value received as either a 

traditional actual value or a recognized value of reference and overall value origin expresses 

the precision of an investigation procedure. This is sometimes referred to as authenticity.   

Recommended Data 

For the purpose of measuring accuracy, the approved range must be covered by a minimum 

of three different concentration levels (i.e., three concentrations with three replicates 

overall). The precision of an analysis approach is defined as the degree of scatter between a 

set of observations made from various points of the same homogenous sample under the 

given conditions. The proportion of recoveries by the assay of a known extra component 

within the sample or the difference between the mean and the recognised real value with 

ranges of confidence should be used to represent the degree of accuracy. (38, 39) 

 

PRECISION: The most effective method for researching precision is to use uniform, real-

world samples. Artificially created specimens or a solution may be utilised for the 

investigation if a uniform sample cannot be acquired. The variance, standard deviation, or 

coefficient of variation of a set of observations is typically used to describe the accuracy of 

an analytical technique. There are three categories of accuracy: repeatability, reproducibility, 

and intermediate precision. 

Repeatability: Repeatability, also known as daily precision, indicates the precision over a 

brief period of time while using the same circumstances of operation. A minimum number 
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of nine measurements covering the method's defined range must be used to evaluate 

repeatability, as must a minimum number of 6 results at 100% of the sample's concentration. 

Intermediate Precision 

Depending on the conditions in which the process is to be employed, interim accuracy should 

be created to a certain level. Various days, various analysts, different equipment, etc., are 

examples of typical variances that need to be studied. 

Reproducibility 

The accuracy between laboratories is reflected by reproducibility (collaborative studies, 

often used to standardise methodology). Utilizing the techniques of inter-laboratory trials, 

reproducibility is assessed. When standardizing a method of analysis, for instance, or when 

taking protocols in pharmacopoeias into thought, reproducibility should be considered. 

These facts are not contained in the dossier for authorization to market. (38, 39) 

 

LINEARITY: Linearity refers to an analytical procedure' ability to give test results that are 

directly correlated with the concentration (amount) of analyte in the sample. It is crucial to 

evaluate the linear relationship throughout the entire analytical procedure. It can be 

demonstrated right away on the material being researched by applying the recommended 

method (by dilution of a typical stock solution and/or individually weighing synthetic 

combinations of the pharmaceutical product components). The second aspect might be 

studied while analysing the range. Linearity should be evaluated by visually examining a 

plot of the signal against the concentration or content of the analyte. If a linear relationship 

is found, test results should be analysed with the right statistical methods, such as by creating 

a regression line with a least-squares method. To establish linearity, it is recommended to 

use no more than five levels. (38, 39) 

 

RANGE: Analytical process series refers to the range between the highest and lowest 

concentrations (amounts) of sample in the volumetric flask, and it has been demonstrated 

that this range demonstrates the necessary level of linearity, precision, and accuracy. The 

selected range is usually determined by linearity tests and depends on how the method will 

be applied. It is established by proving that, when applied to samples with analyte 

concentrations within or near the analytical method's prescribed range, the analytical 

technique provides an acceptable level of linearity, accuracy, and precision. (38, 39) 
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QUANTITATION LIMIT: The lowest amount of analyte in a sample that can be 

quantitatively detected with the necessary precision and accuracy is the quantitative limit of 

a distinct logical process. The quantitation limit is the upper limit for quantifiable assays for 

small amounts of the mixture in sample matrices and it is mostly used to detect contaminants 

and/or degradation products. Based on whether the process is an instrumental one or a non-

instrumental one, a few different approaches to figuring out the limit of quantitation are 

feasible. Other strategies other than the ones described here might work. (38, 39) 

Additional methods listed below may be tolerable 

Based on Visual Assessment 

Visual evaluation can be used with contributing methods as well as non-instrumental ways. 

Based on Signal-to-Noise Method 

These techniques are only applicable to analytical events with background noise. 

Based on the Standard Deviation of the Response and the Slope 

The quantitation limit (QL) may be expressed as:  

QL= 10 σ/S ......(1.5) 

where σ = the standard deviation of the response, S = the slope of the calibration curve. 

LIMIT OF DETECTION: The smallest quantity of substance in a sample that can be 

detected but not actually quantified as a specific value is the detection limit of a specific 

analytical process. Based on whether the operation could either be non-instrumental or 

instrumental, there are various methods for figuring out the detection limit. Other strategies 

besides those mentioned below might also work. 

Based on Visual Evaluation 

Visual assessment can be used alongside instrumental procedures as well as non-

instrumental techniques. By analyzing specimens with established levels of analyte and 

figuring out the lowest concentration where the analyte is frequently and reliably identified, 

a detection limit is established. 

Based on Signal-to-Noise 

Only analytical processes that exhibit background noise can be used with this method. The 

lowest concentration where a substance is frequently and reliably identified is established 

through the comparison of signal measurements from specimens with reported low levels of 

the analyte against those of blank samples. For evaluating the detection limit, a signal-to-

noise ratio of 3 or 2:1 is typically regarded as adequate. 

Based on the Standard Deviation of the Response and the Slope 

The Limit of detection may be expressed as: DL = 3.3 σ/S......... (1.6) 
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where σ = the standard deviation of the N response, S = the slope of the calibration curve 

The slope S may be estimated from the calibration curve of the analyte. The estimate of σ 

may be carried out in a variety of ways, for example: 

Based on the Standard Deviation of the Blank 

Analyzing the standard deviation of the responses from a sufficient number of blank samples 

allows one to determine the size of the statistical background response. 

Based on Calibration Curve 

It is advised that samples containing analytes that fall within the detection limit range be 

used to test a specific calibration curve. The regression line's residual standard deviation or 

the y-intercept standard deviation of regression lines can both be considered the standard 

deviation. (38, 39) 

 

ROBUSTNESS: The degree to which a method of analysis may continue affected by minor, 

deliberate changes to the technique parameters provides information about the processes' 

reliability under normal conditions. The type of technique being investigated will determine 

the robustness assessment, which should be considered throughout the creation stage. It 

should show the analysis's correctness in the face of deliberate adjustments to the method's 

parameters. If measurements are affected by changes in those settings, analytical 

circumstances should be carefully controlled, or a warning should be included in the 

protocol. In order to ensure that the analytic procedure's integrity is upheld whenever it is 

used, the robustness assessment should result in the formulation of a number of system-

specific suitability criteria (such as the resolution test). (38, 39) 

 

1.4.8.   Introduction to Design of Experiment 

The strategy that may set up tests in such a manner that the necessary information is obtained 

as effectively and accurately is known as experimental design. By using mathematical 

correlations between a process's inputs (IV) and outputs (DV), it is known to be able to 

accomplish procedure/product information. Using a variety of experimental designs, 

including the factorial design, the central composite design, and the Box-Behnken design, 

and optimal design, DoE based Response surface methodology (RSM) is useful in the 

methodical creation of analytical techniques getting important a nonlinear among essential 

technique factors and essential technique characteristics relationship. By using higher 

(marked as +1), moderate (marked as 0), or lower (marked as -1) amounts of CMVs, 
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experimental design assist in charting the responses based on the researched objective(s), 

and CMAs being explored. Several 2D and 3D plots, such as the box-cox plot, outlier plots, 

and response surface plot, are graphical tools used in experimental design. Once the 

information have been gathered in accordance with the selected design, it can be assessed 

using mathematics or statistical techniques, such as Artificial Neural Networks (ANNs) or 

Multiple Linear Regression Analysis (MLRA), to get unbiased conclusions.(40, 41) 

 

BENEFITS OF EXPERIMENTAL DESIGN: It involves changing the variable that is 

independent in order to track how the variable in question responds. As a result, finding a 

cause-and-effect relationship is more likely. Along with attempting to eliminate unwanted 

superfluous variables, which is more effective compared to other research methodologies, it 

also attempts to regulate the variable that is independent of the experimenter. The researcher 

may repeat the experiment and "check" their results because of the rigid conditions and 

control. If comparable dates are acquired, replication is necessary. This increases the 

confidence in the outcomes. (40, 41) 

 

USE OF DESIGN OF EXPERIMENT: The conceptual framework of experiments is used 

to identify the causes of output variance. Evaluate every answer at various levels of 

controlled variables, determine the circumstances in which the best (highest or minimum) 

reaction is achieved, and create an example to predict response. (40, 41) 

 

TYPES OF EXPERIMENTAL DESIGN: Two primary conditions that could occur during 

the creation of an innovative technique require the assistance of DoE in order to be resolved. 

The first method, known as the screening stage, involves eliminating the crucial few factors 

that are believed to have an important impact on the final result or response. The second 

method, known as the optimization phase, involves optimizing artificially chosen variables 

for getting the best solution. (40, 41) 

 

SCREENING PHASE: To identify the experimental variables or the interactions among 

the factors that directly affect the result. It provides a number of crucial procedure factors 

that must be taken into account in increased experiments. In order to optimize the method 

operable design region (MODR), it is necessary to adjust or subject certain method variables 

to the development of experiment approaches. (40, 41) 
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Full 

factorial 

design 

The full factorial design looks into how each experimental component and 

its interactions affect the result. Low-level factors are indicated by a minus 

sign (-), and high-level factors by a plus sign (+). Provided is a zero level 

where the values of all the variables are set to midway. 

Fractional 

factorial 

design 

Fractional factorial designs are employed when there's no prior knowledge 

of the elements that are significant. Primarily, this design lowers the total 

amount of trials. 

Placket- 

Burman 

design 

It is one of the fractional factorial layout types where the main impact may 

be estimated with fewer trials because it is presumed that the relationship 

between variables can be totally ignored. 

Taguchi 

design 

It is a particular kind of factorial design. Because it is a saturation design, it 

allows for optimal results to be obtained with the fewest possible runs, which 

saves money and time. 

 

OPTIMIZATION PHASE: Evaluation of crucial technique measurement variables from 

screening or risk evaluation can be done during the optimization process. It offers guidelines 

for understanding how incoming information and results relate to one another, showing the 

impact on technique efficiency and analytic target profile. The two most common techniques 

are, (40, 41) 

Central 

composite 

design 

(CCD) 

The two-level screened design can only result in an equation that is linear 

and cannot provide details regarding the data or any other non-linear relation. 

Any full factorial design has one major drawback: it necessitates a lot of 

runs. Designs that permit additional levels without undertaking any tests at 

every level of the factor combinations cover the middle of the factor space 

using more points than the edges. 

Box-

Behnken 

design 

(BBD) 

A Box- Behnken layout can be applied to at least three factors and has three 

levels or more. The design consists of N = (2f (f-1)) + 1 investigation, a 

single of which is the center point, and neither factorial nor extreme locations 

exist. For a system with multiple variables, where the optimal lies in the 

middle of the factor ranges, Box-Behnken should be expected to be used. 
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1.5. Drug Profile 

1.5.1.   Drug profile of Rifampicin(42)(43) 

Rifampicin's comprehensive drug profile is explained in Table 1.3 below. 

TABLE 1.3 Drug profile of Rifampicin 

Name Rifampicin 

Category Anti-Tuberculosis drug 

Structure 

 

IUPAC Name (7S,9E,11S,12R,13S,14R,15R,16R,17S,18S,19E,21Z)-

,15,17,27,29-pentahydroxy-11-methoxy-3,7,12,14,16,18,22-

heptamethyl-26-{(E)-[(4-methylpiperazin-1-yl)imino]methyl}-

6,23-dioxo-8,30-dioxa-24-azatetracyclo [23.3.1.14,7.05,28] 

triaconta-1 (28), 2, 4,9,19,21,25(29),26-octaen-13-yl acetate 

Chemical formula C43H58N4O12 

Molecular weight 822.953 gm/mol 

CAS Number 13292-46-1 

Type Large Molecule 

Appearance Red-orange colour solid powder 

Melting Point 183 to 188 °C 

pKa 6.8 

Log P 2.95 (Chemaxon) 

4.15 (ALOGPS) 

Solubility Rifampicin is freely soluble in methanol and acetone, slightly 

soluble in water. 

Mechanism of 

Action 

Rifampicin inhibits DNA-dependent RNA polymerase, which 

decreases the creation of RNA and results in cell death. 
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Pharmacodynamics Antibiotics in the rifampicin class stop sensitive cells from making 

DNA-dependent RNA polymerase. In specifically, it interacts with 

bacterial RNA polymerase enzymes but does not interfere with the 

activity of human RNA polymerase. It is antimicrobial and very 

efficient against the majority of gram-positive and gram-negative 

bacteria. 

Pharmacokinetics Rifampicin is 80% bound to plasma proteins, chiefly albumin, and 

transported through the blood. Rifampicin is well distributed, 

albeit to different extents, throughout the tissues of the human 

body. In the hepatocyte, rifampicin probably undergoes a 

deacetylation process. 

Uses Rifampicin is employed for the treatment of different gram-

positive and mycobacterial diseases.  

Side Effects Discoloration of skin, teeth, saliva, urine, stool, itching, flushing, 

headache, drowsiness, dizziness, lack of coordination, difficulty 

concentrating, confusion, changes in behavior, muscle weakness, 

numbness 

Half life 3.35 h 

 

1.5.2.   Drug profile of Quercetin(44–46) 

The detailed drug profile of quercetin is presented in Table 1.4 below. 

TABLE 1.4 Drug profile of Quercetin 

Name Quercetin 

Category A naturally occurring flavonoid called quercetin can be found in 

several meals and healthy supplement goods. 

Structure 

 

IUPAC Name 2-(3,4-dihydroxyphenyl)-3,5,7-trihydroxychromen-4-one 

Chemical formula C15H10O7 
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Molecular weight 302.23 gm/mol 

Type Small molecule 

Appearance Yellow crystalline powder 

Melting Point 313 to 315 °C 

pKa 6.38 

Log P 1.81 (ALOGPS) 

2.16 (ChemAxon) 

Solubility Quercetin is freely soluble in methanol and acetone. Slightly 

soluble in water 

Mechanism of 

Action 

The primary antibacterial mechanisms of quercetin are breaking 

down the bacterial cell wall and altering cell permeability, 

interfering with the creation of proteins and expression, and 

preventing nucleic acid production. 

Pharmacodynamics This represents one of the most significant plant compounds and 

has demonstrated a wide range of pharmacological effects, 

including anticancer and antiviral properties as well as the ability 

to treat allergy, metabolic, and inflammatory illnesses, as well as 

ocular, cardiovascular, and arthritic conditions. 

Pharmacokinetics Although the amount of flavonoid ingested was as high as 59.1%, 

only 5.3% of it was bioavailable. Only 3.1% of quercetin was 

metabolized in the liver after oral treatment, with the majority 

(93.3%) occurring in the gut. Both quercetin and its conjugate 

compounds showed no detectable enterohepatic recirculation. 

Uses Allergies, asthma, hay fever and hives, Heart disease, High 

cholesterol, Hypertension, Rheumatoid arthritis, Dietary sources 

Side Effects Headaches, stomach aches, tingling sensations,  

Half life 3.5 h 
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CHAPTER-2 

Review of literature 

2. REVIEW OF LITERATURE 

2.1. Review of literature for Rifampicin 

2.1.1.   Compendial methods for Rifampicin 

Rifampicin is official in Indian Pharmacopeia 2022. 

TABLE 2.1 Analytical method for determination of Rifampicin (Compendial) 

Sr. 

No. 

Title Analytical Conditions Ref. 

No. 

1 High performance 

liquid 

chromatography 

Mobile phase: 10 volumes of 21 %w/v of citric 

acid, 23 volumes of 13.61 %w/v of KH2PO4, 77 

volumes of 17.42 %w/v of K2HPO4, 640 volumes 

of ACN, 250 volumes of water 

Stationary phase: C18 (250 x 4.6 mm, 5 µ)  

Flow rate: 1 ml/min 

DW: 420 nm 

Rt: 3.5 min  

(47) 

 

2.1.2.   Non-compendial methods for Rifampicin 

Various analytical methods including UV spectroscopy, HPLC and HPTLC have been 

reported in the literature for Rifampicin individual and its combination with other drugs. 

TABLE 2.2 Analytical method for determination of Rifampicin (Non-compendial) 

Sr. No. Title Analytical Conditions Ref. No. 

1 Q-Absorbance Ratio 

Spectrophotometric Method for 

the Simultaneous Estimation of 

Rifampicin and Piperine in their 

Combined Capsule Dosage 

Solvent: Methanol 

Isoabsorptive point: 387 nm 

and 2nd wavelength: 337 nm  

(48) 

2 Theoretically Guided Analytical 

Method Development and 

Validation for the Estimation of 

Rifampicin in a Mixture of 

Isoniazid and Pyrazinamide by 

UV-Spectrophotometer 

Solvent: Water and ethyl 

acetate  

DW: 344 nm 

  

(49) 
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3 Stability-indicating UV-

spectrophotometric Assay of 

Rifampicin 

Solvent: 0.1 M HCl and 0.1 M 

OPA (H3PO4)  

DW: 263 nm for 0.1 M HCl and 

259 nm for 0.1 M OPA (H3PO4) 

(50) 

4 UV-Spectrophotometric and RP- 

HPLC methods for Simultaneous 

Estimation of Isoniazid, 

Rifampicin and Piperine In 

Pharmaceutical Dosage Form 

Absorption correction method 

Solvent: Methanol 

DW: 262 nm (INH), 338 nm 

(PIPE) and 477 nm (RIF) 

RP-HPLC method 

Mobile Phase: 0.01 M 

NaH2PO4 pH-6.5 and 

Acetonitrile (40:60 %v/v)  

Stationary Phase: C18 (250 x 4.6 

mm, 5 µ)  

Flow rate: 0.9 ml/min 

DW: 282 nm 

Rt: 2.70 min (INH), 3.88 min 

(RIF), 8.70 min (PIPE) 

(51) 

5 Stability Indicating RP-HPLC 

Method for Rifampicin in Bulk 

and Pharmaceutical Dosage 

Form 

Mobile Phase: Acetonitrile and 

water (80:20 %v/v)  

Stationary Phase: C18 (250 x 4.6 

mm, 5 µ)  

Flow rate: 0.8 ml/min 

DW: 237 nm 

Rt: 2.42 min 

(52) 

6 Development and Validation of 

HPLC method for simultaneous 

estimation of Rifampicin and 

Ofloxacin using experimental 

design 

Mobile Phase: 0.03M KH2PO4 

buffer pH 3.0 : Acetonitrile 

(55:45 %v/v) 

Stationary Phase: Kintex C18 

(250 x 4.6 mm, 5 µ)  

Flow rate: 0.8 ml/min 

DW: 230 nm 

Rt: 2.91 min (OFX), 4.87 min 

(RIF)   

(53) 

7 Development and Validation of a 

RP-HPLC Method for 

Simultaneous Estimation of 

Antitubercular Drugs in Solid 

Lipid Nanoparticles 

Mobile Phase: 0.17 M OPA 

buffer pH 6.8 : Acetonitrile 

(Gradient Elution) 

Stationary Phase: C18 (250 x 4.6 

mm, 5 µ)  

Flow rate: 1.5 ml/min 

DW: 238 nm 

Rt: 3.78 min (INH), 4.17 min 

(PYZ), 11.27 min (RIF) 

(54) 
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8 Stability Indicating Reverse 

Phase HPLC Method for 

Estimation of Rifampicin and 

Piperine in Pharmaceutical 

Dosage Form 

Mobile Phase: KH2PO4 buffer 

pH 6.5 : Acetonitrile (30:70 

%v/v) 

Stationary Phase: C18 (250 x 4.6 

mm, 5 µ)  

Flow rate: 1 ml/min 

DW: 341 nm 

Rt: 5.90 min (PIPE), 3.30 min 

(RIF) 

(55) 

9 Validated HPTLC method for 

simultaneous estimation of 

Rifampicin, Isoniazid and 

Pyridoxine Hydrochloride in 

combined tablet dosage form 

Mobile Phase: Ethyl acetate: 

Methanol: Acetone: Acetic acid 

(5.5: 2.0: 2.0: 0.5, v/v/v/v) 

Stationary Phase: Silica Gel 

60F254 

DW: 254 nm 

Rf: 0.27 (RIF), 0.47 (INH), 0.75 

(PDH) 

(56) 

10 Simultaneous determination of 

rifampicin, isoniazid and 

pyrazinamide by high 

performance thin layer 

chromatography 

Mobile Phase: ethyl acetate: 

ammonia (6.75 M) : ethyl 

alcohol: cyclohexane 

(20:9:4.5:5, v/v/v/v) 

Stationary Phase: Silica Gel 

60F254 

DW: 440 nm (RIF), 275 nm 

(INH and PYZ) 

Rf: 0.10 (RIF), 0.47 (INH), 0.68 

(PYZ) 

(57) 

11 Optimization of a reversed-

phase-high-performance thin-

layer chromatography method 

for the separation of isoniazid, 

ethambutol, rifampicin and 

pyrazinamide in fixed-dose 

combination antituberculosis 

tablets 

Mobile Phase: ethanol, water, 

glacial acetic acid (>99% acetic 

acid) and 37% ammonia 

solution (70/30/5/1, v/v/v/v) 

Stationary Phase: Silica Gel 

60F254 

DW: 280 nm 

Rf: 0.43 (RIF), 0.58 (INH), 0.84 

(PYZ), 0.24 (ETH) 

(58) 

12 Transfer of Minilab TLC 

Screening Methods to 

Quantitative HPTLC-

Densitometry for Pyrazinamide, 

Ethambutol, Isoniazid, and 

Rifampicin in a Combination 

Tablet 

Mobile Phase: ethyl acetate-

acetone: methanol: 

acetic acid (15:6:6:3 v/v/v/v) 

Stationary Phase: Silica Gel 

60F254 

DW: 254 nm 

(59) 
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Rf: 0.25 (RIF), 0.40 (INH), 0.65 

(PYZ), 0.10 (ETH) 

13 Validated HPTLC Method for 

Simultaneous Quantification of 

Isoniazid, Rifampicin and 

Glabridin 

Mobile Phase: ethanol: 

ethyl acetate: dichloromethane: 

chloroform (1.2:2:5:3 v/v/v/v) 

Stationary Phase: Silica Gel 

60F254 

DW: 254 nm 

Rf: 0.38 (RIF), 0.28 (INH), 0.75 

(GLB) 

(60) 

 

2.1.3.   Bioanalytical methods for Rifampicin 

Various bioanalytical methods including LC-MS, LC-MS/MS, LC-TMS and UPLC-MS 

have been reported in the literature for Rifampicin in various biological fluids. 

TABLE 2.3 Bioanalytical method for determination of Rifampicin 

Sr. No. Title Analytical Conditions Ref. No. 

1 Simultaneous Determination of 

Pyrazinamide, Rifampicin, 

Ethambutol, Isoniazid and Acetyl 

Isoniazid in Human Plasma by 

LC-MS/MS Method 

Mobile phase: Methanol and 

Ammonium acetate 5mM, pH 

3.5 Gradient elution 

Stationary phase: Gemini C18 

column (150 x 4.6 mm, 4.6 µm) 

IS: Diltiazem 

Protein precipitation with 

methanol 

Flow rate: 600 µl/min 

Rt: 5.36 min (RIF), 1.98 min 

(ETH), 2.68 min (AcINH), 2.69 

min (INH), 2.78 min (PZA) 

(61) 

2 Fast and Simple LC-MS/MS 

Method for Rifampicin 

Quantification in Human Plasma 

Mobile phase: 0.1% formic acid 

in water and acetonitrile 

Gradient elution 

Stationary phase: Kinetex C18 

column (50 × 2.1 mm, 2.6 µm 

IS: rifampicin D8 

Solid phase extraction with 

Captiva ND Lipids filtration 

plate 

Flow rate: 0.8 ml/min 

Rt: 1.08 min (RIF) 

(62) 

3 Development and validation of a 

UPLC-MS/MS method for 

Mobile phase: water-formic 

acid (100:0.1, v/v)-ammonium 

(63) 
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simultaneous quantification of 

levofloxacin, ciprofloxacin, 

moxifloxacin and rifampicin in 

human plasma: Application to 

the therapeutic drug monitoring 

in osteoarticular infections 

acetate 2 mM (A) and 

methanol-formic acid (100:0.1, 

v/v)-ammonium acetate 2 mM 

(B) Gradient elution 

Stationary phase: Kinetex C18 

column (50 × 2.1 mm, 2.6 µm 

IS: rifampicin D8 

Protein precipitation technique 

Flow rate: 0.3 ml/min 

Rt: 1.08 min (RIF) 

4 A rapid, sensitive and validated 

ultra performance liquid 

chromatography and tandem 

mass spectrometry method for 

determination of Rifampicin in 

rat plasma: application to 

pharmacokinetic study 

Mobile phase: Acetonitrile and 

water (both containing 0.1 % 

formic acid) Gradient elution 

Stationary phase: BEH C18 (50 

mm× 2.1 mm, 1.7 μm) 

IS: Albendazole 

Protein precipitation technique 

Flow rate: 0.7 ml/min 

Rt: 0.73 min (RIF) 

(64) 

5 Quantification of rifampicin in 

human plasma and cerebrospinal 

fluid by a highly sensitive and 

rapid liquid chromatographic–

tandem mass spectrometric 

method 

Mobile phase: acetonitrile 

containing formic acid (0.05%, 

v/v) and 15 mM ammonium 

formate buffer (pH 5). Gradient 

elution 

Stationary phase: Hypersil–

Hypurity C18 column (150 mm 

x 2.1 mm, 5 µm)  

IS: Rifapentine 

Protein precipitation technique 

Flow rate: 350 µl/min 

Rt: 2.20 min (RIF) 

(65) 

6 Method validation of Rifampicin 

analysis in human plasma and its 

application in bioequivalence 

study 

Mobile phase: Acetonitrile-

phosphate buffer pH 6.8 (45:55 

%v/v). Gradient elution 

Stationary phase: Lachrom C18 

column (250 x 4.6 mm, 5 μm) 

Protein precipitation technique 

Flow rate: 1.5 ml/min 

Rt: 4.32 min (RIF) 

(66) 

7 LC-MS/MS method for 

simultaneous quantification of 

the first-line anti-tuberculosis 

drugs and six primary 

Mobile phase: 0.1% formic acid 

solution and methanol. 

Gradient elution 

(67) 
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metabolites in patient plasma: 

Implications for therapeutic drug 

monitoring 

Stationary phase: BEH C8 

column (2.1 x 75 mm, 1.7 μm) 

Protein precipitation technique 

IS: Rifampicin D8 

Flow rate: 0.2 ml/min 

Rt: 4.58 min (RIF) 

8 Determination of the Rifamycin 

Antibiotics Rifabutin, Rifampin, 

Rifapentine and their Major 

Metabolites in Human Plasma 

via Simultaneous Extraction 

Coupled with LC/MS/MS. 

Mobile phase: Formic acid : 

water : Acetonitrile (0.5:55:45, 

v/v/v). Gradient elution 

Stationary phase: ACE® C18 

column (3 x 100 mm) 

Protein precipitation technique 

IS: Rifabutin-D6 

Flow rate: 1.0 ml/min 

Rt: 1.98 min (RIF) 

(68) 

9 Quantification of rifampicin and 

rifabutin in plasma of 

tuberculosis patients by micellar 

liquid chromatography 

Mobile phase: Sodium dodecyl 

sulfate 0.15 mol/L 1–6%(v/v) 

1-pentanol and phosphate 

buffer at pH 3 Gradient elution 

Stationary phase: Kromasil C18 

(150 x 4.6 mm, 5 µm) 

Protein precipitation technique 

IS: Rifabutin 

Flow rate: 1.0 ml/min 

Rt: 5.88 min (RIF) 

(69) 

10 Validation of a simple HPLC-UV 

method for rifampicin 

determination in plasma: 

application to the study of 

rifampicin arteriovenous 

concentration gradient 

Mobile phase: water/acetic acid 

0.01% and acetonitrile/acetic 

acid 0.01%. 

Gradient elution 

Stationary phase: AtlantisT3® 

C18 column (4.6 mm x 150 mm, 

5 μm) 

Protein precipitation technique 

IS: Rifapentine 

Flow rate: 1.2 ml/min 

Rt: 6.0 min (RIF) 

(70) 

11 Simple and accurate quantitative 

analysis of 20 anti-tuberculosis 

drugs in human plasma using 

liquid chromatography–

electrospray ionization–tandem 

mass spectrometry 

Mobile phase: 0.1% formic acid 

and acetonitrile containing 

0.1% formic acid 

Gradient elution 

Stationary phase: C18 column 

(2.1 mm x 150 mm, 3 μm) 

Protein precipitation technique 

(71) 
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IS: Apramycin 

Flow rate: 0.2 ml/min 

Rt: 7.30 min (RIF) 

12 Development and Validation of 

Liquid Chromatography-Mass 

Spectrometry Method for the 

Estimation of Rifampicin in 

Plasma 

Mobile phase: Methanol: 2 mM 

ammonium acetate (80:20 

%v/v) Gradient elution 

Stationary phase: BDS Hypersil 

Gold C18 (3 x 50 mm) 

Protein precipitation technique 

IS: Phenacetin 

Flow rate: 0.2 ml/min 

Rt: 1.54 min (RIF) 

(72) 

13 A Simple and Sensitive UPLC–

UV Method for Simultaneous 

Determination of Isoniazid, 

Pyrazinamide, and Rifampicin in 

Human Plasma and Its 

Application in Therapeutic Drug 

Monitoring 

Mobile phase: Methanol: 

acetonitrile: water (3:3:94 

%v/v/v) Gradient elution 

Stationary phase: C18 (2.1 x 100 

mm, 1.8 μm) 

Protein precipitation technique 

Flow rate: 0.1 ml/min 

Rt: 1.54 min (RIF) 

(73) 

14 Validation of a simple isocratic 

HPLC-UV method for rifampicin 

and isoniazid quantification in 

human plasma 

Mobile phase: Methanol: 

potassium phosphate buffer (pH 

7.00; 0.02 M) (75:25 %v/v) 

Stationary phase: C18 (2.1 x 100 

mm, 1.8 μm) 

Protein precipitation technique 

IS: Rifamycin 

Flow rate: 0.5 ml/min 

Rt: 7.723 min (RIF) 

(74) 

 

2.1.4.   Dissolution and solubility enhancement techniques for Rifampicin 

Various techniques were reported for dissolution enhancement of Rifampicin include 

solubilization by surfactant, solid dispersion, nanoparticle, nanosuspension, solid lipid 

particles and inclusion complex. The detailed review of literature is as shown below. 

An approach to increase the solubility of rifampicin by solid dispersion technique 

This work's goal was to explain how utilising a solid dispersion approach and a physical 

mixture with PEG 6000, rifampicin's solubility might be increased. Here, the medication to 

carrier ratios is 1:1, 1:2, 1:3, and 1:10. In-vitro drug release demonstrated rapid and thorough 

release over a two-hour period in pH-7.4 solid dispersion (SD-10) release profiles were 
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compared to pure drug and physical combination profiles. By using IR Spectra, it was 

determined that there was no drug-polymer interaction in the prepared solid dispersions.(75) 

 

Rifampin Stability and Solution Concentration Enhancement through Amorphous 

Solid Dispersion in Cellulose ω -Carboxyalkanoate Matrices 

RIF instability at stomach pH, low solubility at neutral pH, polymorphism, and stimulation 

of its own metabolism can all be used to explain these problems. We created novel cellulose-

based oral drug delivery technologies to improve and make more consistent RIF solubility 

and bioavailability in order to get around these challenges. The crystalline RIF and 

carboxymethyl cellulose acetate butyrate solid dispersion (positive) controls were compared 

to the amorphous solid RIF dispersions with cellulose -Carboxyalkanoate (cellulose acetate 

suberate, cellulose acetate propionate adipate, and cellulose acetate butyrate sebacate). In 

settings resembling an acidic stomach, cellobiose-Carboxyalkanoate dispersion prevented 

acid-catalysed breakdown and enabled complete release of intact RIF at intestinal pH.(76) 

 

Rifampicin nanocrystals: Towards an innovative approach to treat tuberculosis 

In this investigation, wet bead milling was used to create RIF nanocrystals. The 

concentration of rifampicin, the concentration of the stabilizing agent (Povacoat type F), and 

the mass of zirconia beads were investigated using a 3-factor, 3-level Box-Behnken design. 

The saturation solubility and dissolving rate improved up to 1.74-fold with a particle size 

reduction of 500 nm (a 100-fold reduction). Over a two-year period, the innovative polymer 

Povacoat® proved to be an effective stabilizer for preserving the physical stability of 

nanosuspensions.(77) 

 

Phase behavior of rifampicin in cholesterol-based liquid crystals and polyethylene 

glycol 

To assess their potential for use in the creation of dry powder inhalation dosage forms, the 

phase behaviour of rifampicin in cholesteryl-based carbonate esters (CCEs), cholesterol, and 

polyethylene glycol4000 (PEG 4000) was investigated. The cholesteryl cetyl carbonate 

(CCC) and PEG 4000 system, when used in a 1:1 mole ratio, produced a homogenous 

mixture with a comparatively high rifampicin content. This outcome was in line with the 

hypothesis derived from the dielectric constants. A eutectic point was visible on the phase 

diagram at CCC:PEG4000 (1:1) and 50 °C. Finally, a 1:6:6 mole ratio of the rifampicin 
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medication was successfully introduced into the CCC and PEG system. Oral inhalation 

might be possible with such a device.(78) 

 

An innovative antisolvent precipitation process as a promising technique to prepare 

ultrafine rifampicin particles(79) 

Using a room-temperature ionic liquid (1-ethyl-3-methyl imidazolium methyl-phosphonate) 

as an alternate solvent and a phosphate buffer as an antisolvent, ultrafine rifampicin particles 

were created to show this method. Rifampicin solubility was assessed in a variety of 

solvents, including water and phosphate buffer, and it was found to be more than 90 mg/g at 

30 °C and lower than 1 mg/g in water at 25 °C, demonstrating the drug's strong solubility. 

 

Assessment of solubility and Hansen solubility parameters of rifampicin in various 

permeation enhancers: Experimental and computational approach 

The study aimed to investigate quantitative solubility of rifampicin (RIF) coupled with a 

computational validation in various permeation enhancers such as surfactants [Span 80, 

Transcutol HP (THP), and triacetin], lipids [limonene, isopropyl myristate (IPM), and 

eugenol], and organic solvents [ethanol, 2-butanol, isopropyl alcohol (IPA), and ethyl acetate 

(EA)]. At T = 298.2 to 318.2 °K and p = 0.1 MPa, a number of computational and 

experimental methods assessed RIF's solubility. Utilising Vant Hoff and Apelblat models, 

the estimated experimental solubility values were confirmed. The ideal permeation enhancer 

for RIF was found using the software HSPiP.(80) 

 

Formulation and In Vitro Evaluation of Rifampicin Loaded Porous Microspheres 

Creating RIF-loaded porous microspheres as a controlled release dosage form was the goal 

of the current study. By using the emulsion solvent diffusion approach, RIF's porous 

microspheres with an Eudragit foundation were created. It was discovered that the 

entrapment efficiency of drug-loaded microspheres ranged from 19.04 to 74.57%. The 

porous and spherical shape of microspheres was revealed by surface morphology. Drug to 

polymer ratio of 2:1 exhibited more than 85% drug release over the course of three hours, 

according to in vitro drug release experiments.(81) 
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Novel Approach for Transdermal Delivery of Rifampicin to Induce Synergistic 

Antimycobacterial Effects against Cutaneous and Systemic Tuberculosis using a 

Cationic Nanoemulsion Gel 

Using the anti-Mycobacterium properties of capmul, labrasol, and acconon, this study 

showed better transdermal administration of cationic nanoemulsion gel containing 

rifampicin for the treatment of systemic and cutaneous tuberculosis. With this method, 

therapeutic efficacy was increased, side effects associated with dosage were decreased, and 

medication penetration through the skin was improved. Small particle size (100 nm), ideal 

viscosity, percent spread, zeta potential, and percent drug release were attributes of the 

optimised cationic nanoemulsion (OCNE-1), which was also hem compatible.(82) 

 

The solubility enhancement and the stability assessment of Rifampicin, Isoniazid and 

Pyrazinamide in aqueous media 

Rifampicin, isoniazid, and pyrazinamide all had varied effects on their solubilities in the 

presence of the poloxamers 188, 407, and sorbitol. Poloxamer 188 and 407 may have both 

reacted with rifampicin in a ratio greater than one to one, resulting in the formation of the 

Curves. The poloxamer molecule's lengthy chain may offer a number of affinity sites that 

allow for high order interactions between the poloxamers and rifampicin.(83) 

 

Rifampicin raw materials complexities and approaches to address solubility and in 

vitro permeability 

Utilizing the Caco2 model, dissolution and permeability investigations were conducted to 

evaluate this theory. Compared to rifampicin powder in distilled water alone, rifampicin 

powder in water plus SLS demonstrated improved solubility from the lowest quantity 

(0.05%) SLS. The solubility profile of rifampicin powder in 0.20–0.30% SLS significantly 

improved as a result of the powder's improved wettability. After 360 min, rifampicin's 

solubility in 0.1 M HCl was 2121.39 µg/ml. After 360 min, distilled water had a solubility 

value of 872.05 µg/ml.(84) 

 

Microwave Induced Solid Dispersion as a Novel Technique for Enhancing Solubility of 

Rifampicin 

For the solid dispersion, HPMC E5LV was employed as the dispersion medium. This study 

included a medication preformulation investigation, a solid dispersion characterisation 



REVIEW OF LITERATURE 

66 

 

study, and a formulation evaluation study. Three different methods—kneading, solvent 

evaporation, and microwave induction—were used to make solid dispersions. A possible 

option to increase Rifampicin's limited water solubility and dissolution rate is the 

microwave-induced solid dispersion method.(85) 

 

Oral delivery of ascorbic acid stabilized Rifampicin nanoparticles for enhanced 

bioavailability of Rifampicin 

Both with and without isoniazid, ascorbic acid markedly slowed the breakdown of 

rifampicin. Rifampicin's resistance to breakdown in an acidic environment was further 

impacted by the combination of ascorbic acid and the nanoparticle method. Reduced 

degradation and enhanced release of rifampicin in the acidic environment are indications of 

the stability of rifampicin as a result of the aforementioned methods. Rifampicin's 

pharmacokinetics were improved by nanoparticles and ascorbic acid, according to an in-vivo 

study. The findings of the present investigation show that stabilising agents such as ascorbic 

acid can be used in the right concentrations to prevent the degradation of rifampicin and 

isoniazid in fixed dose formulations.(86) 

 

Rifampicin-loaded ‘flower-like’ polymeric micelles for enhanced oral bioavailability in 

an extemporaneous liquid fixed-dose combination with isoniazid 

Rifampicin (RIF) and isoniazid (INH) coadministration is clinically advised to enhance 

tuberculosis treatment. RIF quickly hydrolyses in the stomach (a process accelerated by 

INH) and loses oral bioavailability. aimed to evaluate RIF nano's chemical stabilisation and 

oral pharmacokinetics when it was encapsulated in 'flower-like' polymeric micelles made of 

poly(e-caprolactone)-b-PEG-b-poly(e-caprolactone). RIF degraded less quickly thanks to 

nanoencapsulation than the free medication did. Additionally, in vivo research revealed that 

the presence of INH statistically significantly increased the oral bioavailability of RIF (up to 

3.3 times) compared to the free drug.(87) 

 

Preparation of Microparticles Containing Rifampicin as Dry Powder Formulation: In 

Vitro Studies on Aerosol Performance 

Spray drying was used to create the rifampicin-containing microparticles (RIF) utilizing a 

variety of biocompatible polymers, including chitosan and hydroxyl propyl methyl cellulose 

(HPMC). The aerosolization characteristics of the microparticles and microparticle blend 
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with coarse carrier Inhalac 230, including emitted dosage, Mass median aerodynamic 

diameter, Fine particle Fraction, and Geometric Standard Deviation, were studied. The 

wrinkle-surfaced, porous microparticles with a size range of 10 μm were created by the spray 

drying technique.(88) 

 

Physicochemical Characterization and Stability of Rifampicin Liposome Dry Powder 

Formulations for Inhalation 

Rifampicin (RIF), a different formulation for administration to the respiratory system, was 

encapsulated in liposomes. We identified the variables influencing the stability of liposomes 

carrying RIF. By using the chloroform film process and soybean L-1-phosphatidylcholine 

in four different millimole ratios, liposome suspensions were created. These were then freeze 

dried.(89) 

 

Formulation and characterization of Rifampicin-loaded P(3HB-co-4HB) nanoparticles 

Through the emulsification/solvent evaporation process, two types of nanoparticles were 

created: rifampicin-loaded nanoparticles and chitosan-coated rifampicin-loaded 

nanoparticles. These nanoparticles' characteristics were assessed and contrasted.(90) 

 

Development of Oral Sustained Release Rifampicin Loaded Chitosan Nanoparticles by 

Design of Experiment 

By using a modified emulsion ionic gelation process, chitosan nanoparticles were created. 

Here, Chitosan is used to distribute RIF by incorporating a hydrophobic drug component 

within a hydrophilic polymer matrix. By choosing the independent variables such as 

Chitosan concentration (X1), tripolyphosphate concentration (X2), and homogenization 

speed (X3), the 23 full-factorial design was used to attain the desired particle size with the 

highest percent entrapment efficiency and drug loading.(91) 

 

PLGA Nanoparticles of Anti Tubercular drug: drug loading and release studies of a 

water insoluble drug 

The goal of this work was to create rifampicin-loaded PLGA nanoparticles that could 

increase the therapeutic index of the medication and be delivered intravenously. The effect 

of PVA and polymer concentrations on prepared particle size was investigated. By using the 
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single and double evaporate method, solvent diffusion, and ionic interaction method, 

rifampicin nanoparticles based on PLGA were created.(92) 

 

Antimycobacterial susceptibility evaluation of rifampicin and isoniazid Benz-

hydrazone in biodegradable polymeric nanoparticles against Mycobacterium 

tuberculosis H37Rv strain 

In this study, we focus on two important drugs used for TB treatment - rifampicin (RIF) and 

isoniazid (INH) - and report a detailed study of RIF-loaded poly lactic-co-glycolic acid 

(PLGA) NPs and INH modified as INH Benz-hydrazone (IH2) which gives the same 

therapeutic effect as INH but is more stable and enhances the drug loading in PLGA NPs by 

15-fold compared to INH.(93) 

 

Preparation, In-vitro characterization and In-vivo pharmacokinetic evaluation of 

respirable porous microparticles containing Rifampicin 

Chitosan-based microparticles were created using the spray-drying method, and their 

aerodynamic qualities and potential for medication absorption in the lungs were assessed. 

Tripoly-phosphate was used to control drug release at concentrations of 0.6, 0.9, 1.2, and 1.5 

to provide a sustained drug release profile.(94) 

 

Micro-encapsulated poly(vinyl alcohol) nanoparticles for rifampicin delivery to the 

lungs 

The development of formulations using polymeric nanoparticles for rifampicin 

administration to the lungs was the goal of this thesis. A modified approach of 

nanoprecipitation was used to create poly (vinyl alcohol) nanospheres and nanocapsules. 

With a mean diameter of around 220 nm (NS) and 150 nm (NC), respectively, both types of 

nanocarriers were spherical.(95) 

 

Rifampicin loaded chitosan nanoparticle dry powder presents: an improved 

therapeutic approach for alveolar tuberculosis 

By using the ionic gelation probe sonication method, rifampicin-loaded nanoparticles were 

created, and their zeta potential, entrapment, and drug loading effectiveness were all 

evaluated. The produced nanoparticles' size distribution and entrapment efficiency were 

estimated to be 124.1–402.3 nm and 72.000%, respectively.(96) 



Review of literature for Rifampicin 

 

69 

 

Dry-Powder inhaler formulation of Rifampicin: an improved targeted delivery system 

for Alveolar Tuberculosis 

Rifampicin that has been micronized and preblended with coarse and fine lactose were 

simply combined to create the dry powder inhaler formulation. Initial formulations of the 

medication were made using different lactose grades (Inhalac, Respitose, and Lactohale). 

Rotahaler and Revolizer's performance was assessed. The dosage of the medication (X1) and 

the dosage of fine lactose (X2) were both optimised using the 32-factorial design. Andersen 

Cascade Impactor was used to perform in vitro lung deposition.(97) 

 

A study on polymorphic forms of rifampicin for inhaled high dose delivery in 

tuberculosis treatment 

In this study, formulations of inhalable rifampicin were made using a crystallisation process 

and spray drying. Rifampicin formulations that were produced by spray drying were 

amorphous, whereas those that were produced by crystallisation were crystalline dihydrate 

and pentahydrate formulations.(98) 

 

Rifampicin-carbohydrate spray-dried nanocomposite: a futuristic multiarticulate 

platform for pulmonary delivery 

The respirable nanocomposite was created by spray drying a rifampicin nanosuspension 

using leucine, maltodextrin, and mannitol as the microparticles' matrix formers. The 

nanocomposite particles' in-vitro breathing characteristics and thorough physicochemical 

characterization were examined.(99) 

 

Formulation and Evaluation of Polymeric Nanoparticles of Rifampicin for Anti-

Tubercular Therapy 

By employing poly methyl methacrylate as the polymer matrix and polyvinyl alcohol as the 

surfactant, nanoparticles made from polymers of rifampicin were created. The PMMA 

nanoparticles were uniformly sized and had a tiny (213 0.72 nm) size. On particle size and 

encapsulation effectiveness, the impacts of the dependent factors drug-polymer proportion 

and surfactant concentration were investigated.(100) 
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2.2. Review of literature for Quercetin 

2.2.1.   Non-compendial methods for Quercetin 

Various analytical methods including UV spectroscopy, HPLC and HPTLC have been 

reported in the literature for Quercetin individual and its combination with other drugs. 

TABLE 2.4 Analytical method for determination of Quercetin (Non-compendial)  

Sr. No. Title Analytical Conditions Ref. No. 

1 The UV-vis absorption spectrum 

of the flavanol quercetin in 

methanolic solution: A 

theoretical investigation 

Solvent: Methanol  

λmax: 375 nm 

 

(101) 

2 Determination of quercetin by 

UV spectroscopy as quality 

control parameter in herbal plant: 

Cocculus hirsutus 

Solvent: n-butanol: water: 

acetic acid (7:1:1 v/v/v) 

λmax: 256.30 nm 

 

(102) 

3 HPLC Method for Simultaneous 

Quantitative Detection of 

Quercetin and Curcuminoids in 

Traditional Chinese Medicines 

Mobile Phase: Acetonitrile and 

2% v/v acetic acid (40:60 %v/v) 

(pH 2.6) 

Stationary Phase: Thermo 

Hypersil Gold column (250 x 

4.6 mm, 5 µ)  

Flow rate: 1.3 ml/min 

Detection wavelength: 370 nm 

Rt: 3.97 min (QUE), 16.08 min 

(CUR) 

(103) 

4 HPLC Determination of 

Quercetin in Three Plant Drugs 

from Genus Sedum and 

Conjecture of the Best Harvest 

Time 

Mobile Phase: Methanol and 

0.40% phosphoric acid (49:51 

%v/v) 

Stationary Phase: Agilent 

Eclips XDB C18 (250 x 4.6 mm, 

5 µ)  

Flow rate: 1 ml/min 

Detection wavelength: 370 nm 

Rt: 8.82 min (QUE) 

(104) 

5 Simultaneous RP-HPLC analysis 

of Quercetin and Kaempferol in 

different plant parts of Cissus 

Quadrangularis 

Mobile Phase: Water: 

acetonitrile (45:55 %v/v) 

containing 0.1% o-phosphoric 

acid 

Stationary Phase: Endcpped C18 

(250 x 4.6 mm, 5 µ)  

Flow rate: 1 ml/min 

(105) 
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Detection wavelength: 370 nm 

Rt: 5.08 min (QUE), 6.49 min 

(KAM) 

6 RP-HPLC method development 

and validation of Quercetin 

isolated from the plant Tridax 

procumbens L. 

Mobile Phase: Methanol: 0.1% 

ortho phosphoric acid (65:35 

%v/v) 

Stationary Phase: HiQ Sil C18 

(250 x 4.6 mm, 5 µ)  

Flow rate: 1 ml/min 

Detection wavelength: 369 nm 

Rt: 8.40 min (QUE) 

(106) 

7 A Novel RP-HPLC method for 

simultaneous estimation of 

Berberine, Quercetin, And 

Piperine in an ayurvedic 

formulation 

Mobile Phase: Acetonitrile: 

0.04 M KH2PO4 buffer pH 3.0 

65:35 %v/v 

Stationary Phase: C18 (150 x 4.6 

mm, 5 µ)  

Flow rate: 1 ml/min 

Detection wavelength: 255 nm 

Rt: 2.7 min (BER), 3.0 min 

(QUE), 6.3 min (PIPE) 

(107) 

8 HPLC and HPTLC methods for 

Simultaneous Estimation of 

Quercetin and Curcumin in 

Polyherbal Formulation 

HPLC 

Mobile Phase: Methanol: water 

(75:25 %v/v) 

Stationary Phase: Inertsil C18 

(250 x 4.6 mm, 5 µ)  

Flow rate: 1 ml/min 

Detection wavelength: 397 nm 

HPTLC 

Mobile Phase: Toluene: ethyl 

acetate: formic acid (4.5:4:0.1, 

v/v/v) 

Stationary Phase: Silica gel 

60F254 

Detection wavelength: 397 nm 

Rf: 0.41 (QUE), 0.58 (CUR) 

(108) 

9 HPTLC method for quantitative 

determination of Quercetin in 

hydroalcoholic extract of dried 

flower of nymphaea stellata willd 

Mobile Phase: Toluene: ethyl 

acetate: formic acid (5:4:0.2 

v/v/v) 

Stationary Phase: Silica gel 

60F254 

Detection wavelength: 380 nm 

Rf: 0.28 (QUE) 

(109) 
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10 HPTLC method development 

and estimation of quercetin in the 

alcoholic extract of Aerva 

javanica root 

Mobile Phase: Toluene: 

acetone: methanol: formic acid 

(7:2:0.8:0.2 v/v/v/v) 

Stationary Phase: Silica gel 

60F254 

Detection wavelength: 366 nm 

Rf: 0.24 (QUE) 

(110) 

11 Determination of Quercetin by 

HPTLC Method in Sesbania 

Sesban (L.) Merr. Stem Extract 

Mobile Phase: Toluene: ethyl 

acetate: formic acid: methanol 

(5.5:3:1:0.5 v/v/v/v) 

Stationary Phase: Silica gel 

60F254 

Detection wavelength: 386 nm 

Rf: 0.48 (QUE) 

(111) 

12 Simultaneous estimation of 

quercetin and rutin in ethanolic 

extract of Melia azedarach. Linn 

leaves by HPTLC method 

Mobile Phase: Toluene: Ethyl 

Acetate: methanol (5:3:2 v/v/v) 

Stationary Phase: Silica gel 

60F254 

Detection wavelength: 254 nm 

Rf: 0.17 (RUT), 0.65 (QUE) 

(112) 

13 Development and Validation of 

HPTLC Method for 

Simultaneous Estimation of 

Diosgenin and Quercetin in 

Fenugreek Seeds (Trigonella 

foenum-graceum) 

Mobile Phase: Toluene: ethyl 

acetate: formic acid 

(5:4:1,v/v/v) 

Stationary Phase: Silica gel 

60F254 

Detection wavelength: 275 nm 

for QUE and 450 nm for 

Diosgenin 

Rf: 0.60 (QUE), 0.65 

(Diosgenin) 

(113) 

14 High performance thin layer 

chromatography profile of 

quercetin in three Cultivars of 

allium cepa and its antimicrobial 

activity against bacterial Cultures 

Mobile Phase: Chloroform: 

Methanol (8:2 v/v) 

Stationary Phase: Silica gel 

60F254 

Detection wavelength: 375 nm 

Rf: 0.68 (QUE) 

(114) 

15 HPTLC Method for Quantitative 

Determination of Quercetin in a 

Polyherbal Compound for 

Urolithiasis 

Mobile Phase: Chloroform: 

Methanol: Formic acid 

(7.5:1.5:1 v/v/v) 

Stationary Phase: Silica gel 

60F254 

Detection wavelength: 254 nm 

Rf: 0.43 (QUE) 

(115) 
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16 Quantification of Quercetin and 

Rutin from Benincasa hispida 

Seeds and Carissa Congesta 

Roots by High‑performance Thin 

Layer Chromatography and 

High‑performance Liquid 

Chromatography 

HPLC 

Mobile Phase: Acetonitrile and 

water (95:5 %v/v) 

Stationary Phase: RP C18 (250 x 

4.6 mm, 5 µ)  

Flow rate: 1.5 ml/min 

Detection wavelength: 360 nm 

HPTLC 

Mobile Phase: Toluene: Ethyl 

acetate: Formic acid (5:4:0.2 

v/v/v) 

Stationary Phase: Silica gel 

60F254 

Detection wavelength: 254 nm 

Rf: 0.55 (QUE) 

(116) 

17 Validated high performance thin 

layer chromatography method 

for simultaneous determination 

of quercetin and gallic acid in 

Leea indica 

Mobile Phase: Toluene: ethyl 

acetate: formic acid, (5:4:1, 

v/v/v) 

Stationary Phase: Silica gel 

60F254 

Detection wavelength: 254 nm 

Rf: 0.63 (QUE), 0.45 (Gallic 

acid) 

(117) 

 

2.2.2.   Bioanalytical methods for Quercetin 

Various bioanalytical methods including LC-MS, LC-MS/MS, LC-TMS and UPLC-MS 

have been reported in the literature for Quercetin in various biological fluids. 

TABLE 2.5 Bioanalytical method for determination of Quercetin. 

Sr. No. Title Analytical Conditions Ref. No. 

1 Comprehensive analyses of 

Quercetin conjugates by 

LC/MS/MS revealed that 

Isorhamnetin-7‑O‑glucuronide-

4′‑O‑sulfate is a major metabolite 

in plasma of rats fed with 

Quercetin glucosides 

Mobile phase: water, methanol, 

5% formic acid and 2-propanol 

Gradient elution 

Stationary phase: Sunrise C28 

column (4.6 × 150 mm, 3 μm) 

Solid phase extraction by 

Captiva EMR-Lipid 

Flow rate: 0.7 ml/min 

Rt: 10.23 min (QUE) 

(118) 

2 UPLC-MS for Identification of 

Quercetin Derivatives in Cuphea 

glutinosa Cham. & Schltdl 

Mobile phase: Water containing 

0.08% trifluoroacetic acid and 

acetonitrile containing 0.08% 

(119) 
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(Lythraceae) and Evaluation of 

Antifungal Potential 

trifluoroacetic acid Gradient 

elution 

Stationary phase: RP C18 

column XTerra® (150 x 4.6 

mm, 5.0 µm) 

Flow rate: 1.0 ml/min 

Rt: 18.28 min (QUE) 

3 An UHPLC-MS/MS method for 

simultaneous determination of 

quercetin 3-O-rutinoside, 

kaempferol 3-O-rutinoside, 

isorhamnetin 3-O-rutinoside, 

bilobalide and ligustrazine in rat 

plasma, and its application to 

pharmacokinetic study of 

Xingxiong injection 

Mobile phase: 0.1% aqueous 

formic acid and acetonitrile 

Gradient elution 

Stationary phase: C18 analytical 

column (2.1 mm × 100 mm, 3.5 

µm) 

IS: Naringin 

Protein precipitation technique 

with acetonitrile 

Flow rate: 0.3 ml/min 

Rt: 6.0 min (QUE) 

(120) 

4 UPLC-MS/MS quantification of 

quercetin in plasma and urine 

following parenteral 

administration 

Mobile phase: Solvent А: 

acetonitrile – water – formic 

acid (10: 90: 0.2, v/v/ 

v), solvent В: acetonitrile – 

formic acid (100: 0.2, v/v). 

Gradient elution 

Stationary phase: BEH С18 

columns (50 mm× 2.1 mm, 1.7 

μm) 

IS: Fisetin 

Solid-phase extraction with 

Oasis® HLB cartridges 

Flow rate: 0.4 ml/min 

Rt: 0.79 min (QUE) 

(121) 

5 Simultaneous UPLC–

TQ‑MS/MS determination of six 

active components in rat plasma: 

application in the 

pharmacokinetic study of 

Cyclocarya paliurus leaves 

Mobile phase: Acetonitrile and 

formic acid aqueous solution 

(0.1%). Gradient elution 

Stationary phase: BEH С18 

columns (50 mm× 2.1 mm, 1.7 

μm) 

IS: Naringin 

Protein precipitation technique 

Flow rate: 0.3 ml/min 

Rt: 4.50 min (QUE) 

(122) 
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6 Development and validation of 

RP-HPLC based bioanalytical 

method for simultaneous 

estimation of curcumin and 

quercetin in rat's plasma 

Author links open overlay panel 

Mobile phase: acetonitrile and 

2% glacial acetic acid Gradient 

elution 

Stationary phase: C18 column 

(150 x 4.6 mm, 5.0 µm) 

IS: Fisetin 

Protein precipitation technique 

Flow rate: 1.0 ml/min 

Rt: 5.5 min (QUE) 

(123) 

7 Bioanalytical method 

development and validation for 

herbal Quercetin in nano 

formulation by RP-UFLC in 

rabbit plasma 

Mobile phase: acetonitrile: 

potassium dihydrogen ortho 

phosphate pH 3.5 (65:35 %v/v)  

Stationary phase: C18 column 

(250 x 4.6 mm, 5.0 µm) 

IS: Fluticasone propionate 

Solid phase extraction 

Flow rate: 0.8 ml/min 

Rt: 8.62 min (QUE) 

(124) 

8 A UPLC-MS/MS Method for 

Qualification of Quercetin-3-O-

βD-glucopyranoside-(4 1)-α-L-

rhamnoside in Rat Plasma and 

Application to Pharmacokinetic 

Studies 

Mobile phase: Acetonitrile and 

0.1 % formic acid Gradient 

elution 

Stationary phase: C18 column         

(100 mm x 2.1 mm, 1.7 μm) 

IS: Rutin 

Solid phase extraction 

Flow rate: 0.4 ml/min 

Rt: 3.23 min (QUE) 

(125) 

9 Determination of quercetin in 

human plasma using reversed 

phase high-performance liquid 

chromatography 

Mobile phase: 45% v/v acetone 

in 250 mM sodium dihydrogen 

sulphate 

Stationary phase: C18 column         

(150 mm x 3.9 mm, 10 μm) 

IS: Kaempferol 

Solid phase extraction 

Flow rate: 1.0 ml/min 

Rt: 4.60 min (QUE) 

(126) 

10 Simultaneous Estimation of 

Quercetin and trans-Resveratrol 

in Cissus quadrangularis Extract 

in Rat Serum Using Validated 

LC-MS/MS Method: Application 

to Pharmacokinetic and Stability 

Studies 

Mobile phase: Methanol and 

0.1% formic acid in water 

(82:18 %v/v) 

Stationary phase: C18 column         

(75 mm x 4.6 mm, 3 μm) 

IS: Fenofibric acid 

(127) 
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Protein precipitation and 

Liquid-liquid extraction  

Flow rate: 0.5 ml/min 

Rt: 1.97 min (QUE) 

 

2.2.3.   Dissolution and solubility enhancement techniques for Quercetin 

Various techniques were reported for dissolution enhancement of Quercetin. It includes 

solubilization by surfactant, solid dispersion, nanoparticle, nanosuspension, solid lipid 

particles and inclusion complex. The detailed review of literature was shown below. 

 

Solubility enhancement and development of gum-based colon targeted drug delivery 

systems of Quercetin 

The solid dispersion approach employing the solvent-evaporation technique improved the 

drug's solubility; the optimized formulation 1:5 (Quercetin: PVP) was intended for the colon. 

The substance is in an amorphous state, thermal investigations have demonstrated. No 

interactions between the medication and the polymers were found, according to FTIR 

analyses. The F5 and F6 type formulations showed the most promise to target the colon, with 

a release of 96.30 % after 24 h, according to the in-vitro drug release experiments.(128) 

 

Dissolution enhancement of quercetin through nanofabrication, complexation, and 

solid dispersion 

The major goal of this work was to increase the rate of quercetin's dissolution by creating 

solid dispersions of its nanoparticles, complexes, and evaporative precipitation of 

nanosuspension (EPN)-derived solid dispersions. Quercetin is a weakly water-soluble 

antioxidant medication. We investigated how the kind of antisolvent, drug dosage, and 

solvent to antisolvent ratio affected the formation of quercetin particles during EPN. The 

particles were large, erratic, and flake-shaped when water was used as an antisolvent, but 

they were smaller and needle-shaped when benzene or hexane was used instead.(129) 

 

Enhancement of Solubility and Bioavailability of Quercetin by Inclusion Complexation 

with the Cavity of Mono-6-deoxy-6- amino ethyl amino-β-cyclodextrin 
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Although quercetin (QUE) offers numerous health advantages, its low solubility restricts its 

use. To get around this restriction, we created mono-6-deoxy-6-aminoethylamino-

cyclodextrin (Et--CD). By complexing with Et-CD, QUE's solubility was raised 35.1 times 

when compared to QUE. With the help of a field emission scanning electron microscope, a 

differential scanning calorimeter, and a Fourier transform infrared spectrometer, researchers 

looked into the changes in physicochemical parameters that occurred after successful 

complexation.(130) 

 

Enhancement of the solubility, stability and bioaccessibility of quercetin using protein-

based excipient emulsions 

In order to increase the bioaccessibility of quercetin, a significant hydrophobic nutraceutical, 

emulsion-based excipient foods have been created. Sodium caseinate, whey protein isolate, 

or soy protein isolate were used as emulsifiers to create protein-stabilized oil-in-water 

excipient emulsions. Then, to mimic the cooking process, these emulsions were combined 

with quercetin powder. The excipient emulsions were resilient against coalescence after 

being exposed to boiling (100 °C for 60 min) and had relatively tiny droplet sizes (d < 270 

nm).(131) 

 

Quercetin conjugated superparamagnetic magnetite nanoparticles for in-vitro analysis 

of breast cancer cell lines for chemotherapy applications 

In the current work, quercetin coupled superparamagnetic Fe3O4 nanoparticles are examined 

for use in in vitro chemotherapeutic testing on breast cancer cell lines. The dextran-coated 

Fe3O4 nanoparticles were made using a straightforward precipitation approach, and the 

anticancer flavonoid quercetin was conjugated on the surface using a nanoprecipitation 

method.(132) 

 

Study of Solubility Enhancement of Quercetin by Inclusion Complexation with β-

cyclodextrin 

The major goal of the current investigation was to create inclusion complexes of quercetin 

with -CD using the solvent evaporation approach and to determine whether this method 

improved the drug's solubility in comparison to other available methods. According to the 

phase solubility analyses, a 1:1 molar inclusion complex between the medication and -

cyclodextrin has formed.(133) 
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Enhanced skin delivery of quercetin by microemulsion 

Isopropyl myristate, 150 mM NaCl solution, Tween 80, and ethanol were combined to create 

a microemulsion. In Franz diffusion cells, the skin transport of quercetin by microemulsion 

was investigated using excised guinea pig and Yucatan micropig skin. Iron(II) and citrate 

were used to detect lipid peroxidation in skin. Key conclusions Intradermal transport and 

solubility of quercetin were both greatly improved when used as a vehicle in a w/o 

microemulsion. Deep skin penetration by quercetin was not accompanied by any transfer to 

the receptor compartment.(134) 

 

Preparation of a chemically stable quercetin formulation using nanosuspension 

technology 

In the current work, the viability of two processes—evaporative precipitation into aqueous 

solution (EPAS) and high homogenization press (HPH)—to produce a chemically stable 

quercetin nanosuspension was assessed. On the other hand, the HPH method preserved the 

drug's original crystalline state. According to the findings of the dissolution tests, the EPAS 

procedure outperformed the HPH process in terms of improving the drug's solubility and 

rate of dissolution.(135) 

 

Solid dispersion of quercetin in cellulose derivative matrices influences both solubility 

and stability 

To find a solid dispersion that efficiently increased drug concentration in aqueous solution, 

amorphous solid dispersions of quercetin in cellulose derivative matrices, 

carboxymethylcellulose acetate butyrate, hydroxypropyl methylcellulose acetate succinate, 

and cellulose acetate adipate propionate were created. These ASDs had much greater 

solution concentrations and QUE stability against crystallisation than those seen with 

physical mixes and crystalline QUE.(136) 

 

Solubility enhancement of curcumin, quercetin and rutin by solid dispersion method 

A beta-cyclodextrin and polyvinyl pyrrolidone K30 mediated fixed dosage combination drug 

delivery system was created using the solid dispersion technique to increase the hydrophilic 

and drug delivery properties. Studies on saturation solubility also demonstrated that 

inclusion complexes had noticeably higher solubilities than toothers. In comparison to solid 
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dispersion created by solvent change precipitation method, the inclusion complex of PHC-

CD prepared by solvent evaporation method showed higher drug solubility rates.(137) 

 

Enhancement of gastrointestinal absorption of quercetin by solid lipid nanoparticles 

By using an emulsification and low-temperature solidification technique, quercetin solid 

lipid nanoparticles were created. Under transmission electron microscopy, the nanoparticle 

appeared spherically shaped and had an average diameter of 155.3 nm. The average drug 

loading, zeta potential, and drug entrapment efficiency were 91.1%, 13.2%, and 32.2 mV, 

respectively. Rats were used to study the rat GI tract's absorption of nanoparticles utilising 

the in-situ perfusion technique.(138) 

  

Enhanced solubility of quercetin by forming composite particles with trans-

glycosylated materials 

The amount of quercetin that was dissolved rose significantly when quercetin was incubated 

with trans-glycosylated substances. The following is a ranking of the solubilizing effect: 

Rutin-G is superior to Hsp-G and Stevia-G. Rutin-G was found to increase the apparent 

solubility of quercetin from the spray-dried sample by 43 times compared to quercetin 

crystal.(139) 

 

Bioactivity and cytotoxicity of quercetin-loaded, lecithin-chitosan nanoparticles 

This study sought to construct quercetin-loaded, lecithin-chitosan nanoparticles (NPQ) and 

characterize its physical, chemical, and biological properties in order to enhance its 

dispersibility in aqueous media, protection against degradation, and bioavailability of 

quercetin. With a mean size of 240.81 ± 10.82 nm and a zeta potential of + 38.9  ± 1.60 mV, 

NPQ had a clearly spherical morphology.(140) 

 

Zein nanoparticles for oral delivery of quercetin: Pharmacokinetic studies and 

preventive anti-inflammatory effects in a mouse model of endotoxemia 

In order to increase quercetin's oral bioavailability and enhance its anti-inflammatory effects 

in a mouse model of induced endotoxemia, zein nanoparticles were investigated as potential 

nanocarriers. For this, zein nanoparticles were used to encase the flavonoid and 2-

hydroxypropyl-cyclodextrin. The payload was estimated to be close to 70 μg/mg 

nanoparticle, and the final nanoparticles had a mean size of roughly 300 nm.(141) 
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Nano-encapsulated quercetin by soluble soybean polysaccharide/chitosan enhances 

anti-cancer, anti-inflammation, and anti-oxidant activities 

For the creation of nanoparticles, several polysaccharides, such as soluble soybean 

polysaccharides (SSPS) and chitosan, were frequently utilised as polymeric backbones. We 

looked at the chitosan-encapsulated quercetin's physicochemical characteristics in SSPS. 

This nanoparticle's biological activity shows that encapsulated quercetin exhibits greater 

biological activity than free quercetin.(142) 

 

Fabrication of quercetin-loaded PLGA nanoparticles via electrohydrodynamic 

atomization for cardiovascular disease 

In this current work, a novel system of polymeric PLGA NPs loaded with Qu, was fabricated 

via electrohydrodynamic atomization process (EHDA) in order to improve poor aqueous 

solubility and stability of the drug with the aim of preventing atherosclerosis.(143) 

 

Smart PLGA nanoparticles loaded with Quercetin: Cellular uptake and in-vitro 

anticancer study 

Quercetin-loaded PLGA nanoparticles were created utilising a modified solvent diffusion 

approach with pluronic as a stabiliser. In EDC/NHS coupling processes, transferrin 

conjugation on nanoparticles was accomplished. In DLS, the particle size was 150 nm on 

average.(144) 

 

Quercetin loaded PLGA microspheres induce apoptosis in breast cancer cells 

After being placed onto a biodegradable polymer, poly(lactic-co-glycolic acid) (PLGA) 

microspheres, pure quercetin was tested for its ability to induce apoptosis in Michigan 

Cancer Foundation (MCF-7) cells. The average size of the PLGA microspheres was 100 m, 

hence there was no discernible variation in size between the microspheres before and after 

loading.(145) 
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CHAPTER-3 

Aim of Present Work 

3. AIM OF PRESENT WORK 

Mycobacterium tuberculosis, which most frequently infects the lungs, is the cause of the 

life-threatening dangerous disease known as tuberculosis (TB). Droplets from the lungs and 

throat of patients with active respiratory illness are used to transmit it from one person to 

another. After AIDS, it is the second most frequent infectious disease-related cause of 

mortality worldwide. A predicted 12 million new cases of Tuberculosis were discovered in 

2021. Geographically, Africa and Asia have the greatest prevalence of TB. Together, India 

and China are responsible for about 40% of all TB cases worldwide.(1) 

Streptomyces mediterranei is used to make the semi-synthetic antimicrobial rifampicin. It 

exhibits a broad spectrum of antibacterial activity, including activity against different 

Mycobacterium species. It slows the start of RNA synthesis in sensitive species by blocking 

DNA-dependent RNA polymerase function by establishing a stable interaction with the 

enzyme.(4, 5) 

Some people who take antituberculosis medications have hepatotoxicity, which can end in 

rapid liver failure and death. Such occurrences restrict the therapeutic application of 

medications, which contributes to treatment failure and may result in antibiotic resistance. 

However, a number of unfavourable effects of these medications have been documented, 

including ototoxicity, neurotoxicity, nephrotoxicity, hypersensitivity, GI toxicity, and CNS 

toxicity. Additionally, RIF has a bioavailability of 50–60%. As a result, the drug dose must 

be increased to produce the desired biological activity, resulting in the emergence of resistant 

TB strains, protracted therapy, a lack of patient compliance, immune system impairment, 

and lung tissue destruction.(19, 146) 

Incorporating a herbal bioenhancer like quercetin will increase bioavailability and lessen the 

side effects of the current tuberculosis medication to address the aforementioned issues. 

Antitubercular, antiviral, antibiotic, and antifungal medications are just a few of the groups 

of drugs that can benefit from the use of herbal bioenhancers to improve their bioefficacy 

and bioavailability. The dosage, the toxicity, and the duration of the treatment will all be 

reduced by bioenhancers. Hepatoprotective and immunomodulator properties are additional 

benefits in the treatment of tuberculosis.(147–150) 
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Bioavailability is impacted by drug dissolution, which is mostly determined by drug 

solubility. Dissolution is the rate-limiting phase in the absorption process because the bulk 

of recently found medications (BCS class-II) are ineffective or insoluble in water. 

Absorption suffers as a result. These obstacles are ones that researchers are experiencing 

because of the growing desire for better products. (147–150) 

The physicochemical characteristics of medicinal medications have a direct impact on their 

bioavailability and, consequently, their efficacy. Raising the dissolution profile is therefore 

a challenging challenge for researchers. Several solubility improvement methods for 

rifampicin and quercetin have been published in the literature to increase oral bioavailability. 

Solubilization in surfactant systems, solid dispersion, nanoparticle, nanosuspension, solid 

lipid particle and inclusion complex are a few of these approaches.(76–78, 80, 82–92, 94, 

95, 97–100, 151, 152) 

Nevertheless, there are a number of process-related issues with the aforementioned 

techniques. For instance, expensive machinery is needed to make polymeric nanoparticles 

with a sonicator and dry them with a spray dryer. Due to particle agglomeration brought on 

by the unstable nature of nanosuspension formulation, the disadvantage of high saturation 

solubility and quick dissolving velocity is lost. (76–78, 80, 82–92, 94, 95, 97–100, 151, 152) 

Liquisolid technology is an exceptionally promising alternative for efficient and 

comprehensive medication disintegration. The rate of dissolution of poorly water-soluble 

drugs can also be increased, and it is a simple, affordable formulation process. Because they 

increase the net effective surface area and facilitate the wetting process, Liqui-solid 

compacts that contain insoluble medicines promote dissolving by enhancing the drug's 

availability in the dissolution medium. The purpose of the research project was to use 

quercetin as a bioenhancer with the liquisolid compact technology to enhance the solubility 

of rifampicin. The key elements of liquisolid compact, solubility, and percent cumulative 

drug release were further analysed using Design Expert software, and an ideal batch was 

then selected based on desirability function.(7–9, 11) 

Recently, dry powder inhalers (DPIs) are becoming highly popular as an effective method 

of lung medication delivery. Dry powder is a tool that enables the transfer of an active 

ingredient in a dry powder form via the respiratory pathway either for local or systemic 

action. They are more effective at improving patient adherence and pulmonary 

administration than nebulizer treatments or metered dose inhalers, and they are also more 

small, portable, and eco-friendly. For the systemic action, these powder formulations' 

particle sizes should not be greater than 1 µm. However, inhalation-exposure powders 
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exhibit substantial interparticle cohesiveness in this size range, which harms powder 

flowability. As a result, numerous methods have been used to enhance the aerosolization of 

powders to overcome these issues, modifying the particle's form, porosity, or density, or 

putting the medication onto an innocuous particulate structure like a nanoparticle. Less 

systemic toxicity and increased medication concentration at the primary site of infection are 

two potential benefits of direct delivery of the TB treatment to the lungs. Additionally, 

inhalation therapy does not involve first-pass metabolism like oral delivery does. The fact 

that mass median aerodynamic diameter a crucial factor in particle deposition in the lungs 

of nanocarriers for pulmonary delivery is frequently too small is a potential barrier to their 

use.(14–18, 20, 21) 

Utilizing polymeric nanoparticles as methods for delivering drugs to the lungs has the 

potential to be advantageous due to their physicochemical stability, better drug loading 

efficiency, and, most significantly, their capacity to target drugs precisely to the site of 

action. Additionally, for polymeric nanoparticles for respiratory administration, 

characteristics like the size of particles, shape, and porosity might be easily modified. With 

the use of 32 full factorial designs, the purpose of this research was to create RIF and QUE-

equipped nanoparticles that were then tested for in-vitro functionality and in-vivo respiratory 

pharmacokinetic. 

Literature survey reveals various UV-spectroscopy, RP-HPLC and HPTLC methods for the 

estimation of RIF individually and in different formulations when combined with other 

drugs. Several analytical and bioanalytical methods have been reported like HPLC, UV 

spectroscopy, HPTLC for the determination of QUE individually and combined with other 

drugs. However, none of the analytical and bioanalytical methods are reported for 

combination of Rifampicin and Quercetin.(48–60) (101–117)     

Literature reports various analytical methods that are available for the determination of 

rifampicin individually and with other combinations in biological fluids based on HPTLC, 

LC with MS/MS, UPLC, HPLC, and UPLC with MS/MS. Similarly, a literature survey 

revealed that HPLC, HPTLC, LCMS/MS, and UPLC-MS/MS methods are also available for 

estimation of quercetin individually and with other drugs in rat and human plasma using 

different sample extraction techniques.(61–74, 118–127, 153–155) However, none of the 

techniques are available for the instantaneous quantification of rifampicin and quercetin in 

rat plasma. Many existing techniques have disadvantages including tedious sample 

preparation techniques, long chromatographic run time, poor sensitivity, and narrow linear 

concentration range that decreases the suitability for quantification of drugs. LC-MS/MS is 
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a highly sensitive technique for quantification of drugs in a biological matrix with added 

advantages of faster analysis, greater peak capacity, and rugged method.  

In context to above, aims of present work are: 

1. Development and Validation of UV-spectrophotometric method (Q-absorbance 

Method and Chemometric assisted PLS method). 

2. Development and Validation of HPTLC method for simultaneous estimation of 

Rifampicin and Quercetin. 

3. Bioanalytical method Development and Validation for Rifampicin and Quercetin in 

rat plasma using UPLC-MS/MS and in rat plasma, BAL fluid, lung’s Homogenate 

using RP-HPLC-UV.  

4. Formulation and Optimization of Rifampicin and Quercetin Loaded Liquisolid 

Compact: In-Vitro and In-Vivo Study. 

5. Rifampicin and Quercetin Dry powder inhaler formulation for Pulmonary 

Tuberculosis: Optimization, In-vitro and In-vivo characterization. 
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CHAPTER-4 

Development and validation of analytical methods 

4. DEVELOPMENT AND VALIDATION OF ANALYTICAL 

METHODS 

4.1. Identification study 

4.1.1.   Materials and Methodology 

4.1.1.1. Procurement of Drugs 

Rifampicin (RIF 99 %w/w), an industrial-grade drug, was obtained as a free sample, and 

Quercetin (QUE 99 %w/w), a drug, was purchased (Table 4.1). 

TABLE 4.1 Procurement of drugs 

Name of Drug Name of Company 

Rifampicin Intas Pharmaceutical Pvt., Ltd., Ahmedabad 

Quercetin Swapnaroop drugs and pharmaceuticals, Aurangabad 

 

4.1.1.2. Identification of Procured drugs 

The following methods were used to identify the medications that had been purchased: 

solubility analysis, melting point analysis, UV absorption analysis, and IR absorption 

analysis. 

4.1.1.3. Solubility Study 

The solubility of drugs will be assessed by precisely weighing 10 mg in a 10 ml volumetric 

flask, adding the necessary amount of solvents at room temperature, and shaking the mixture 

for a short period of time. Both analytical substances were tested for solubility using a variety 

of solvents including methanol, water, chloroform, acetone, and acetonitrile. For 24 hours, 

the mixtures were kept at room temperature to test the analytes' solvent stability. 

4.1.1.4. Melting Point Study 

Electronics India's elec-1934 was used to conduct a melting-point study. 300 °C Ambient 

Auto Melting Point Apparatus. Firstly, the capillary was filled with the sample drug of the 

medication and then placed in the instrument. A green light will then indicate whether the 

sample is ready for processing or not. When the material was ready to be processed for 

melting, the green light appeared. Machine's temperature was set in the meantime. Followed 
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by hitting the "START" button. The specimen of the drug was automatically melted out 

using the instrument, and when the procedure was finished, an alarm sound and instrument 

temperature display were played. It was carried out three times. 

4.1.1.5. UV-absorption Study 

RIF and QUE were precisely measured out at 10 mg each and placed individually into 10 ml 

volumes of volumetric flasks. They were subsequently dispersed in a small amount of 

methanol, and the volume of each was subsequently adjusted to the limit with methanol to 

achieve a concentration of 1000 μg/ml. To achieve a concentration of 10 μg/ml, these 

solutions underwent additional dilution. The highest absorbance was determined to figure 

out the "λmax" value after scanning these typical solutions of RIF and QUE in methanol in 

the UV region, 200-800 nm, in a 1 cm cell with methanol as the blank. 

4.1.1.6. FT-IR Absorption Study 

By constructing a disc, infrared spectroscopy examinations of solid specimens were conducted. 

A trituration was performed using 1 mg of the material and 300 mg of dry, finely powdered 

potassium bromide IR (KBr). Following complete grinding, the mixture was evenly distributed 

in an appropriate die and gripped under a vacuum at a pressure of around 800 MPa. The drug 

sample was then shifted into the sample chamber and placed in the sample holder. An FTIR 

spectrometer was used to scan samples between 4000 and 400 cm-1. 

 

4.1.2.   Results and Discussion 

4.1.2.1. Solubility Study 

The physical and chemical characteristics of the solute and solvent, as well as the pressure, 

temperature, and the solution's pH, all have a significant impact on the material's solubility. 

In the process of developing a method, a drug's solubility characteristic is used to choose a 

solvent. Table 4.2 displays each drug's solubility in various solvents. 

TABLE 4.2 Solubility study of drugs 

Solvents Rifampicin Quercetin 

Water Slightly soluble Insoluble 

Methanol Soluble Soluble 

Acetone Soluble Soluble 
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4.1.2.2. Melting Point Study 

As shown in Table 4.3, the measured melting points for each of the medications described 

were close to the specified standard melting points for each drug. 

TABLE 4.3 Melting point study of drugs 

Drugs Reported Melting Point (°C) Observed Melting Point (°C) 

Rifampicin 183 - 188 184 - 186 

Quercetin 314 - 316 313 - 315 

 

4.1.2.3. UV-absorption Study 

Figure 4.1 shows the UV spectra of both medicines in methanol, with the wavelength 

maximum of RIF was found at 336 and 480 nm and QUE at 253 and 371 nm. 

 

FIGURE 4.1 Zero order UV spectra of RIF (10 µg/ml) and QUE (10 µg/ml) in methanol. 

 

4.1.2.4. FT-IR absorption Study 

As shown in Fig. 4.2, 4.3, and 4.4, conventional IR spectra of RIF and QUE of both drugs 

were compared with the FT-IR spectra of the RIF and QUE samples. The comparison results 

for RIF and QUE are presented in Tables 4.4 and 4.5, respectively. 

 

FIGURE 4.2 FT-IR spectra of RIF sample. 
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FIGURE 4.3 FT-IR spectra of RIF standard.(47) 

 

Various peaks of alcohols and phenols at 3484 cm-1, amines at 1645 cm-1, imines at 1688 

cm-1, ester ketones at 1725 cm-1 and aromatic double bond at 1459 cm-1 of Rifampicin was 

found to be at same position like standard drug. 

 

TABLE 4.4 Interpretation of FT-IR spectra of Rifampicin 

Stretching Peaks Standard Wavenumber 

(cm-1) 

Observed Wavenumber 

(cm-1) 

Alcohols & Phenols (O-H) 3500 - 3200 3484 

Amine (N-H) 1640-1550 1645 

Imines (C=N) 1690-1640 1688 

Ether & Ester (C-O) 1300-1000 1242 & 1159 

Ester ketone (C=O) 1750-1720 1725 

Amide Ketone (C=O) 1690-1630 1688 

Aromatic (C=C) 1600-1450 1459 

Amines (C-N) 1350-1000 1332 

 

 

FIGURE 4.4 FT-IR spectra of QUE sample. 
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TABLE 4.5 Interpretation of FT-IR spectra of Quercetin 

Stretching Peaks Standard Wavenumber 

(cm-1) 

Observed Wavenumber 

(cm-1) 

Phenols (O-H) 3400-3300 3391.88 

Aromatic (C=C) 1650-1600 1616.19 

Ketone (C=O) 1660-1820 1658.97 

C-O 1300-1100 1316.87 & 1093.28 

Various peaks of phenols at 3391 cm-1, aromatic at 1616 cm-1, ketone at 1658 cm-1 and ethers 

at 1316 cm-1 of Quercetin was found to be at same position like standard wavenumbers. 

 

4.1.3.   Conclusion 

The collected samples of RIF and QUE can be considered pure and certified based on the 

identification study's results. 

 

4.2. Q-absorbance ratio spectrophotometric method  

In three different dissolution media—0.1 M HCl, pH-6.8 Phosphate buffer and pH-7.4 

Phosphate buffer—the Q-absorbance ratio spectrophotometric technique for measurement 

of RIF and QUE has been established and validated.(38, 39, 156–161) 

 

4.2.1.   Materials and Methods 

4.2.1.1. Instruments and Apparatus 

Double beam UV-Visible Spectrophotometer (Model 1800, Shimadzu, Japan) having two 

matched quartz cells having 1 cm light path UV-Probe 2.35 software Shimadzu, Electronic 

analytical balance (AUW-220d, Japan). Pipettes: 1, 2, 5, 10 ml, Volumetric flask: 10 and 

100 ml were used. All glassware’s and instruments were calibrated before use. 

4.2.1.2. Spectrophotometric conditions 

Wavelength range: 200-800 nm  

Mode: Spectrum  

Scanning speed: Medium 

Baseline correction: 0.1 M HCl, pH-6.8 Buffer and pH-7.4 buffer 

4.2.1.3. Preparation of Dissolution media 

0.1 M Hydrochloric acid (HCl) 
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Solutions of 0.1 M may be prepared by diluting 8.5 ml of hydrochloric acid to 1000 ml with 

water. 

pH-6.8 Phosphate Buffer 

50.0 ml of 0.2 M potassium dihydrogen phosphate was transferred in 200 ml volumetric 

flask, followed by addition of 22.4 ml of 0.2 M Sodium hydroxide and then water was added 

up to 1000 ml. 

pH-7.4 Phosphate Buffer 

50.0 ml of 0.2 M potassium dihydrogen phosphate was transferred 200 ml volumetric flask, 

followed by addition of 39.1 ml of 0.2 M Sodium hydroxide and then water was added up to 

1000 ml. 

4.2.1.4. Preparation of standard solutions 

Preparation of stock and working standard solution of RIF and QUE: 

Separately, precisely measured 10 mg of RIF and QUE from each were added to 10 ml 

volumetric flasks that had a little amount of methanol in them to dissolve. The ultimate 

amount of RIF and QUE, each 1000 μg/ml, was then obtained by adding methanol to get the 

volume up to the desired level. To obtain the ultimate concentration of 100 μg/ml for RIF 

and 100 μg/ml for QUE, 1 ml of each standard solution was withdrawn out and put separately 

into 10 ml volumetric flasks. 

4.2.1.5. Quantification of RIF and QUE by Q-absorbance ratio method 

Utilizing the proportion of absorbances at two chosen wavelengths—one of which is an iso-

absorptive point and the other the maximum of one of the two components—is the 

absorbance ratio technique. In three distinct dissolving medium, calibration standard 

solutions with concentrations ranging from 2 to 12 μg/ml for both RIF and QUE were 

prepared. Then, using a calibration curve, the absorbance coefficients of a distinct drug were 

ascertained by measuring its iso-absorptive point and maximum absorbances. The following 

equations can be used to determine the quantity of two medicines in the mixture: 

Cx= [
(Qm-Qy)

(Qx-Qy)
] *

A1

ax1
 ..........(4.1) 

Cy= [
(Qm-Qx)

(Qy-Qx)
] *

A2

ay1
 ...........(4.2) 

Where, A1 and A2 are mixtures absorbances at iso-absorptive point and λ-max of another 

drug, ax1, ay1, ax2 and ay2 are absorptivities of RIF and QUE. Qx = ax2 / ax1, Qy = ay2 / ay1 

and Qm = A2 / A1. 
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4.2.2.   Method Validation 

In accordance with the standards of the International Conference on Harmonisation (ICH), 

the suggested technique was validated. 

4.2.2.1. Linearity (Calibration curve) 

Various aliquots 0.2, 0.4, 0.6, 0.8, 1.0, and 1.2 ml out of the 100 μg/ml working standard 

solutions of RIF and QUE and transport them into separate 10 ml volumetric flasks before 

adding the appropriate amounts of 0.1 M HCl, pH-6.8 phosphate buffer and pH-7.4 

phosphate buffer to get the volume up to the required level. Therefore, 2-12 μg/ml solutions 

in 0.1 M HCl and 4-12 μg/ml solutions in pH-6.8 and pH-7.4 phosphate buffers were 

produced. In order to establish a procedure, the aforementioned solutions were all examined 

and documented between 200 and 800 nm using a UV spectrophotometer. By graphing 

absorbance vs. concentration (μg/ml), the calibration curves were created, and the regression 

equations were derived. 

4.2.2.2. Precision study 

The repeatability and intermediate precision of the procedure were used to evaluate its 

precision. 

Repeatability 

Without altering the parameters of the suggested procedures, the repeatability was examined 

by scanning and measuring the results of the RIF and QUE solutions (6 μg/ml for 0.1 M HCl 

and 8 μg/ml for pH-6.8 and pH-7.4 Phosphate buffer). Six times through the process, the 

%RSD was computed. 

Intermediate Precision 

By analyzing the response that corresponded in triplicate on the same day and on 3 different 

days over the course of a week for 3 different concentrations of standard solutions of RIF 

and QUE at 4, 6, and 8 μg/ml in 0.1 M HCl and at 6, 8, and 10 μg/ml in pH-6.8 and pH-7.4 

Phosphate buffer, it was possible to determine the interday and intraday precision of the Q-

absorbance ratio method. 

4.2.2.3. Accuracy 

It was done to evaluate the applicability and dependability of the suggested approach. By 

using the traditional addition method to calculate the percentage recovery of RIF and QUE 

using the created Liqui-solid formulation, the accuracy of the method was assessed. Pre-

analyzed samples of 4 μg/ml RIF and QUE were added with known concentrations of RIF 

and QUE standard solution (3.2, 4, 4.8 μg/ml) at 80, 100, and 120% concentration level. The 
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process was then done thrice more, and the amount of RIF and QUE that was retrieved at 

each level was quantified and published as a percentage in three distinct dissolving mediums. 

4.2.2.4. Limit of detection and limit of quantitation 

The International Conference on Harmonisation (ICH) recommended using the following 

formulae to calculate the signal-to-noise ratio (S/N), which is 3.3 for the limit of detection 

(LOD) and 10 for the limit of quantification (LOQ) of the medication.   

LOD = 3.3 × (σ/S) ......(4.3) 

LOQ = 10 × (σ/S) .......(4.4) 

where,  

σ is standard deviation of the response (Y- intercepts of the 5 calibration curves);  

S is mean slope of the 5 calibration curves. 

4.2.2.5. Analysis of Liqui-solid formulation 

In two distinct 100 ml amber-colored measuring flasks, 800 mg of the liquid-solid 

composition, which is equivalent to 150 mg of RIF and 150 mg of QUE was divided. In a 

separate flask, 70 ml of pH-6.8 phosphate buffer, 0.1 M HCl, and pH-7.4 phosphate buffer 

was taken and sonicated for fifteen minutes. The amount was diluted to the desired 

concentration using one of the three aforementioned solvents. In a different 10 ml volumetric 

flask, 1 ml of the solution was withdrawn and diluted up to the mark using the previously 

mentioned solvents to obtain QUE and RIF at 150 µg/ml. 0.4 ml of the 150 µg/ml solution 

was taken and diluted to the proper strength with the abovementioned solvents to create 6 

µg/ml of RIF and QUE. The absorption value of the test solutions A2 and A1 was determined 

at the iso-absorptive threshold and max of alternate medicine, respectively. The amount of 

each component of the specimen's solution was calculated using equations (4.1) and (4.2).  

 

4.2.3.   Results and Discussion 

4.2.3.1. Development of Q-absorbance ratio spectrophotometric method 

Both of these drugs satisfied the primary requirement for the Q-absorbance ratio technique, 

which is that the entire spectrum should obey Beer's law of absorption at all wavelengths. 

For the determination of the drugs in 0.1 M HCl, calibration curves for both substances were 

built at two wavelengths, 367 nm (λmax of QUE) and 411 nm (iso-absorptive point) (Fig. 

4.5).   
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FIGURE 4.5 Combined UV-absorption spectra of RIF and QUE showed isoabsorptive point at 411 nm 

in HCl (0.1 M). 

 

Calibration curves for both medications were created at two wavelengths: 368 nm (λmax of 

QUE) and 420 nm (iso-absorptive point) in order to assess the drug in pH-6.8 phosphate 

buffer (Fig. 4.6). 

 

FIGURE 4.6 Combined UV-absorption spectra of RIF and QUE showed isoabsorptive point at 420 nm 

in pH-6.8 phosphate buffer. 
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Calibration curves for both drugs were created at two wavelengths: 374 nm (λmax of QUE) 

and 431 nm (iso-absorptive point) in order to assess the drug in pH-7.4 phosphate buffer 

(Fig. 4.7). 

 

FIGURE 4.7 Combined UV-absorption spectra of RIF and QUE showed isoabsorptive point at 431 nm 

in pH-7.4 phosphate buffer. 

 

4.2.4.   Method Validation 

4.2.4.1. Linearity (Calibration curve) 

By using standard logistic regression assessment, the linearity was determined. A reasonable 

correlation coefficient was discovered for both medications (Fig. 4.8, 4.9, and 4.10). The 

generated calibration curve was straight over the concentration range of 2–12 μg/ml for RIF and 

QUE in 0.1 M HCl and 4–12 μg/ml for RIF and QUE in pH–6.8 and pH–7.4 phosphate buffer. 

The newly proposed technique has a strong linear relationship, as shown by the correlation 

coefficient (R2) corresponding to the best-fitting line, which was higher than 0.995. The data of 

linearity along with % RSD for RIF and QUE is as shown in Table 4.6 to 4.12. 

TABLE 4.6 Calibration curve of RIF at 367 nm and 411 nm in 0.1 M HCl 

367 nm 

Conc 

(µg/ml) 

Absorbance 
Avg SD %RSD 

1 2 3 4 5 

2 0.026 0.027 0.026 0.026 0.026 0.026 0.0004 1.71 

4 0.049 0.048 0.048 0.048 0.05 0.049 0.0009 1.84 

6 0.08 0.081 0.078 0.081 0.081 0.080 0.0013 1.63 

8 0.111 0.112 0.11 0.111 0.111 0.111 0.0007 0.64 
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10 0.143 0.142 0.144 0.141 0.143 0.143 0.0011 0.80 

12 0.168 0.169 0.167 0.166 0.168 0.168 0.0011 0.68 

411 nm 

2 0.012 0.0115 0.012 0.012 0.012 0.012 0.0002 1.88 

4 0.023 0.023 0.024 0.023 0.023 0.023 0.0004 1.93 

6 0.041 0.042 0.041 0.04 0.041 0.041 0.0007 1.72 

8 0.057 0.056 0.055 0.057 0.056 0.056 0.0008 1.49 

10 0.07 0.071 0.072 0.07 0.073 0.071 0.0013 1.83 

12 0.085 0.086 0.085 0.084 0.084 0.085 0.0008 0.99 

 

TABLE 4.7 Calibration curve of QUE at 367 nm and 411 nm in 0.1 M HCl 

367 nm 

Conc 

(µg/ml) 

Absorbance 
Avg SD %RSD 

1 2 3 4 5 

2 0.127 0.126 0.128 0.124 0.126 0.126 0.0015 1.18 

4 0.267 0.264 0.265 0.266 0.268 0.266 0.0016 0.59 

6 0.398 0.398 0.397 0.399 0.399 0.398 0.0008 0.21 

8 0.524 0.523 0.524 0.525 0.525 0.524 0.0008 0.16 

10 0.662 0.661 0.663 0.664 0.66 0.662 0.0016 0.24 

12 0.797 0.796 0.798 0.796 0.795 0.796 0.0011 0.14 

411 nm 

2 0.012 0.012 0.0115 0.012 0.012 0.012 0.0002 1.88 

4 0.028 0.027 0.028 0.027 0.028 0.028 0.0005 1.98 

6 0.044 0.043 0.045 0.044 0.045 0.044 0.0008 1.89 

8 0.059 0.058 0.058 0.059 0.059 0.059 0.0005 0.93 

10 0.076 0.075 0.075 0.077 0.076 0.076 0.0008 1.10 

12 0.09 0.089 0.088 0.091 0.091 0.090 0.0013 1.45 
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FIGURE 4.8 Calibration curve of RIF and QUE in 0.1 M HCl. 

 

TABLE 4.8 Calibration curve of RIF at 368 nm and 420 nm in pH-6.8 Phosphate buffer 

368 nm 

Conc 

(µg/ml) 

Absorbance 
Avg SD %RSD 

1 2 3 4 5 

4 0.005 0.005 0.005 0.0048 0.005 0.005 0.0001 1.80 

6 0.019 0.019 0.019 0.0185 0.0183 0.019 0.0003 1.79 

8 0.033 0.033 0.0343 0.034 0.0341 0.034 0.0006 1.87 

10 0.049 0.048 0.049 0.0485 0.048 0.049 0.0005 1.03 

12 0.064 0.064 0.065 0.066 0.066 0.065 0.0010 1.54 

420 nm 

4 0.009 0.008 0.009 0.008 0.009 0.009 0.0002 1.95 

6 0.021 0.021 0.021 0.021 0.021 0.021 0.0003 1.27 

8 0.037 0.036 0.036 0.037 0.037 0.037 0.0005 1.50 

10 0.051 0.05 0.051 0.051 0.05 0.051 0.0005 1.08 

12 0.067 0.068 0.069 0.068 0.068 0.068 0.0007 1.04 
 

TABLE 4.9 Calibration curve of QUE at 368 nm and 420 nm in pH-6.8 Phosphate buffer 

368 nm 

Conc 

(µg/ml) 

Absorbance 
Avg SD %RSD 

1 2 3 4 5 

4 0.236 0.233 0.231 0.23 0.229 0.232 0.0028 1.20 

6 0.349 0.347 0.346 0.345 0.342 0.346 0.0026 0.75 

8 0.478 0.476 0.471 0.47 0.471 0.473 0.0036 0.75 

10 0.608 0.598 0.596 0.599 0.592 0.599 0.0059 0.99 

12 0.73 0.725 0.721 0.719 0.718 0.723 0.0049 0.68 

420 nm 

4 0.006 0.006 0.005 0.005 0.006 0.006 0.0001 0.92 

6 0.019 0.018 0.019 0.018 0.019 0.019 0.0001 0.47 

8 0.031 0.03 0.03 0.029 0.031 0.030 0.0006 1.87 
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10 0.046 0.045 0.044 0.045 0.046 0.045 0.0008 1.85 

12 0.058 0.057 0.056 0.058 0.059 0.058 0.0011 1.98 

 

       

     

FIGURE 4.9 Calibration curve of RIF and QUE in pH-6.8 Phosphate buffer. 

 

TABLE 4.10 Calibration curve of RIF at 374 nm and 431 nm in pH-7.4 Phosphate buffer 

374 nm 

Conc 

(µg/ml) 

Absorbance 
Avg SD %RSD 

1 2 3 4 5 

4 0.019 0.0185 0.0188 0.019 0.019 0.019 0.0002 1.16 

6 0.035 0.036 0.035 0.036 0.036 0.036 0.0005 1.54 

8 0.05 0.051 0.05 0.051 0.052 0.051 0.0008 1.65 

10 0.062 0.063 0.062 0.061 0.06 0.062 0.0011 1.85 

12 0.077 0.075 0.076 0.077 0.076 0.076 0.0008 1.10 

431 nm 

4 0.026 0.025 0.026 0.026 0.025 0.026 0.0004 1.70 

6 0.048 0.047 0.046 0.047 0.048 0.047 0.0008 1.77 

8 0.076 0.075 0.076 0.077 0.078 0.076 0.0011 1.49 

10 0.1 0.101 0.102 0.1 0.101 0.101 0.0008 0.83 

12 0.122 0.123 0.124 0.125 0.126 0.124 0.0016 1.28 
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TABLE 4.11 Calibration curve of QUE at 374 nm and 431 nm in pH-7.4 Phosphate buffer 

374 nm 

Conc 

(µg/ml) 

Absorbance 
Avg SD %RSD 

1 2 3 4 5 

4 0.246 0.241 0.245 0.24 0.246 0.244 0.0029 1.18 

6 0.348 0.339 0.338 0.349 0.349 0.345 0.0056 1.62 

8 0.468 0.466 0.465 0.461 0.462 0.464 0.0029 0.62 

10 0.597 0.591 0.596 0.594 0.593 0.594 0.0024 0.40 

12 0.725 0.722 0.719 0.718 0.715 0.720 0.0038 0.53 

431 nm 

4 0.047 0.046 0.045 0.045 0.046 0.046 0.0008 1.83 

6 0.066 0.065 0.067 0.065 0.066 0.066 0.0008 1.27 

8 0.084 0.085 0.086 0.084 0.083 0.084 0.0011 1.35 

10 0.105 0.101 0.102 0.103 0.104 0.103 0.0016 1.54 

12 0.126 0.121 0.122 0.123 0.124 0.123 0.0019 1.56 

  

   

     

FIGURE 4.10 Calibration curve of RIF and QUE in pH-7.4 Phosphate buffer. 

 

TABLE 4.12 Linear regression parameters of RIF and QUE in three dissolution media  

Regression 

Parameter 

Rifampicin Quercetin 

0.1 M HCl 0.1 M HCl 

367 nm 411 nm 367 nm 411 nm 

Linearity range 2 – 12 µg/ml 2 – 12 µg/ml 2 – 12 µg/ml 2 – 12 µg/ml 
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Regression 

equation 

y = 0.0146x - 

0.0061 

y = 0.0075x - 

0.0042 

y = 0.0078x - 

0.0034 

y = 0.0666x - 

0.0036 

Correlation  

co-efficient 
0.9971 0.9978 0.9996 0.9998 

Slope a ± SD 
0.0146 ± 

0.0005 

0.0075 ± 

0.0021 

0.0666 ± 

0.0036 

0.0078 ± 

0.0025 

Intercept a ± 

SD 

0.0061 ± 

0.0001 

0.0042 ± 

0.0009 

0.0036 ± 

0.0019 

0.0034 ± 

0.0026 

LOD (µg/ml) 0.047 0.132 0.035 0.005 

LOQ (µg/ml) 0.143 0.401 0.108 0.017 

 pH-6.8 Phosphate Buffer pH-6.8 Phosphate Buffer 

 368 nm 420 nm 368 nm 420 nm 

Linearity range 4 – 12 µg/ml 4 – 12 µg/ml 4 – 12 µg/ml 4 – 12 µg/ml 

Regression 

equation 

y = 0.0074x - 

0.0252 

y = 0.0073x - 

0.0214 

y = 0.0624x - 

0.0186 

y = 0.0066x - 

0.0204 

Correlation  

co-efficient 
0.9993 0.9979 0.9995 0.9989 

Slope a ± SD 
0.0074 ± 

0.0003 

0.0073 ± 

0.0021 

0.0624 ± 

0.0036 

0.0066 ± 

0.0025 

Intercept a ± 

SD 

0.0252 ± 

0.0096 

0.0214 ± 

0.0096 

0.0186 ± 

0.0081 

0.0204 ± 

0.0064 

LOD (µg/ml) 0.031 0.024 0.291 0.057 

LOQ (µg/ml) 0.095 0.075 0.029 0.172 

 pH-7.4 Phosphate Buffer pH-7.4 Phosphate Buffer 

 374 nm 431 nm 374 nm 431 nm 

Linearity range 4 – 12 µg/ml 4 – 12 µg/ml 4 – 12 µg/ml 4 – 12 µg/ml 

Regression 

equation 

y = 0.0072x - 

0.0086 

y = 0.0122x - 

0.0232 

y = 0.0098x + 

0.0068 

y = 0.0604x - 

0.006 

Correlation  

co-efficient 
0.9979 0.9984 0.9979 0.9989 

Slope a ± SD 
0.0072 ± 

0.0023 

0.0122 ± 

0.0061 

0.0604 ± 

0.0011 

0.0098 ± 

0.0002 

Intercept a ± 

SD 

0.0086 ± 

0.0015 

0.0232 ± 

0.0016 

0.0060 ± 

0.0020 

0.0068 ± 

0.0021 

LOD (µg/ml) 0.025 0.014 0.029 0.018 

LOQ (µg/ml) 0.076 0.044 0.09 0.055 
a mean of five replicates 

4.2.4.2. Precision  

The repeatability, intraday precision, and interday precision of RIF and QUE in three distinct 

dissolution mediums, as shown in Tables 4.13, 4.14, and 4.15, were all found to have % RSD 

values which were less than 2, demonstrating good repeatability and reproducibility of the 

proposed approach. 
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TABLE 4.13 Repeatability study of RIF and QUE 

Drug Name 1 2 3 4 5 6 
Avg a SD %RSD 

 Absorbance at 367 nm in 0.1 M HCl 

RIF 0.08 0.079 0.081 0.08 0.078 0.081 0.080 0.0012 1.46 

QUE 0.398 0.397 0.396 0.399 0.398 0.397 0.398 0.0010 0.26 

 Absorbance at 411 nm in 0.1 M HCl    

RIF 0.041 0.04 0.041 0.042 0.04 0.041 0.041 0.0008 1.84 

QUE 0.044 0.044 0.045 0.043 0.045 0.044 0.044 0.0008 1.70 

 Absorbance at 368 nm in pH-6.8 Buffer    

RIF 0.033 0.032 0.033 0.032 0.033 0.032 0.033 0.0005 1.68 

QUE 0.476 0.475 0.476 0.473 0.472 0.478 0.475 0.0021 0.46 

 Absorbance at 420 nm in pH-6.8 Buffer    

RIF 0.036 0.037 0.036 0.036 0.037 0.037 0.037 0.0005 1.50 

QUE 0.031 0.031 0.032 0.032 0.032 0.031 0.031 0.0005 1.73 

 Absorbance at 374 nm in pH-7.4 Buffer    

RIF 0.05 0.051 0.05 0.052 0.05 0.051 0.050 0.0008 1.61 

QUE 0.465 0.466 0.462 0.463 0.465 0.468 0.464 0.0021 0.45 

 Absorbance at 431 nm in pH-7.4 Buffer    

RIF 0.074 0.075 0.076 0.076 0.075 0.076 0.075 0.0008 1.08 

QUE 0.084 0.083 0.082 0.086 0.086 0.085 0.084 0.0016 1.93 
a mean of six replicates 

TABLE 4.14 Intraday precision study of RIF and QUE in three different dissolution media  

Conc. 

(µg/ml) 

0.1 M HCl 

367 nm 411 nm 

Avg. Abs a SD %RSD Avg. Abs a SD %RSD 

 RIF 

4 0.048 0.0006 1.19 0.022 0.0003 1.30 

6 0.080 0.0010 1.25 0.041 0.0006 1.42 

8 0.111 0.0010 0.90 0.057 0.0010 1.75 

 QUE 

4 0.267 0.0015 0.57 0.028 0.0003 1.04 

6 0.397 0.0010 0.25 0.044 0.0006 1.30 

8 0.523 0.0015 0.29 0.059 0.0010 1.69 

 pH-6.8 Phosphate Buffer 

 368 nm 420 nm 

 RIF 

6 0.019 0.0002 1.22 0.020 0.0001 0.29 

8 0.032 0.0006 1.82 0.036 0.0006 1.62 

10 0.048 0.0006 1.21 0.050 0.0006 1.15 

 QUE 

6 0.345 0.0035 1.01 0.019 0.0001 0.60 

8 0.473 0.0020 0.44 0.029 0.0005 1.96 

10 0.602 0.0010 0.16 0.044 0.0005 1.32 

 pH-7.4 Phosphate Buffer 

 374 nm 431 nm 
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 RIF 

6 0.034 0.0005 1.68 0.048 0.0005 1.21 

8 0.050 0.0005 1.14 0.074 0.0005 0.77 

10 0.062 0.0005 0.92 0.101 0.001 0.99 

 QUE 

6 0.342 0.0026 0.77 0.065 0.001 1.53 

8 0.462 0.001 0.21 0.082 0.0015 1.87 

10 0.593 0.0015 0.25 0.103 0.001 0.97 
a mean of three replicates 

TABLE 4.15 Interday precision study of RIF and QUE in three different dissolution media 

Conc. 

(µg/ml) 

0.1 M HCl 

367 nm 411 nm 

Avg. Abs a SD %RSD Avg. Abs a SD %RSD 

 RIF 

4 0.049 0.0005 1.17 0.024 0.0002 1.16 

6 0.079 0.0010 1.26 0.043 0.0005 1.33 

8 0.001 0.0010 0.90 0.056 0.0010 1.78 

 QUE 

4 0.261 0.0032 1.22 0.025 0.0005 1.96 

6 0.392 0.0055 1.40 0.042 0.0005 1.35 

8 0.517 0.0026 0.51 0.055 0.0010 1.81 

 pH-6.8 Phosphate Buffer 

 368 nm 420 nm 

 RIF 

6 0.019 0.0001 0.91 0.019 0.0001 0.57 

8 0.030 0.0005 1.90 0.034 0.0005 1.66 

10 0.047 0.0005 1.23 0.048 0.0005 1.18 

 QUE 

6 0.341 0.001 0.29 0.018 0.0001 0.91 

8 0.461 0.0083 1.81 0.031 0.0005 1.82 

10 0.592 0.0047 0.79 0.041 0.0005 1.39 

 pH-7.4 Phosphate Buffer 

 374 nm 431 nm 

 RIF 

6 0.034 0.0005 1.68 0.046 0.0005 1.24 

8 0.050 0.0005 1.14 0.073 0.0010 1.36 

10 0.061 0.0005 0.95 0.100 0.0005 0.57 

 QUE 

6 0.338 0.0055 1.62 0.063 0.0005 0.92 

8 0.455 0.0087 1.91 0.082 0.0010 1.21 

10 0.584 0.0112 1.92 0.099 0.0015 1.53 
a mean of three replicates 

4.2.4.3. Accuracy (% Recovery) 

The recovery investigations were conducted by incorporating known standards to specimens 

at levels of 80, 100, and 120%, and analyzing the samples using the suggested approach in 

triplicate. In 0.1 M HCl, the % recovery ranged from 94.89 ± 1.56 to 96.78 ± 2.45; in pH-
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6.8 phosphate buffer, it ranged from 96.23 ± 0.57 to 97.46 ± 0.48; and in pH-7.4 phosphate 

buffer, it ranged from 91.03 ± 0.080 to 98.56 ± 0.081. Tables 4.16 and 4.17 show the results 

of the accuracy. The accuracy and percentage RSD readings all remained within the 

acceptable limit, demonstrating the procedure's precision, repeatability, and reliability. 

TABLE 4.16 Accuracy study of RIF in three dissolution media 

% 

Spike 

Amount 

taken 

(µg/ml) 

Amount 

added 

(µg/ml) 

Total Conc. 

Taken 

(µg/ml) 

Mean Conc. 

Found a 

(µg/ml) 

Mean a 

% Recovery ± 

SD 

%RSD 

0.1 M HCl 

80 4 3.2 7.2 6.62 92.05 ± 0.104 1.57 

100 4 4 8 7.24 90.55 ± 0.0395 0.54 

120 4 4.8 8.8 8.43 95.81 ± 0.136 1.62 

pH-6.8 Phosphate Buffer 

80 4 3.2 7.2 6.91 96.09 ± 0.135 1.95 

100 4 4 8 7.54 94.36 ± 0.078 1.03 

120 4 4.8 8.8 8.31 94.49 ± 0.078 0.93 

pH-7.4 Phosphate Buffer 

80 4 3.2 7.2 6.55 91.03 ± 0.080 1.22 

100 4 4 8 7.48 93.50 ± 0.138 1.85 

120 4 4.8 8.8 8.03 91.31 ± 0.138 1.72 
a mean of three replicates 

TABLE 4.17 Accuracy study of QUE in three dissolution media 

% 

Spike 

Amount 

taken 

(µg/ml) 

Amount 

added 

(µg/ml) 

Total Conc. 

Taken 

(µg/ml) 

Mean Conc. 

Found a 

(µg/ml) 

Mean a 

% Recovery ± 

SD 

%RSD 

0.1 M HCl 

80 4 3.2 7.2 6.87 95.49 ± 0.031 0.45 

100 4 4 8 7.71 96.45 ± 0.008 0.11 

120 4 4.8 8.8 8.49 96.50 ± 0.015 0.17 

pH-6.8 Phosphate Buffer 

80 4 3.2 7.2 6.80 94.50 ± 0.089 1.31 

100 4 4 8 7.75 96.87 ± 0.144 1.86 

120 4 4.8 8.8 8.31 94.50 ± 0.033 0.40 

pH-7.4 Phosphate Buffer 

80 4 3.2 7.2 6.63 92.20 ± 0.016 0.24 

100 4 4 8 7.80 97.61 ± 0.083 1.06 

120 4 4.8 8.8 8.61 97.89 ± 0.034 0.40 
a mean of three replicates 

4.2.4.4. Limit of detection and limit of quantitation 

LOD and LOQ value as shown in Table 5.7 indicates high sensitivity of the proposed method. 

4.2.4.5. Analysis of Liqui-solid formulation 

The investigation of the liquid-solid composition of QUE and RIF with a label claim of 150 

mg RIF and 150 mg QUE per prescription form was done using the validated Q-ratio method. 
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The results are shown in Table 4.18 down below. The results matched what was stated on 

the label. The methods are useful because they simplify and reduce the cost of regular 

analysis, tablet formulations containing these two medications, as well as quality control of 

mixes. 

TABLE 4.18 Liquid-solid formulation assay by Q-ratio method 

Name 

of API 

Label 

Claim 

(mg) 

0.1 M HCl pH-6.8 Buffer pH-7.4 Buffer 

% Mean 

recovery a 

± SD 

%RSD 

% Mean 

recovery a 

± SD 

%RSD 

% Mean 

recovery a 

± SD 

%RSD 

RIF 150 
95.79 ± 

0.123 
1.12 

96.15 ± 

0.564 
1.56 

94.87 ± 

0.456 
1.02 

QUE 150 
96.29 ± 

0.156 
1.56 

97.45 ± 

0.665 
0.98 

95.36 ± 

0.568 
1.65 

a mean of three replicates 

4.2.5.   Conclusion 

The recommended spectrophotometric approach proved to be simple, precise, sensitive, and 

accurate for measuring RIF and QUE in Liqui-solid dosage form. Because it makes use of a 

generally available and affordable solvent for RIF and QUE analysis, the technique has 

proven to be cost-effective for calculating RIF and QUE from Liqui-solid dosage form. 

Considering the typical excipients and other additives that are often included in it are not 

interfere with the testing of RIF and QUE in the method, it is feasible to utilise the Liquisolid 

form of administration for regular quality control testing of the pharmaceutical in 

combination medications. 

4.3. PLS-Chemometric method 

Since it is simple and affordable in comparison to other explanatory approaches, the 

spectrophotometric approach is one of the most popular approaches for drug inquiry and 

may be applied to the majority of quality control examinations of pharmaceuticals. Due to 

significant spectral region overlap in binary or tertiary mixes, the standard 

spectrophotometry technique is unable to accomplish the simultaneous assessment of a few 

active ingredients in pharmaceuticals. Thus, a variety of approaches, including the 

simultaneous equation method and the Q-absorbance ratio, were employed for the 

synchronous guarantee of pharmaceuticals in binary mixtures. By combining spectroscopy 

with the chemometric multivariate PLS approach, it is possible to collect qualitative as well 

as quantitative information on the substance being investigated. Therefore, an equation-
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based method is used to determine how each drug's contributions to the mixture's drug 

spectrum is made. Due to its advantageous properties, it may be utilized to analyze extremely 

complicated mixtures with precision and accuracy using single-step deconstruction and 

regression, as well as quick, easy, and non-destructive approaches. 

        The goal of the present research was to establish and endorse a crucial, quick, 

dependable, and sensible UV spectrophotometric approach for the examination of RIF and 

QUE in the newly created Liquisolid dosage form since basic UV spectrophotometric 

method with Partial Least Square regression calculations for the measurement of RIF and 

QUE in strengthened dose framework is not available.  

 

4.3.1.   Materials and Methods (162–164) 

4.3.1.1. Instruments and Apparatus 

Double beam UV-Visible Spectrophotometer (Model 1800, Shimadzu, Japan) having two 

matched quartz cells having 1 cm light path UV-Probe 2.35 software Shimadzu, Electronic 

analytical balance (AUW-220d, Japan) Pipettes: 1, 2, 5, 10 ml, Volumetric flask: 10 and 100 

ml and All glassware’s and instruments were calibrated before use. Unscrambler® and 

Microsoft excel were used for PLS model development and data analysis. 

4.3.1.2. Spectrophotometric conditions 

Wavelength range: 200-800 nm  

Mode: Spectrum  

Scanning speed: Medium 

Baseline correction: 0.1 M HCl, pH-6.8 phosphate buffer and pH-7.4 phosphate buffer 

4.3.1.3. Preparation of Dissolution media 

0.1 M Hydrochloric acid (HCl) 

0.1 M Hydrochloric acid was prepared by diluting 8.5 ml of Conc. hydrochloric acid to 1000 

ml with water. 

pH-6.8 Phosphate Buffer 

50.0 ml of 0.2 M potassium dihydrogen phosphate was transferred in a 200 ml volumetric 

flask, 22.4 ml of 0.2 M Sodium hydroxide was added and then diluted to 1000 ml with 

distilled water. 

pH-7.4 Phosphate Buffer 
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50.0 ml of 0.2 M potassium dihydrogen phosphate was transferred in a 200 ml volumetric 

flask, 39.1 ml of 0.2 M Sodium hydroxide was added and then diluted to 1000 ml with 

distilled water. 

4.3.1.4. Preparation of standard solutions 

Preparation of stock and working standard solution of RIF and QUE 

Separately, precisely measured 10 mg of RIF and QUE from each were added to 10 ml 

volumetric flasks that had a little amount of methanol in them to dissolve. The ultimate 

amount of RIF and QUE, each 1000 μg/ml, was then obtained by adding methanol in order 

to bring the volume up to the desired level. To obtain a final concentration of 100 μg/ml for 

RIF and 100 μg/ml for QUE, 1 ml of each standard solution was drawn out and put separately 

into 10 ml volumetric flasks. 

4.3.1.5. Preparation of calibration and validation set 

Two sets of validation and calibration solutions for standards were produced. 9 validation 

samples and 16 calibration samples were prepared by combining the right quantities of the 

working standard solution of RIF and QUE and separately diluting them to final levels with 

phosphate buffer (pH-6.8) and HCl (0.1 M). A summary of the RIF and QUE combination 

can be seen in Table 4.19. The absorbance of the solution's spectrum was predicted to have 

15 nm spans from 800 to 200 nm. The absorbance values from the calibration set were then 

made available to the Unscrambler® software for the PLS model. In order to validate the 

PLS model, the RIF and QUE categories in the validation data set were predicted using the 

suggested PLS model. The procedure was validated using IUPAC guidelines.  

4.3.1.6.    Validation of PLS model 

Mathematical indicators of the degree to which the data match the model include the relative 

error of prediction (REP%), square of correlation coefficient (R2), and root mean square 

difference (RMSECV). The RMSECV was used as a test for diagnosis to check for errors in 

the anticipated concentrations. It demonstrates both the accuracy and precision of 

forecasting. Choosing the appropriate number of components to form the model is essential 

for precise measurement in PLS calibration.  The accepted practice is to choose the total 

amount of elements that results in the least RMSECV. To precisely gauge the efficiency of 

a particular multivariate approach, a range of indicators of merit, including analytical 

sensibility, and detection limit, have been detailed in the scientific literature. These merit 

ratios additionally serve to compare methods and assess the efficacy of a specific analytical 

method. 
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TABLE 4.19 Components of the calibration and validation set data 

Calibration set data (µg/ml) Validation set data (µg/ml) 

Sr. No. RIF QUE Sr. No. RIF QUE 

1C 2 2 17V 2 2 

2C 2 4 18V 2 4 

3C 2 6 19V 4 4 

4C 4 4 20V 4 6 

5C 4 6 21V 6 2 

6C 4 8 22V 6 4 

7C 4 10 23V 8 4 

8C 6 2 24V 8 6 

9C 6 4 25V 10 4 

10C 6 6    

11C 8 4    

12C 8 6    

13C 8 8    

14C 10 4    

15C 10 6    

16C 10 8    

V= validation set solution, C = calibration set solution 

4.3.1.7.    Analysis of Liqui-Solid Dosage Form 

800 mg of a liquid-solid medication form accurately measured, equivalent to 150 mg of RIF 

and 150 mg of QUE, was separately transferred into each of two 100 ml volumetric flasks. 

To a separate flask, 70 ml of HCl (0.1 M), phosphate buffer (pH-6.8), and phosphate buffer 

(pH-7.4) were added. After 15 minutes of sonication, the volume was diluted up to the limit 

with HCl (0.1 M), phosphate buffer (pH-6.8), and phosphate buffer (pH-7.4) separately. 

Using this 1 ml solution in a separate 10 ml volumetric flask of amber hue, 150 µg/ml of 

RIF and QUE were obtained by diluting to the limit with HCl (0.1 M), phosphate buffer (pH-

6.8), and phosphate buffer (pH-7.4). Additionally, 0.4 ml of 150 µg/ml was withdrawn and 

diluted with the aforementioned solvents to produce 6 µg/ml of RIF and QUE. The 

absorbance of the mixture was determined between 200 and 800 nm. The PLS equation was 

used to calculate the test solution's absorbance. 

 

4.3.2.   Results and Discussion (162–164) 

4.3.2.1. Spectral Zones analysis 

When estimating simultaneously multi-component dose forms incorporating medications 

that exhibit high overlap in their absorbing spectra, the PLS technique is typically used as a 

chemometric approach. This chemometric methodology determines the quantity of drugs in 

the mixtures by measuring absorbances at a certain wavelength area. One of the main 
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benefits of the PLS chemometric approach is the ability to choose the most interesting data 

and eliminate unnecessary ones. Because they are more efficient, simple, sensitive, and 

rapid, chemometric-supported spectroscopic techniques are favoured over conventional 

laborious methods of analysis. 

 

FIGURE 4.11 Combined spectra of RIF, QUE and mixture in HCl (0.1 M). 

 

UV spectra for RIF and QUE separately and their combination in HCl (0.1 M), phosphate 

buffer (pH-6.8), and phosphate buffer (pH-7.4) are displayed in Fig. 4.11, 4.12, and 4.13. 

The absorbance region of the RIF and QUE spectrum shows significant overlapping. In HCl 

(0.1 M), at 338, 469 nm, in phosphate buffer (pH-6.8), at 334, 473 nm, and at 333, 474 nm, 

RIF exhibits absorption maxima. At 367 nm in HCl (0.1 M), 368 nm in phosphate buffer 

(pH-6.8), and 378 nm in phosphate buffer (pH-7.4), QUE exhibits absorption maxima. 

Because of the spectrum overlapping of these drugs, direct spectroscopic tests are unable to 

distinguish the mixtures. As a result, different chemometric calibrations were used to 

simultaneously identify both drugs in mixes using the zero-order spectra. 
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FIGURE 4.12 Combined spectra of RIF, QUE and mixture in phosphate buffer (pH-6.8). 

 

 

FIGURE 4.13 Combined spectra of RIF, QUE and mixture in phosphate buffer (pH-7.4). 

 

4.3.2.2. Multivariate analysis 

In multivariate approaches, the calibration matrices were constructed initially. The used 

wavelengths ranged from 200 to 650 nm. 30 spectroscopic spots with a 15 nm gap were 

selected from within this range. To extract the maximum information from the calibration 

blend spectra, the components were selected at random. The range of wavelengths and 

spectrum modes that were used have an impact on how well multi-component assessments 
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work. The UV spectral responses of RIF, QUE, and the resulting mixture at their usual levels 

in HCl (0.1 M), phosphate buffer (pH-6.8), and phosphate buffer (pH-7.4) are shown in 

Figures 4.11, 4.12, and 4.13. Both the calibration and validation set were produced randomly 

using a mixture of RIF and QUE in 0.1 M HCl, phosphate buffer (pH-6.8), and phosphate 

buffer (pH-7.4) (Table 4.19). The UV spectra between 200 and 650 nm were studied, and 

the absorbances at 30 wavelength patches separated by 15 nm were computed. The PLS 

model was created using the Unscrambler® program. The anticipated component amounts 

in each sample were compared to the actual component amounts in all of the validation tests 

to determine the (RMSE) root mean square error for every technique. 

 

4.3.2.3. Construction of PLS model 

The mathematical framework is crucial for achieving precise quantification in PLS 

calibrations. The generated models were further validated by predicting the quantity of data 

being analyzed in a distinct validation set that was not used in model creation. Table 4.20 

shows the findings of studies and recovery percentages. 

In Fig. 4.14, actual known (expected) concentrations are plotted against the predicted 

concentrations. By plotting the actual known (expected) concentrations vs. forecasted 

concentrations, the models' predictive skills were assessed. As could be seen, there was 

excellent concordance between the predicted (calculated) and real medication 

concentrations. Another diagnostics technique was to plot the expected concentration vs. 

residual concentrations. Since the residuals are estimated to have a distribution that is 

random and close to zero, it appears that the model has been constructed properly (Fig. 4.15). 

The average recoveries and relative standard deviations of our recommended methods for 

RIF and QUE were determined and are shown in Table 4.20.  
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FIGURE 4.14 Graph of the concentration value's actual vs. predicted of RIF and QUE in Phosphate 

buffer (pH-6.8), Phosphate buffer (pH-7.4) and HCl (0.1 M). 
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FIGURE 4.15 Graph of expected vs. residual concentration of RIF and QUE in HCl (0.1 M), pH-6.8 

Phosphate buffer and pH-7.4 Phosphate buffer. 
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TABLE 4.20 Recovery study of RIF and QUE in 0.1 M HCl, pH-6.8 phosphate buffer and pH-7.4 

phosphate buffer by PLS technique  

Conc. Expected 

(μg/ml) 

Conc. Predicted 

(μg/ml) 

% Recovery Conc. Residual  

(E-P) (μg/ml) 

RIF QUE RIF QUE RIF QUE RIF QUE 

0.1 M HCl 

2 2 2.008 1.975 100.38 98.77 -0.008 0.025 

2 4 2.165 3.909 108.27 97.72 -0.165 0.091 

4 4 3.833 4.099 95.83 102.47 0.167 -0.099 

4 6 4.099 5.999 102.47 99.98 -0.099 0.001 

6 2 5.949 2.090 99.14 104.51 0.051 -0.090 

6 4 5.892 3.961 98.20 99.04 0.108 0.039 

8 4 8.008 3.994 100.10 99.86 -0.008 0.006 

8 6 7.883 6.049 98.53 100.81 0.117 -0.049 

10 4 10.164 3.924 101.64 98.10 -0.164 0.076 

pH-6.8 Phosphate Buffer 

2 2 1.99 1.97 99.69 98.66 0.006 0.027 

2 4 2.00 4.00 100.03 100.06 -0.001 -0.002 

4 6 4.02 6.08 100.44 101.29 -0.018 -0.077 

4 8 4.00 7.99 99.93 99.85 0.003 0.012 

6 6 6.00 5.99 99.97 99.87 0.002 0.008 

6 8 5.99 7.96 99.83 99.44 0.010 0.044 

8 6 8.00 6.01 100.03 100.19 -0.003 -0.011 

8 8 8.00 8.00 99.99 99.95 0.001 0.004 

10 8 10.00 8.00 100.01 100.05 -0.001 -0.004 

pH-7.4 Phosphate Buffer 

2 4 2.134 3.941 106.72 98.53 -0.605 0.906 

2 6 2.100 5.963 105.02 99.38 -0.452 0.575 

4 4 3.679 4.057 91.97 101.41 1.446 -0.873 

4 6 3.907 6.079 97.68 101.31 0.418 -1.218 

6 2 5.987 1.988 99.78 99.42 0.060 0.178 

6 4 6.220 3.974 103.66 99.35 -0.989 0.400 

8 6 7.929 6.025 99.11 100.41 0.320 -0.383 

8 8 8.061 8.006 100.76 100.07 -0.274 -0.091 

10 10 9.983 9.967 99.83 99.67 0.075 0.505 
 

Every aspect of the validation set had a respectable correlation coefficient (r2) value in the 

PLS-optimized models, indicating high model predictive potential. The statistical 

measurements RMSEC and RMSEV lower value show the proposed method's correctness 

and precision. According to an IUPAC scientific study, a number of analytical statistics of 

merit, encompassing sensitivity and detection limit, have been calculated (Table 4.21). 

TABLE 4.21 Statistical parameters for the PLS method 

Parameters HCl (0.1 M) Phosphate buffer  

(pH-6.8) 

Phosphate buffer  

(pH-7.4) 

RIF QUE RIF QUE RIF QUE 

Range (µg/ml) 2-10  



PLS-Chemometric method 

 

113 

 

Spectrum range 200 – 650 nm 

∆λ (nm) 15  

% Recovery 100.51 100.14 99.99 99.93 100.50 99.95 

SD 3.5096 2.1866 0.20 0.69 4.37 0.95 

% RSD 3.49 2.18 0.201 0.691 4.34 0.954 

Calibration set 

RMSECV 0.204 0.235 0.370 0.312 0.408 0.299 

R2 0.998 0.998 1.000 1.000 0.993 0.997 

Intercept 1.693 0.369 0.283 0.621 -0.337 0.005 

Slope 0.9946 0.9988 0.9962 0.9971 0.993 0.9973 

Press 0.6661 0.0927 0.4681 0.2499 0.8362 0.2316 

REP% 0.3139 0.1286 0.2631 0.1780 0.3466 0.2055 

Bias 0.1683 0.0556 0.1375 0.0975 0.1671 0.0897 

Validation set 

RMSEP 0.313 0.229 0.010 0.144 0.337 0.192 

R2 0.998 0.998 1.000 1.000 0.997 1.000 

Intercept 2.318 0.332 0.302 0.311 -0.247 -0.011 

Slope 0.9981 0.9977 1.000 0.9997 0.9968 0.9996 

Press 0.1199 0.0365 0.0004 0.0090 0.1975 0.0167 

REP% 0.1878 0.1511 0.0118 0.0485 0.2410 0.0719 

Bias 0.0985 0.0528 0.005 0.021 0.1282 0.0417 

Figures of merit 

LOD (µg/ml) 0.9588 0.3568 0.7155 0.5229 0.9263 0.4789 

Sensitivity (µg/ml) 0.9946 0.9988 0.9962 0.9971 0.9489 0.8356 

 

4.3.2.4. Analysis of Liquid-Solid Dosage Form 

The proven chemometrics-assisted UV spectroscopic approach was used to analyse the liqui-

solid dosage form, which had label claims of 150 mg RIF and 150 mg QUE per dosage form. 

Table 4.22 illustrates the mean percentage recovery results for RIF and QUE in three distinct 

dissolutions medium, supporting the claim on the label. The methods are useful because they 

simplify and reduce the cost of regular analysis, tablet formulations containing these two 

drugs, and quality control of mixes. 

TABLE 4.22 Liquid-solid formulation assay by PLS method 

Name 

of API 

Label 

Claim 

(mg) 

0.1 M HCl pH-6.8 Buffer pH-7.4 Buffer 

% Mean 

recovery a 

± SD 

%RSD 

% Mean 

recovery a 

± SD 

%RSD 

% Mean 

recovery * 

± SD 

%RSD 

RIF 150 95.00 ± 1.66 1.75 91.67 ± 1.67 1.82 93.89 ± 0.96 1.02 

QUE 150 96.94 ± 1.27 1.31 90.56 ± 0.96 1.06 97.22 ± 0.96 0.99 
a mean of three replicates 
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4.3.3.   Conclusion 

Absorption spectra revealing minor different in wavelength with extensive spectral region 

overlap are not suitable for measured by traditional UV techniques. In some circumstances, 

chemometric techniques may be employed in place of more sophisticated methods like 

HPTLC and HPLC. After the calibration matrix has been established and stored in the data 

computer, the sample may be prepared, diluted, and their absorbance can be recorded. To 

ascertain the sample quantity, the data recorded matrix is read. Chemometric technique 

construction of dosage forms and simultaneous determination of RIF and QUE in 

experimental combinations have both been successfully accomplished using PLS. However, 

the speed, cost-effectiveness, and concurrent analysis of a combination of the subject 

medicines without any prior treatments are the main advantages of the explored 

methodologies. 

 

4.4. High-performance thin layer chromatographic method 

4.4.1.   Materials and Methods (38, 39, 58–60) 

4.4.1.1. Materials 

The following materials were used during the analytical work as shown in Table 4.23. 

TABLE 4.23 List of chemicals and solvents used 

Sr. No. Name Grade Manufacturers 

1 Methanol HPLC Merck Specialities Private Limited, Mumbai 

2 Formic acid ACS Merck Specialities Private Limited, Mumbai 

3 Toluene AR Merck Specialities Private Limited, Mumbai 

4 Ammonia AR Merck Specialties Private Limited, Mumbai 

5 Acetonitrile AR Merck Specialities Private Limited, Mumbai 

6 Glacial acetic acid GR Merck Specialities Private Limited, Mumbai 

7 Ethyl acetate ACS Merck Specialities Private Limited, Mumbai 

8 Chloroform AR Merck Specialities Private Limited, Mumbai 

9 Distilled water ACS Prepared In-situ 

10 Benzene LR S.D Fine Chem. Ltd., Mumbai 

 

4.4.1.2. Instrumentation 

Instrumentation and apparatus used for research study are listed in Table 4.24. 

TABLE 4.24 Instrumentation and apparatus 

Component Manufacturer/Supplier 

Sample applicator: Linomat-V Camag, Switzerland 

TLC Scanner-4 Camag, Switzerland 
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Flat bottom and twin trough developing 

chamber (20 × 10 cm) 

Camag, Switzerland 

UV cabinet with dual wavelength UV 

lamp 

Camag, Switzerland 

Hamilton Syringe (100 µl) Camag, Switzerland 

Pre-coated silica gel 60 F254 HPTLC aluminium plates Merck, Germany 

win CATS version 1.4.6 software Camag, Switzerland 

Analytical balance Shimadzu, Germany 

Ultrasonic bath Ultrasonic cleaner, Mumbai 

 

4.4.1.3. Software 

The Design-Expert trial edition 11.1.2.0 (Stat-Ease Inc., Minneapolis) program was 

employed for every analysis of data related to the research methodology, and Microsoft 

Excel 2019 (Microsoft Corporation, USA) was used for the remaining computations. 

WinCATS version 1.4.6 was employed for HPTLC analysis. 

4.4.1.4. Preparation of standard stock solution of RIF and QUE 

A standard solution of Rifampicin and Quercetin was made by precisely weighing 10 mg of 

the medication, allowing it to dissolve in a tiny amount of methanol in a 10 ml volumetric 

flask, and then diluting it until it reached the desired concentration (1000 μg/ml) with more 

methanol. A 100 μg/ml working standard solution was created by taking 1 ml of 

the standard solution and diluting it up to 10 ml with methanol. 

4.4.1.5. Selection of wavelength 

On the HPTLC plate, a standard RIF and QUE solution containing 100 μg/ml was applied. 

Following chromatography creation, bands were captured at a speed of 100 nm/s over the 

wavelength range of 200-700 nm, and the resulting spectra were then recorded. The choice 

of detection wavelength for the HPTLC technique was chosen as the single wavelength with 

the highest absorption. 

4.4.1.6. Development of chromatographic conditions 

With a Hamilton microlitre syringe and a Camag Linomat V sample applicator, the 

specimens were spotted in the shape of bands with a 8 mm bandwidth on a precoated silica 

gel aluminium plate 60 F254 (10 x 10 cm). A stream of nitrogen gas was used to dry the 

bands. A 10 x 10 cm twin-trough glass container was used to conduct a linear ascending 

progression. It took 40 minutes at room temperature (25 2 °C) for the chamber to reach its 

optimal saturation before chromatography development. The chromatographic run, which 

measured 7.5 cm in length, developed in an average of 15 minutes. After the creation, the 

plates with TLC were dried out using an air dryer in a flow of air. Using the Camag TLC 
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scanner IV and WinCATS software, densitometry scanning was carried out. All tests were 

conducted using a deuterium lamp as the radiation source and the reflectance mode at 347 

nm. The slit size was changed to micro 6.00 ± 0.30 mm. Data resolution was 100 m/step 

with a scanning speed of 20 mms/s. The technique of standard linear regression analysis was 

used to estimate the concentration of both medications. 

4.4.1.7. Optimization of mobile phase 

For the purpose of improving the mobile phase, various solvents in various ratios, including 

methanol, n-Butanol, Ammonia, toluene, ethyl acetate, n-Propanol, glacial acetic acid, and 

benzene, were tested. Using a Linomat V applicator, working standard solutions in the 

amount of 1 µl were applied in bands measuring 6 mm on HPTLC plates. Prior to usage, 

mobile phase components were combined, and the development chamber was given 40 

minutes to become saturated with mobile phase vapour. 

 

4.4.2.   Method validation 

For the assessment of a number of metrics, including linearity, precision, accuracy, LOD, 

LOQ, specificity, and robustness, the technique was validated in compliance with 

the International Council of Harmonisation recommendations Q2(R1). 

4.4.2.1. Calibration curve 

By taking five replicate observations in the concentration range of 100 - 600 ng/band for 

both medicines, a linear connection among peak area and the concentration of quercetin 

and rifampicin was assessed over the concentration range represented by ng/band. A 

reference solution of 100 μg/ml was utilized for the specified concentration range. Using the 

sample applicator 1, 2, 3, 4, 5, and 6 μl were added to the TLC plate. By applying the 

standard least-squares regression analysis approach to plot the area of the peak vs the 

concentration of Rifampicin and Quercetin, calibration plots were created. 

4.4.2.2. Limit of detection (LOD) and limit of quantification (LOQ) 

LOQ was the lowest concentration of the drug that was precisely quantified, LOD was the 

lowest concentration of the drug that was detected but not quantified. The proposed method's 

LOD and LOQ were determined in accordance with the Q2(R1) guideline by applying the 

formula to the SD of the y-intercept and slope of the calibration curves for rifampicin and 

quercetin. Limit of detection = 3.3 x σ/S. Limit of quantitation = 10 x σ/S.  Where “σ” is the 

SD of the intercept, “S” is the slope of the calibration curve. 
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4.4.2.3. Precision study 

By conducting intraday, interday, and repeatability investigations, the precision of the 

developed approach was assessed. Three replicates of three distinct concentrations (RIF and 

QUE: 200, 300, and 400 ng/band) were used to quantify intraday precision, and the peak 

area was represented as a percentage of relative standard deviation (% RSD). The interday 

precision research was carried out in duplicate on various days using the medication 

concentrations stated. A TLC plate was used to apply 3 µl of rifampicin (300 ng/band) and 

quercetin (300 ng/band) six times as part of a repeatability investigation. 

4.4.2.4. Accuracy study 

By adding three different concentrations of Rifampicin and Quercetin standard (100, 200, 

and 300 ng) to the dosage form (200 ng/band) using the standard addition method, recovery 

at three levels (50, 100, and 150% was performed). The recovery study's chromatographic 

improvement took place under identical settings. Peak regions were subsequently evaluated 

and an equation of regression was used to calculate concentration. Recovery experiments 

were carried out three times. 

4.4.2.5. Specificity 

By contrasting the peak purity of the conventional medication with the formulation, the 

specificity of the procedure was determined. Furthermore, by contrasting the spectra at three 

distinct levels—peak start (S), peak apex (M), and peak end (E) of the spot—the peak purity 

of rifampicin and quercetin was determined. Additionally, to assess any influence from 

excipients, the Rf of both medications in the dosage form was evaluated with a typical 

dendrogram. 

4.4.2.6. Solution stability study 

The initial solution of both medications was kept at ambient temperature for 24 hours before 

being further examined at 0, 2, 4, 6, 8, and 24 hours. 

4.4.2.7. Robustness study using 24-1 fractional factorial design 

The ability of a technique to be unaffected by purposeful and small changes to the method 

parameters is known as robustness. It is a gauge of how much the factor's modest fluctuations 

affected the change in the answer. Four factors and half fractional designs were used in the 

fractional factorial investigation of robustness (24-1). Based on the importance of the 

parameters that were noticed during the preliminary investigation and various trial 

operations, chromatographic intuition, and knowledge obtained from past studies, four 

factors were chosen for the current study. The retention factor (RF) findings would be 
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impacted by changes in the composition of the mobile phase (A), front-facing solvent (B), 

compartment saturation time (C), and wavelengths (D), from their original values, according 

to optimisation of the moving phase and various chromatographic settings. In order to 

statistically analyse the variation of the evaluated response, the Rf from the initial value, 

whether substantial or insignificant, these four parameters were chosen to explore the 

influence of tiny modifications on the response. In light of this, the four components with 

their purposeful adjustments in terms of both low and high levels are displayed in Table 

4.25. The variations of the factors studied were purposefully altered from the optimal method 

parameters of both medications.  

 

TABLE 4.25 Experimental factors and levels used in Fractional factorial design (24-1). 

Independent variables 

Level 

Coded value Transformed value 

Low High Low High 

A= Mobile phase composition (Ethyl acetate) (ml) -1 +1 1.6 1.8 

B= Solvent front (mm) -1 +1 71 79 

C= Chamber saturation time (min) -1 +1 38 42 

D= Wavelength (nm) -1 +1 345 349 

 

          The experimental scope of the chosen variables is shown in Table 4.26, and to reduce 

the prejudice effects of uncontrollable factors, all trials were run in randomized order. 

According to the Design Expert application (Version 11), an aggregate of eight trials of a 

fractional factorial design was carried out. To test the robustness of the technique, 

investigations were conducted depending on the research domain, and the results were 

collected as the retardation factors of rifampicin and quercetin. 

TABLE 4.26 Experimental runs used in Fractional factorial design (24-1) 

Batch Mobile Phase 

composition 

(ml) 

Solvent 

front 

(mm) 

Chamber saturation 

time 

(min) 

Wavelength 

(nm) 

1 1.8 79 38 345 

2 1.8 71 42 345 

3 1.6 71 38 345 

4 1.6 71 42 349 

5 1.8 71 38 349 

6 1.8 79 42 349 

7 1.6 79 38 349 

8 1.6 79 42 345 
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4.4.2.8. Analysis of developed formulation 

One gram (150 mg), which was moved to a volumetric container containing 100 ml of 

methanol and subjected to sonication for 20 minutes, was used to calculate the amount of 

rifampicin and quercetin present in the Liqui-solid preparation (the label claims that each 

drug should be given in doses of 150 mg). A filter paper made by Whatman was used to 

remove the solution (0.45 μ). A solution with 150 μg/ml of rifampicin and quercetin was 

created by transferring 1 ml of the aforementioned solution to a 10 ml volumetric flask and 

diluting it up to the mark. Using a μl syringe and the resulting solution (400 ng/band of 

Rifampicin and Quercetin), 2.6 μl was administered to the TLC plate before the development 

process. In order to quantify the peak area, an equation based on regression was used to 

measure the area. A triple analysis was performed. 

4.4.2.9. In-vitro degradation study of Rifampicin 

The in-vitro chemical stability of rifampicin at 1 and 2 h in 0.1 M hydrochloric acid alone 

and in addition of 0.02% w/v of ascorbic acid and 0.2% w/v of sodium lauryl sulphate in 

dissolving equipment was investigated using the proposed HPTLC method. After applying 

the sample, the peak area was measured, and the concentration of rifampicin in the 

aforementioned dissolving media was calculated. 

 

4.4.3.   Results and Discussion (38, 39, 58–60) 

4.4.3.1. Selection of Wavelength 

The spectrum of the RIF and QUE in the Camag TLC Scanner IV was captured in a 

wavelength spectrum of 200 to 800 nm, and it was discovered that the RIF and QUE 

provided significant intensity at 347 nm (Fig. 4.16) in order to select the proper wavelength. 

 

FIGURE 4.16 Ultraviolet spectral determination of Rifampicin and Quercetin in methanol. 
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4.4.3.2. Optimization of mobile phase 

According to a survey of the literature, RIF and QUE had been tested using the HPTLC 

method using a mobile phase made up of (chloroform, methanol, formic acid, ethyl acetate, 

and benzene). The peak values of RIF and QUE were optimized by experimenting with 

different mobile phase compositions. A good resolution was achieved with Rf values of 0.35 

for rifampicin and 0.71 for quercetin (Fig. 7.23 and Table 4.28). This wavelength was chosen 

as the detecting wavelength because both medications were noticeably absorbed at 347 nm. 

Therefore, during the initial study, these solvents were utilized in various combinations and 

quantities (Table 4.27). 

Table 4.27 Preliminary trials for optimization of mobile phase 

Trial. 

No. 

Solvents Rf Results 

RIF QUE 

1 Chloroform: Methanol: 

water 

(8: 2: 0.2, v/v/v) 

0.79 0.63 RIF peak was good but QUE peak 

broadening and fronting was 

observed 

2 Chloroform: Methanol: 

Formic acid 

(5: 2: 0.3, v/v/v) 

0.68 0.82 RIF peak fronting and QUE peak 

was good in shape but high Rf 

value 

3 Chloroform: Methanol: 

Formic acid: Ethyl acetate 

(5: 2: 0.3: 1, v/v/v/v) 

0.65 0.71 RIF and QUE peak was good in 

shape but no resolution between 

peaks 

4 Chloroform: Methanol: 

Formic acid: Ethyl 

acetate: Benzene 

(5: 2: 0.3: 1: 1, v/v/v/v/v) 

0.44 0.69 RIF and QUE peak was good in 

shape and resolved but results were 

not reproducible 

5 Chloroform: Methanol: 

Formic acid: Ethyl 

acetate: Benzene 

(5: 2: 0.3: 1: 2, v/v/v/v/v) 

0.32 0.60 RIF and QUE peak was good in 

shape and resolved but results were 

not reproducible 

6 Chloroform: Methanol: 

Formic acid: Ethyl 

acetate: Toluene 

(5: 2: 0.3: 1: 1, v/v/v/v/v) 

0.62 0.71 RIF and QUE peak was good in 

shape but not resolved and RIF 

peak fronting was observed 

7 Chloroform: Methanol: 

Formic acid: Ethyl 

acetate: Toluene 

(5: 2: 0.3: 1: 2, v/v/v/v/v) 

0.46 0.56 RIF and QUE peak was good in 

shape but not resolved and RIF 

peak fronting was observed 

8 Chloroform: Methanol: 

Formic acid: Ethyl 

acetate: Benzene 

(4: 2: 0.3: 1: 1, v/v/v/v/v) 

0.48 0.74 RIF and QUE peak was good in 

shape and resolved but not 

reproducible results 

9 Chloroform: Methanol: 

Formic acid: Ethyl 

acetate: Benzene 

(3: 2: 0.3: 1: 1, v/v/v/v/v) 

0.53 0.75 RIF and QUE peak was good in 

shape and resolved but higher Rf 

value 
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10 Chloroform: Methanol: 

Formic acid: Ethyl 

acetate: Benzene 

(4: 1.5: 0.3: 1: 1, 

v/v/v/v/v) 

0.52 0.62 RIF and QUE peak fronting was 

observed, and not resolved 

11 Chloroform: Methanol: 

Formic acid: Ethyl 

acetate: Benzene 

(4: 1: 0.3: 1: 1, v/v/v/v/v) 

0.39 0.55 RIF and QUE peak fronting was 

observed and Peak shape of RIF 

was not proper  

12 Chloroform: Methanol: 

Formic acid: Ethyl 

acetate: Benzene 

(4: 1.8: 0.3: 2: 1.5, 

v/v/v/v/v) 

0.39 0.65 QUE peak fronting was observed, 

and reproducible results were not 

obtained    

13 Chloroform: Methanol: 

Formic acid: Ethyl 

acetate: Hexane 

(4: 2: 0.3: 2: 1.5, 

v/v/v/v/v) 

0.24 0.74 RIF peak shape was good and QUE 

peak fronting was observed   

14 Chloroform: Methanol: 

Formic acid: n-butanol 

(5: 2: 0.3: 0.5, v/v/v/v) 

0.58 0.75 RIF peak shape was good and 

fronting was observed in QUE 

peak 

15 Chloroform: Methanol: 

Formic acid: n-butanol 

(5: 2: 0.3: 1, v/v/v/v) 

0.55 0.79 RIF peak shape was good and 

fronting was observed in QUE 

peak 

16 Chloroform: Methanol: 

Formic acid: Ethyl acetate 

(6: 1.5: 0.3: 1.5, v/v/v/v) 

0.25 0.71 RIF peak shape was good and 

fronting was observed in QUE 

peak 

17 Chloroform: Methanol: 

Formic acid: Ethyl acetate 

(6: 1.5: 0.3: 1, v/v/v/v) 

0.32 0.63 RIF peak shape was good and 

fronting was observed in QUE 

peak 

18 Chloroform: Methanol: 

Formic acid: Ethyl 

acetate: Benzene 

(3: 1.8: 0.3: 1.2: 1, 

v/v/v/v/v) 

Not 

run 

0.42 QUE peak shape was good 

19 Chloroform: Methanol: 

Formic acid: Ethyl acetate 

(5.5: 1.8: 0.3: 1.2: 1, 

v/v/v/v/v) 

0.46 0.81 RIF peak shape was good but for 

QUE peak Rf value above 0.8 

20 Chloroform: Methanol: 

Formic acid: Ethyl 

acetate: Benzene 

(4: 1.8: 0.3: 1.2: 1, 

v/v/v/v/v) 

0.54 0.67 RIF peak shape was good but for 

QUE peak fronting was observed 

21 Chloroform: Methanol: 

Formic acid: Ethyl 

acetate: Benzene 

(4: 1.8: 0.3: 1.4: 1, 

v/v/v/v/v) 

0.50 0.68 RIF peak shape was good but for 

QUE peak fronting was observed 
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22 Chloroform: Methanol: 

Formic acid: Ethyl 

acetate: Benzene 

(4: 1.8: 0.3: 1.7: 1, 

v/v/v/v/v) 

0.35 0.70 RIF and QUE peak shape was good 

and reproducible results were also 

obtained  

Trial 1 

 

FIGURE 4.17 HPTLC Densitogram Chloroform: Methanol: water (8: 2: 0.2, v/v/v). 

Trial 2 

 

FIGURE 4.18 HPTLC Densitogram Chloroform: Methanol: Formic acid (5: 2: 0.3, v/v/v). 

Trial 3 

 

FIGURE 4.19 HPTLC Densitogram Chloroform: Methanol: Formic acid: Ethyl acetate 

(5: 2: 0.3: 1, v/v/v/v). 
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Trial 4 

 

FIGURE 4.20 HPTLC Densitogram Chloroform: Methanol: Formic acid: Ethyl acetate: Benzene (5: 2: 

0.3: 1: 1, v/v/v/v/v). 

 

Trial 5 

 

FIGURE 4.21 HPTLC Densitogram Chloroform: Methanol: Formic acid: Ethyl acetate: Benzene (5: 2: 

0.3: 1: 2, v/v/v/v/v).  

 

Trial 6 

 

FIGURE 4.22 HPTLC Densitogram Chloroform: Methanol: Formic acid: Ethyl acetate: Toluene (5: 2: 

0.3: 1: 1, v/v/v/v/v). 
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Trial 7 

 

FIGURE 4.23 HPTLC Densitogram Chloroform: Methanol: Formic acid: Ethyl acetate: Toluene (5: 2: 

0.3: 1: 2, v/v/v/v/v). 

 

Trial 8 

 

FIGURE 4.24 HPTLC Densitogram Chloroform: Methanol: Formic acid: Ethyl acetate: Benzene (4: 2: 

0.3: 1: 1, v/v/v/v/v). 

 

Trial 9 

 

FIGURE 4.25 HPTLC Densitogram Chloroform: Methanol: Formic acid: Ethyl acetate: Benzene (3: 2: 

0.3: 1: 1, v/v/v/v/v). 
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Trial 10 

 

FIGURE 4.26 HPTLC Densitogram Chloroform: Methanol: Formic acid: Ethyl acetate: Benzene (4: 

1.5: 0.3: 1: 1, v/v/v/v/v). 

 

Trial 11 

 

FIGURE 4.27 HPTLC Densitogram Chloroform: Methanol: Formic acid: Ethyl acetate: Benzene (4: 1: 

0.3: 1: 1, v/v/v/v/v). 

 

Trial 12 

 

FIGURE 4.28 HPTLC Densitogram Chloroform: Methanol: Formic acid: Ethyl acetate: Benzene (4: 

1.8: 0.3: 2: 1.5, v/v/v/v/v).  
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Trial 13 

 

FIGURE 4.29 HPTLC Densitogram Chloroform: Methanol: Formic acid: Ethyl acetate: Hexane (4: 2: 

0.3: 2: 1.5, v/v/v/v/v). 

 

Trial 14 

 

FIGURE 4.30 HPTLC Densitogram Chloroform: Methanol: Formic acid: n-butanol 

(5: 2: 0.3: 0.5, v/v/v/v). 

 

Trial 15 

 

FIGURE 4.31 HPTLC Densitogram Chloroform: Methanol: Formic acid: n-butanol 

(5: 2: 0.3: 1, v/v/v/v). 
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Trial 16 

 

FIGURE 4.32 HPTLC Densitogram Chloroform: Methanol: Formic acid: Ethyl acetate (6: 1.5: 0.3: 

1.5, v/v/v/v). 

 

Trial 17 

 

FIGURE 4.33 HPTLC Densitogram Chloroform: Methanol: Formic acid: Ethyl acetate (6: 1.5: 0.3: 1, 

v/v/v/v).  

 

Trial 18 

 

FIGURE 4.34 HPTLC Densitogram Chloroform: Methanol: Formic acid: Ethyl acetate: Benzene (3: 

1.8: 0.3: 1.2: 1, v/v/v/v/v). 
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Trial 19 

 

FIGURE 4.35 HPTLC Densitogram Chloroform: Methanol: Formic acid: Ethyl acetate (5.5: 1.8: 0.3: 

1.2: 1, v/v/v/v/v). 

 

Trial 20 

 

FIGURE 4.36 HPTLC Densitogram Chloroform: Methanol: Formic acid: Ethyl acetate: Benzene (4: 

1.8: 0.3: 1.2: 1, v/v/v/v/v). 

 

Trial 21 

 

FIGURE 4.37 HPTLC Densitogram Chloroform: Methanol: Formic acid: Ethyl acetate: Benzene (4: 

1.8: 0.3: 1.4: 1, v/v/v/v/v).  
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Trial 22 (Optimized Mobile Phase) 

 

FIGURE 4.38 HPTLC Densitogram Chloroform: Methanol: Formic acid: Ethyl acetate: Benzene (4: 

1.8: 0.3: 1.7: 1, v/v/v/v/v). 

 

Optimized chromatographic condition for estimation of RIF and QUE were shown in Table 

4.28. 

TABLE 4.28 Optimized chromatographic condition 

Parameters Condition 

Band width 8 mm 

Micro-Syringe 100 μl Hamilton syringe 

Pre coated Silica gel 

thickness 

100 μm 

Development Linear Ascending 

Chamber Twin trough glass chamber (10 x 10 cm) 

Chamber saturation time 40 min 

Length of 

chromatographic run  

75 mm 

Wavelength 347 nm 

Mobile Phase 

composition 

Chloroform: Methanol: Formic acid: Ethyl acetate: Benzene 

(4: 1.8: 0.3: 1.7: 1, v/v/v/v/v) 

 

4.4.4.   Method Validation 

4.4.4.1. Calibration curve 

Regarding the highest area, rifampicin and quercetin displayed a strong connection across 

the concentration range of 100-600 ng/band. A significant value of the correlation coefficient 

served to assess the calibration curve's predictability and its adherence to Beer's law. The 

calibration curve data underwent a regression study, and the results are displayed statistically 

in Tables 4.29, 4.30, and 4.31. Fig. 4.39, 4.40 and 4.41 display the 3D dendrogram 

demonstrating linearity in the specified concentration range.  
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TABLE 4.29 Linearity data of RIF 

Conc. 

(ng/band) 

Peak Area Avg. 

Peak 

Area a 

SD 
% 

RSD 1 2 3 4 5 

100 1507.1 1565.6 1546.1 1579.1 1556.2 1550.82 27.29866 1.76 

200 2366.7 2348.9 2354.2 2358.2 2389.1 2363.42 15.75839 0.66 

300 3218.3 3256.1 3246.2 3247.6 3271.2 3247.88 19.29552 0.59 

400 3920.7 3925.5 3916.5 3989.5 3936.2 3937.68 29.88632 0.75 

500 4651.2 4615.9 4619.5 4645.2 4623.1 4630.98 16.06509 0.34 

600 5356.1 5357.2 5316.9 5329.1 5328.3 5337.52 18.12187 0.33 
a mean of five replicates 

 

 

FIGURE 4.39 3D Densitogram showing linearity of RIF (100 to 600 ng/band) and QUE (100 to 600 

ng/band). 

 

 

FIGURE 4.40 Calibration curve of RIF. 
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TABLE 4.30 Linearity data of QUE 

Conc. 

(ng/band) 

Peak Area Avg. 

Peak 

Area 

SD 
% 

RSD 1 2 3 4 5 

100 2082.4 2089.1 2071.5 2056.4 2048.6 2069.6 17.05095 0.82 

200 4294.6 4291.4 4269.2 4266.9 4291.6 4282.7 13.49437 0.31 

300 6333.2 6356.1 6312.6 6310.9 6325.4 6327.6 18.38703 0.29 

400 8349.1 8335.5 8321.6 8356.1 8336.6 8339.7 13.34305 0.15 

500 9864.7 9856.1 9878.9 9851.6 9850.7 9860.4 11.73414 0.11 

600 12123.5 12056.8 12045.8 12115.6 12145.9 12097.5 43.80510 0.36 
a mean of five replicates 

 

FIGURE 4.41 Calibration curve of QUE. 

 

TABLE 4.31 Linear regression parameters for RIF and QUE 

Regression Parameters RIF QUE 

Linearity range (ng/band) 100 - 600 100 - 600 

Regression equation y = 7.5503x + 868.79 y = 19.681x + 274.47 

Correlation co-efficient 0.9975 0.9977 

Slope a ± SD 7.5502 ± 0.0633 19.681 ± 0.0782 

Intercept a ± SD 868.78 ± 28.1451 274.47 ± 26.4436 
a mean of five replicates 

4.4.4.2. Limit of detection (LOD) and Limit of quantitation (LOQ) 

LOD and LOQ measurements were determined to be 12.30 ng/band and 37.27 ng/band for 

rifampicin and 4.43 ng/band and 13.43 ng/band for quercetin, respectively, suggesting 

a good sensitivity of the approach. 

4.4.4.3. Precision study 

A %RSD below two was found in the repeatability of the sample application, demonstrating 

adequate sample applicator repeatability and thus reproducibility of the procedure (Table 
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4.32). The %RSD for intraday precision for rifampicin ranged from 0.50 to 1.85, while for 

quercetin, it was between 0.11 and 0.69. The %RSD for interday precision for rifampicin 

and quercetin, respectively, ranged from 0.15 to 1.47 and 0.15 to 0.95. The approach is 

accurate, as shown by the lower %RSD readings in accordance with the standards (Tables 

4.33 and 4.34). 

TABLE 4.32 Repeatability study of RIF and QUE 

Conc. 

(ng/band) 

Peak area 
Avg SD 

% 

RSD 1 2 3 4 5 6 

 RIF 

300 3125.1 3116.8 3118.6 3119.5 3121.9 3120.5 3120.4 2.8761 0.09 

 QUE 

300 6023.5 6015.1 6048.5 6035.5 6028.4 6044.9 6032.6 12.7999 0.21 

 

TABLE 4.33 Intraday precision study of RIF and QUE 

Conc. 

(ng/band) 

Peak Area 
Avg SD % RSD 

1 2 3 

 RIF 

200 2350.3 2269.6 2286.1 2302 42.6348 1.85 

300 3054.1 3035.8 3066.6 3052.1 15.4907 0.50 

400 3695.1 3765.1 3781.3 3747.1 45.8128 1.22 

 QUE 

200 4025.1 4077.6 4068.6 4057.1 28.0757 0.69 

300 6003.5 6025.1 6038.5 6022.3 17.6593 0.29 

400 7856.5 7845.2 7839.2 7846.9 8.7842 0.11 

 

TABLE 4.34 Interday precision study of RIF and QUE 

Conc. 

(ng/band) 

Day 1 Day 2 Day 3 

Mean peak 

area a ± SD 

%  

RSD 

Mean peak 

area a ± SD 

%  

RSD 

Mean peak 

area a ± SD 

%  

RSD 

 RIF 

200 2318.6 ± 8.3703 0.36 2285.3 ± 14.6650 0.64 2275.3 ± 21.7500 0.95 

300 2991.1 ± 6.0715 0.20 3024.5 ± 28.1377 0.93 3031.1 ± 21.0253 0.69 

400 3712.1 ± 9.7372 0.26 3682.1 ± 2.6102 0.07 3680.5 ± 15.0159 0.40 

 QUE 

200 3974.6 ± 16.9992 0.42 3932.6 ± 15.6927 0.39 3945.9 ± 36.5138 0.92 

300 5967.9 ± 18.5044 0.31 5850.4 ± 22.4816 0.38 5850.4 ± 86.2289 1.47 

400 7757.3 ± 12.0400 0.15 7724.6 ± 8.3608 0.10 7721.3 ± 82.9793 1.07 
a mean of three replicates 

4.4.4.4. Accuracy study 

Rifampicin recovery percentages ranged between 96.00% and 96.66% for the suggested 

approach when utilized to evaluate the amount recovered at three concentration levels, 50%, 
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100%, and 150% following spiking with standards (Table 4.35) and 95.09%–96.53% for 

quercetin (Table 4.36). Results show that the methodology is accurate. 

TABLE 4.35 Accuracy study of RIF 

%Spike 

Initial 

amount 

(ng/band) 

Amount of 

standard 

added 

(ng/band) 

Total 

amount 

found 

(ng/band) 

Peak 

Area 

% 

Recovery 

Mean % 

Recovery 
SD %RSD 

50 200 100 300 

3035.6 95.66 

96.11 0.5278 0.54 3042.6 95.97 

3058.9 96.69 

100 200 200 400 

3745.6 95.25 

96.00 0.7274 0.75 3789.5 96.71 

3769.1 96.03 

150 200 300 500 

4515.9 96.61 

96.66 0.0482 0.04 4519.5 96.70 

4518.2 96.67 

 

TABLE 4.36 Accuracy study of QUE 

%Spike 

Initial 

amount 

(ng/band) 

Amount of 

standard 

added 

(ng/band) 

Total 

amount 

found 

(ng/band) 

Peak 

Area 

% 

Recovery 

Mean % 

Recovery 
SD %RSD 

50 200 100 300 

5926.8 95.73 

96.18 0.3923 0.40 5965.4 96.38 

5968.3 96.43 

100 200 200 400 

7899.8 96.86 

96.53 0.2858 0.29 7859.5 96.34 

7862.3 96.38 

150 200 300 500 

9626.4 95.03 

95.09 0.2122 0.22 9615.8 94.92 

9656.1 95.09 

 

4.4.4.5. Specificity 

The established method was used to quantify liquid-solid formulations, and the results 

revealed peak values at Rf of 0.35 and 0.71 for rifampicin and quercetin, which were 

confirmed to be at the same Rf for the standard by comparing dendrograms and 

demonstrating the particular technique in the presence of excipients. In addition, the peak 

purity of Rifampicin and Quercetin in liqui-solid compositions showed a strong correlation 

when evaluating the spectra at the peak start, peak apex, and peak end positions of the spot, 

namely r (S, M) = 0.9987 and r (M, E) = 0.9970 for Rifampicin (Fig. 4.42) and r (S, M) = 

0.9995 and r (M, E) = 0.9963 for Quercetin (Fig. 4.43). 



DEVELOPMENT AND VALIDATION OF ANALYTICAL METHODS 

134 

 

 

FIGURE 4.42 Overlain spectra of RIF pharmaceutical formulation with standard API. 

 

 

FIGURE 4.43 Overlain spectra of QUE pharmaceutical formulation with standard API. 
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4.4.4.6. Analysis of liquisolid formulation 

Investigation of the liqui-solid preparation using the established method revealed distinct 

peaks at Rf 0.35 for rifampicin and 0.71 for quercetin, indicating no excipient disturbance, 

and mean % recovery with standard deviation values of 95.67 ± 11.97 and 96.11 ± 22.24 for 

the two drugs, respectively (Table 4.37 and Fig. 4.44). Low % RSD value showed that the 

suggested technique was appropriate for formulation assessment. 

TABLE 4.37 Analysis of liquisolid formulation of RIF and QUE 

Drug Label 

claim 

(mg) 

Conc. 

(ng/band) 

Peak 

area 

Mean 

Peak 

area a 

Mean 

Conc. 

found a 

(ng/band) 

Mean % 

Recovery 
a 

SD % 

RSD 

RIF 150 400 

3745.6 

3758.2 382.69 95.67 11.9738 0.31 3759.8 

3769.4 

QUE 150 400 

7856.4 

7841.2 384.47 96.11 22.2423 0.28 7815.7 

7851.6 
a mean of three replicates 

 

Figure 4.44 Densitogram of liquisolid formulation with a concentration of 400 ng/band of both drugs 

with a label claim of 150 mg of Rifampicin and Quercetin.  

 

4.4.4.7. Robustness study using 24-1 fractional factorial design 

Implementing design detects the elements in the approach that have a significant impact on 

its outcomes and foresees the issues that might occur while implementing it. The main 
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objective of the technique is to guarantee adaptability. In this case, the variables under 

investigation were based on the analytical process and were believed to be influencing the 

separation of Rifampicin and Quercetin and, consequently, the effectiveness of the 

technique. The interval specified between the levels serves as the upper bound on how much 

a factor should vary when the approach is used. The reaction that was examined was the 

ability of rifampicin and quercetin to slow response. Table 4.38 displays the domain that was 

developed to generate its impact on response. 

TABLE 4.38 24-1 fractional factorial design for robustness study with their responses 

Batch 

Mobile 

Phase 

composition 

(ml) 

Solvent 

front 

(mm) 

Chamber 

saturation 

time 

(min) 

Wavelength 

(nm) 

Rf Value Rf Value 

RIF QUE RIF QUE 

1 1.8 79 38 345 0.35 0.72 3817.1 8219.2 

2 1.8 71 42 345 0.32 0.73 3820.2 8319.2 

3 1.6 71 38 345 0.33 0.70 3809.1 8325.5 

4 1.6 71 42 349 0.35 0.71 3780.2 8195.3 

5 1.8 71 38 349 0.33 0.73 3760.2 8180.3 

6 1.8 79 42 349 0.33 0.72 3751.5 8190.4 

7 1.6 79 38 349 0.35 0.70 3741.4 8202.5 

8 1.6 79 42 345 0.36 0.71 3801.3 8271.4 

 

Statistical summary and ANOVA analysis of each response 

Additionally, the Design Expert application (Version 11) was used to conduct an Analysis 

of Variability to confirm the model. A p-value of 0.05 or below was required for significant 

impacts. The acquired ratio for both medications (10.39 for Rifampicin and 4.89 for 

Quercetin) suggested an adequate signal. An acceptable precision, measured by the S/N, is 

one that is larger than 4. The adjusted R-square values were high and were closer to 

anticipated values, suggesting an excellent correlation (Table 4.39) between the 

experimental data and those of the suited models, and a coefficient of variance (% CV), 

measuring the reproducibility of the algorithm, was less than 10% (1.47 for rifampicin and 

0.98 for quercetin). 

TABLE 4.39 Summary of statistics and ANOVA analysis of RIF and QUE 

Parameters 
RIF QUE 

Rf Value Peak Area Rf Value Peak Area 

Standard Deviation 0.0050 12.63 0.0071 11.10 

Mean 0.34 3785.13 0.7150 8237.98 

% CV 1.47 0.33 0.98 0.13 

PRESS 0.0008 5101.20 0.0016 7887.68 

R2 0.9643 0.9530 0.9000 0.9949 

Adjusted R2 0.8750 0.8353 0.6500 0.9646 
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Predicted R2 0.4286 0.2473 0.6000 0.6767 

Adequate Precision 10.39 7.20 4.89 14.13 

Type of Model Modified Modified Modified Modified 

Model P value 0.0869 0.1135 0.2316 0.1328 

Polynomial equation for each response 

It is possible to anticipate the reaction for specific levels of each element using the equation 

expressed in terms of coded factors. By default, the components' high values are coded as 

+1, while their low levels are coded as -1. By contrasting the factor coefficients, the coded 

equation can be used to determine the relative importance of the elements (Table 4.40). 

TABLE 4.40 Polynomial equation for responses 

Sr. 

No. 

Response Polynomial equation 

1 Rf of RIF -2.22313 + 1.425 * A + 0.001875 * B + 0.06375 * C + 

1.49915e-16 * D + -0.0375 * AC 

2 Rf of QUE 0.541875 + 0.1 * A + -0.000625 * B + 0.00125 * C + -1.3979e-

15 * D + 8.01683e-16 * AD 

3 Peak area of 

RIF 

-5095.53 + 8002.25 * A + -1.825 * B + 1.5875 * C + 25.7 * D 

+ -23 * AD 

4 Peak area of 

QUE 

22144.7 + -3384.19 * A + 18.5687 * B + -179.063 * C + -

22.925 * D + -13.4375 * AB + 107.125 * AC 

Pareto chart showing effect of individual and interaction on responses 

The Pareto chart is most effective when employed after impacts have been chosen on the 

half-normal plot and serves the purpose for determining the significance of the next greatest 

unselected impact. Effects that are greater than the Bonferroni Limit are virtually probably 

important. Effects that are greater than the t-Value limit may be important. Effects that are 

less than the t-Value threshold are not expected to be noteworthy. 

 

FIGURE 4.45 Pareto chart showing the effect of a factor on the Rf value of (A) Rifampicin and (B) 

Quercetin. 
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According to a Pareto chart, between the four parameters, the solvent front and mobile phase 

composition (Fig. 4.45) had the most impact on the Rf value, while the change in wavelength 

(Fig. 4.46) had the greatest impact on the peak areas of rifampicin and quercetin. 

Meanwhile, the ethyl acetate quantity and solvent front were changed, and the variation in 

retention factor was appropriate for both drugs as shown by 3D plots (Rf in the range of 0.32 

to 0.35 for Rifampicin and 0.70 to 0.73 for Quercetin), suggesting an accurate approach. 

Similar to this, minute adjustments to the solvent front and chamber saturation time had no 

appreciable impact on the Rf values of either medication. 

 

FIGURE 4.46 Pareto chart showing the effect of a factor on the peak area of (A) Rifampicin and (B) 

Quercetin. 

Perturbation plot for responses of RIF and QUE 

For an enhanced comprehension of the outcomes, perturbation maps representing the 

projected models are shown. These graphs illustrate how, while all other variables are 

maintained constant, responses vary as each factor deviates from its specified reference 

value. The most pronounced slope or curve denotes the sensitivity of the response to a 

particular stimulus. 

 
FIGURE 4.47 Perturbation graph showing the effect of each factor on Rf of (A) Rifampicin and (B) 

Quercetin. 
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According to Fig. 4.47 (A), as ethyl acetate proportion varies from a lower value to a higher 

one and the solvent front moves from a high level to a lower one, the value of the Rf of 

rifampicin falls. According to Fig. 4.47 (B), the Rf value of quercetin rises as ethyl acetate 

content rises from a lower value to a higher level. 

 

FIGURE 4.48 Perturbation graph showing the effect of each factor on peak area of (A) Rifampicin and 

(B) Quercetin. 

According to Fig. 4.48 (A), the peak area of the RIF diminishes as the wavelength increases. 

According to Fig. 4.48 (B), the peak area of the QUE diminishes as the wavelength increases. 

3D Response plot for RIF and QUE 

Typically, a surface plot shows an image in three dimensions that could give an improved 

understanding of the responses. The estimated response surface will be a plane (i.e., the 

contour lines will be straight) if the regression model (i.e., first-order model) comprises only 

the main factors and there is no interaction effect. The contour lines will be curved rather 

than straight if the model has interactions. 

 

FIGURE 4.49 Three-dimensional response graph showing the effect of a factor on Rf of (A) Rifampicin 

and (B) Quercetin. 
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Rifampicin's Rf value decreased as ethyl acetate content was increased, but Quercetin's Rf 

value increased, according to the 3D responder plot of Rf value (Fig. 4.49). There has been 

no noticeable change in the peak areas of RIF and QUE, according to the 3D responder plot 

of the peak region (Fig. 4.50). 

 

FIGURE 4.50 Three-dimensional response graph showing the effect of a factor on peak area  of (A) 

Rifampicin and (B) Quercetin 

 

This means that, in comparison to the other three variables chosen, the ethyl acetate makeup 

resulted in a little more variability among the four factors (Rf in the range of 0.32 to 0.35 for 

rifampicin and 0.70 to 0.73 for quercetin), but the variability was appropriate, leading to 

non-significant models and robust approach. Additionally, tight control of the optimized 

situation for 1.8 ml of ethyl acetate in experimental conditions was needed to ensure the 

validity of the study because the composition of the mobile phase is the most important of 

the four parameters. 

4.4.4.8. In-vitro stability study of Rifampicin in various dissolution media 

The in-vitro stability analysis revealed that the rate of Rifampicin degradation in 0.1 M 

hydrochloric acid increased over time, reaching 24.09 % and 26.96 % degradation at 1 and 

2 hours, respectively. Additionally, it demonstrated a time-dependent reduction in 

Rifampicin degradation in the presence of ascorbic acid and sodium lauryl sulphate. 

However, it was discovered that the degradation of rifampicin was dramatically reduced to 

9.88 % and 12.85 % at 1 and 2 hours, respectively, in a mixture of ascorbic acid and sodium 

lauryl sulphate. Thus, the findings of the present investigation show that the addition of 

ascorbic acid and sodium lauryl sulphate to 0.1 M hydrochloric acid can greatly reduce the 

breakdown of rifampicin in the highly acidic conditions of the stomach and thereby increase 

its absorption into the body (Fig. 4.51). 
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FIGURE 4.51 % degradation of RIF in various dissolution media. 

 

4.4.5.   Conclusion 

According to ICH criteria, a specialized, exact, and accurate high-performance thin-layer 

chromatographic technique was created and validated for the measurement of rifampicin and 

quercetin in bulk drugs and produced formulations. Both the medicine in its formulation and 

all of the conditions that were studied did not significantly affect responses, making the 

developed method a robust one. Furthermore, according to the robustness research, the 

volume of ethyl acetate had a marginally stronger impact on the Rf of both medications than 

the other three variables. Similar to this, of all the parameters determining the peak areas of 

both medications, wavelength played a significant role. Thus, the suggested approach was 

reliable within the given bounds. 
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CHAPTER-5 

Development and validation of bioanalytical 

methods 

5. DEVELOPMENT AND VALIDATION OF BIOANALYTICAL 

METHODS 

5.1. UPLC-MS/MS method 

5.1.1.   Materials and Methods (165–167) 

5.1.1.1. Materials 

The following materials were used during the analytical work as shown in Table 5.1. 

TABLE 5.1 List of chemicals and solvents used 

Sr. No. Name Grade Manufacturers 

1 Methanol Lichrosolv Merck Specialities Private Limited, Mumbai 

2 Formic acid AR Merck Specialities Private Limited, Mumbai 

3 Acetonitrile Lichrosolv Merck Specialities Private Limited, Mumbai 

9 Water Milli Q Prepared In-situ 

10 Rat Plasma - Obtained from rat 

 

5.1.1.2.    Instrumentation 

Instrumentation and apparatus used for research study are listed in Table 5.2. 

TABLE 5.2 Instrumentation and apparatus 

Component Manufacturer/Supplier 

Instrument UPLC Eksigent UltraLC 100 

Column Acquity UPLC C18 (1.7 µm, 2.1 x 15 mm) 

HPLC pressure mode Low pressure gradient mode 

Detector Quadrupole Ion Trap ABSCIEX QTRAP 4500 

Weighing Balance Shimadzu AUW220 balance 

Centrifuge Machine Eltek centrifuge TC 450 D 

Cyclone Mixer Remi motors Cyclo Mixer CM101 

Membrane filters AXIVA Nylon membrane filters 0.2 µm 

 

5.1.1.3. Preparation of standard and working standard solution 

By immersing 10 mg of the medication in 10 ml of methanol in an individual volumetric 

flask, a standard stock solution of RIF and QUE 1000 μg/ml was created, which was then 

stored at -20°C and shielded with aluminum foil. By placing 10 ml of the above-standard 
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stock solution in two different 100 ml volumetric flasks and diluting with methanol until the 

desired strength was reached, a 100 μg/ml solution of RIF and QUE was created. 

 

5.1.1.4. Preparation of ISTD (Internal standard) solution 

By combining 10 mg of INH with 10 ml of methanol, a standard stock solution of internal 

standard isoniazid (1000 μg/ml) was created. This solution was then placed in a transparent 

glass volumetric flask, maintained at -20°C, and covered with aluminium foil for protection. 

10 ml of the standard stock solution was taken out and 100 ml of it was diluted with 100 

μg/ml of methanol. 

 

5.1.1.5. Chromatographic condition 

The chromatography separation was done using a UPLC Acquity C18 column (1.7 mm, 2.1 

x 15 cm) that was kept at 40 °C. It was decided to set the autosampler's temperature at 4 °C. 

With a mobile component flow rate of 0.5 ml/min, low-pressure gradient elution was used. 

The whole run duration was 10 minutes, and the injection volume was 5 μl. Gradient mode 

chromatographic elution was performed using solvents B (acetonitrile includes 0.1% formic 

acid) and A (water contains 0.1% formic acid). The gradient run took two minutes with the 

mobile phase prepared with solvent A at 80% and solvent B at 20%. The gradient was formed 

with solvent A 50% and solvent B 50% and was maintained for 8 minutes until switching to 

solvent A 0% and solvent B 100%. The solvent content was maintained at solvent A 80% 

and solvent B 20% for up to 10 minutes in order to equilibrate the entire system. 

 

5.1.1.6. Mass spectrometric conditions 

Quantification was completed using the Multiple Reaction Monitoring (MRM) phases and 

the electrospray ionization (ESI) positive phase. A 5.5 kV ion spray voltage was set up in 

the instrument MS/MS, and the desolvation gas (nitrogen) was heated to 700°C. The mass 

spectrometer was operated in the transitional MRM mode (m/z 823→399 for RIF, 303→201 

for QUE, and 138→121 for INH). To obtain the greatest resolution and magnitude of the 

daughter ion and parent ion peak, the subsequent source variables were adjusted: 40 psi 

pressure for the curtain gas, 50 psi for the nebulizer gas, and 55 psi for the turbo gas. Data 

was collected using Mass Lynx® 4.2 software.   
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5.1.1.7. Optimization of extraction procedure for sample preparation 

Three different extracting methods—liquid-liquid extraction, solid phase extraction, and 

protein precipitation methods—were accessible, based on the research review. An organic 

analyte partitions between a liquid phase and a solid phase (sorbent) in solid phase extraction 

(SPE), resulting in the preferential entrapment of analytical substances on the sorbent. One 

of the earliest techniques for separating organic molecules from water is called liquid-liquid 

extraction (LLE). The method is based on the partitioning of the compounds across the 

organic solvent and the aqueous solution.                 

Additionally, there are a number of disadvantages to SPE and LLE techniques, including the 

potential for low recoveries due to interactions between the sorbent and sample matrix, the 

potential for sorbent bed blocking by fragments of suspended matter, labour-intensive 

nature, high environmental risk due to solvent intake, low selectivity, and potential emulsion 

formation. As a result, the protein precipitation approach was used in the current study 

project because it has a number of benefits, including simplicity, minimum sample loss, 

affordable reagents, a low labour requirement, application to an extensive variety of analytes, 

and ease of mechanisation. Methanol and acetonitrile, two solvents, were therefore chosen 

separately and in various combinations. 

 

5.1.1.8. Protein precipitation extraction procedure 

In a water bath set to ambient temperature, the frozen rat plasma specimens were defrosted. 

The 200 μl of drug-free, thawed plasma was put into RIA vials that had already been marked. 

100 μl of the RIF and QUE drug solution were added and swirl for 2 minutes to ensure that 

the ingredients are thoroughly combined. To guarantee homogeneous mixing, 1000 μl of the 

extracting solvent were added and then swirl the mixture for a further 10 minutes. The vials 

were centrifuged in an Eltek TC 450 D cooling centrifuge at 8000 rpm for 15 minutes at -20 

±  2°C. The 0.2 μ polypropylene membrane filter was used to filter the 500 μl of clear 

supernatant before it was placed into vials and labelled as needed.  6 μl of Internal standard 

Isoniazid (INH) (65 μg/ml) was further added. After injecting 5 μl of solution into the 

column, the maximum area was estimated. The drug content in unknown plasma samples 

was determined using a curve for calibration. 

5.1.1.9. Preparation of calibration standards (CS) solutions for RIF 

As shown in the Table 5.3, a drug intermediary solution was used to make the CS spiking 

concentrations in methanol: 
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TABLE 5.3 Preparation of CS Spiking Solutions of RIF 

Parent Solution 

Concentration 

(µg/ml) 

Volume 

taken (ml) 

Volume of 

methanol 

(ml) 

Final  

Volume 

(ml) 

CS 

Concentratio

n (µg /ml) 

SS ID 

1000 1.19 8.81 10 119 SS STD1 

1000 0.95 9.05 10 95 SS STD2 

1000 0.71 9.29 10 71 SS STD3 

1000 0.47 9.53 10 47 SS STD4 

1000 0.24 9.76 10 24 SS STD5 

1000 0.12 9.88 10 12 SS STD6 

The corresponding CC spiking solutions were spiked in selected rat plasma as shown in the 

Table 5.4 to create the spiked CC standards: 

TABLE 5.4 Preparation of Spiked CS Standards of RIF 

SS ID SS Conc. 

(µg/ml) 

Spiking 

Volume 

(µl) 

Plasma 

Volume 

(µl) 

Extracting 

Solvent 

added (µl) 

Final 

volume 

(ml) 

Spiked 

Conc. 

(ng/ml) 

STD ID 

Methanol 000 100 200 1000 1300 0 STD BL 

SS STD1 119 100 200 1000 1300 850 STD1 

SS STD2 95 100 200 1000 1300 680 STD2 

SS STD3 71 100 200 1000 1300 510 STD3 

SS STD4 47 100 200 1000 1300 340 STD4 

SS STD5 24 100 200 1000 1300 170 STD5 

SS STD6 12 100 200 1000 1300 85 STD6 

Prior to analysis, calibration standards samples were kept in a deep freezer at -20 ±2 °C. 

 

5.1.1.10. Preparation of calibration standards (CS) solutions for QUE 

As shown in the Table 5.5, drug intermediary solution was used to prepare the CS spiking 

solutions in methanol: 

TABLE 5.5 Preparation of CS Spiking Solutions of QUE 

Parent Solution 

Concentration 

(µg/ml) 

Volume 

taken 

(ml) 

Volume of 

methanol 

(ml) 

Final  

Volume 

(ml) 

Concentration  

(µg/ml) 

SS ID 

1000 0.65 9.35 10 65 SS STD1 

1000 0.52 9.48 10 52 SS STD2 

1000 0.39 9.61 10 39 SS STD3 

1000 0.26 9.74 10 26 SS STD4 

1000 0.13 9.87 10 13 SS STD5 

1000 0.065 9.94 10 6.5 SS STD6 

The corresponding CC spiking solutions were injected in screened rat plasma as shown in 

the Table 5.6 to create the spiked CC standards: 

TABLE 5.6 Preparation of Spiked CS Standards of QUE 

SS ID SS  

Conc. 

(µg/ml) 

Spiking 

Volume 

(µl) 

Plasma 

Volume(µl) 

Extracting 

Solvent 

added (µl) 

Final  

(ml) 

Spiked 

Conc. 

(ng/ml) 

STD ID 

Methanol 000 100 200 1000 1300 0 STD BL 

SS STD1 65 100 200 1000 1300 464 STD1 
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SS STD2 52 100 200 1000 1300 371 STD2 

SS STD3 39 100 200 1000 1300 278 STD3 

SS STD4 26 100 200 1000 1300 186 STD4 

SS STD5 13 100 200 1000 1300 93 STD5 

SS STD6 6.5 100 200 1000 1300 46 STD6 

Prior to analysis, calibration standards samples were kept in a deep freezer at -20 ±2 °C. 

 

5.1.1.11. Preparation of Quality control samples  

By using the aforementioned method of creating calibration standard solutions, four different 

concentrations of HQC, MQC, LQC, and LLOQ solutions were created. For technique 

validation, specific doses were employed (Table 5.7). 

TABLE 5.7 Quality Control samples for RIF and QUE 

QC Samples RIF (ng/ml) QUE (ng/ml) STD ID 

HQC 850 464 STD1 

MQC 510 278 STD3 

LQC 170 93 STD5 

LLOQ 85 46 STD6 

Prior to analysis, quality control samples were kept in a deep freezer at -20 ±2 °C. 

 

5.1.1.12. Internal standard method versus external standard method in bio-

analytical assay 

In the present study, the effectiveness of two distinct quantification methods—the Internal 

Standard technique, whereby an internal standard was added after preparing the sample, and 

the External Standard approach to QUE and RIF in rat plasma samples—as well as their 

impact on the accuracy study's evaluation and the drug the pharmacokinetic investigation is 

assessed. The internal standard method, which engaged normalizing the drug peak area 

according to the internal standard maximum area and extending onto a calibration curve, and 

the external standard approach, which engaged extending the drug peak regions onto 

calibration curves to figure out drug amounts, were the two distinct quantification 

approaches that were used and assessed.(168) 

 

5.1.2.   Method validation 

The proposed bioanalytical technique was verified in compliance with USFDA criteria by 

assessing several characteristics, including accuracy, linearity range, selectivity, precision, 

recovery, sensitivity, and stability research. 
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5.1.2.1. Linearity study 

The linearity was established by the calibration curve's construction utilising an external 

reference methodology. The calibration equation was established using a regression 

approach using responses from six established concentrations in the 85–850 ng/ml RIF and 

46-464 ng/ml QUE range. To ascertain whether the data were uniformly distributed in terms 

of variability, Bartlett's test was also used.   

Test of homoscedasticity 

To evaluate the degree of homoscedasticity of the regression equation, the primary step was 

to test it. The two methods that are most frequently used to assess homoscedasticity are (i) 

Bartlett's test (i.e., test for substantial difference in variance), and (ii) visually examining a 

residual vs concentration plot. Equation (5.1) was utilized to apply Bartlett's test to examine 

homoscedasticity for a number of groups. 

χ2=2.3026× [
∑ df[ log10- [ 

∑ df(s)2

∑ df
]- ∑ df(log10S)

2

[1+
1(k-1)

3
[ ∑

1

df
-

1

∑ df
]

]......(5.1) 

K: the number of groups being compared   

df: degree of freedom (n-1)   

N: the number of data within each group  

S2: variance  

S2 is calculated as equation (5.2) 

S
2
=

N ∑ X
2
-( ∑ x2)

N-1
......(5.2) 

 

5.1.2.2. Sensitivity  

The lower limit of quantification (LLOQ) is the lowest amount of an analyte that can be 

precisely determined with a tolerable level of accuracy and a percentage coefficient of 

variance (% CV) less than 20%. 

 

5.1.2.3. Selectivity 

RIF and QUE have been extracted from three different blank samples of plasma and carried 

out six times to ascertain the technique's selectivity. The absence of interference peaks 

throughout the retention duration of the sample or internal standard was assessed with a 

measurement of % CV. 
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5.1.2.4. Precision study 

A minimum of six measurements per concentration were used to determine precision. On 

day one, three QC samples of RIF (850, 510, 170, and 85 ng/ml) and QUE (464, 278, 93, 

and 46 ng/ml) were analyzed to determine intra-day precision. Over the course of a week, 

three different QC samples were analyzed to determine inter-day accuracy. Except for the 

LLOQ, where it shouldn't go above 20% of the CV, the precision calculated at every 

concentration level should not be more precise than 15% of the coefficient of variance (CV). 

 

5.1.2.5. Accuracy study 

By administering six replicates of three quality control (QC) specimens of RIF (850, 510, 

170, and 85 ng/ml) and QUE (464, 278, 93, and 46 ng/ml), the accuracy was calculated as a 

percentage of observed concentration to theoretical concentration. With the exception of 

LLOQ, where it shouldn't fluctuate by more than 20%, the% CV number should be within 

15% of the real value.     

 

5.1.2.6. Extraction recovery 

Extraction recoveries in terms of percent were estimated by comparing the response ratio of 

extracted plasma specimens spiked with known concentrations of RIF and QUE at three QC 

levels with the same analyte in a simple solvent. Using equation (5.3), additional percentage 

extraction recoveries expressed as % CV was calculated: 

% Extraction recovery = [Mean peak area of extracted sample / Mean peak area of non- 

extracted sample] x 100 ........(5.3) 

 

5.1.2.7. Stability study 

The stability of RIF and QUE was studied during long, short, and freeze-thaw periods. For 

the study of freeze/thaw stability, two concentration instances of HQC and LQC were held 

at -70°C for 24 hours before being gradually defrosted at the ambient temperature. The cycle 

of freeze/thaw was done three times in contrast with freshly prepared QC samples. Prior to 

comparing with the recently produced QC samples, the long-term stability investigation was 

evaluated at -70°C for about 7 days. The four-hour evaluation of the short-term temperature 

stability investigation was done at -70°C. 
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5.1.3.   Results and Discussion (165–167) 

The approach was created with the intention of improving a sensitive one through the 

quantitative extraction of RIF and QUE from plasma specimens. In the technique 

development procedure, sample preparation, chromatographic conditions, and Mass 

spectrometer settings were all optimized. 

 

5.1.3.1. Optimized chromatographic condition 

To achieve an improved retention duration, greater sensitivity, and best resolution, several 

chromatographic parameters including the pH of the buffer, kind of buffer, concentration of 

the buffer, kind of column, and organic modifier were examined alongside various flow 

rates. However, initial studies found that formic acid and acetonitrile could be tested in a 

gradient method at various ratios and quantities. To achieve a distinct chromatographic peak, 

several concentrations of formic acid in water (0.1–0.5%) and acetonitrile were tested. After 

it was observed that adding 0.1% formic acid to acetonitrile and water created a prominent 

peak, water-acetonitrile with formic acid was selected as the proper mobile phase. RIF (3.92 

min), QUE (3.70 min), and INH (0.59 min) all exhibit prominent peaks in the optimized 

mobile phase with great symmetry and shorter retention duration (Fig. 5.1, 5.2 and 5.3).  The 

gradient composition of the mobile phase was used in the current investigation shown in 

Table 5.8. 

 

TABLE 5.8 Optimized mobile phase composition and time programming 

Time (min) Flow Rate (ml/min) Fraction A (%) Fraction B (%) 

0.00 0.5 80 20 

2.00 0.5 50 50 

3.50 0.6 0 100 

5.00 0.6 0 100 

8.00 0.6 0 100 

9.00 0.5 80 20 

10.00 0.5 80 20 
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FIGURE 5.1 Chromatogram of RIF. 

 

 

FIGURE 5.2 Chromatogram of QUE. 

 

 

FIGURE 5.3 Chromatogram of Isoniazid (Internal Standard). 
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5.1.3.2. Optimization of extraction procedure 

Methanol and acetonitrile were used in the initial tests. Because acetonitrile has a strong 

protein precipitation capability and methanol has acceptable solubility of drugs overall but 

inferior protein precipitation capacity, those two solvents were chosen. Therefore, in our 

early tests, we computed the percentage of RIF, QUE, and INH extraction recoveries from 

rat plasma. The results are shown in Table 5.9. 

TABLE 5.9 Preliminary trials for extraction of drug from rat plasma 

Solvents % Extraction recovery 

RIF QUE INH 

Methanol (1000 µl) 75.23 79.45 78.96 

Acetonitrile (1000 µl) 82.78 84.79 85.47 

Methanol: Acetonitrile (500:500 µl) 94.58 95.36 94.75 

Methanol: Acetonitrile (250: 750 µl) 88.15 90.41 89.85 

Methanol: Acetonitrile (750: 250 µl) 87.65 89.29 90.79 

Therefore, Methanol: Acetonitrile (500: 500 µl) was chosen for the subsequent extraction 

method based on preliminary testing. 

5.1.3.3. Optimized protein precipitation extraction procedure 

In a water bath set to ambient temperature, the frozen rat plasma specimens were defrosted. 

The 200 μl of drug-free, thawed plasma was put into RIA vials that had already been marked. 

100 μl of each of the drug solutions for RIF and QUE was added and then vortex the mixture 

for two minutes to ensure thorough mixing. 500 μl of acetonitrile extraction solvent and 500 

μl of methanol were added, and the resulting mixture went through vortexes for an additional 

10 minutes to achieve even mixing. In a cooling centrifuge (Eltek centrifuge TC 450 D), the 

vials were centrifuged at 8000 rpm for 15 min at -20 ± 2°C (Fig. 5.4). 

 

FIGURE 5.4 Protein precipitation extraction procedure.  
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The 0.2 polypropylene membrane filter was used to filter the 500 μl of clear supernatant 

before it was placed into vials and labelled as needed. Internal standard INH (65 μg/ml) was 

added in 6 μl. After injecting 5 μl of solutions into the column, the highest area was 

estimated. The drug content in unknown specimens of plasma was determined using a curve 

for calibration. 

5.1.3.4. Optimized Mass spectrometric condition 

Both techniques of detection were made possible by electrospray ionization mass 

spectrometry. By examining the full-scan mass spectrum of RIF, QUE, and INH, we were 

able to determine that the strength of the signal in the positive ion mode was much greater 

compared to that in the negative ion mode. Therefore, because positive ion mode has a lower 

LLOQ, positive ion mode was used for all identifications. The best MS conditions can be 

found by maximizing every mass spectrometer variable, including collision energy: 22.35 

Volts for RIF, 45 Volts for QUE, and 19.67 Volts for INH. Declustering potential should be 

set to 6 Volts for RIF, 77 Volts for QUE, and 90 Volts for INH to obtain a more powerful 

and trustworthy response (Table 5.10 and 5.11). 

TABLE 5.10 Optimized mass spectrometric conditions 

Parameters Value 

Curtain Gas 30 Psi 

Collision associated Dissociation High 

Ion spray voltage 5500 volts 

Temperature 700 °C 

GS1 50 Psi 

GS2 50 Psi 

Entrance Potential 10 volts 

 

TABLE 5.11 Optimized mass spectrometric detector conditions 

Q1 Mass 

(Dalton) 

Q3 Mass 

(Dalton) 

Time 

(milli sec) 

ID DP 

(Volts) 

CE 

(Volts) 

CXP 

(Volts) 

823 791.3 100.0 RIF 6.00 22.35 20.00 

823 399.0 100.0 RIF 6.00 34.34 19.11 

138 121.0 100.0 INH 90.00 19.67 9.80 

138 110.0 100.0 INH 90.00 27.10 6.19 

303 153.0 100.0 QUE 77.00 44.00 7.12 

303 229.0 100.0 QUE 77.00 45.00 17.30 

303 257.0 100.0 QUE 77.00 37.90 12.20 

303 201.0 100.0 QUE 77.00 44.16 12.20 

303 137.0 100.0 QUE 77.00 40.00 11.09 

DP: Declustering Potential, CE: Collision energy, CXP: Cell exit potential 

At m/z for parent ion peaks at 303, 823, and 138, respectively, the powerful response of 

QUE, RIF, and ISTD was discovered. Figures 5.5, 5.6, and 5.7 show the locations of the m/z 
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ratio of daughter ions for RIF (791.3, 399), QUE (257, 229, 201, 153, 137), and INH (121, 

110). 

 

FIGURE 5.5 Mass spectra of RIF. 

 

 

FIGURE 5.6 Mass spectra of QUE.  

 

 

FIGURE 5.7 Mass spectra of INH (ISTD). 
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5.1.3.5. Internal standard versus external standard method 

Numerous guidelines encourage the use of internal standards in bioanalytical research 

because it improves the precision and accuracy of the outcomes and allows for the correction 

of the research variability throughout sample preparation and evaluation. The determined 

concentration and % CV value whenever computed for accuracy did not reveal any 

appreciable differences between the two approaches, the internal standard approach (when 

the internal standard was inserted after sample preparation) and the external standard 

approach (when applied).(168)  

TABLE 5.12 Accuracy for the determination of RIF and QUE in rat plasma 

Theoretical 

Conc. (ng/ml) 

Internal Standard Method External Standard Method 

Calculated Conc. 

(Meana ± SD) 

%CV Calculated Conc. 

(Meana ± SD) 

%CV 

RIF 

850 824 ± 18.96 2.30 794 ± 10.69 1.35 

510 465 ± 15.00 3.25 474 ± 10.00 2.13 

170 168 ± 7.00 4.47 164 ± 10.00 6.29 

85 80 ± 2.00 2.28 76 ± 6.00 7.67 

QUE 

464 423 ± 8.71 2.06 439 ± 17.66 4.02 

278 275 ± 4.87 1.77 263 ± 9.01 3.43 

93 85 ± 2.93 3.42 86.91 ± 6.49 7.47 

46 41 ± 2.92 6.98 40.41 ± 3.71 9.17 
a mean of six replicates 

The percentage CV value for the external standardization technique at LLOQ (85 and 46 

ng/ml) was higher than that of the internal standard method, however, it was less than 15%, 

which is acceptable by the guidelines. (Table 5.12). So, both methods showed good 

accuracy, particularly at low concentrations. Low concentrations showed little to no effect 

on the main pharmacokinetic characteristics, hence the results from the evaluated methods 

were equivalent. As a result, from a "biopharmaceutical" standpoint, both strategies are 

identical. 

 

5.1.4.   Method Validation 

5.1.4.1. Calibration curve 

The linearity range was discovered through the use of an external standard technique and 

typical least-squares regression analysis. The regression equation, y-intercept, slope of the 

regression line, and calibration curve were all appropriate. The ranges were 46 to 464 ng/ml 

for QUE (Table 5.13 and Fig. 5.8) and 85 to 850 ng/ml for RIF (Table 5.14 and Fig. 5.9). 
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TABLE 5.13 Linearity data of QUE 

Conc. 

(ng/ml) 

Peak area Avg. a 

Peak 

area 

SD % CV 1 2 3 4 5 

464 152000 153000 155000 157000 154000 154200 1923.53 1.24 

371 135000 134000 131000 134000 131000 133000 1870.82 1.40 

278 121000 106000 100000 104000 101000 106400 8502.94 7.99 

186 89400 78200 75600 79800 75600 79720 5700.17 7.15 

93 56100 51100 50200 51300 48900 51520 2729.83 5.29 

46 36800 32300 33200 33100 34200 33920 1745.56 5.14 

a mean of five replicates 

 

 

FIGURE 5.8 Calibration curve of QUE. 

 

TABLE 5.14 Linearity data of RIF 

Conc. 

(ng/ml) 

Peak area Avg. a 

Peak 

area 

SD 
% 

CV 
1 2 3 4 5 

850 16200000 17300000 17500000 17300000 18000000 17260000 658027.36 3.81 

680 13100000 13500000 14200000 13800000 14500000 13820000 554075.81 4.01 

510 11170000 11110000 9660000 10070000 10080000 10418000 680859.75 6.54 

340 7510000 6780000 6820000 6720000 7290000 7024000 353737.19 5.04 

170 3820000 3600000 3390000 3170000 3560000 3508000 243248.84 6.93 

85 1640000 1690000 1730000 1590000 1670000 1664000 52725.71 3.17 

a mean of five replicates 

y = 288.18x + 24060

R² = 0.9995
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FIGURE 5.9 Calibration curve of RIF. 

 

The responses of the peak area for QUE and RIF also confirmed homogeneous variance, 

which was illustrated by the χ2 number below 0.05 for the plotted value 9.488. Bartlett's test 

also confirmed the homoscedasticity of the variance. Table 5.15 provided an overview of the 

linear regression parameters. 

TABLE 5.15 Linear regression parameters for RIF and QUE 

Parameters  RIF  QUE 

Linearity range  85 – 850 ng/ml  46 – 464 ng/ml  

Regression equation  y = 20311x + 29068  y = 288.18x + 24060  

Correlation co-efficient a  0.9999  0.9995  

Slop ± SD a  20311 ± 929.78  288.18 ± 4.860  

Intercept ± SD a 29068 ± 228060.9  24060 ± 4302.9  

Bartlett’s test (χ2) b 0.0464 0.0391 
a Average of five replicates, b χ2 critical value = 9.488 at α = 0.05 

5.1.4.2. Sensitivity 

Based on the suggested technique (Fig. 5.10), the lower limit of quantification for RIF and 

QUE was found to be 85 ng/ml and 46 ng/ml, respectively. 

 

FIGURE 5.10 Representative chromatogram of RIF and QUE LLOQ samples. 
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5.1.4.3. Selectivity 

The chromatographic method's selectivity enables it to measure the response while being 

impacted by the biologic matrix by analyzing three separate plasma specimens. In the blank 

specimens from three different plasma specimens, no additional trace emerged during the 

retention times of RIF and QUE (Fig. 5.11), demonstrating the absence of endogenous 

biologic matrix elements. More than 94% of RIF and QUE were recovered, according to 

Table 5.16. RIF and QUE each had retention periods of 3.95 and 3.75 min, respectively (Fig. 

5.12). 

 

FIGURE 5.11 Representative chromatogram of blank plasma sample (Without ISTD).  
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TABLE 5.16 % Recovery of RIF and QUE in selectivity study  

Spiked 

Concentration 

(ng/ml) 

%Recovery 

(Mean ± SD) 
a 

%CV 

Spiked 

Concentration 

(ng/ml) 

%Recovery 

(Mean ± SD) 
a 

%CV 

 RIF  QUE 

Blank Plasma 1 

HQC (850) 94.53 ± 8.22 8.70 HQC(464) 95.96 ± 4.19 4.37 

LQC (170) 94.70 ± 3.15 3.32 LQC(93) 94.20 ± 4.01 4.26 

Blank Plasma 2 

HQC (850) 94.53 ± 4.71 4.98 HQC(464) 95.96 ± 0.99 1.03 

LQC (170) 93.34 ± 6.20 6.64 LQC(93) 94.05 ± 6.40 6.81 

Blank Plasma 3 

HQC (850) 95.80 ± 4.81 5.02 HQC(464) 94.17 ± 5.53 5.87 

LQC (170) 96.61 ± 7.59 7.86 LQC(93) 96.43 ± 8.47 8.78 
a mean of five replicates 

 

FIGURE 5.12 Representative chromatogram of Blank plasma spiked with ISTD (INH 36 ng/ml), RIF 

and QUE LLOQ samples. 

 

5.1.4.4. Precision and Accuracy 

By evaluating the anticipated amount to the observed amount for each spiking QC sample 

six times, the accuracy was ascertained (Table 5.17). For RIF and QUE, the accuracy ranges 

from 89.15 to 96.76% and 87.85 to 94.62%, respectively. The conclusion that the suggested 
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approach is capable of estimating both medicines with a sufficient degree of accuracy may 

be drawn from the fact that the% CV was less than 15%. 

TABLE 5.17 Accuracy study of RIF and QUE by the proposed method 

Level Concentration 

(ng/ml) 

Mean concentration found a (ng/ml) 

± SD 

% 

Accuracy 

%CV 

 RIF 

HQC 850 794 ± 10.6942 93.47 1.35 

MQC 510 474 ± 10.0937 92.94 2.13 

LQC 170 164 ± 10.3392 96.76 6.29 

LLOQ 85 76 ± 5.8149 89.15 7.67 

 QUE 

HQC 464 439 ± 17.6603 94.62 4.02 

MQC 278 263 ± 9.0110 94.43 3.43 

LQC 93 87 ± 6.4897 93.45 7.47 

LLOQ 46 40 ± 3.7052 87.85 9.17 
a Average of six determinations; %CV, Coefficient of variance; LQC, Low quality control; 

MQC, Middle quality control; HQC, High quality control, LLOQ, Lowe limit of 

quantification 

The results of this precision investigation were judged to be satisfactory across all QC levels 

(% CV 15%). For the estimation of RIF and QUE reported in %CV, the precision 

obtained between days and within days ranges from 1.07 to 10.24 at various QC levels 

(Table 5.18). 

TABLE 5.18 Precision study of RIF and QUE by the proposed technique 

Level 
Concentration 

(ng/ml) 

Intra-day Precision Inter-day Precision 

Mean 

concentration 

found a 

(ng/ml) ± SD 

% CV 

Mean 

concentration 

found a 

(ng/ml) ± SD 

% CV 

RIF 

HQC 850 805 ± 23.97 2.98 801 ± 22.82 2.84 

MQC 510 507 ± 9.45 1.86 504 ± 5.44 1.07 

LQC 170 165 ± 4.02 2.44 164 ± 4.18 2.54 

LLOQ 85 71 ± 6.10 8.61 73 ± 6.58 9.03 

QUE 

HQC 464 437 ± 9.76 2.23 438 ± 9.78 2.23 

MQC 278 264 ± 4.80 1.82 263 ± 6.50 2.47 

LQC 93 87 ± 5.53 6.36 89 ± 8.48 9.53 

LLOQ 46 42 ± 3.61 8.67 42 ± 4.33 10.24 
a Average of six determinations; %CV, Coefficient of variance; LQC, Low quality control; 

MQC, Middle quality control; HQC, High quality control, LLOQ, Lowe limit of 

quantification 



DEVELOPMENT AND VALIDATION OF BIOANALYTICAL METHODS 

160 

 

5.1.4.5. Extraction recovery 

While contrasted with clean samples, different concentrations of extraction recoveries 

research showed 85.65 - 96.80% for RIF and 88.34 - 96.54% for QUE following spiking in 

plasma. As a result, findings show that the extraction process is highly efficient, with % CV 

less than 15 (Table 5.19). 

TABLE 5.19 Extraction recovery study of RIF and QUE by developed technique 

Level Concentration (ng/ml) 
Extraction recovery (%) 

Mean recovery found a (%) ± SD % CV 

RIF 

HQC 850 96.12 ± 2.32 2.42 

MQC 510 96.80 ± 2.96 3.06 

LQC 170 95.89 ± 5.33 5.56 

LLOQ 85 85.65 ± 6.11 7.13 

QUE 

HQC 464 94.76 ± 2.62 2.76 

MQC 278 96.64 ± 1.57 1.63 

LQC 93 95.69 ± 5.43 5.67 

LLOQ 46 88.34 ± 6.10 6.90 
a Average of six determinations; %CV, Coefficient of variance; LQC, Low quality control; 

MQC, Middle quality control; HQC, High quality control, LLOQ, Lowe limit of 

quantification 

5.1.4.6. Stability studies 

The peak regions at 4 hours and 7 days were measured in order to determine the matrix's 

long-term and short-term stability.  

TABLE 5.20 Stability investigation of RIF using the suggested bioanalytical technique 

Spiked 

Concentratio

n (ng/ml) 

Stability Samples Freshly Prepared Samples 

Measured 

Concentratio

n (ng/ml) 

(Mean ± SD) 

* 

%Recover

y 

(Mean ± 

SD) * 

%C

V 

Measured 

Concentratio

n (ng/ml) 

(Mean ± SD) 

* 

%Recovery 

(Mean ± SD) 

* 

%

CV 

Short term stability study (at -70 °C for 4 hr) 

HQC (850) 779.54 ± 39.72 91.71 ± 

4.67 

5.10 798.97 ± 24.08 94 ± 2.83 3.0

1 

LQC (170) 157.36 ± 5.68 92.57 ± 

3.34 

3.61 160.10 ± 8.30 94.18 ± 4.88 5.1

9 

Long term stability study (at -70 °C for 7 days) 

HQC (850) 775.13 ± 44.33 91.19 ± 

5.21 

5.71 785.46 ± 65.37 92.40 ± 

7.69 

8.32 

LQC (170) 158.06 ± 4.77 92.98 ± 

2.80 

3.02 160.64 ± 3.91 94.49 ± 

2.30 

2.43 

Freeze and Thaw stability study (at -70 °C for Three cycles) 

HQC (850) 749.99 ± 51.04 88.23 ± 

6.00 

6.80 803.5 ± 16.22 94.52 ± 

1.90 

2.01 

LQC (170) 157.17 ± 2.84 92.45 ± 

1.67 

1.81 162.24 ± 4.42 95.43 ± 2.6 2.72 
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a Average of five determinations; %CV, Coefficient of variance; LQC, Low quality 

control; HQC, High quality control 

Additionally, the stability of the stock solution was examined for short-term preservation for 

a period of 4 hours and found to be unaffected. The specimen after treatment demonstrated 

excellent stability after several freeze-thaw stability cycles. Tables 5.20 and 5.21 provide an 

overview of the findings for long-term, short-term, and freeze-and-thaw stability, 

represented as percentages of recovery of RIF and QUE in rat plasma samples. 

 

TABLE 5.21 Stability investigation of QUE using the suggested bioanalytical technique 

Spiked 

Concentratio

n (ng/ml) 

Stability Samples Freshly Prepared Samples 

Measured 

Concentratio

n (ng/ml) 

(Mean ± SD) 

* 

%Recover

y 

(Mean ± 

SD) * 

%C

V 

Measured 

Concentratio

n (ng/ml) 

(Mean ± SD) 

* 

%Recovery 

(Mean ± SD) 

* 

%

CV 

Short term stability study (at -70 °C for 4 hr) 

HQC (464) 439.03 ± 11.55 94.62 ± 

2.49 

2.63 444.38 ± 31.08 95.77 ± 6.70 7.0 

LQC (93) 84.85 ± 3.91 91.24 ± 

4.20 

4.60 85.46 ± 9.94 91.90 ± 10.69 11.

63 

Long term stability study (at -70 °C for 7 days) 

HQC (464) 459.14 ± 29.21 98.95 ± 

6.29 

6.36 346.52 ± 30.71 93.40 ± 

6.61 

7.08 

LQC (93) 76.40 ± 5.79 82.15 ± 

6.23 

7.58 88.50 ± 9.76 95.17 ± 

10.50 

11.03 

Freeze and Thaw stability study (at -70 °C for Three cycles) 

HQC (464) 336.18 ± 14.78 90.78 ± 

3.98 

4.38 431.62 ± 21.05 93.22 ± 

4.53 

4.87 

LQC (93) 75.78 ± 9.94 81.48 ± 

10.69 

13.11 84.88 ± 3.88 91.26 ± 

4.17 

4.57 

a Average of five determinations; %CV, Coefficient of variance; LQC, Low quality control; 

HQC, High quality control 

 

5.1.5.   Conclusion 

For the purpose of measuring RIF and QUE in rat plasma, a highly sensitive, fast, and 

selective UHPLC-MS/MS methodology was developed using the protein precipitating 

approach. In rat plasma, acetonitrile and methanol (1:1) demonstrated significant levels of 

extraction recoveries that increased by more than 85% for both medicines, demonstrating 

robust extraction recovery and an absence of contamination from biologic matrix elements. 

The proposed UHPLC-MS/MS technique had a variety of advantages, such as high recovery, 

good quantitative capacity, wide linear range, simple operation, low cost, and environmental 

friendliness. 
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5.2. RP-HPLC-UV method 

5.2.1.   Materials and Methods (165, 166) 

5.2.1.1. Materials 

The following materials were used during the analytical work as shown in Table 5.22. 

 

TABLE 5.22 List of chemicals and solvents used 

Name Grade Manufacturers 

Methanol Lichrosolv Merck Specialities Private Limited, 

Mumbai 

Disodium hydrogen phosphate AR Merck Specialities Private Limited, 

Mumbai 

Acetonitrile Lichrosolv Merck Specialities Private Limited, 

Mumbai 

Water Milli Q Prepared In-situ 

Orthophosphoric acid HPLC  Merck Specialities Private Limited, 

Mumbai 

Rat Plasma, BAL fluid and Lung 

Homogenate 

- Obtained from rat, Anand Pharmacy 

College, Anand 

 

5.2.1.2. Instrumentation 

Instrumentation and apparatus used for research study are listed in Table 5.23. 

TABLE 5.23 Instrumentation and apparatus 

Component Manufacturer/Supplier 

HPLC Instrument Shimadzu (LC-2010CHT) 

Column Phenomenex Luna-C18 (150 × 4.60 mm, 5 μm) 

HPLC pressure mode Isocratic mode 

Detector UV detector 

Weighing Balance Shimadzu (AUW220) balance 

Centrifuge Machine Eltek centrifuge (TC 450 D) 

Cyclone Mixer Remi motors Cyclo Mixer (CM101) 

Membrane filters AXIVA Nylon membrane filters (0.2 µm) 

 

5.2.1.3. Preparation of standard and working standard solution 

10 mg of the drugs RIF and QUE were individually weighed and dissolved in 10 ml of 

methanol in volumetric flask and further diluted up to the mark with methanol to give a 

standard stock solution of RIF and QUE 1000 μg/ml, which was then stored at -20°C and 

protected with aluminium foil. By placing 10 ml of the above-standard stock solution in two 

different volumetric flasks (100 ml) and diluting with methanol until the desired strength 

was reached, a 100 μg/ml solution of RIF and QUE was prepared.   
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5.2.1.4. Preparation of IS (Internal standard) solution 

By dissolving 10 mg of ofloxacin in 10 ml of methanol, a standard stock solution of 

the internal standard of ofloxacin (OFX) (1000 μg/ml) was obtained. This solution was then 

stored at -20 °C in a clear glass volumetric flask and protected with aluminium foil. 10 ml 

of the standard stock solution was withdrawn and further diluted to 100 ml with methanol to 

give a solution of 100 µg/ml. 

5.2.1.5. Preparation of mobile phase 

In present study the isocratic mode was used to develop the method. There were two different 

solutions.  

Solution 1: Accurately weighed amount 0.568 g of disodium hydrogen orthophosphate 

transferred into 200 ml volumetric flask containing HPLC grade water and pH of the solution 

was adjusted up to 4.5 with the help of orthophosphoric acid. 

Solution 2: HPLC grade methanol 

For preparation of different ratio, mobile phase was used which contain methanol: buffer. 

5.2.1.6. Optimization of chromatographic condition 

Chromatographic separation was done using a Phenomenex Luna-C18 column (150 × 4.60 

mm, 5 μm) that was kept at a temperature of 25 °C. The autosampler's temperature was 10 

°C. The mobile phase was eluted using an isocratic method at a flow rate of 1.0 ml/min. The 

chromatographic run duration was 10 min, and the injection volume was 20 μl. It was 

discovered that methanol: 0.02 M disodium hydrogen orthophosphate adjusted to pH-4.5 

with orthophosphoric acid (65:35 %v/v) gave appropriate retention time, theoretical plates, 

tailing factor, and suitable resolution for RIF, QUE, and OFX (ISTD). Multiple mobile 

phases composed of different ratios of methanol, acetonitrile, 0.02 M potassium dihydrogen 

orthophosphate, and disodium hydrogen orthophosphate were also tried. Daily preparation 

of the mobile phase included ultrasonic degassing and filtering via a 0.45 µm membrane 

filter before use. 

5.2.1.7. Optimization of extraction procedure for sample preparation 

The samples of BAL fluid, Lung's homogenate, and frozen rat plasma were defrosted in a 

water bath at ambient temperature. Separately, 100 μl of drug-free, thawed biologic fluid 

were put into pre-labelled RIA vials. 10 μl of RIF, QUE and OFX (IS) solution was added 

and vortex for 2 min to ensure that the ingredients are thoroughly mixed. Varying ratios of 

acetonitrile and methanol extraction solvent (1000 μl) were added and then vortexed further 

for an additional 10 min to ensure uniform mixing. The vials were centrifuged in an Eltek 
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TC 450 D cooling centrifuge at 8000 rpm for 15 min at -20 ± 2°C. The 0.2 μ nylon membrane 

filter was used to separate the 800 μl of clear supernatant, which was then placed into vials 

that had the proper labels. 20 μl of solutions were injected into the column, and the highest 

area was then computed. The drug concentration found in samples of rat plasma, BAL fluid, 

and lung homogenate was estimated using calibration curve method. 

5.2.1.8. Preparation of calibration standards (CS) solutions for RIF 

As shown in the Table 5.24, a drug intermediary solution was used to prepare the CS spiking 

solution in methanol. 1 ml of the solution was prepared in Eppendorf tubes, and 10 ml was 

prepared in a volumetric flask. 

 

TABLE 5.24 Preparation of CS Spiking Solutions of RIF 

Drug Powder Taken 

(mg) 

Volume of 

methanol (ml) 

CS Concentration 

(µg/ml) 

SS ID 

50 1 50000 SS STD1 

30 1 30000 SS STD2 

15 1 15000 SS STD3 

8.5 1 8500 SS STD4 

50 10 5000 SS STD5 

25 10 2500 SS STD6 

12.5 25 500 SS STD7 

The corresponding CC spiking solution was injected into the filtered biologic fluid as shown 

in the Table 5.25 to obtain the spiked CC standards: 

 

TABLE 5.25 Preparation of Spiked CS Standards of RIF 

SS ID CS Conc. 

(µg/ml) 

Spiking 

Volume 

(µl) 

Biological 

fluid 

Volume 

(µl) 

Extracting 

Solvent 

added (µl) 

Final 

volume 

(ml) 

Spiked 

Conc. 

(ng/ml) 

STD ID 

Methanol 000 10 100 1000 1110 0 STD BL 

SS STD1 50000 10 100 1000 1110 5000 STD1 

SS STD2 30000 10 100 1000 1110 3000 STD2 

SS STD3 15000 10 100 1000 1110 1500 STD3 

SS STD4 8500 10 100 1000 1110 850 STD4 

SS STD5 5000 10 100 1000 1110 500 STD5 

SS STD6 2500 10 100 1000 1110 250 STD6 

SS STD7 500 10 100 1000 1110 50 STD7 

Prior to analysis, calibration standard samples were kept in a deep freezer at -20 ±2 °C. 

5.2.1.9. Preparation of calibration standards (CS) solutions for QUE 

As shown in the Table 5.26, drug intermediary solution was used to prepare the CS spiking 

solutions in methanol. 1 ml of the solution was prepared in Eppendorf tubes, and 10 ml was 

prepared in a volumetric flask. 
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TABLE 5.26 Preparation of CS Spiking Solutions of QUE 

Drug Powder Taken 

(mg) 

Volume of 

methanol (ml) 

CS Concentration 

(µg/ml) 

SS ID 

40 1 40000 SS STD1 

22 1 22000 SS STD2 

11 1 11000 SS STD3 

8 1 8000 SS STD4 

50 10 5000 SS STD5 

25 10 2500 SS STD6 

10 25 400 SS STD7 

The corresponding CC spiking solutions were injected into filtered biological fluid as shown 

in the Table 5.27 to obtain the spiked CC standards: 

TABLE 5.27 Preparation of Spiked CS Standards of QUE 

SS ID SS  

Conc. 

(µg/ml) 

Spiking 

Volume 

(µl) 

Plasma 

Volume(µl) 

Extracting 

Solvent 

added (µl) 

Final  

(ml) 

Spiked 

Conc. 

(ng/ml) 

STD ID 

Methanol 000 10 100 1000 1110 0 STD BL 

SS STD1 40000 10 100 1000 1110 4000 STD1 

SS STD2 22000 10 100 1000 1110 2200 STD2 

SS STD3 11000 10 100 1000 1110 1100 STD3 

SS STD4 8000 10 100 1000 1110 800 STD4 

SS STD5 5000 10 100 1000 1110 500 STD5 

SS STD6 2500 10 100 1000 1110 250 STD6 

SS STD7 400 10 100 1000 1110 40 STD7 

Prior to analysis, calibration standards samples were kept in a deep freezer at -20 ±2 °C. 

5.2.1.10. Preparation of Quality control samples  

By using the aforementioned method of creating calibration standard solutions, four different 

concentrations of HQC, MQC, LQC, and LLOQ solutions were obtained. For method 

validation, these quality control samples were employed (Table 5.28). 

TABLE 5.28 Quality Control samples for RIF and QUE 

QC Samples RIF (ng/ml) QUE (ng/ml) STD ID 

HQC 3000 2200 STD2 

MQC 850 800 STD4 

LQC 250 250 STD6 

LLOQ 50 40 STD7 

Prior to analysis, quality control samples were kept in a deep freezer at -20 ±2 °C. 

 

5.2.2.   Method validation 

The proposed bioanalytical methodology was validated in compliance with USFDA criteria 

by assessing several characteristics, including accuracy, linearity range, selectivity, 

precision, recovery, sensitivity, and stability.(165, 166)   
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5.2.2.1. Linearity study 

By building a calibration curve of response that represented the peak area ratio of RIF/OFX 

and QUE/OFX projected against the concentration of RIF and QUE in ng/ml, the linearity 

was determined. Regression evaluation was used to develop the calibration equation for six 

standard solutions with responses between 50 to 5000 ng/ml for RIF and 40 to 4000 ng/ml 

for QUE. The least square regression analysis was used to calculate the correlation 

coefficient. Additionally, Bartlett's test was used to assess the homoscedasticity of the data 

with respect to variance. 

Test of homoscedasticity 

To evaluate the homogeneity of the regression model, the first step was to test it. The two 

methods that are most frequently used to assess homoscedasticity are (i) Bartlett's test (i.e., 

test for substantial difference in variance), and (ii) visually examining a residual vs 

concentration plot. Equation (5.1) was utilized to apply Bartlett's test to examine 

homoscedasticity for a number of groups. 

5.2.2.2. Sensitivity  

The lower limit of quantitation (LLOQ) is the lowest concentration of a substance that can 

be accurately measured with a tolerable level of accuracy and a percent coefficient of 

variance (% CV) less than 20%. 

5.2.2.3. Selectivity 

RIF and QUE were isolated from three different rat plasma, BAL fluid, and lung homogenate 

specimens, and the procedure was repeated six times to establish the technique's selectivity. 

The absence of interference peaks during the retention duration of the sample or internal 

standard was assessed with a measurement of % CV. 

5.2.2.4. Precision study 

requirement of six observations per concentration was used to determine precision. On day 

one, three QC samples of RIF (3000, 850, 250, and 50 ng/ml) and QUE (2200, 800, 250, and 

40 ng/ml) were analyzed as six replicates to determine intraday precision. Over the course 

of a week, three separate QC samples were analyzed to determine interday accuracy. Except 

for the LLOQ, where it should not exceed 20% of the CV, the precision calculated at each 

concentration level should not be more than 15% of the coefficient of variation (CV). 

5.2.2.5. Accuracy study 

By administering six replicates of three QC samples of RIF (3000, 850, 250, and 50 ng/ml) 

and QUE (2200, 800, 250, and 40 ng/ml), the accuracy was calculated as the proportion of 
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observed concentration to theoretical concentration. With the exception of LLOQ, where it 

should not fluctuate by more than 20%, the % CV value ought to be within 15% of the real 

value.      

5.2.2.6. Extraction recovery 

Extraction recoveries in terms of percentage were estimated by comparing the response ratio 

of extracted plasma specimens spiked with known concentrations of RIF and QUE at three 

QC levels with those of analyte in a simple solvent. Using equation (5.4), additional percent 

extraction recovery represented as % CV was calculated: 

% Extraction recovery = [Mean peak area of extracted sample / Mean peak area of non- 

extracted sample] x 100 .....(5.4) 

5.2.2.7. Stability study 

The stability of RIF and QUE was studied during long, short, and freeze-thaw periods. For 

the study of freeze/thaw stability, two concentration levels of HQC and LQC were held at -

70°C for 24 h before being naturally defrosted at room temperature. The cycle of freeze/thaw 

was done three times in contrast with freshly prepared QC samples. Prior to comparison with 

the recently produced QC samples, the long-term stability investigation was evaluated at -

70°C for about 7 days. The four-hour evaluation of the short-term temperature stability 

investigation was done at -70°C. 

 

5.2.3.   Results and Discussion (165, 166) 

Rat plasma, BAL fluid, and lung homogenate specimens were used in the method's creation 

in order to effectively extract RIF and QUE in order to improve a sensitive technique. In the 

method development process, the preparation of samples and chromatographic parameter 

setting was improved. 

5.2.3.1. Mobile phase optimization 

Initial assessments were conducted using pure acetonitrile, methanol, and the two together 

with buffer in various proportions in order to establish the ideal mobile phase. Because 

ofloxacin was identified at the same detection wavelength under ideal chromatographic 

conditions, it was employed as an IS for drug quantification. According to a survey of the 

literature, the HPLC approach has been described for RIF and QUE either individually or in 

combination with other drugs (Table 5.29). 

TABLE 5.29 Preliminary trials for optimization of mobile phase 

Trial. 

No. 

Solvents Rt (min) Results 

RIF QUE INH 
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1 Methanol 

(100 %v/v) 

3.60 2.80 3.00 RIF and QUE peak shape was 

good but tailing was observed in 

INH peak. 

2 Acetonitrile 

(100 %v/v) 

4.60 2.90 2.90 RIF, QUE and INH peak shape 

were good but in mixture QUE 

and INH peaks were not 

separated 

3 Water  

(100 %v/v) 

3.45 3.52 3.45 All the peak showed splitting 

and only one peak was observed 

due to extensive overlay  

4 Methanol : 

Acetonitrile  

(50 : 50 %v/v) 

3.45 1.85 2.95 RIF peak was good shape but 

INH and QUE peaks were 

splitted and additional peaks 

were observed 

5 Methanol : 

Acetonitrile  

(70 : 30 %v/v) 

3.32 1.85 2.95 RIF peak was good shape but 

INH and QUE peaks were 

splitted and additional peaks 

were observed 

  RIF QUE OFX  

6 0.02 M KH2PO4 pH-

4.5 : Acetonitrile  

(55 : 45 %v/v) 

10.52 4.95 2.75 RIF and QUE peaks were good 

shape and resolved but OFX 

peak was showing splitting 

7 0.02 M KH2PO4 pH-

3.0 : Methanol  

(35 : 65 %v/v) 

12.75 5.12 5.12 All the peaks were good shape 

but QUE and OFX peaks were 

merged in mixed sample 

8 Methanol: 0.02 M 

Na2HPO4 pH-4.5 

(65:35 %v/v) 

8.60 5.42 3.50 All the peaks were of good 

shape and resolved  

Trial-1 

 

FIGURE 5.13 Trial-1 chromatogram, Methanol (100 %v/v). 
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Trial-2 

 

FIGURE 5.14 Trial-2 chromatogram, Acetonitrile (100 %v/v). 

 

Trial-3 

 

FIGURE 5.15 Trial-3 chromatogram, Water (100 %v/v). 
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Trial-4 

 

FIGURE 5.16 Trial-4 chromatogram, Methanol : Acetonitrile (50 : 50 %v/v). 

Trial-5 

 

FIGURE 5.17 Trial-5 chromatogram, Methanol : Acetonitrile (70 : 30 %v/v). 
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Trial-6 

 

FIGURE 5.18 Trial-6 chromatogram, 0.02 M KH2PO4 pH-4.5 : Acetonitrile (55 : 45 %v/v). 

 

Trial-7 

 

FIGURE 5.19 Trial-7 chromatogram, 0.02 M KH2PO4 pH-3.0 : Methanol (35 : 65 %v/v). 
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Trial-8 

 

FIGURE 5.20 Trial-8 chromatogram, 0.02 M Na2HPO4 pH-4.5 : Methanol (35 : 65 %v/v). 

The optimized mobile phase 0.02 M Na2HPO4 pH-4.5 : Methanol (35 : 65 %v/v) showed 

optimum peaks of RIF, QUE and OFX at 8.60, 5.42 and 3.50 min respectively. The 

optimized chromatographic conditions are as shown in Table 5.30. 

TABLE 5.30 Optimized chromatographic conditions 

Parameters Conditions 

Column Phenomenex Luna-C18 (150 × 4.60 mm, 5 μm) 

Flow rate 1.00 ml/min 

Detection Wavelength 239 nm 

Column temperature 25 °C 

Injection volume 20 µl 

Runtime 15 min 

Mobile Phase 0.02 M Na2HPO4 pH-4.5 : Methanol  

(35 : 65 %v/v) pH adjusted with OPA 

Retention time (min) RIF: 8.60, QUE: 5.42 and OFX: 3.50 

 

5.2.3.2. Optimization of extraction procedure 

Methanol and acetonitrile were used in the initial screening. Because acetonitrile has a strong 

protein precipitation capability and methanol has acceptable drug solubility overall but 

inferior protein precipitation capacity, those two solvents were chosen. Therefore, the 

percentage of RIF, QUE, and OFX extraction recoveries from rat plasma, BAL fluid, and 

lung homogenate in early trials were calculated. The results are displayed in Table 5.31.   

TABLE 5.31 Preliminary trials for extraction of drug from different biological fluid 

Solvents % Extraction recovery 
Rat Plasma BAL fluid Lung’s Homogenate 

RIF QUE OFX RIF QUE OFX RIF QUE OFX 
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Methanol (1000 

µl) 

73.19 78.89 76.47 75.42 77.91 71.17 74.69 75.82 74.37 

Acetonitrile 

(1000 µl) 

83.46 85.26 84.30 80.23 86.28 85.13 81.65 84.43 87.48 

Methanol: 

Acetonitrile 

(500:500 µl) 

95.85 94.89 95.41 96.05 94.45 95.89 96.24 94.09 95.16 

Methanol: 

Acetonitrile 

(250: 750 µl) 

87.25 91.78 88.15 80.86 90.18 86.79 83.16 90.18 86.79 

Methanol: 

Acetonitrile 

(750: 250 µl) 

86.49 88.59 89.19 87.76 87.46 88.13 84.49 85.16 87.56 

 

In light of our preliminary experiments, Methanol: Acetonitrile (500: 500 µl) was chosen for 

the extraction process. There was no discernible variation in the data as per the results of the 

% extraction recovery. Additionally, the peak shape and retention time did not differ from 

one another in the example chromatograms shown in Figures 5.21, 5.22 and 5.23. As a result, 

single standard protein precipitation methodology for extracting drugs from various 

biological fluids was optimized. There is also no need to develop and evaluate the procedure 

for every biological fluid independently.         

 

FIGURE 5.21 Representative chromatogram RIF, QUE and OFX in BAL fluid. 

 

FIGURE 5.22 Representative chromatogram RIF, QUE and OFX in lung’s homogenate.  
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FIGURE 5.23 Representative chromatogram RIF, QUE and OFX in rat plasma. 

 

5.2.3.3. Optimized protein precipitation extraction procedure 

The samples of BAL fluid, Lung's homogenate, and frozen rat plasma were defrosted in a 

water bath at ambient temperature. The 100 μl of drug-free, defrosted biological fluid were 

put into ria vials that had already been marked. 10 μl of drug solutions of RIF, QUE, and 

OFX was added and vortexed for 2 min to mix the ingredients thoroughly. 500 μl of 

acetonitrile extraction solvent and 500 μl of methanol were added, and the entire mixture 

was vortexed for an additional 10 min to achieve uniform mixing. In a cooling centrifuge 

(Eltek centrifuge TC 450 D), the vials were centrifuged at 8000 rpm for 15 min at -20 ± 2°C 

(Fig. 5.24). 

 

FIGURE 5.24 Protein precipitation extraction procedure. 
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The 0.2 μ nylon membrane filter was used to filter the 500 μl of clear supernatant before it 

was placed into vials and labelled as needed. 20 μl of solutions were injected into the column, 

and the peak area was then computed. The drug content in three separate biological fluid 

specimens was determined using a calibration curve. 

5.2.4.   Method Validation 

5.2.4.1. Calibration curve 

The calibration curves for RIF (Table 5.32 and Fig. 5.25) and QUE (Table 5.33 and Fig. 

5.26) were linear from 50 to 5000 ng/ml and 40 to 4000 ng/ml, respectively, with appropriate 

correlation coefficients (r), slope of the regression line, y-intercept, and a satisfactory linear 

regression calculation (Table 5.34). 

 

TABLE 5.32 Linearity data of RIF 

Conc. 

(ng/ml) 

Peak area ratio 
Avg. SD % CV 

1 2 3 4 5 

5000 5.61 5.69 5.71 5.71 6.00 5.74 0.1486 2.59 

3000 3.36 3.36 3.44 3.35 3.09 3.32 0.1354 4.08 

1500 1.71 1.70 1.70 1.71 1.74 1.71 0.0179 1.05 

850 0.89 0.91 0.97 0.99 0.86 0.92 0.0526 5.69 

500 0.56 0.55 0.55 0.57 0.52 0.55 0.0204 3.71 

250 0.22 0.23 0.23 0.22 0.21 0.22 0.0064 2.84 

50 0.02 0.02 0.02 0.02 0.02 0.02 0.0015 8.39 

 

FIGURE 5.25 Calibration curve of RIF. 

TABLE 5.33 Linearity data of QUE 

Conc. 

(ng/ml) 

Peak area ratio 
Avg. SD 

% 

CV 1 2 3 4 5 

4000 3.05 3.30 3.05 3.06 3.07 3.11 0.1082 3.48 

2200 1.54 1.60 1.54 1.66 1.60 1.59 0.0479 3.02 

1100 0.82 0.82 0.93 0.80 0.82 0.84 0.0529 6.32 

y = 0.0011x - 0.0475

R² = 0.9996
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800 0.60 0.60 0.60 0.74 0.61 0.63 0.0610 9.69 

500 0.35 0.35 0.35 0.35 0.30 0.34 0.0212 6.22 

250 0.13 0.15 0.15 0.15 0.15 0.15 0.0104 7.01 

40 0.02 0.02 0.02 0.02 0.02 0.02 0.0015 7.35 

 

FIGURE 5.26 Calibration curve of QUE. 

The response of the peak area for QUE and RIF also confirmed homogeneous variance, 

which was illustrated by the χ2 value less than 0.05 for the charted value 9.488. Bartlett's 

test also confirmed the homogeneous distribution of the variance. Table 5.34 provides an 

overview of the linear regression variables. As a result, the results showed that the weighting 

and transformation strategy was unnecessary. 

TABLE 5.34 Linear regression parameters for RIF and QUE 

Parameters  RIF  QUE 

Linearity range  50 – 5000 ng/ml  40 – 4000 ng/ml  

Regression equation  y = 0.0011x - 0.0475  y = 0.0008x - 0.0314  

Correlation co-efficient a  0.9996 0.9983 

Slop ± SD a  0.00114 ± 0.00005  0.0008 ± 0.00002  

Intercept ± SD a 0.04744 ± 0.03416  0.03136 ± 0.02419  

Bartlett’s test (χ2) 0.0192 0.0419 
a Average of five replicates; χ2 critical value = 9.488 at α = 0.05 

5.2.4.2. Sensitivity 

According to the suggested approach, the lower limit of quantification for RIF and QUE was 

found to be 50 ng/ml and 40 ng/ml, respectively (Fig. 5.27, 5.28, and 5.29). 
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FIGURE 5.27 Representative chromatogram of RIF and QUE in BAL fluid. 

 

 

FIGURE 5.28 Representative chromatogram of RIF and QUE in lung’s Homogenate. 

 

 

FIGURE 5.29 Representative chromatogram of RIF and QUE in Rat Plasma.  

 

5.2.4.3. Selectivity 

The chromatographic method's selectivity enables it to assess response without being 

impacted by the biologic matrix by analyzing three distinct rat plasma, BAL fluid, and lung 
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homogenate samples. The absence of endogenous biological matrix elements was confirmed 

by the fact that no additional signal emerged during the RIF and QUE retention times in the 

blank samples from the three biological samples (Fig. 5.30). More than 91% of RIF and 

QUE were recovered, according to Table 5.35. 

 
FIGURE 5.30 Representative chromatogram of blank rat plasma, BAL fluid and Lung’s homogenate 

samples (Without ISTD). 
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TABLE 5.35 % Recovery of RIF and QUE in selectivity study 

Spiked 

Concentration 

(ng/ml) 

%Recovery 

(Mean ± SD) 

* 

%CV 

Spiked 

Concentration 

(ng/ml) 

%Recovery 

(Mean ± SD) 

* 

%CV 

 RIF  QUE 

Rat Plasma 

HQC (3000) 97.71 ± 4.57  4.68 HQC(2200) 93.24 ± 2.17 2.33 

LQC (250) 93.69 ± 2.84 3.03 LQC(250) 92.58 ± 4.28 4.62 

BAL Fluid 

HQC (3000) 95.79 ± 6.11 6.38 HQC(2200) 91.18 ± 1.76 1.93 

LQC (250) 91.47 ± 2.77 3.02 LQC(250) 94.09 ± 4.71 5.01 

Lung’s Homogenate 

HQC (3000) 95.12 ± 10.38 10.91 HQC(2200) 93.71 ± 5.23 5.58 

LQC (250) 91.79 ± 3.90 4.25 LQC(250) 94.32 ± 2.44 2.59 

*n = 5 

 

5.2.4.4. Precision and Accuracy 

By comparing the anticipated concentration to the measured amount for each spiking QC 

sample six times, the accuracy was ascertained (Table 5.36). For RIF and QUE, the accuracy 

ranged from 91.94 to 97.70% and 92.19 to 95.86%, respectively. The conclusion that the 

suggested approach is capable of estimating both drugs with an acceptable level of accuracy 

may be drawn from the fact that the % CV was less than 15%. 

TABLE 5.36 Accuracy study of RIF and QUE by the proposed method 

Level Concentration 

(ng/ml) 

Mean concentration found a (ng/ml) 

± SD 

% 

Accuracy 

%CV 

 RIF 

HQC 3000 2932 ± 144.81 97.72 4.94 

MQC 850 819 ± 28.00 96.39 3.46 

LQC 250 230 ± 13.00 91.94 5.55 

LLOQ 50 49 ± 2.00 97.40 4.21 

 QUE 

HQC 2200 2095.35 ± 51.89 95.24 2.48 

MQC 800 751.46 ± 32.45 93.93 4.32 

LQC 250 239.65 ± 9.78 95.86 4.08 

LLOQ 40 36.87 ± 2.48 92.19 6.72 
a Average of six determinations; %CV, Coefficient of variance; LQC, Low quality control; 

MQC, Middle quality control; HQC, High quality control, LLOQ, Lowe limit of 

quantification 
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The results of this precision investigation were judged to be satisfactory at all QC levels (% 

CV 15%). At different QC levels, the precision data from between days and intra-days for 

the calculation of RIF and QUE reported in %CV in range from 3.82 to 9.56 (Table 5.37). 

TABLE 5.37 Precision study of RIF and QUE by the proposed technique 

Level 
Concentration 

(ng/ml) 

Intra-day Precision Inter-day Precision 

Mean 

concentration 

found a 

(ng/ml) ± SD 

% CV 

Mean 

concentration 

found a 

(ng/ml) ± SD 

% CV 

RIF 

HQC 3000 2801 ± 107.06 3.82 2869 ± 327.90 11.43 

MQC 850 830 ± 34.31 4.13 804 ± 53.69 6.68 

LQC 250 232 ± 11.89 5.10 225 ± 21.57 9.56 

LLOQ 50 46 ± 1.55 3.34 44 ± 2.98 6.64 

QUE 

HQC 2200 2059 ± 118.46 5.75 2058 ± 145.40 7.06 

MQC 800 767 ± 33.33 4.34 773 ± 36.98 4.78 

LQC 250 231 ± 12.21 5.26 232 ± 12.16 5.23 

LLOQ 40 35 ± 2.47 7.07 35 ± 3.18 9.07 
a Average of six determinations; %CV, Coefficient of variance; LQC, Low quality control; 

MQC, Middle quality control; HQC, High quality control, LLOQ, Lowe limit of 

quantification 

5.2.4.5. Extraction recovery 

When contrasted with clean samples, different concentrations of extraction recoveries 

showed 93.65–96.97% for RIF and 91.84–96.17% for QUE during spiking in biological 

fluid. As a result, findings show that the extraction process is highly efficient, with a % CV 

of less than 15 (Table 5.38). 

TABLE 5.38 Extraction recovery study of RIF and QUE by developed technique 

Level Concentration (ng/ml) 
Extraction recovery (%) 

Mean recovery found a (%) ± SD % CV 

RIF 

HQC 3000 96.97 ± 4.00 4.13 

MQC 850 96.14 ± 2.95 3.07 

LQC 250 93.65 ± 4.03 4.30 

LLOQ 50 96.96 ± 5.83 6.01 

QUE 

HQC 2200 96.17 ± 3.31 3.44 

MQC 800 92.71 ± 5.78 6.24 

LQC 250 93.47 ± 5.49 5.87 

LLOQ 40 91.84 ± 8.72 9.49 
a Average of six determinations; %CV, Coefficient of variance; LQC, Low quality control; 

MQC, Middle quality control; HQC, High quality control, LLOQ, Lowe limit of 

quantification 
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5.2.4.6. Stability studies 

The peak regions at 4 h and 7 days are measured in order to determine the matrix's long-term 

and short-term stability. Additionally, the stability of the stock solution was examined for 

short-term storage for a period of 4 h and found to be unaffected. The specimen after 

treatment confirmed excellent stability after several freeze-thaw stability cycles. Tables 5.39 

and 5.40 provide an overview of the findings for long-term, short-term, and freeze-and-thaw 

stability, expressed as percentage recoveries of RIF and QUE in biological samples. 

TABLE 5.39 Stability investigation of RIF using the suggested bioanalytical technique 

Spiked 

Concentratio

n (ng/ml) 

Stability Samples Freshly Prepared Samples 

Measured 

Concentratio

n (ng/ml) 

(Mean ± SD) 

* 

%Recover

y 

(Mean ± 

SD) * 

%C

V 

Measured 

Concentratio

n (ng/ml) 

(Mean ± SD) 

* 

%Recovery 

(Mean ± SD) 

* 

%

CV 

Short term stability study (at -70 °C for 4 h) 

HQC (3000) 2866 ± 164.53 
95.55 ± 

5.48 
5.74 2931 ± 144.81 97.72 ± 4.83 

4.9

4 

LQC (250) 225 ± 16.99 
90.30 ± 

6.80 
7.53 236 ± 7.93 94.48 ± 3.17 

3.3

6 

Long term stability study (at -70 °C for 7 days) 

HQC (3000) 2801 ± 160.88 
93.38 ± 

5.36 
5.74 2909 ± 124.39 

96.99 ± 

4.14 
4.27 

LQC (250) 224 ± 15.53 
89.99 ± 

6.21 
6.90 229 ± 10.98 

91.91 ± 

4.39 
4.77 

Freeze and Thaw stability study (at -70 °C for Three cycles) 

HQC (3000) 2779 ± 163.93 
92.64 ± 

5.46 
5.89 2822 ± 108.59 

94.07 ± 

3.61 
3.84 

LQC (250) 229 ± 19.59 
91.70 ± 

7.83 
8.54 236 ± 13.28 

94.50 ± 

5.31 
5.62 

a Average of five determinations; %CV, Coefficient of variance; LQC, Low quality 

control; HQC, High quality control 

 

TABLE 5.40 Stability investigation of QUE using the suggested bioanalytical technique 

Spiked 

Concentratio

n (ng/ml) 

Stability Samples Freshly Prepared Samples 

Measured 

Concentratio

n (ng/ml) 

(Mean ± SD) 

* 

%Recover

y 

(Mean ± 

SD) * 

%C

V 

Measured 

Concentratio

n (ng/ml) 

(Mean ± SD) 

* 

%Recovery 

(Mean ± SD) 

* 

%

CV 

Short term stability study (at -70 °C for 4 hr) 

HQC (2200) 2070 ± 74.64 
94.10 ± 

3.39 
3.61 2086 ± 58.14 94.86 ± 2.64 

2.7

9 

LQC (250) 231 ± 25.85 
92.53 ± 

10.34 
11.17 233 ± 29.86 93.36 ± 11.94 

12.

79 

Long term stability study (at -70 °C for 7 days) 

HQC (2200) 2108 ± 44.47 
95.85 ± 

2.02 
2.10 2122 ± 59.65 

96.48 ± 

2.71 
2.81 
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LQC (250) 237 ± 12.56 
94.85 ± 

5.02 
5.29 238 ± 23.64 

95.37 ± 

9.45 
9.91 

Freeze and Thaw stability study (at -70 °C for Three cycles) 

HQC (2200) 1980 ± 46.59 
90.02 ± 

2.11 
2.35 2135 ± 68.07 

97.08 ± 

3.09 
3.18 

LQC (250) 232 ± 4.73 
92.86 ± 

1.89 
2.03 237± 12.29 

94.87 ± 

4.91 
5.18 

a Average of five determinations; %CV, Coefficient of variance; LQC, Low quality 

control; HQC, High quality control 

 

5.2.5.   Conclusion 

For the purpose of measuring RIF and QUE in rat plasma, BAL fluid, and lung homogenate, 

a sensitive, fast, and selective RPHPLC-UV approach was developed using the protein 

precipitation methodology. In rat plasma, BAL fluid, and lung homogenate, acetonitrile and 

methanol (1:1) demonstrated high extraction recovery that was more than 85% for both RIF 

and QUE, demonstrating good extraction recovery and excluding interference from 

biological matrix elements. High recovery, good quantitative capacity, a wide linear range, 

an easy-to-use operating method, low cost, and environmental friendliness were just a few 

of the attributes of the newly developed RP-HPLC-UV technique. 
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CHAPTER-6 

Formulation development and evaluation 

6. FORMULATION DEVELOPMENT AND EVALUATION 

6.1. Liquisolid compact formulation  

6.1.1.   Materials and Methods (8, 10, 11) 

6.1.1.1. Materials 

TABLE 6.1 List of materials used in the present study 

Sr. 

No. 

Name Manufacturers 

1 Aeroperl 200 Evonik Pharma, Mumbai, India 

2 Aerosil 200 Evonik Pharma, Mumbai, India 

3 Neusilin Company KG, Germany 

4 Syloid XDP 3150 Company KG, Germany 

5 Syloid 244 FP Company KG, Germany 

6 Hydrochloric acid Merck Specialities Private Limited, 

Mumbai 

7 Sodium hydroxide Merck Specialities Private Limited, 

Mumbai 

8 Potassium hydrogen 

orthophosphate 

Merck Specialities Private Limited, 

Mumbai 

9 Distilled water Prepared In-situ 

 

6.1.1.2. Instruments 

The below list of instruments was used for the present research work (Table 6.2). 

TABLE 6.2 List of the instruments used in the present study 

Name of instrument Manufacturer 

UV/Visible Spectrophotometer Shimadzu UV-1800, Japan 

Differential scanning calorimeter Perkin Elmer, DSC 08, USA 

Propeller type of agitator Remi Motors Ltd., India 

USP dissolution apparatus II Electrolab, TDT-08L, India 

FT-IR spectrophotometer FTIR Bruker optics alpha, USA 

X-ray diffractometer Bruker D2 phaser, Japan 

Orbital Shaker Incubator Remi, RIS-24BL, India 

 

6.1.1.3. In vitro antituberculosis bioassays 

It was discovered that the QUE and RIF exhibit growth inhibitory activities against slow-

growing mycobacteria (M. tuberculosis H37Rv) using the Lowenstein-Jensen culture. To 
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make a stock solution with a 1000 μg/ml concentration, each medicine was diluted. To create 

a final concentration of 1000 μg/ml, 2 mg of sample was taken, 1 ml of solvent and sterile 

water was added, and then dilution was carried out using the serial dilution procedure. Since 

dimethyl sulphoxide was used at a 2% dilution, it had no antibacterial activity, in accordance 

with Clinical and laboratory standard institute (CLSI) recommendations. Concentrations of 

100, 50, 12.5, 6.25, 3.125, 10, 5, 2.5, 1.25, 8, 4, 2, 1, and 0.25 were selected for investigation 

in the assessment. The MIC was defined as the highest dilution that showed at least 99% 

inhibition. The lowest medication dilution at which there is no growth on the medium under 

positive control was calculated. On Lowenstein-Jensen media, the results were interpreted 

as apparent growth.(169, 170) 

6.1.1.4. Saturation solubility study 

The saturation solubility experiment included a variety of non-volatile vehicles, including 

propylene glycol, Tween 20, Tween 80, PEG 200, 400 and 600. Rifampicin and Quercetin 

in excess have been incorporated into 1 ml of a non-volatile vehicle in order to attain 

saturation. The solution was further vortexed for fifteen minutes. The supernatant from 

further samples was gathered and filtered using a membrane filter (0.45 m) after centrifuging 

them at 5000 rpm for 15 min. Before being analyzed using a UV spectrophotometer at 365 

cm and 470 nm for QUE and RIF, respectively, the clear drug solution had been diluted with 

methanol. Each sample was examined three times. 

6.1.1.5. Screening of Non-volatile vehicle and optimization using D-optimal mixture 

design 

Both drugs showed the greatest levels of solubility in propylene glycol, Tween 20, and PEG 

200. The solubility of both drugs was tested in a wide range of mixtures and non-volatile 

vehicle proportions. The ideal solvent mixture should still be modified using Tween 20 (0.1 

to 0.2 ml), PEG 200 (0.3-0.7 ml), and PG (0.2-0.6 ml), in accordance with the findings of 

the initial testing batches. Optimizing the non-volatile mixture of solvents is important since 

the quantity of drug present in its solubilized form depends upon the solvent capacities of 

the non-volatile liquid carrier. The non-volatile vehicle mixture was subsequently improved 

using a further D-optimal mixture design. The results of the experiment were examined 

using Design Expert version 11, and a total of 16 run randomized D-optimal mixed designs 

were produced. Tween 20, PEG 200, and propylene glycol (X1, X2, and X3) were the 

variables that were independent. Since they were considered to be essential components for 

Liqui-solid Compact to promote oral absorption of the weakly water-soluble drug, the 
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variables that responded for both pharmaceuticals' solubility in mg/ml and its percentage 

CDR at 60 min in 0.1 M hydrochloric acid were chosen (Table 6.3). 

TABLE 6.3 Variable used in D‑optimal mixture design 

Independent variables  

Level 

Coded value Transformed value 

Low High Low High 

A= Tween 20 -1 +1 0.1 0.2 

B= PEG 200 -1 +1 0.3 0.7 

C= Propylene glycol -1 +1 0.2 0.6 

Dependent Variables Desirable Limits (Range) 

Solubility (mg/ml) for RIF and QUE 25 to 150 mg/ml 

% CDR at 60 min for RIF and QUE 70 to 100 % CDR 

 

6.1.1.6. Determination of flowable liquid-retention potential (Φ – value) 

The liquid medication was progressively mixed with the specified quantity of powdered 

material (5 gm), and the resultant admixture was then put on one end of the polished 

plastic surface. The plate was slowly elevated from one side while keeping the other side on 

the ground. The angle formed between the plate and the ground was referred to as the sliding 

angle. An optimal angle of slide value for the powdered additive in relation to the particular 

liquid vehicle being used is around 33. 

6.1.1.7. Liquid load factor 

The following formulae were used to compute the liquid load factor for satisfactory 

flowability after measuring the Φ - values of the carrier and coating materials. 

Lf = (CA + CO)/R  ........(6.1) 

R = Q/q ............(1.2) 

Here CA and CO are flowability liquid retention potential of carrier and coating materials 

respectively. R is the excipient ratio as defined by equation (1.2). In investigations published 

in numerous research publications, the R-value between 10 and 20 was proved to offer the 

best flow properties; hence, in this examination, a mean of 15 was used for calculation. 

6.1.1.8. Screening of Carrier and Coating material for the non-volatile vehicle 

A review of the scientific literature led to the selection of the initial batches of Avicel pH-

102, Lactose, Sorbitol, Dicalcium Phosphate, Aeroperl 200, Neusilin, Syloid XDP 3150, 

Syloid 244 FP as a carrier material, and Aerosil 200 as a coating material. For the first 

batches, more than 1 gm of Avicel pH-102, Lactose, Sorbitol, and Dicalcium Phosphate was 

required to fully adsorb 1 ml of liquid medication because these ingredients cannot be 

utilized extensively as an oral formulation. While in the cases of Aeroperl 200, Neusilin, 

Syloid XDP 3150, and Syloid 244 FP, the amount required for complete adsorption was over 
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IIG limits. Different carrier and coating material mixtures were subsequently tried. The flow 

properties of a liquid-solid particle were also examined by determining the Angle of repose 

(θ). 

6.1.1.9. Preparation of liquisolid formulation 

The required amount of the drug and the previously optimized mixture of non-volatile 

solvents were included in 5 ml RIA vials, and the vials underwent vortexes until all of the 

drug was solubilized. The liquid medicament that emerged from completing the three steps 

mentioned by Spireas et al. was added to mortar along with the proper quantity of carrier 

and coating materials. The two ingredients were blended for nearly thirty seconds at a 

projected mixing speed of one rotation per second in the first phase to equally distribute the 

liquid medication among the powder excipient. In the following phase, a uniform layer of 

the liquid/powder mixture was placed on the surfaces of a mortar and let to stand for around 

five minutes in order to enable the drug solution to infiltrate the powder's inner matrix. A 

spatula made of aluminium is used to scrape the powder from the mortar's surface in the 

third stage, after which it is mixed with the lubricant and glidant for 30 seconds in the same 

way as in the first stage. After being created, the final liquisolid mixture was put within a 

00-size capsule shell. 

6.1.1.10. In-vitro dissolution study 

The dissolving rates of commercial formulations of RIF (R-cin 150, 150 mg Rifampicin 

capsule I.P. made by Lupin Pharmaceutical Pvt, Ltd.) and QUE (Quercetin 100 mg capsule 

made by Health vita) were calculated using a dissolution device USP Type I. At 50 rpm and 

37 ± 0.5 °C, dissolution tests were carried out using 900 ml of 0.1 M hydrochloric acid and 

0.1 M phosphate buffer pH-6.8. Adequate aliquots were collected at the proper periods of 

time (0, 15, 30, 45, and 60 min) and processed through Whatman filter paper after being 

diluted with a dissolving medium. The investigation was done under dubious conditions. 

The newly developed UV/visible spectrophotometer method was then used to analyze the 

samples. These equations were used to compute the similarity factor (f2) and the dissimilarity 

factor (f1). 

................(6.2) 

................(6.3) 
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Where, Rt is drug release from reference at time t, Tt is drug release from reference at time 

t, n = number of sampling points. 

 

6.1.2.   Drug excipient compatibility study 

6.1.2.1. Fourier transform infrared (FT-IR) spectroscopy 

The infrared spectra of Rifampicin, Quercetin, Avicel pH-102, Aeroperl 200, and enhanced 

Liquisolid compositions were anticipated using an FT-IR spectrophotometer (Bruker Optics, 

USA) and the conventional KBr pellet method. The scanning range was 400–500 cm-1, and 

the resolution was 4 cm-1. 

6.1.2.2. Differential scanning calorimetry (DSC) studies 

Rifampicin, Quercetin, Avicel pH-102, Aeroperl 200, and enhanced Liquisolid compositions 

performed differential scanning calorimeter (DSC) studies to ascertain the molecule-by-

molecule state of the drugs contained in the compacts (Perkin Elmer, USA). With a steady 

nitrogen gas flow of 30 ml/min, a tightly sealed aluminium crucible was heated to 

temperatures ranging from 20 °C to 400 °C at a rate of 10 °C/min. 

6.1.2.3. Powder X-ray Diffractometry (PXRD) 

The crystalline nature of the medication in the formulation was demonstrated using PXRD 

experiments. An X-ray diffractometer (Bruker D2 phaser) was utilised to acquire the PXRD 

profile of the optimised liquisolid formulation, carrier, and pure API using CuK radiation at 

30 kV voltage, 10 mA current, and an X'celerator detector. 

 

6.1.3.   Stability Study 

Assessments were taken of the improved formulation's disintegration time and percentage 

drug release over a three-month period at 40 °C and 75% RH in stability chamber (Nihaar 

equipment Pvt. Ltd., Mumbai) were examined. We looked at the release profiles of both 

stability samples and freshly prepared liquisolid compacts. 

6.1.4.   In-vivo pharmacokinetic study in rat 

The Committee for the Purpose of Control and Supervision of Experiments on Animals 

(CPCSEA) and the Institutional Animal Ethics Committee (IAEC) of Anand Pharmacy 

College (Registration No. 277/PO/ReBi/2000/CPCSEA) both approved the study's ethical 

conduct (Protocol No. 1835, issued March 27, 2018). Rats were housed in plastic cages with 

maize cob bedding in a room with a controlled temperature of 20°C ± 2°C and a 12 h 
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light/dark cycle. 250 ± 10 gm Wistar albino rats were given 4.0 mg/kg of RIF and QUE 

orally by gavage after being allowed free access to water and a 12 h fast. The complete 

population of rats (n = 4) was divided into five groups, each consisting of four rats. Then, 

each group was divided into Groups A and B. The first group, known as the control group, 

received CMC suspension; the second group received RIF pure API; the third group received 

RIF and QUE pure API; the fourth group received RIF and QUE in a commercial 

formulation; and the fifth group received RIF and QUE in a liquid-solid formulation. 

Retroorbital vein blood samples were taken in Eppendorf containers with disodium EDTA. 

For the pharmacokinetic study, blood was taken by the retro orbital route at 0, 1, 2, 3, 4, and 

8 h. After being immediately centrifuged at 5000 rpm for 10 min, the plasma from the 

specimens was frozen right away at 20 °C and preserved for analysis. The UPLC-MS/MS 

method was employed to calculate the RIF and QUE in each sample within 6-7 h of blood 

sampling. The pharmacokinetic variables were computed using a non-compartmental 

technique. The area under the plasma concentration vs. time curve following oral 

administration was calculated using the linear trapezoidal technique. The AUMC, or area 

under the first moment curve to the final reported plasma quantity, was also computed using 

the linear trapezoidal rule. Peak plasma concentrations (Cmax), time to reach maximum 

plasma concentrations (tmax), elimination rate constants (Kel), terminal elimination half-lives 

(t1/2), absorption rate constants (Kab), and absorption half-lives (t1/2) for pure API, market 

formulations, and liquid-solid formulations have all been established.(171) 

 

6.1.5.   Results and Discussion (8, 10, 11) 

6.1.5.1. Antimycobacterial potential of RIF and QUE 

A drug-sensitive strain of M. tuberculosis called H37Rv was used to apply Lowenstein-

Jensen media and determine the MIC, or minimum inhibitory concentration, of RIF and 

QUE. The results utilizing the common drug Isoniazid as a positive control are shown in 

Table 6.4. When RIF and QUE were combined, they were much more potent and 

significantly inhibited than each chemical when used separately. The structure cell 

membrane of M. tuberculosis, a slow-growing internal infection, contains mycolic acids and 

a range of additional lipids, many of which are peculiar to mycobacteria. We decided on a 

1:1 dosage ratio of Rifampicin and Quercetin for our investigation's work, with 150 mg of 

Rifampicin and 150 mg of Quercetin being the recommended dosage for the formulation, 

based on the MIC results.(169, 170) 
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TABLE 6.4 Minimum inhibitory concentration of RIF and QUE 

Sr.no. Sample Composition MIC Value Standard 

1. RIF:QUE (1:1) 12.5 µg/ml Isoniazid (0.2 µg/ml) 

2. RIF:QUE (1:0.5) 50 µg/ml 

3. RIF 25 µg/ml 

 

6.1.5.2. Saturation solubility study 

The liquid carrier has a big impact on how well an insoluble medication dissolves. To 

determine the appropriate liquid carrier for the development of RIF and QUE Liquisolid 

compacts, solubility studies in a variety of non-volatile solvents were carried out. In non-

volatile carriers, drug solubility was studied at its maximum level. The use of a vehicle with 

high drug solubility will ultimately limit the possibility of in vivo precipitation of drugs and 

would also reduce the weight of the final formulation. The results from the saturation 

dissolution study are shown in Fig. 6.1. Propylene glycol, PEG 200 and Tween 20 are non-

ionic surfactants that showed good solubility for drugs because of the polar nature of poorly 

soluble medicines, which promotes solubilization in medium-chain triglycerides/mono/di 

glycerides. It was discovered that the solubility of the RIF and QUE in Tween 80, PEG 400, 

and PEG 600 was inadequate to dissolve the drug directly. Tween 20 was utilized as a 

surfactant to make the compact after the drug had been initially dispersed in PEG 200, 

Propylene glycol as a solvent. 

 

Figure 6.1 Saturation solubility study of RIF and QUE.  
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6.1.5.3. Optimization of Non-volatile vehicle mixture using D-optimal mixture 

design 

According to the saturation solubility study Propylene glycol, PEG 200 and Tween 20 was 

further optimize with D-optimal mixture design. So, the amount of non-volatile solvents was 

selected as independent variable and solubility and % cumulative drug release was selected 

as dependent variable. Total 16 experimental trials were suggested by mixture design. The 

results of all trials as shown in Table 6.5.  

TABLE 6.5 The influence of D‑optimal design output (16 batches) independent variables (X1 to X3) and 

independence variables (Y1 and Y2) 

Batch Tween 

20 

(ml) X1 

PEG 

200 

(ml) X2 

PG 

(ml) X3 

Solubility (mg/ml) 

Y1 

% Drug release at 60 

min Y2 

RIF QUE RIF QUE 

1 0.20 0.30 0.50 52 85 73 76 

2 0.17 0.39 0.44 62 75 85 74 

3 0.12 0.39 0.49 60 70 82 72 

4 0.20 0.30 0.50 50 89 71 78 

5 0.20 0.60 0.20 105 35 99 60 

6 0.10 0.30 0.60 58 90 79 82 

7 0.15 0.47 0.37 61 41 82 63 

8 0.10 0.70 0.20 106 31 99 54 

9 0.10 0.70 0.20 105 30 98 56 

10 0.20 0.60 0.20 105 34 97 59 

11 0.15 0.30 0.55 45 84 65 76 

12 0.10 0.30 0.60 44 89 65 77 

13 0.10 0.50 0.40 99 74 94 72 

14 0.17 0.54 0.28 95 35 91 60 

15 0.10 0.50 0.40 96 79 92 76 

16 0.15 0.65 0.20 75 34 86 59 

         

Figures 6.2, 6.3, 6.4, and 6.5 of the normal probability distribution show that the residuals 

of the experiment were normal and that the response data provided useful analysis without 

the requirement for transformation. The residual vs. expected plot showed that there was no 

steady error and that the data were dispersed randomly and near the zero axis. The projected 

vs. real figure showed that there was good agreement between actually observed and 

predicted values. 
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FIGURE 6.2 Diagnostic plots of RIF solubility (mg/ml). 

 

 

FIGURE 6.3 Diagnostic plots of QUE solubility (mg/ml). 

 

 

FIGURE 6.4 Diagnostic plots of RIF dissolution (% CDR). 
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Figure 6.5 Diagnostic plots of QUE dissolution (% CDR).  

Figure 6.6 (A) shows that RIF solubility increases as PEG 200 levels rise while Figure 6.6 

(B) shows that QUE solubility increases as PG levels rise. Figure 6.7 (A) shows that the 

% cumulative drug release of RIF increases at greater amounts of PEG 200 and PG, while 

Figure 6.7 (B) shows that the % cumulative drug release of QUE rises when PG levels move 

from lower to higher. 

 

FIGURE 6.6 3D response plot of RIF and QUE for solubility (mg/ml). 

 

 

FIGURE 6.7 3D response plot of RIF and QUE for dissolution study (%CDR). 
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The ANOVA analysis showed that the predictions were meaningful for all of the responses, 

the solubility of both medicines and the % CDR of RIF and QUE with a P value of less than 

0.05. Table 6.6 displays the anticipated response model and the statistical variables from the 

ANOVA for the D-optimal design. 

TABLE 6.6 The Predicted response models and statistical parameters obtained from ANOVA for D - 

optimal design 

RIF 

Response  
Type of 

model 

Model 

P 

value 

% 

CV 
PRESS R2 

Adjusted 

R2  

Predicted 

R2  

Adequate 

Precision 

Solubility 

(mg/ml) 
Quadratic 0.0001 10.23 1510.99 0.9323 0.8984 0.8312 14.88 

%CDR at 

60 min 
Quadratic 0.0001 5.12 512.81 0.9084 0.8626 0.7518 12.06 

Response Polynomial equation 

Solubility 

(mg/ml) 
1055.61*A+103.80*B+53.31*C-1268.26*AB-1331.46*AC+69.90*BC 

%CDR 448*A+97.03*B+72.18*C-466.49*AB-493.40*AC39.51*BC 

QUE 

Response 

 

Type of 

model 

Model 

p value 

% 

CV 
PRESS R2 

Adjusted 

R2 

 

Predicted 

R2 

 

Adequate 

Precision 

Solubility 

(mg/ml) 

Special 

Quartic 
0.0001 3.87 442.54 0.9958 0.9911 0.9527 32.76 

%CDR at 

60 min 

Special 

Quartic 
0.0001 3.09 238.85 0.9757 0.9479 0.8148 14.97 

Response Polynomial equation 

Solubility 
(mg/ml) 

126.39*A+31.03*B+89.00*C-104.63*AB-64.51*AC-66.17*BC+8815.88*A
2

BC-

3567.20*AB
2

C-1844.22*ABC
2

 

%CDR 
84.93*A+55.36*B+79.12*C-14.97*AB-21.47*AC+26.89*BC+2960.87*A

2

BC-

1188.87*AB
2

C-602.59*ABC
2

 

         Several restrictions were put in place for enhanced solubility and% CDR according to 

statistics data and an ANOVA study in order to obtain greater attractiveness. The Design 

Expert program advised performing the study three times in order to validate the 

experimental design. Batch-B was chosen for additional investigation because it showed the 

lowest error in comparison to the remaining two batches as the additional predicted error 

was calculated. (Table 6.7). 

TABLE 6.7 Validation of D-Optimal mixture design 

Batches Responses Predicted Response Actual Response % Error 

A RIF Solubility (mg/ml) 88.62 86 2.96  
QUE Solubility (mg/ml) 82.76 80 3.33  

%CDR RIF at 60 min 88.76 88.56 2.42 
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%CDR QUE at 60 min 76.51 74.65 2.00 

B RIF Solubility (mg/ml) 90.68 88 2.96  
QUE Solubility (mg/ml) 81.40 80 1.72  

%CDR RIF at 60 min 91.81 90.43 1.80  
%CDR QUE at 60 min 75.95 76.59 2.62 

C RIF Solubility (mg/ml) 87.09 85 2.40  
QUE Solubility (mg/ml) 83.64 82 1.96  

%CDR RIF at 60 min 89.97 87.66 2.65  
%CDR QUE at 60 min 76.87 74.49 2.46 

 

6.1.5.4. Determination flowable liquid-retention potential 

Among all the carrier materials evaluated, Aeroperl had the biggest flowable liquid retention 

potential (1.98 ml). This indicates that 1.98 ml of liquid medication can be mixed with 1 g 

of Aeroperl powder without affecting the powder's strong flow qualities (angle of slide = 

34). The following were Syloid 244 EP, Syloid XDP 3150, and Neusilin US2, in that order. 

However, in compliance with the Inactive Ingredient Limit, the maximum daily allowance 

of Aeroperl should not be more than 200 mg. And over 500 mg were required in order for 

the liquid drug in the suggested formulation to be adsorbed. As a result, utilizing Aeroperl, 

Syloid 244 EP, Syloid XDP 3150, or Neusilin US2 individually, not capable to adsorb the 

liquid drug. There has been the addition of an additional carrier substance with a 0.76 liquid 

retention potential. As a result, further investigation revealed that to continue the research 

with different carrier material proportions to achieve strong adsorption as well as excellent 

flow qualities. With a capacity of 1.922 ml, Aerosil demonstrated the greatest flowable liquid 

retention capacity of all the coating materials tested. 

6.1.5.5. Liquid load factor 

The liquid load factor was determined using equation (1). As was already covered in the 

section, the Φ - value for Avicel pH-102/Aeroperl 200 (5:1) was found to be 1.15 ml. A Φ -

value of 1.92 was attained by Aerosil 200 for the selected coating substance. R was found to 

be 6 according to Table 6.8. By adding all these numbers together, the calculated Load factor 

(Lf) value for equation (1) was determined to be 0.51. It implies that we might mix a suitable 

amount of liquid medicine with the powder. 

6.1.5.6. Screening of Carrier and Coating material for the non-volatile vehicle 

We selected the carrier materials Avicel pH-102 and Aeroperl 200 based on the data in Table 

6.8, and Aerosil 200 was selected as the coating material to adsorb 1 ml of liquid. Talc and 

magnesium stearate were included to improve the powder's flow properties. In order to 

render the powder economically viable, it was then added to 00-size capsules. 
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TABLE 6.8 Selection of Carrier and coating material based on preliminary batches 

Batch Avicel 

pH 

102 
(mg) 

Lactose 

(mg) 

DCP 

(mg) 

Aeroperl 

200 

(mg) 

Neusilin 

(mg) 

Syloid 

XDP 

3150 
(mg) 

Syloid 

244 

FP 
(mg) 

Aerosil 

200 

(mg) 

Magnesium 

Stearate & 

Talc (1:1) 

(mg) 

Total 

Weight 

(mg) 

Flow 

Property 

(Angle 

of 

Repose) 

θ 

1 500 - - 100 - - - 100 150 850 27 

2 550 - - - 150 - - 100 150 950 31 

3 580 - - - - 100 - 100 150 930 30 

4 590 - - - - - 100 100 150 940 28 

5 - 600 - 100 - - - 100 150 950 28 

6 - 620 - - 150 - - 100 150 1020 28 

7 - 610 - - - 100 - 100 150 960 29 

8 - 610 - - - - 100 100 150 960 29 

9 - - 630 100 - - - 100 150 980 27 

10 - - 640 - 150 - - 100 150 1040 26 

11 - - 635 - - 100 - 100 150 985 27 

12 - - 635 - - - 100 100 150 985 28 

 

6.1.5.7. In-vitro dissolution studies 

A drug release study in phosphate buffer pH-6.8 and 0.1 M HCl was carried out for RIF and 

QUE. For RIF, it was found that drug dissolution was over 85% in 0.1 M hydrochloric acid 

and above 90% in pH-6.8 phosphate buffer at 60 min. In comparison, following 60 min in 

both pH-6.8 phosphate buffer and 0.1 M hydrochloric acid, the drug's release for QUE 

percentage was greater than 75%. A comparable dissolution pattern was observed for both 

drugs' marketed formulation (Fig. 6.8 and 6.9). 

 

  

Figure 6.8 Dissolution profile of RIF and QUE marketed product (MP) and test product (TP) in 0.1 M 

HCl.   
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Figure 6.9 Dissolution profile of RIF and QUE marketed product (MP) and test product (TP) in pH-

6.8 phosphate buffer. 

 

6.1.6.   Drug excipient compatibility studies 

6.1.6.1. Fourier transform infrared (FT-IR) spectroscopy 

The spectra of RIF, QUE, Avicel PH 102, Aeroperl 200, physical mixture, and liquid-solid 

compact are shown in Fig. 6.10. The distinctive peaks in the FTIR spectra of pure RIF could 

be found at 3484 cm-1 for phenolic hydroxyl group (OH) stretching, 1645 cm-1 for amine 

(NH), 1688 cm-1 for imine (C=N), 1725 cm-1 for ketone (C=O), 1332 cm-1 for amine (C-N), 

1159 cm-1 for ester (C-O), and 1459 cm-1 for aromatic ring (C=C). The unique peak for 

phenolic (OH), ketone (C=O), and ether (C-O) were all found at 3303 cm-1, 1668 cm-1, and 

1164 cm-1, respectively, in the FTIR spectra of QUE (Fig. 6.10b). The OH group, adsorbed 

water, and 1363 cm-1 for (CH2) are present in Avicel PH 102, and their existence is shown 

by the usual peaks in the FTIR spectrum (Fig. 6.10f). Aeroperl 200 (Fig. 6.10e) showed Si-

O absorption in a band between 1060 and 1070 cm-1. The FTIR peaks in the physical mixture 

(Fig. 6.10c) were identical to those in pure RIF and QUE. However, because RIF and QUE 

formed a hydrogen bond, as well as because excipients such PEG 200, Tween 20, propylene 

glycol, Avicel PH 102, and Aeroperl 200 have hydrophilic groups. The spectra of the liquid-

solid compacted (Fig. 6.10d) and Avicel PH 102 showed a big peak in the 3400–3450 cm-1 

band. The strong broad peak was also visible near 1095 cm-1 in the liqui-solid compact, 

physical mixture, and Aeroperl 200 due to Si-O vibration. In summary, we can infer that the 

improvement in drug solubility was caused by interactions between RIF, QUE, and certain 

excipients at the molecular level, which resulted in hydrogen bonds. 
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FIGURE 6.10 FT-IR spectra of a) Rifampicin, b) Quercetin, c) physical mixture of drug and excipient, 

d) Liqui-solid formulation, e) Aeroperl and f) Avicel pH-102. 

 

6.1.6.2. Differential scanning calorimetry (DSC) studies 

Thermal images for RIF, QUE, Avicel PH 102, Aeroperl 200, the physical mixture, and the 

liquid-solid compact are shown in Fig. 6.11. The DSC thermogram, which displays an 

endothermic peak for rifampicin and quercetin at 263.18 and 319.22 °C to its melting 

temperature, confirms the substance's crystalline form. The physical mixture of RIF, QUE, 

and excipients, which also displays a strong peak of RIF and QUE at the same place, 

demonstrates the absence of interaction among the drug and excipients. The absence of a 

clear RIF or QUE peak in the enhanced liquisolid systems, on the other hand, correlates with 

the formation of drug molecule dispersion within the liquisolid matrix (Fig. 6.11). The 

medication's transition from its original crystalline form to an amorphous state, which is 

highly correlated with improved liquisolid system dissolving characteristics, is evident from 

the DSC data. 
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FIGURE 6.11 DSC thermogram of Pure Rifampicin, Quercetin, Liqui-solid formulation and physical 

mixture. 

 

6.1.6.3. Powder X-ray Diffractometry (PXRD) 

According to the very prominent peaks at various 2 theta values i.e., 11.67, 11.72, 11.77, 

11.82 and 11.87 RIF looks to be crystalline. Another indication for crystalline nature of QUE 

is the abundance of prominent peaks at various 2 theta values i.e., 11.21, 11.77, 11.87, 12.38, 

12.53 and 13.09. RIF and QUE were dissolved in the non-volatile solvent, and the resulting 

solution was adsorbable by Avicel PH 102 and Aeroperl 200. The new liquisolid 

composition had PXRD peaks at 11.72, 11.77, 11.87, 12.38, and 13.09, but their strength 

was noticeably lower than that of the pure medication. This might be the result of the drug 

being inside in an amorphous or solubilized form. The X-ray diffractogram of the liquisolid 

formulation, thus, lacked the constructive specific strong peaks (Fig. 6.12). 
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FIGURE 6.12 PXRD spectra of Pure Rifampicin, Quercetin and Liqui-solid formulation of RIF and 

QUE. 

 

6.1.7.   Stability Study 

The stability of a drug product is defined by the rate of change over time of key measures of 

quality on storage under specific conditions of temperature and humidity. Accelerated 

stability studies where done on the liquisolid compact that showed the maximum percentage 

drug release profile of RIF and QUE. The study indicates that there is no major difference 

in disintegration time (14.85 ± 0.56 min) after storing the formulation for three months under 

accelerated storage conditions. The appearance of liquisolid compact did not change over 

the course of the study. The dissolution profile of fresh and aged RIF and QUE liquisolid 

compacts show no significant effect on drug release (Fig. 6.13). Thus, the tested formulation 

was stable during the course of this study. Thus, liqui-solid compact can be considered as a 
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novel, effective and a commercially viable alternative to the currently existing RIF and QUE 

formulations. 

 

FIGURE 6.13 Dissolution Profiles of fresh and incubated liqui-solid compact during accelerated 

stability study. 

 

6.1.8.   In-vivo pharmacokinetic study 

Using the UPLC-MS/MS method, RIF and QUE were discovered in rat plasma samples. It 

is quite clear from the pharmacokinetic investigations that the RIF and QUE bioavailability 

from the Liqui-solid compact is on the scale as those of commercial formulations. The 

concentration in the plasma time profile for RIF Liqui-solid compact (5.90 µg/ml) showed a 

greater Cmax when compared to the commercial formulation (5.15 µg/ml). The rate of 

absorption and dispersion of the liquid-solid compositions RIF and QUE are causing a blood 

level of bioavailable that is higher than the pure drug and marketed formulation, according 

to the Cmax value (Table 6.9 and Fig. 6.14).(171) 

Table 6.9 Pharmacokinetic parameters of spherical agglomerates and marketed formulation 

Pharmacokinetic 

parameters 

Liqui-solid 

compact  

Marketed 

formulation  

Pure API 

RIF QUE RIF QUE RIF QUE 

AUC0-t (µg.hr/ml) 27.65 165.72 18.91 139.58 19.67 118.28 

AUMC0-t (µg.hr/ml) 108.82 587.38 71.11 452.01 79.02 379.81 

MRT (hr) 3.93 3.55 3.75 3.23 3.01 3.21 

Cmax (µg/ml) 5.90 43.42 5.15 41.98 4.32 40.63 

tmax (hr) 3 2 3 2 3  2 

Kab (hr-1) 0.69 2.22 0.62 1.03 0.36 0.80 

Kel (hr-1) 0.32 0.31 0.28 0.53 0.26 0.33 

t1/2 (Absorption) (hr) 1.40 0.31 1.11 0.67 0.72 0.86 

t1/2 (Elimination) (hr) 2.11 2.18 2.46 1.29 2.58 2.05 
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AUC0-t, Area under the plasma concentration vs. time curve of last available measurement; 

AUMC0-t, Area under the plasma concentration x time vs. time curve from 0 to time; MRT, 

Mean residence time; Cmax, Maximum concentration; tmax, Time of peak concentration; Kab, 

Absorption constant; Kel, Elimination constant; t1/2, Half-life 

 

FIGURE 6.14 Pharmacokinetic profile of RIF and QUE marketed product, Pure API and Liquisolid 

formulation in rat.  

 

6.1.9.   Conclusion 

According, to the study, increasing the dissolution profile of drugs with high dose needs and 

low water solubility can be done using the liquisolid methodology. The incorporation of non-

volatile solvent and surfactant to liquisolid compact improved the drug release. Various 

combinations of PEG 200, Propylene glycol and Tween 20 have an important effect on drug 

release from the composition, according to research using the fractional factorial design 

approach. According, to the findings of DSC and XRD research, the drug's amorphous 

condition or molecular dispersion in the liqui-solid compact is likely what produced the 

medication's superior dissolving profile. Stability testing revealed that nothing of the 

formulation's essential characteristics had changed appreciably after three months of storage. 

Pharmacokinetic research study showed that compared to the marketed product, the newly 

developed formulation supplied more drug to the bloodstream. 
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6.2. Dry powder inhaler formulation 

6.2.1.   Materials and Methods (14, 96, 172, 173) 

6.2.1.1. Materials 

TABLE 6.10 List of materials used in the present study 

Sr. 

No. 

Name Manufacturers 

1 PLGA (75:25) polymer 

RESOMER® RG 756S 

RESOMER® RG 756S   

Evonik, Mumbai, India 

2 Chitosan Esvee Agro and Feeds, Pune, India 

3 Lactose grades (Inhalac 70) Signet Chemical Corporation Pvt., Ltd. 

4 Poloxamer 407 BASF India Ltd. 

5 Methanol Merck Specialities Private Limited, Mumbai 

6 Acetonitrile, Merck Specialities Private Limited, Mumbai 

7 Acetone Merck Specialities Private Limited, Mumbai 

8 Acetic acid Merck Specialities Private Limited, Mumbai 

9 Potassium dihydrogen phosphate Merck Specialities Private Limited, Mumbai 

 

6.2.1.2. Instruments 

The below list of instruments was used for the present research work (Table 6.11). 

TABLE 6.11 List of the instruments used in the present study 

Name of instrument Manufacturer 

UV/Visible Spectrophotometer Shimadzu UV-1800, Japan 

Differential scanning calorimeter Perkin Elmer, DSC 08, USA 

High speed homogenizer T25 Digital Ultra Turrax 

USP dissolution apparatus II Electrolab, TDT-08L, India 

FT-IR spectrophotometer FTIR Bruker optics alpha, USA 

X-ray diffractometer Bruker D2 phaser, Japan 

Rotary Vacuum evaporator  Gravity lab, Mumbai 

 

6.2.1.3. Preparation of Chitosan nanoparticles for RIF and QUE 

Because RIF and QUE have different physical and chemical attributes, their nanoparticles 

were created individually. The rotary evaporation method was used to create preliminary 

batches, which were then homogenized quickly using three different Polymer: Drug ratios 

(1.5:1, 1:1, and 0.5:1). A 50 ml solution of chitosan polymer in 1% acetic acid was made. 

The necessary quantity of the medicine was first dissolved in 5 ml of acetone, an organic 

solvent, and then added to a chitosan solution. To improve the drug's encapsulation in a 

polymer, the resultant solution had been evaporated using a vacuum in a rotating evaporator 

at 50 °C for 30 min. After the organic phase was removed, 50 ml of 0.4% poloxamer 407 
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surfactant liquid was added and homogenized for 10 to 15 minutes at various RPMs to 

achieve the required particle size, entrapment performance, and loading performance. Before 

usage, the resulting nanoparticle mixture was freeze-dried at -70 °C for 48 hours. 2 %w/v 

mannitol solution was added as cryoprotectant. 

6.2.1.4. Preparation of PLGA nanoparticles for RIF and QUE 

Employing three different Polymer: Drug ratios (1.5:1, 1:1, and 0.5:1), preliminary batches 

were created utilizing the rotary evaporation process. To get the drug encapsulated in a 

polymer, the PLGA polymer and drug were dissolved in an organic solvent (10 ml) acetone 

and evaporated under pressure in a rotating evaporator at 50 °C for 30 min. After the organic 

component was removed, 50 ml of 0.4% poloxamer 407 surfactants were added and 

homogenized for 10 to 15 minutes at various RPMs to achieve the required particle size, 

entrapment performance, and loading performance. Before usage, the resulting nanoparticle 

mixture was freeze-dried at -70 °C for 48 hours. 2 %w/v mannitol solution was added as 

cryoprotectant 

6.2.1.5. Experimental Design 

A 9-run, 2-factor, and 3-level full factorial design was used for the optimization process 

(Version 11, Stat-Ease Inc., Minneapolis, MN, USA). Independent variables chosen were 

the amounts of PLGA polymer (mg) and poloxamer 407 (%), as reported in Table 6.12. 24 

h drug diffusion efficiency, particle size, and encapsulation efficiency (EE) as response 

factors were selected. Based on the data collected, Design Expert Software assessed the main 

effects and interactions of the factors. In order to statistically analyze the data and produce 

the graphics, Design-Expert® software was used. 

TABLE 6.12 32 full factorial design for optimization of nanoparticles 

Independent variables  Level 

Coded value Transformed  value 

Low High Low High 

X1 = PLGA polymer -1 +1 50 mg 150 mg 

X2 = Poloxamer 407 -1 +1 0.2 % 0.6 % 

Dependent Variable Desirable Limit (Range) 

Particle size (Y1) <600 nm 

% Entrapment efficiency (Y2) >70 % 

In-vitro drug release (Y3) >80% 

 

6.2.1.6. Study of drug dissolution profile 

The dialysis bag method, with an MWCO of 1000 kDa, was used to gauge the release of 

medicines from nanoparticles. Before 500 ml of phosphate buffer (pH-7.4, 37 ±1 °C) was 
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added and agitated at 400 rpm, a little amount of each formulation—about 1 ml—was placed 

on a dialysis membrane. Afterward, 5 ml of the sample solution and 5 ml of fresh buffer 

solution were added at predetermined intervals (i.e., 0, 4, 8, 12, 16, 20, and 24 h). The percent 

of the drug's release was then estimated using a newly developed Q-absorbance UV 

spectrometric method at the drug's 420 nm iso-absorptive point and 368 nm λmax. 

6.2.1.7. PDI, zeta potential and particle size estimation  

Zeta potential, average particle size, and PDI were calculated using the Nanotrac Wave II 

analyzer (Microtrac MRB, Osaka, Japan). These characteristics were established following 

(1: 10) dilution of the compositions in deionized water. 

6.2.1.8. Efficiency (%) of drug loading and encapsulation  

Every component was rotating at 9000 RPM for 30 min in a 2 ml centrifuge tube. A UV 

spectrophotometer was used to measure the amount of unloaded drug in supernatant (0.5 

ml). The following equation was then used to calculate the nanoparticles' % drug loading 

efficiency and encapsulation efficiency: 

Encapsulation efficiency= (
Total amount of drug added-free drug

 total amount of drug added
) *100...........(6.4) 

% Drug loading efficiency= (
Amount of drug added-free drug

 amount of nanoparticle obtained
) *100.........(6.5) 

6.2.1.9. Analysis of Aerodynamic Behavior  

The aerodynamic behaviour of the generated PLGA-nanoparticle was evaluated using an 

Anderson cascade impactor (ACI, Thermo Fisher Scientific). By dividing the nanoparticles 

on the impactor panels based on their sizes, the cascading impactor establishes the 

aerodynamics of airborne particulates. In a nutshell, an inhaler was filled with 50 mg of the 

created nanoparticles. The breathing device was then connected to the cascade impactor. The 

nanoparticle was then delivered for 10 sec at a flow rate of 28.3 L/min into the cascading 

impactor. The powder depositions from each stage were examined using a Q-absorbance 

technique. Fine particle fraction (FPF) was calculated together with the dosage emitted. 

 

6.2.2.   Drug excipient compatibility study  

6.2.2.1. Infrared (FT-IR) Fourier transform spectrometry  

By using the traditional KBr pellet method, the infrared spectra of pure RIF, pure QUE and 

physical mixture of RIF, QUE, PLGA polymer, Lactose powder and PLGA-Nanoparticle of 

RIF and QUE were predicted using an FT-IR spectrophotometer (Bruker Optics, USA). The 

scanning range was 500–4000 cm-1 with a resolution of 4 cm-1. 
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6.2.2.2. DSC (differential scanning calorimetry) investigations  

Employing a DSC study pure RIF, pure QUE, physical mixture of drug and polymer, PLGA-

Nanoparticle of RIF and QUE were subjected to DSC analysis to determine the molecular 

state of the medication in the compacts (Perkin Elmer, USA). An aluminum crucible that 

was tightly sealed was heated to a temperature that ranged from using a steady nitrogen gas 

supply of 30 ml/min, the temperature range is 20 °C to 400 °C. 

6.2.2.3. Powder X-ray Diffractometry (PXRD) 

PXRD investigations were used to illustrate the medicines' crystalline character while 

formulating. The PXRD profile of the pure RIF, pure QUE, PLGA-Nanoparticle of RIF and 

QUE was acquired using an X-ray diffractometer (Bruker D2 phaser) that used CuK 

radiation at 30 kV voltage, 10 mA current, and an X'celerator detector. 

 

6.2.3.   Scan with an electron microscope  

Morphology of optimized freeze-dried PLGA-nanoparticles was evaluated using Field 

Emission Scanning electron microscopy (JSM-7600F, JEOL, USA). Before SEM analysis, 

nanoparticles were covered with platinum using a sputter coater in the presence of argon gas. 

 

6.2.4.   In-vivo pharmacokinetic study 

Anand Pharmacy College's Institutional Animal Ethics Committee (IAEC) (Registration No. 

277/PO/ReBi/2000/CPCSEA) and the Committee for the Purpose of Control and 

Supervision of Experiment on Animals (CPCSEA) accepted the study's ethical conduct 

(Protocol no. 1836 issued 27th March 2018). Rats were kept in plastic cages with corn cob 

bedding in a room with a 12 h dark/light cycle and an ambient temperature of 20°C ± 2°C. 

Wistar albino rats (250 ± 10 g) were fasted for the whole day and granted free use to water 

for a minimum of 12 hr. In-vitro model was used for inhalation of powder (10 mg). There 

were four groups of rats (n = 8) having eight animals each. Group-1: Control group received 

no treatment, Group-2: received RIF and QUE pure API, Group-3: received PLGA-

nanoparticle Dry powder formulation of RIF and QUE and Group-4: received marketed 

formulation of RIF (R-Cin, Rifampicin Capsule IP 150 mg) and QUE (Biotrex Quercetin 

100 mg Veg Capsule).  
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FIGURE 6.15 In-vitro model for inhalation of powders. 

The required amount of dose was given by a newly developed instrument “Novel drug 

delivery devices for pulmonary administration” by Anand Pharmacy College (Fig. 6.15). 

The developed instrument is used for administration of dry powder inhaler to rodents through 

fluidization principle, mimicking the same administration procedure like humans. The 

fluidizing air enters the chamber through air tube connected at bottom-side of the chamber. 

The air introduced at controlled pressure resulted into laminar motion of nanoparticles. The 

emerging design technology is in urgent demand to ensure precision aerosolization 

performance, consistent efficacy and satisfactory dose deliverance to the animal. The 

instrument was patented by Anand Pharmacy College in Indian Patent office (Patent No: 

201821002898).(174) 

The blood was drawn at 0.5, 8, 15, 20 and 24 h. from the retroorbital vein into disodium 

EDTA Eppendorf tubes. The plasma from the samples was promptly frozen at -20 °C and 

kept for analysis after being centrifuged for 10 min at 5000 rpm. Animals were sacrificed at 

0.5, 8, 15, 20 and 24 h. after administration of the drug and approximately 1 ml BAL fluid 

(Fig. 6.16) was collected from lungs and drug was extracted using the protein precipitation 

technique. For precipitating protein, acetonitrile was added after the lungs had been 

homogenated in phosphate-buffered saline (PBS).  

 

FIGURE 6.16 Collection of BAL fluid from rat. 
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The protein-free rat plasma, BAL fluid and lung homogenate were then prepared by 

centrifuging the plasma after mixing it with 500 µl of acetonitrile and 500 µl of methanol. A 

0.2 µ nylon syringe filter was used to filter the supernatant before injecting it into an HPLC 

for drug quantification. The HPLC-PDA technique was used to estimate RIF and QUE in all 

of the samples. A non-compartmental methodology was used to calculate the 

pharmacokinetic parameters. The linear trapezoidal rule was used to compute the AUC and 

drug concentration vs. time (h) after pulmonary delivery of pure API, market formulations, 

and nanoparticle formulations were calculated.(175, 176) 

 

6.2.5.   Results and Discussion (14, 96, 172, 173) 

The primary entry point for Mycobacterium tuberculosis, which is found in alveolar 

macrophages, is the lung. To better target the lungs, the current study provides a method for 

delivering the anti-tubercular drugs RIF and QUE using chitosan and PLGA nanoparticles. 

6.2.5.1. Characterization of Chitosan Nanoparticles 

The rotary evaporation technique was applied for the preparation of chitosan nanoparticles. 

According to the preliminary batches results shown in Table 6.13, reveals that the particle 

size was more than 500 nm for both RIF and QUE in each batch. % Entrapment performance 

and % Drug loaded efficiency were determined between 50-80 % indicating that the drug 

was well encapsulated and loaded on polymers. Chitosan is a hydrophilic polymer and it 

gives efficient release of both drugs from 85 to 95 % in 10 h but it’s not sustained for a 

longer period (Fig. 6.17). Polydispersiblity index (PDI) values for all batches were found to 

be near about 0.5 or less than 0.5 indicating that only particles are available in the solution, 

not the fibrous materials. But for targeting pulmonary infection, the particle size should be 

500-600 nm or less than 500 nm to treat an alveolar infection. So, for  RIF and QUE to 

further decrease particle size, optimization was performed by accelerating the rate of 

homogenization. But the particle size was not decreased according to the desirable size (near 

about 500 nm). So, Chitosan polymer was not selected for further study. 

TABLE 6.13 Physicochemical characterization of chitosan nanoparticles 

Components 

 

Preliminary Batches 

C1 C2 C3 C4 C5 C6 

RIF (mg) 100 100 100    

QUE (mg)    100 100 100 

Chitosan (mg) 50 100 150 50 100 150 

Poloxamer 407 (%) 0.4 0.4 0.4 0.4 0.4 0.4 

HSH speed (RPM) 7000 7000 7000 7000 7000 7000 
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Time (min) 10 10 10 10 10 10 

% EE 65 75 79 62 70 76 

% DL 58 64 68 55 65 70 

% DR at 10 h 94.45 90.14 92.78 84.59 86.47 89.87 

Particle size (nm) 3256 5570 2156 1456 3220 1548 

PDI 0.17 0.41 0.50 0.52 0.06 0.55 

 

 

FIGURE 6.17 Dissolution profile of preliminary batches of RIF and QUE using Chitosan polymer. 

 

6.2.5.2. Characterization of PLGA Nanoparticles 

The rotary evaporation technique was applied for the preparation of PLGA nanoparticles. 

According to the preliminary batches results shown in Table 6.14, particle size was found to 

be 486 and 619 nm for P1 and P2 batches for RIF but for QUE it was found to be more than 

500 nm in each batch. % Entrapment performance and % Drug loaded efficiency were 

calculated between 50 - 80 % indicating that the drug was well encapsulated and loaded on 

polymers. PLGA polymer is a biodegradable polymer and shows a slow release of drug in 

dissolution media up to 24 h. and it was found to be 85 to 95 % (Fig. 6.18). Polydispersiblity 

index (PDI) values for all batches were found to be near about 0.5 or less than 0.5 indicating 

that only particles are available in the solution, not the fibrous materials. But for targeting 

pulmonary infection, the particle size should be 500-600 nm or less than 500 nm to treat the 

alveolar infection.  

TABLE 6.14 Physicochemical characterization of PLGA nanoparticles 

Components 

 

Preliminary Batches 

P1 P2 P3 P4 P5 P6 

RIF (mg) 100 100 100    

QUE (mg)    100 100 100 
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PLGA (mg) 50 100 150 50 100 150 

Poloxamer 407 (%) 0.4 0.4 0.4 0.4 0.4 0.4 

HSH speed (RPM) 7000 7000 7000 7000 7000 7000 

Time (min) 10 10 10 10 10 10 

% EE 67 77 80 64 72 78 

% DL 57 62 70 59 64 71 

% DR at 24 h 90.25 93.19 94.78 85.41 89.14 89.87 

Particle size (nm) 486 619 1131 1277 1137 998 

PDI 0.26 0.45 0.51 0.46 0.17 0.57 

 

 

FIGURE 6.18 Dissolution profile of preliminary batches of RIF and QUE using PLGA polymer. 

 

So, for  RIF and QUE to further decrease particle size, optimization was performed by 

increasing the homogenization speed. According to the results shown in Table 6.15, P7 batch 

showed 256 nm particle size, P12 batch showed 257 nm particle size and better drug release, 

entrapment efficiency, and % drug loading efficiency. So, P7 and P12 batch was selected for 

further optimization using 32 full factorial design. 

TABLE 6.15 Physicochemical characterization of PLGA nanoparticles 

Components 

 

Preliminary Batches 

P7 P8 P9 P10 P11 P12 

RIF (mg) 50 100 150    

QUE (mg)    25 50 75 

PLGA (mg) 100 100 100 100 100 100 

Poloxamer 407 (%) 0.4 0.4 0.4 0.4 0.4 0.4 

HSH speed (RPM) 8000 8000 8000 9000 9000 9000 

Time (min) 10 10 10 10 10 10 

% EE 82 75 80 85 84 80 

% DL 64 62 59 64 62 59 
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% DR at 24 h 97.25 94.19 93.78 91.89 88.47 94.78 

Particle size (nm) 256 290 296 508 1963 257 

PDI 0.49 0.50 0.51 0.46 0.59 0.50 

 

6.2.5.3. 32 Full Factorial Design for formulation optimization 

The two-factor, two-level complete factorial design was used to optimize RIF and QUE-

loaded PLGA nanoparticles. There are nine experimental runs in the complete factorial 

design. Tables 6.16 and 6.17 of the RIF and QUE, respectively, describe the proposed model 

of the factors and replies. Understanding the many characteristics of nanoparticles, such as 

dispersion and aggregation, as well as how the particles are absorbed biologically, depends 

greatly on the particle size. The nanoparticles, which are about 350 nm in size, should be 

tiny enough to enhance drug delivery, reduce toxicity, and last longer at the point of delivery. 

It was discovered that there was a rise in entrapment efficiency (%EE) with increasing 

amounts of polymer and cross-linking agent, indicating that at minimum 80% of RIF was 

encapsulated in the nanoparticles. As a result, drug molecules may need a longer time to 

diffuse out of the polymer matrices as polymer solution and crosslinking concentration rise 

because more crosslinked structures of particles are formed. In phosphate buffer pH-7.4 

solution at 37°C, the release patterns of several RIF-loaded nanoparticles were examined. 

All nanoparticle’s showed RIF is released quickly at first, then continuously throughout 

time. As the concentration of the cross-linking agent and polymer increased, more cross-

linked structures were formed, which prolonged the time it took for the medication to diffuse 

out of the matrix of the polymer.  

TABLE 6.16 32 full factorial design domain for RIF 

Batch 

No 

Concentration 

of PLGA (mg) 

Concentration of 

Poloxamer 407 

(%) 

Particle 

size (nm) 

% 

Entrapment 

Efficiency 

% Drug 

release 

1R 150 0.6 1951 89 88 

2R 50 0.4 345 77 92 

3R 150 0.2 191 88 83 

4R 100 0.2 208 75 93 

5R 100 0.6 292 82 96 

6R 50 0.6 195 81 90 

7R 100 0.4 281 80 91 

8R 50 0.2 346 77 93 

9R 150 0.4 235 90 81 

 

Minimum 80% of the QUE was trapped in the nanoparticle and it was found that the 

percentage of entrapped QUE increased as the polymer and cross-linking chemical 
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concentrations increased. Therefore, as polymer concentration and crosslinking agent 

increase due to the formation of more crosslinked structures of particles, drug molecules 

may need more time to diffuse out of the polymer matrix. In pH-7.4 phosphate buffer 

solution at 37 °C, the release patterns of several QUE-loaded nanoparticles were examined. 

All nanoparticle’s showed QUE is released quickly at first, then continuously throughout 

time. As the concentration of the cross-linking agent and polymer grew, more cross-linked 

structures were formed, which prolonged the time it took for the medication to diffuse out 

of the matrix of the polymer. 

TABLE 6.17 32 full factorial design domain for QUE 

Batch 

No 

Concentration 

of PLGA (mg) 

Concentration of 

Poloxamer 407 

(%) 

Particle 

size (nm) 

% 

Entrapment 

Efficiency 

% Drug 

release 

1Q 50 0.6 910 61 87 

2Q 50 0.4 326 63 84 

3Q 150 0.4 345 80 91 

4Q 50 0.2 314 66 86 

5Q 100 0.4 280 85 94 

6Q 100 0.6 1000 84 93 

7Q 150 0.6 826 79 89 

8Q 100 0.2 565 84 96 

9Q 150 0.2 725 78 90 

 

Statistical analysis was done on the particle size, percent entrapment efficiency and in-vitro 

drug releases study. These three elements were regarded as the study's dependent variables. 

With the aid of Microsoft Excel, optimization and analysis were computed.  

ANOVA analysis was determined to be non-significant because the model's p-value is more 

than 0.05 and is 0.7738. The significant impact of the independent factors on the response is 

indicated by the independent factor’s entrapment efficiency (%EE) and drug release (%DR) 

of RIF both having p-values less than 0.05. The p-value for the model, which is > 0.05 and 

shown that the ANOVA analysis for particle size of QUE is not significant, (0.11). Both of 

the independent factors for QUE, entrapment efficiency (%EE) and drug release (%DR), 

have p-values under 0.05, showing a substantial impact on the outcome (Table 6.18). 

TABLE 6.18 The Predicted response models and statistical parameters obtained from ANOVA analysis 

for experimental design 

Response Factors R2 Adjusted R2 F value P value 

RIF 

Particle size (nm)  0.7954 0.4545 2.33 0.7738 

% EE 0.9517 0.8714 11.84 0.00005 

% DR 0.9444 0.8518 10.2 0.000006 
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Response Factors QUE 

Particle size (nm) 0.8322 0.5527 0.11 0.8322 

% EE 0.9961 0.9898 0.00001 0.9961 

% DR 0.9622 0.8992 0.000002 0.9622 

 

A new PLGA-nanoparticle formulation with the desired outcome was designed utilizing a 

predictive optimization process based on the desirability approach. The ideal solutions have 

to meet the following requirements: maximum drug release percentage, maximum drug 

entrapment efficiency, and particle size within the aerosol range (100-500 nm)(Table 6.19).  

TABLE 6.19 Validation Batches of 32 Full-Factorial Design 
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A 50 - 100 0.4 281 0.556 -10.6 81 94.56 

B 50 - 150 0.6 351 0.796 -9.86 84 91.15 

C 50 - 100 1 387 0.716 -9.10 80 93.48 

D - 75 100 0.4 312 0.680 -12.0 79 87.45 

E - 75 150 0.6 311 0.518 -15.8 82 89.14 

F - 75 100 1 278 0.408 -11.0 81 90.24 

       

The optimal formula for RIF-loaded PLGA nanoparticles was with a drug concentration of 

50 mg and a polymer content of 100 mg, 0.4 % Poloxamer 407, High speed homogenizer 

speed: 8000 RPM for 5 min. In the optimized formula for RIF, the measured values for drug 

release, entrapment efficiency, and size of particle were 94.56 %, 81.15 %, and 281 nm, 

respectively. These values were near the expected values (96 %, 85.46 %, and 200 nm). The 

optimal formula for QUE-loaded PLGA nanoparticles was with 75 mg drug and 100 mg 

polymer content, 1 % Poloxamer 407,  High speed homogenizer speed: 9000 RPM for 5 min. 

The measured percentages of drug release, entrapment efficiency and particle size of the 

QUE-optimized formulation were 90.24 %, 81.45 %, and 278 nm, respectively. These values 

were relatively close to the expected percentages of 96 %, 85.46 %, and 200 nm.  

       

OPTIMIZED BATCH FOR RIF 

RIF: 50 mg  

PLGA: 100 mg 

Poloxamer 407: 0.4 % 

High Speed Homogenizer: 8000 RPM 

Time: 5 min  

OPTIMIZED BATCH FOR QUE 

QUE: 75 mg 

PLGA: 100 mg 

Poloxamer 407: 1 % 

High Speed Homogenizer: 9000 RPM 

Time: 5 min  
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6.2.5.4. Aerodynamic behaviour 

To effectively accomplish central and alveolar lung deposition, aerodynamically distributed 

medication particles between 100 and 500 nm in diameter are typically present in powders 

intended for pulmonary delivery. In comparison to pure drug, PLGA-nanoparticles had a 

significantly greater fine particle fraction (FPF). The Fine particle fraction of the RIF 

nanoparticle and the pure drug was found to be 65.48 ± 1.48 % and 29.96 ± 2.45 % 

respectively. Fine particle fraction of QUE nanoparticle and pure drug were found to be 

68.98 ± 2.45 % and 21.46 ± 2.49 % respectively. 

 

FIGURE 6.19 Aerodynamic behaviors of RIF and QUE-loaded PLGA nanoparticles.  

 

These findings suggest that when compared to pure drugs, nanoparticles have better 

aerosolization capabilities. According to European Pharmacopeia, the Emitted Fraction 

should be not less than 75 % of the dose metered in the device and it was 38.2 ± 0.5 mg. Fig. 

6.19 represents the in-vitro deposition of nanoparticles in different stages of the sieve. These 

results indicate that more than 40 % of administered dose reach to alveolar part of the lung. 

 

6.2.6.   Drug excipient compatibility study  

6.2.6.1. Infrared (FT-IR) Fourier transform spectrometry  

The spectra of RIF, QUE, physical mixtures and PLGA-nanoparticles of RIF and QUE are 

shown in Fig. 6.20. Because the positions of the functional groups in the polymer were 

unaffected by the addition of Rifampicin and Quercetin, this study shows that there was no 

discernible difference in the spectra of nanoparticles when compared to the medication 

alone. The lack of changes in the wave numbers of the FT-IR peaks of the nanomaterial that 

are similar to those of a pure drug suggests that the drug and polymer did not interact 

significantly. 
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FIGURE 6.20 Infrared spectra (FTIR) of a: Pure RIF, b: Pure QUE, c: Physical mixture of drug and 

polymer, d: Nanoparticle of RIF, e: Nanoparticle of QUE. 

 

6.2.6.2. Differential scanning calorimetry (DSC) studies 

Fig. 6.21 displays the thermograms for RIF, QUE, physical mixture and PLGA-nanoparticle 

of RIF and QUE. The crystalline nature of the medication is confirmed by the DSC 

thermogram, which shows a clear, recognizable endothermic peak for rifampicin and 

quercetin at 263.18 and 319.22 °C to its melting temperature. An endothermic peak 

completely disappears from the thermogram of the nanoparticle. It was made clear that the 

medication was entrapped in the polymeric matrix by the absence of the endothermic peak. 
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FIGURE 6.21 Thermograms (DSC) of a: Pure RIF, b: Pure QUE, c: Physical mixture of drug and 

polymer, d: Nanoparticle of RIF, e: Nanoparticle of QUE. 

 

6.2.6.3. X-ray Diffractometry of Powder (PXRD)  

RIF appears to be crystalline due to strong peaks at 2 thetas of 11.67, 11.72, 11.77, 11.82, 

and 11.87. The numerous strong peaks at 2 thetas of 11.21, 11.77, 11.87, 12.38, 12.53, and 

13.09 also point to QUE's crystalline character. The above strong peak intensity was reduced 

in the PLGA-nanoparticle of RIF and QUE. This could be because the medication is present 

in an amorphous or entrapped in the polymer. Therefore, the constructive particular sharp 

peaks were missing from the liquisolid formulation's X-ray diffractogram (Fig. 6.22). 
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FIGURE 6.22 PXRD spectra of Pure RIF, Pure QUE, Nanoparticle of RIF, Nanoparticle of QUE. 

 

6.2.7.   Scanning electron microscope research  

By using scanning electron microscopy (SEM), morphological analyses revealed irregularly 

shaped nanoparticles. The images of the PLGA-nanoparticles under SEM are shown in Fig. 

6.23. The RIF nanoparticle size was found to be 548 nm and the QUE nanoparticle was 

found to be 509 nm after the freeze-drying process.  

 

FIGURE 6.23 Scanning electron microscopic images of RIF and QUE nanoparticles. 
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6.2.8.   In-vivo pharmacokinetic study 

The in-vivo pharmacokinetics of pure drug, marketed formulation, and the optimized PLGA-

nanoparticle were assessed after pulmonary administration to determine whether 

encapsulation of RIF and QUE inside nanoparticles could extend the localized activity of 

RIF and QUE in the lung and thereby improve RIF and QUE therapeutic efficacy.  

 

FIGURE 6.24 Drug concentration vs. time profile of RIF after inhalation of pure drug, Marketed 

formulation and Dry powder inhaler formulation. 

 

Fig. 6.24 and 6.25 show the drug concentration vs. time curve after inhalation of pure drug, 

commercial formulation, and nanoparticle in plasma, homogenized lungs and liquid BAL. 

Fig. 6.24 and 6.25 illustrate that drug levels in homogenized lungs and liquid BAL were 

found to be greater than those in plasma. PLGA nanoparticles could also sustain a greater 

drug concentration in the lung for an extended period up to 24 h. On the other hand, 

following administration, a sizable decrease in the level of the pure drug and marketed 

formulation in the lung was seen. This decrease in drug level in the lung was attributable to 

the rapid passage of pure and marketable formulations of RIF and QUE out from the pleural 
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cavity into the bloodstream, which was demonstrated by a concomitant increase in the 

concentration of the drug in the plasma and a drop in concentration of the drug in the lung. 

 

FIGURE 6.25 Drug concentration vs. time profile of QUE after inhalation of pure drug, Marketed 

formulation and Dry powder inhaler formulation. 

 

6.2.9.   Conclusion 

Rotary evaporation was used to successfully create PLGA nanoparticles that were rifampicin 

and quercetin loaded. When used as a DPI for lung administration, the produced nanoparticle 

exhibited the desirable features. Additionally, in vitro aerosol performance tests on the 

improved formulation indicated that the medicine was deposited deep in the lungs. 

Additionally, in vivo tests demonstrated the extended lung residency time and prolonged 

release of the drug from the PLGA-nanoparticle at the infection site (lung), increasing the 

likelihood of effectively treating tuberculosis while also lowering dose frequency. In 

conclusion, the development of inhalable PLGA-nanoparticles containing the anti-tubercular 

drugs rifampicin and quercetin can enhance pulmonary targeting and, as a result, may be a 

viable option for effectively eliminating mycobacteria while improving patient adherence to 

therapy. 
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7. SUMMARY AND CONCLUSION 

Mycobacterium tuberculosis, a life-threatening disease, is caused by pulmonary droplets 

from active respiratory illness. Anti-tuberculosis medications can cause hepatotoxicity, 

leading to liver failure and death. These adverse effects can result in treatment failure and 

antibiotic resistance. RIF has a bioavailability of 50-60%, requiring increased doses to 

produce desired biological activity. This can lead to resistant TB strains, protracted therapy, 

lack of patient compliance, immune system impairment, and lung tissue destruction. To 

improve bioavailability and reduce adverse effects, Quercetin, an aglycone derivative of 

flavonoid glycosides found in citrus fruits, was investigated for its antioxidant, anti-

inflammatory, anti-radical, anti-atherosclerotic, and anti-tuberculosis properties. Quercetin 

has been proven for its anti-tubercular potential; hence quercetin can not only enhance the 

bioavailability of rifampicin but also can act as bio-enhancer as per published literature. The 

research encompasses development of analytical methods, bio-analytical methods and 

formulation development for combination of RIF and QUE. Firstly, three analytical 

methods, including Q absorption ratio UV spectrophotometric method, PLS chemometric 

UV spectrophotometric method and HPTLC method were developed and validated for this 

new combination. Secondly, two bio-analytical methods, UPLC-MS/MS and RP-HPLC-

UV, were developed and validated according to ICH M10 guidelines. Lastly, the research 

also focuses on the optimization and evaluation of a combined RIF and QUE liqui-solid 

compact and dry powder inhaler formulation for pulmonary tuberculosis along with 

pharmacokinetic study.  

The study developed a Q-absorbance ratio spectrophotometric and chemometric assisted 

partial least square regression method for simultaneous estimation of RIF and QUE in three 

different dissolution media: 0.1 M HCl, pH-6.8 and pH-7.4 phosphate buffer. The method 

was validated according to the ICH Q2(R2) guideline. The Q-absorbance ratio 

spectrophotometric method was validated for accuracy, linearity, precision, detection limits, 

and quantification limits. It showed linearity between 2-12 µg/ml and calculated drug 

concentrations using the absorbances proportion at the Quercetin's λmax and isoabsorptive 

point. Recovery trials using the conventional addition methodology further confirmed the 

accuracy and validity of the suggested method. The chemometrics assisted PLS 

spectrophotometric method with wavelength spacing of 15 nm in hydrochloric acid and 

phosphate buffer pH-6.8 and pH-7.4 were used to compare and contrast the analytical 

capabilities of various chemometric techniques. 
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A high-performance thin layer chromatographic method was developed for simultaneous 

estimation of RIF and QUE using aluminum plates precoated with silica gel 60 F254 and 

chloroform : methanol : formic acid : ethyl acetate : benzene as the optimized mobile phase. 

The fractional factorial design was applied for robustness study, and it was found that the 

volume of ethyl acetate affected the Rf of both drugs, resulting in stricter control of ethyl 

acetate volume compared to other three variables. The linear concentration range was 100-

600 ng/band for both drugs, and the % recovery ranged between 95.25% and 96.71% for 

Rifampicin and 95.33 %–96.86 % for Quercetin. 

The UPLC-MS/MS bioanalytical method was developed and validated for quantitative 

analysis of RIF and QUE in rat plasma. The UPLC Acquity C18 column and 0.5 ml/min were 

used to separate the analyte, with methanol and acetonitrile as the mobile phase. Isoniazid 

was used as an internal standard. The UPLC-MS/MS method was validated for precision, 

accuracy, linearity, specificity, and extraction recovery, and the method's suitability for 

determining the pharmacokinetic profile of each drug was tested. The reversed-phase high-

performance liquid chromatography (HPLC) method using protein precipitation extraction 

technique was developed for quantitative determination of Rifampicin and Quercetin in rat 

plasma, BAL fluid, and lung's homogenate. Ofloxacin was used as an internal standard. The 

bioanalytical RP-HPLC-UV method was found to have retention times of 3.54, 5.23, and 

8.18 min for Ofloxacin, Quercetin, and Rifampicin, respectively. 

Liqui-solid compacts containing RIF and QUE were developed to increase dissolution 

profile and GI absorption. Propylene glycol, PEG 200, and Tween 20 were chosen as ideal 

non-volatile liquid carriers due to their increased drug solubility. Avicel pH-102, Aeroperl 

200, and Aerosil 200 demonstrated good liquid retention potential values for solid carrier 

and coating materials. In liqui-solid compact drugs and carrier had no discernible interaction, 

and the crystalline form of the drugs was absent from the liquisolid powders. The improved 

drug dissolving performance in liquisolid systems revealed that the drug had changed into a 

molecular or amorphous state. The capacity of non-volatile liquid vehicles of liquisolid 

systems to increase the gastro intestinal absorption and dissolution rate of Rifampicin and 

Quercetin was disclosed by in-vivo rat pharmacokinetic experiments, which also showed an 

improvement in drug absorption from formulation. The created liquid-solid mixture showed 

improved dissolution characteristics, which increased GI absorption. 
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Dry powder respirable nanoparticles of RIF and QUE were developed and evaluated for 

pulmonary tuberculosis. Poly (lactic acid-co glycolic acid) nanoparticles loaded with 

quercetin and rifampicin were formulated and optimized using a full-factorial approach. 

Morphology, entrapment efficiency, particle size, and drug-excipient incompatibility were 

performed. An Andersen cascade impactor was used to check the optimized formula's 

aerosolization performance. In dry powder inhaler formulation, the entrapment efficiency 

was found to be >75% for both medications, and the optimized nanoparticles of rifampicin 

and quercetin had irregular shapes with particle sizes of 281 and 278 nm, respectively. The 

optimized formula ensured that powders could be inhaled, and the AUC0-24h area under the 

curve for customized nanoparticles was 1.5 times greater than the one for pure medicine. 

The developed dry powder inhaler formulation for the treatment of pulmonary tuberculosis 

has good drug loading, nanosized particle delivery to alveoli, and good trapping. It indicated 

a 24 h delay in the release of RIF and QUE. 

In conclusion, for routine quality control testing of created pharmaceutical formulations of 

RIF and QUE, a straightforward, accurate, and repeatable Q-absorbance ratio 

spectrophotometric, chemometric-assisted PLS, and HPTLC approach was devised. The 

increased surface area and improved wetting from the liquid-solid formulation may be 

attributable to the decreased interfacial tension of the formulation particles. FTIR studies 

revealed that there were no interactions between the drugs and other excipients. DSC and 

XRD investigations show a reduction in the amount of crystalline to amorphous drug form, 

as well as molecular dispersion of drug in carrier. A possible approach to enhancing flow 

property, compressibility, stability, and dissolution is the use of liquid-solid compacts. The 

formulation for a dry powder inhaler has been created successfully. According to the results 

of the morphology and aerosol performance investigations, the formulation demonstrated 

adequate physicochemical and aerodynamic properties for lung delivery.  As a result of the 

ability to maintain drug levels in the lungs, lung targeting is improved, physical and chemical 

stability is increased, and potential tolerability problems related to large dose delivery are 

minimised.  

Future prospects in this field of study include the expansion of liquid-solid technology from 

an industrial standpoint, and the proposed technique is particularly advised for a potential 

industrial scale-up due to its general simplicity, ease of handling, and high cost-

effectiveness. The DPI provides higher compliance and patient convenience, especially for 

combination therapies. To ensure that DPIs are made available that are simpler, user-
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friendly, and independent of patient effort, more work needs to be done. RIF and QUE work 

well together to increase solubility, patient compliance, and targeting pulmonary delivery, 

making it an excellent anti-tubercular therapy. 
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