Pepsin is an endopeptidase that breaks down proteins into smaller peptides (that is, a protease). It is produced in the stomach and is one of the main digestive enzymes in the digestive systems of humans and many other animals, where it helps digest the proteins in food. Pepsin has a three dimensional structure, of which one or more polypeptide chains twist and fold, bringing together a small number of amino acids to form the active site, or the location on the enzyme where the substrate binds and the reaction takes place. Pepsin is an aspartic protease, using a catalytic aspartate in its active site.
Pepsinogen is a powerful and abundant protein digestive enzyme secreted by the gastric chief cells as a proenzyme and then converted by gastric acid in the gastric lumen to the active enzyme pepsin. The role of pepsin and its precursor in protein digestion was first described in the 19th century. Pepsinogens consist of a single polypeptide chain with a molecular weight of approximately 42,000 Da. Pepsinogens are synthesized and secreted primarily by the gastric chief cells of the human stomach before being converted into the proteolytic enzyme pepsin, which is crucial for digestive processes in the stomach.
Spectrophotometric method for the analysis and assay of pepsin
p-Nitrophenyl sulfite was found to be  a  suitable synthetic substrate for rapid spectrophotometric analysis of  pepsin. When this substrate was incubated with enzyme, the maximal rate of change of absorbance at 320 nm was found to be directly proportional to enzyme concentration. A stock solution of the substrate is prepared by dissolving 10 mg  of  p-nitro-phenyl sulfite in  2  ml of acetonitrile. This solution is kept on ice and is  good for about 3 hr. The assay is  accomplished 
as  follows: 100 µL of the stock substrate solution are pipetted into 10 ml of  a  0.01 M glycine hydrochloride buffer, pH 1.9, at 25 C,  giving a  final substrate concentration of 1.5  X 10-4 M. 
Values of pH between 1.8 and 2.0 produced maximal rates of enzymatic hydrolysis. Thus, pH 1.9 was  chosen for this study. A  slight turbidity indicates that the substrate is not yet  hydrolyzed and may be  used for the assay. Since this working substrate solution is  completely hydrolyzed in  8 min, the following operations are accomplished as quickly as possible. A  reference cuvette is  filled with the working substrate solution and 3 ml of the same solution are added quickly to the sample cuvette. From 1  to  10 µg of pepsin (5 to  100 µL of gastric specimen, depending upon the pepsin concentration) are added to the sample cuvette and both cuvettes are  placed immediately in  a dual beam spectrophotometer with a  cell  chamber maintained at 25 C  (a  Beckman DBG equipped with a graphing recorder and a Haake constant temperature water bath was used in  this study). The p-nitrophenol liberated during the decomposition of the substrate due only to enzymatic hydrolysis is measured by recording the rate of change of absorbance at 320 nm. This is  done most easily with a  graphing recorder, but good results can be obtained by manually recording the absorbance every 10  sec.
Monoamine oxidases (MAO) are a flavin adenine dinucleotide (FAD)-containing enzyme that catalyze the oxidation of monoamines, employing oxygen to clip off their amine group. That is, it catalyzes the oxidative deamination of biogenic and xenobiotic amines. They are found bound to the outer membrane of mitochondria in most cell types of the body. The first such enzyme was discovered in 1928 by Mary Bernheim in the liver and was named tyramine oxidase. The MAOs belong to the protein family of flavin-containing amine oxidoreductases. MAOs are important in the breakdown of monoamines ingested in food, and also serve to inactivate monoamine neurotransmitters. Because of the latter, they are involved in a number of psychiatric and neurological diseases, some of which can be treated with monoamine oxidase inhibitors (MAOIs) which block the action of MAOs. Monoamine oxidases (MAOs) also catalyze the breakdown of monoamine neurotransmitters including dopamine, serotonin, and epinephrine. Inhibition of MAO-B, the predominant isoform in the human brain, is a therapeutic strategy for treating Parkinson’s disease, and the drug rasagiline is clinically approved to relieve symptoms.
             MAO exists as two isoforms (MAO-A and MAO-B), according to their substrate specificity and sensitivity to specific inhibitors. MAO-A preferentially oxidizes norepinephrine (NE) and serotonin (5-hydroxytryptamine, 5-HT). In contrast, MAO-B mainly oxidizes phenethylamine (PEA) and benzylamine. MAO-A and MAO-B are widely expressed in most tissues at different concentrations. Since amine neurotransmitters are metabolized extensively byMAO in the CNS system, an increase in MAO expression or activity may be related to depression, Parkinson's disease and Alzheimer's disease. At present, selective MAO-A and MAO-B inhibitors have been used to treat the aforementioned and other diseases.
DNPH spectrophotometry (2,4-dinitrophenylhydrazine spectrophotometry) for MAO assay
The DNPH spectrophotometry reported by Basha was modified to detect MAO activity. The assay mixtures (1.5 ml) contained potassium phosphate buffer (pH 7.60, 25 mM), 200 ml of MAO protein homogenates and benzylamine (for detecting MAO-B), or 5-HT, (5-hydroxytryptamine) (for detecting MAO-A). The solution was incubated for 20 min at 37C before adding 200 ml of 0.016 M benzylamine in buffer or 150ml of 0.02 M 5-HT and the incubation was continued for 60 min. Next, 400ml of 2 M DNPH in 1 M HCl was added. After incubation for 40 min at room temperature, 2 ml of 1.25 M NaOH containing 5 g/l of Triton X-100 was added; and the reaction mixture was kept for an additional 30 min at room temperature. Finally, absorption was measured by a spectrophotometer at 465 nm and 425 nm for MAO-B and MAO-A, respectively. The activities of MAO-A and MAO-B were determined by UV-Vis spectrophotometry.
Tyrosinase, which belongs to a protein family having the catalytic center formed by dinuclear type-3 copper, catalyzes the orthohydroxylation of monophenol and the subsequent oxidation of the diphenolic product to the resulting quinone. The quinone product is a reactive precursor for the synthesis of melanin pigments. Tyrosinase, which is contained in vegetables, fruits, and mushrooms, is a key enzyme in the browning that occurs upon bruising or long-term storage. In mammals, the enzyme is responsible for skin pigmentation abnormalities, such as flecks and defects. Thus, tyrosinase is quite significant in the fields of agriculture and industry. In the cosmetic industry, the development and screening of potent inhibitors of tyrosinase are especially attractive.
Tyrosinase is classified into the type-3 copper protein family, as are catechol oxidase and the respiratory pigment hemocyanin. During the catalytic reaction, the type-3 copper center of tyrosinase exists in three redox forms.178 The deoxy form (Cu(I)–Cu(I)) is a reduced species, which binds oxygen to give the oxy form (Cu(II)–O22−–Cu(II)). 
Analysis
Tyrosinase converts L-Dopa to dopaquinone, which then forms dopachrome. We can measure the formation of dopachrome using a UV/Vis spectrophotometer at 475 nm (extinction coefficient of dopachrome at 475 nm is 3700 M-1cm-1).  This assay is usually monitored for a short time, since the dopachrome eventually forms melanin. Alternatively, you can monitor the reaction for longer times by using a "coupled assay" in which ascorbic acid is added. Dopaquinone (produced by tyrosinase from L-Dopa) causes oxidation of ascorbic acid, and this can be monitored as reduction in absorbance at 265 nm.
Analytical techniques in pharmaceuticals and drugs analysis
Guided by pharmacology and clinical sciences, and driven by chemistry, pharmaceutical research in the past has played a crucial role in the progress of development of pharmaceuticals. The contribution of chemistry, pharmacology, microbiology and biochemistry set a standard in the drug discovery where new drugs are no longer generated only by the imagination of chemists but these new drugs are the outcome of exchange of ideas between biologists and chemists. The process of drug development starts with the innovation of a drug molecule that has showed therapeutic value to battle, control, check or cure diseases. The synthesis and characterization of such molecules which are also called active pharmaceutical ingredients (APIS) and their analysis to create preliminary safety and therapeutic efficacy data are prerequisites to identification of drug candidates for further detailed investigations.
The “compound” which is set to become the drug molecule undergoes safety tests and a series of experiments to prove that they are absorbed in the blood stream, distributed to proper site of action in body, metabolized sufficiently and demonstrate of its non-toxicity. Thus, can be considered safe and successful. Once the compound is finalized the preclinical research i.e. in vitro studies followed by the animal testing to check kinetics, toxicity and carcinogenicity are performed after passing the pre-clinical tests the regulatory authorities grant permission for the clinical trials. The clinical trials checks weather the drug is working on the proposed mechanism or not, its optimum dose and schedule while the last two stages generate statistically important data about the efficacy, safety and overall benefit-risk association of the drug. In this phase the potential interaction of the drug with other medicines is determined and monitors drugs long term effectiveness. After a successful completion of the clinical trials, the drugs are launched in the market for patients.  
In the field of pharmaceutical research, the analytical investigation of bulk drug materials, the intermediates, drug products, drug formulations, impurities and degradation products, and biological samples containing the drugs and their metabolites is a very important. From the commencement of official pharmaceutical analysis, analytical assay methods were included in the compendial monographs with the aim to characterize the quality of bulk drug materials by setting limits of their active ingredient content. In recent years, the assay methods in the monographs include titrimetric, spectrometry, chromatography, and capillary electrophoresis; also the electro analytical methods. From the stages of the drug development to the marketing and post marketing, analytical techniques    plays  a  great  role,  be  it  be  understanding  the  physical  and  chemical  stability  of  the  drug, impact on the selection and design of the dosage form,  assessing the stability of the drug molecules,  quantization  of  the  impurities  and  identification  of  those  impurities  which  are  above  the  established  threshold  is  essential  to  evaluate  the  toxicity  profiles  of  these  impurities,  when applicable and assessing the content of drug in the marketed  products.  The  analysis  of  drug  and  metabolite  which  may  be  either  quantitative  or  qualitative is extensively applied in the pharmacokinetic studies.  

Analytical Techniques
Titrimetric Techniques
Origin of the titrimetric method of analysis goes back to somewhere in the middle of the 18th century. It was the year 1835 when Gay – Lussac invented the volumetric method which subsequently lead to the origin of term titration. Although  the  assay  method  is  very  old  yet  there  are  signs  of  some  modernization,  i.e  spreading  of  non-aqueous  titration  method, expanding the field of application of titrimetric methods to (very) weak acids and bases as  well  as  potentiometric  end  point  detection  improving  the  precision  of  the  methods.  With  the  development of functional group analysis procedures titrimetric methods have been shown to be beneficial  in  kinetic  measurements  which  is  in  tern  applied  in  establishing  reaction  rates. There  are  many  advantages  associated  with  these  methods  which  include  saving  time  and  labor,  high  precision  and  the  fact  that  there  is  no  need  of using  reference  standards.  
Chromatographic Technique
Thin layer Chromatography
Thin layer chromatography is a popular technique for the analysis of a wide variety of organic and inorganic materials, because of its distinctive advantages such as minimal sample clean-up, wide choice of mobile phases, flexibility in sample distinction, high sample loading capacity and low cost. TLC is a powerful tool for screening unknown materials in bulk drugs. It provides a relatively high degree of assertion that all probable components of the drug are separated. The high specificity of TLC has been exploited to quantitative analytical purpose using spot elution followed by spectrophotometric measurement. TLC  plays  a  crucial  role  in  the  early  stage  of  drug  development  when  information  about  the  impurities  and  degradation  products  in  drug  substance  and  drug  product  is  inadequate.
High Performance Thin Layer Chromatography
With the advancement of the technique, high performance thin layer chromatography (HPTLC) emerged as an important instrument in drug analysis. HPTLC is a fast separation technique and flexible abundant to analyze wide variety of samples. This technique is advantageous in many means as it is simple to handle and requires short analysis time to analyze the complex or the crude sample cleanup. HPTLC evaluates the entire chromatogram with a variety of parameters without time limits. Moreover, there is simultaneous but independent development of multiple sample and standards on each plate, leading to an increased reliability of results.
High-performance liquid chromatography (HPLC)
HPLC is an advanced form of liquid chromatography used in separating the complex mixture of molecules encountered in chemical and biological systems, in order to recognize better the role of individual molecules. The specificity of the HPLC method is excellent and simultaneously sufficient precision is also attainable. However, it has to be stated that the astonishing specificity, precision and accuracy are attainable only if wide-ranging system suitability tests are carried before the HPLC analysis. For the reason the expense to be paid for the high specificity, precision and accuracy is also high. 
Gas Chromatography
Gas liquid chromatography commands a substantial role in the analysis of pharmaceutical product. The creation of high-molecular mass products such as polypeptides, or thermally unstable antibiotics confines the scope of this technique. Its main constraint rests in the comparative non-volatility of the drug substances therefore, derivatization is virtually compulsory. Recently, gas chromatography has been used for assay of drugs. Gas chromatography is also an important tool for analysis of impurities of pharmaceuticals. In recent years GC has been applied to estimate the process related impurities of the pharmaceuticals. 
Spectroscopic Techniques 
Spectrophotometry 
Another important group of methods which finds an important place in pharmacopoeias are spectrophotometric methods based on natural UV absorption and chemical reactions. Derivative  spectroscopy  uses  first  or  upper  derivatives  of  absorbance  with  respect  to  
wavelength  for  qualitative  investigation  and  estimation.  The concept  of  derivatizing  spectral  data was first offered in the 1950s, when it was shown to have many advantages. However, the technique received little consideration primarily due to the complexity of generating derivative spectra using early UV-Visible spectrophotometers.    The  introduction  of  microcomputers  in  the  late  1970s  made  it  generally  convincing  to use  mathematical  methods  to  generate  derivative spectra quickly, easily and reproducibly. This significantly increased the use of the derivative technique.  The  derivative  method  has  found  its  applications  not  only  in  UV-spectrophotometry  but  also  in  infrared ,  atomic  absorption,  fluorescence  Spectrometry  and  fluorimetry.  
Near infrared spectroscopy (NIRS) is a rapid and non-destructive procedure that provides multi component analysis of almost any matrix. In recent years, NIR spectroscopy has gained wide appreciation within the pharmaceutical industry for raw material testing, product quality control and process monitoring. 
The use of NMR spectroscopy to screen for the drug molecules, the field of NMR based screening has proceeded promptly. Over the last few years, a variety of state-of-the-art approaches have been presented and found widespread application in both pharmaceutical and academic research. Recently NMR finds its application in quantitative analysis in order to determine the impurity of the drug, characterization of the composition of the drug products and in quantitation of drugs in pharmaceutical formulations and biological fluids.
Florescence spectrometry is one of the techniques that serve the purpose of high sensitivity without  the  loss  of  specificity  or  precision.  A  gradual  increase  in  the  number  of  articles  on  the  application  of  Fluorimetry  and  phosphorimetry  in  quantitative  analysis  of  various  drugs in dosage forms and biological fluids have been noticed in recent past. 
Electrochemical methods 
The application of electrochemical techniques to the analysis of drugs and pharmaceuticals has increased greatly over the last few years. The renewed interest in electrochemical techniques can be attributed in part to more sophisticated instrumentation and to increase understanding of the technique themselves. It includes methods like Voltammetry, Polarography, Amperometry, Potentiometry etc. A large number of electroanalytical methods are available for quantification of pharmaceuticals. The  electrochemical  behavior  of  these  drugs  was  investigated  using  cyclic  voltammetry,  chronocoulometry, electrochemical impedence spectroscopy and adsorptive stripping differential pulse  voltammetry.
Kinetic method of analysis
Kinetic method of analysis has been developing since 1950s and yet in modern days it is taking a major resurgence in activity. The repetitive interest in the kinetic methods can be credited to the advancements made in principles, in automated instrumentation, in understanding the chemical and instrumentation, in data analysis methods and in the analytical application. Multicomponent  kinetic  estimations,  most  often  referred  to  as  differential  rate  methods,  are also receiving wide acceptance in the field of pharmaceutical research. Two new approaches i.e. kinetic wavelength pair method and H-point standard  addition  method have  been  proposed  for  dealing  with  overlapping spectra of components in the binary mixtures.
Electrophoretic methods
Another   important   instrument   essential   for   the   analysis   of   pharmaceuticals   is   capillary   electrophoresis  (CE).  CE  is  a  relatively  new  analytical  technique  based  on  the  separation  of  charged analytes through a small capillary under the impact of an electric field. In this technique solutes are perceived as peaks as they pass through the detector and the area of individual peak is proportional   to   their   concentration,   which   allows   quantitative   estimations.   In   addition   to   pharmaceutical  studies  its  finds  in  application  in  analysis  of  biopolymer  analysis  and  inorganic  ions. CE analysis are generally more effective, can be performed on a quicker time scale, require only  a  small  amount,  lesser  up  to  Nano  liter  injection  volumes,  and  in  most  cases,  take  place  under  aqueous  conditions.  These  four  characteristics  of  CE  have  proven  to  be  beneficial  for  many  pharmaceutical  applications.  
Hyphenated techniques
The coupling of a separation technique and on-line separation technique leads to the development of a hyphenated technique. Last two decade saw a remarkable advancement in the hyphenated techniques and its application in pharmaceutical analysis. Variety of hyphenated techniques such as LC-MS, GC-MS, LC-NMR, CE-ICP-MS and CE-MS have been applied for the analysis of pharmaceuticals. The determination of drugs in biological materials is an important step in drug discovery and drug development. The determination of drugs in biological materials is an important step in drug discovery and drug development. HPLC together with various types of detection such as ultraviolet, fluorescence ,and mass spectrometry has become the method of choice for bioanalytical method development, Recently a review of HPLC with UV or MS/MS` detection is presented for the analysis of meloxicam in biological samples and pharmaceutical formulations. Liquid chromatography-electrospray ionization –mass spectrometry method for the qualitative and quantitative determination of drug metabolites.
