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ABSTRACT 

Pharmaceutical manufacturers need to validate their cleaning method to make certain compliance with cGMP regulations. 

Minimizing equipment downtime has the capability to affect the performance and economics of pharmaceutical production. The 

important motive of cleaning validation is to show the effectiveness and consistency of cleaning in a given pharmaceutical 

manufacturing equipment to prevent cross contamination and adulteration of drug products with different active factors like 

unintended compounds or microbiological contamination, leads to prevent numerous critical issues and also useful in related studies 

like packaging factor cleaning validation. So, it is vital to validate the cleaning techniques to make certain safety, efficacy, quality 

of the subsequent batches of drug product and regulatory requirements in Active Pharmaceutical Ingredients (API) product 

manufacture. The benefits because of cleaning validation are compliance with federal regulations, identification and correction of 

capacity problems, previously unsuspected that can compromise the safety and efficacy of drug products. Validation is one of the 

important steps in achieving and maintaining the quality of the final product. If each step of production process is validated we can 

assure that the final product Is of the first-rate quality. Validation of the individual steps of the techniques is referred to as the process 

validation. Different dosage forms have distinctive validation protocols. 
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INTRODUCTION 

Validation is a concept that has been evolving constantly since its first formal look with inside the United States in 1978. 

The concept of validation has extended over time to encompass a huge range of activities from analytical techniques used for the 

quality control of the drug substances and drug products to computerized structures for scientific trials. [1] Validation is consequently 

one element of quality assurance related to a precise method, because the method differs so widely, there's no universal approach to 

validation and regulatory our bodies such as FDA and EC who've developed general non-obligatory guide lines. Then phrase 

validation certainly means, ‘assessment of validity’ or action of proving effectiveness. According to European community for 

medicinal merchandise, validation is ‘movement of proving’, according with the concepts of GMP that any procedures, method, 

requirement, material, activity or system actually leads to expected results. [2] 
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GENERAL CONCEPT 

Assurance of product quality is derived from careful interest to variety of factors including choice of quality components 

and materials, adequate product and process design, control of the process, and in-process and end product testing. Due to the 

complexity of today’s medical products, routine end product testing alone often is not sufficient to assure product quality for 

numerous reasons. Some end-products checks have limited sensitivity. [3]  

E.g.: - In a few cases, in which end product testing does not several all variations that may occur in the product, which may have an 

impact on safety and effectiveness, destructive testing is required to reveal that the manufacturing system is adequate. 

 

1.2. US FDA Definition 

Process validation is establishing documented proof which gives an excessive degree of assurance that a specified method 

will continually produce a product assembly it pre-determines specifications and quality characteristics. [4] 

 

1.3. Benefits of Validation 

Processes constantly under control require less process support and will have much less down time. 

• Only fewer batch failures and may function extra efficiently with extra output. 
• In addition, well timed and suitable validation studies will transmit a commitment to 
• product quality, which may facilitate pre-approval inspection & expedite the granting of 
• marketing authorization. 
• Validation makes good business sense. [5, 6]  

 

2. TYPES OF VALIDATION [7, 8] 

2.1. Analytical Validation 

Analytical validation is the evaluation of product excellent attributes through testing, to illustrate reliability is being 

maintained during the product life cycle and that the precision, accuracy, strength, purity and specification has not been compromised. 

 

2.2. Equipment Validation 

Validation of equipments is thought as qualification. Equipment validation is split into installation Qualification (IQ), 

Operational Qualification (OQ), and Performance Qualification (PQ). An IQ files precise static attributes of a facility or item to 

prove that the installation of the unit has been efficiently executed and that the installation specifications of the producer were met. 

After installation it want to be ensured that the equipment can deliver working stages as specified in the purchase order. This is called 

OQ. The PQ’s are concerned with proving that the method being investigated works as it is meant to do. 

 

2.3. Process Validation 

Process validation is “A documented program which gives a excessive degree of assurance that a particular procedure will 

continuously produce a product meeting its predetermined specification and first-rate attributes. [9] 

 

2.4. Concurrent Process Validation 

Building up reported proof that the method is in a situation of manage amid the real utilization of the procedure. This is in 

standard performed through leading in-process testing as well as gazing essential activities amid the manufacture of every generation 

batch. [10]  

⮚ This validation consists of in-process checking of basic preparing steps and item testing.  
⮚ This creates and recorded evidence to illustrate that the generation method is in a situation of the control.  
⮚ In great situations it might be worth not to complete a validation program earlier than routine creation begins.  
⮚ The preference to do simultaneous validation must be advocated, reported and affirmed by the approved work force  
⮚ Documentation requirements for simultaneous validation are equal to indicated for imminent validation.  
⮚ In-process checking of basic preparing steps and final result testing of modern-day creation can supply archived evidence 

to illustrate that the assembling procedure is in a condition of the control. Some of the essential additives for Retrospective 

Validation are:  
⮚ Batches fabricated for a characterized period (least of 10 remaining back to back bunches).  
⮚ A number of parcels discharged every year.  
⮚ Batch estimate/quality/producer/year/time frame.  
⮚ Master producing/bundling records.  
⮚ Current determinations for dynamic materials/completed items.  
⮚ List of process deviations, restorative activities and changes to assembling records.  
⮚ Data for soundness testing for a few clumps. 
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2.5. Retrospective Process Validation 

It is characterized because the built-up reported evidence that a framework does what it implies to do at the audit and research 

of authentic data. Review validation is satisfactory for entrenched techniques and can be unseemly wherein there were ongoing 

changes in the creation of the object, working strategies or equipment. "Valid in-procedure particulars for such qualities can be 

dependable with medication object last details and will be gotten from past satisfactory procedure ordinary and procedure inconstancy 

gauges where conceivable and managed through the utilization of reasonable actual method where suitable. [11] 

⮚ Gather the numerical information from the completed clump report and comprise measure esteems, final result check results, 

and in-technique facts. 
⮚ Organize this information in a sequential grouping as indicated by bunch fabricating information, utilizing a spreadsheet 

organize. 
⮚ Include information from at any charge the final 20– 30 fabricated bunches for research. In the occasion that the amount of 

bunches is under 20, comprise all fabricated clusters and remedy to gather the required range for research.  
⮚ Trim the information by wiping out check effects from noncritical preparing steps and erase all unwarranted numerical data. 
⮚ Subject the ensuing facts to measurable research and assessment 
⮚ Draw ends as regards to the circumstance of manipulate of the assembling technique depending on the examination of 

review validation information. 
⮚ Issue a report of your discoveries (documented proof). 
⮚ Batch measure/quality/maker/year/time span 
⮚ Master fabricating/bundling records. 
⮚ Current particulars for dynamic materials/finished items. 
⮚ List of technique deviations, remedial activities and modifications to assembling records. 
⮚ Data for safety testing for some clumps. 

 

2.6   REVALIDATION 

⮚ It is the redundancy of the validation method or a part of it. This is completed when there is any change or substitution in 

definition, hardware plan or site area, clump measure and on account of successive bunches that don't meet object info and 

is moreover completed at specific time interims in the event of no progressions. [11]  
A part of the progressions that require validation are as per the following: 

⮚ Changes in crude materials (physical properties, for example, thickness, consistency, molecule estimate appropriation and 

dampness and so on that can affect the system or object). 
⮚ Changes in bundling material (critical compartment/end framework) 
⮚ Changes all the while (e.g., mixing time, drying temperatures and group degree) 
⮚ Changes withinside the tools (e.g., enlargement of programmed discovery framework). Changes of hardware which 

encompass the substitution of gear on a "like for like" premise would not ordinarily require re-validation apart from this 

new gear have to be qualified. 
⮚ Change in definition, system or nature of pharmaceuticals fixings. 
⮚ A most important change of process parameters. 
⮚ Change in site. 
⮚ On the appearance of negative quality patterns. 
⮚ Changes in the plant/facility 

 

3.0    THE REGULATORY BASIS FOR PROCESS VALIDATION 

⮚ The concept of process validation from its beginnings in themid-1970s through the executive perspectives associated with 

contemporary extraordinary assembling practice (cGMP) guidelines and the application thereof to exceptional logical, 

quality affirmation, pilot plant, creation, and sterile item and strong dose shapes contemplations. 
⮚ The essential requirements of value confirmation have as their objective the creation of articles that are healthy for planned 

use. 
⮚ These standards might be expressed as pursues. 
⮚ Quality, Safety and adequacy must be planned and worked into the object. 
⮚ Quality cannot be reviewed or attempted into the completed object. 
⮚ Each progression of the assembling procedure must be controlled to amplify the likelihood that the completed object meets 

all of the quality and structure detail. USFDA characterized manner validation as "Building up mentioned proof, which 

offers a excessive stage of confirmation that an explicit procedure will reliably create an object meeting its pre-decided 

details and quality characteristics" [12] 
 

4.0    TECHNIQUE FOR INDUSTRIAL PROCESS VALIDATION OF SOLID DOSAGE FORMS 

⮚ The technique selected for process validation need to be simple and clear. The accompanying 5 factors deliver a procedure 

for process validation: 
⮚ The utilization of various loads of crude materials need to be incorporated. i.e., active medication substance and major 

excipients. 
⮚ Groups need to be stored running in development and on various days and movements (the last condition, if fitting). Clusters 

need to be fabricated in the hardware and offices assigned for inevitable business generation. 
⮚ Basic method elements ought to be set inside their working extents and ought not to surpass their upper and lower manage 

limits amid process task. Yield reactions ought to be well internal finished item determinations. 
⮚ Inability to meet the necessities of the Validation convention regarding method information and yield control need to be 

exposed to process requalification and resulting revalidation following an exhaustive investigation of process facts and 

formal speak by the validation group. [13] 
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5.0 RULES FOR PROCESS VALIDATION OF SOLID DOSAGE FORMS 

Various variables ought to be considered as when developing and approving strong measurements shapes. As a method for 

giving an expansive diagram of those validation criteria, the accompanying agenda/rule is accommodated tablets and dry-filled 

containers for consideration in an inside and out validation program. A component of these unit responsibilities won't be suitable for 

every strong measurement frame. [14] 

 

6.0    TYPICAL INSTRUMENTAL TECHNIQUES 

The methods of estimation of drugs are separated into physical, chemical, physicochemical and biological categories. Of 

these methods, usually physical and physicochemical methods are used and the most of the physical methods pertaining to analysis 

engross the studying of the different physical properties of a substance. They are determination of the solubility, transparency or 

degree of turbidity, colour, density or particular gravity (for liquids), melting, freezing, boiling factors and moisture content. 

Physicochemical methods [15, 16] are utilized to examine the physical phenomena that happened because of chemical reactions. In the 

Physicochemical methods Optical (Refractometry, Polarimetry, Emission Spectrophotometry and Nephelometry or Turbidometry), 

Electrochemical (Potentiometry, Amperometry and Polarography) and Chromatography (Paper, Column, Thin Layer [17], Gas 

Liquid Chromatography [18] High Performance Liquid Chromatography [19, 20] methods are usually preferable. Methods involving 

nuclear reaction like Nuclear Magnetic Resonance happened to be extra popular. GC-MS combination is one of the prominent 

effective equipment available. The chemical methods include the volumetric and gravimetric procedures, that are mainly depend 

upon complex formation, acid – base and redox reactions. Titrations in complexometry and non-aqueous media were substantially 

utilizing in pharmaceutical analysis whenever the sensitivity at mg level is enough and the interferences are negligible. The modern 

methods (HPLC, UPLC, GLC, GC-MS/MS, LC-NMR and Liquid chromatography– mass spectrometry are the to be had choices for 

assay involving sophisticated equipment, that are especially sensitive, correct and consume very tiny quantity of samples for analysis. 

 

7.0   ANALYTICAL METHOD DEVELOPMENT [21-24] 

When there are no authoritative methods are available, new techniques are being evolved for analysis of novel products. To 

examine the present either pharmacopoeias or non-pharmacopoeias products novel methods are evolved to reduce the value besides 

time for better precision and ruggedness. These techniques are optimized and demonstrated through trial runs. Alternate methods are 

proposed and put into practice to replace the existing technique in the comparative laboratory data with all available merits and 

demerits. 

 

8.0    PURPOSE OF ANALYTICAL METHOD DEVELOPMENT 

Drug analysis reveals the identity characterization & determination of the drugs in combinations like dosage forms & 

biological fluids. During manufacturing technique and drug development the primary reason of analytical techniques is to offer 

information about potency (which may be immediately associated with the requirement of a recognized dose), impurity (associated 

with safety profile of the drug), bioavailability (includes key drug characteristics such as crystal form, drug uniformity and drug 

release ), stability ( which suggests the degradation products ), and effect of manufacturing parameters to make sure that the 

production of drug products is consistent. [25] 

 

9.0 CLEANING VALIDATION PROTOCOLS [26,27,28,29,30,31,32,33,34]  

In the cleaning protocol the cleaning validation must be well described, the validation protocol defines all of the important 

method/ process, equipment, personnel and area which could affect the powerful cleaning. So, a master validation plan must be 

prepared, so one can guide the cleaning validation step by step. While preparing cleaning validation protocol a few factors must be 

considered. 

1. Disassembling of equipment’s, 

2. The pre-cleaning technique that is to be used. 

3. A whole element of cleaning agent which consist of the concentration, volume of cleaning agent required. 

4. The flow rate, pressure, rinsing time and rinsing frequency must be given. 

5. Complexity and designing of equipment. 

6. Training schedule of personnel. 

 

10. Validation protocols should contain [35]  

a) Purpose of the validation study 

b) Responsible person for validation study, like performer and approving authority 

c) Full description of device for use in cleaning which encompass list of devices, make model, capacity 

d) The cleaning cycle and their frequency for any device earlier than and after use 

e) Detailed list of all vital steps to be monitored 

f) Selection of cleaning agent with all detail like solubility of material to be cleaned, safety, product elimination restricts, 

minimum temperature and quantity of cleaning agent 

g) Detailed Sampling procedure 

h) Type of sampler 

i) Volume/amount of sample 

j) Containers for sample 

k) Sampling location 

l) Sample handling 

m) Sample storage 

n) Analytical checking out manner with LOD (restrict of detection) 

o) The rational recognition standards with margin of blunders and sampling efficiency 
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p) Change control. 

q) Approval of protocol earlier than the study 

r) Deviation 

 

11.0 CLEANING AGENT [34]  

Cleaning agent is used for cleaning purpose; it can be a aggregate of detergent and water or different agent like chelating sellers. 

It ought to have excessive solubility toward the product to be removed. The properties of cleansing agents are given below. 

a) It ought to not degrade the product 

b) It ought to be compatible with the equipment. 

c) It ought to not purpose environment hazardous. 

d) It ought to not be a contaminant of subsequent product. 

e) It ought to without problems detachable and easily available and non-toxic. 

 

Some example of solvent given below - 

1. Water is well-known solvent that's utilized in aggregate with surfactants. 

2. Organic solvent like acetone, methanol, ethyl acetate also is used. 

3. We can use aqueous answer of sodium lauryl sulphate or sodium dodecyl sulfate. 

4. The chelants solvents also can be used. (ethylene diamine tetra acetic acid, nitrilo tri acetic acid, sodium hexa meta 

phosphate /base sodium hydroxide, potassium hydroxide) 

5. We also can use a few acids as an instance glycolic acid, citric acid etc.  

6. The oxidant also can be used as an instance sodium hypochlorite, hydrogen peroxide. 

 

12.0 CLEANING VALIDATION PROGRAMME [34]  

1. Selection of cleaning Level (Type) 

2. Selection of cleaning method 

3. Selection of sampling method 

4. Selection of scientific basis for the contamination limit (acceptance criteria) 

5. Selection of Worst case associated with the equipment 

6. Selection of Worst case associated with the product 

7. Establishing the storage duration after cleaning (keep time study) 

8. Selection of analytical method 

 

13.0 BASIC CONCEPT OF PROCESS VALIDATION 

1. Calibration, verification and maintenance of procedure equipment. 

2. Prequalification or revalidation. 

3. Establishing specifications and overall performance characteristics. 

4. Selection of methods, procedure and equipment to make certain the product meets specifications. 

5. Qualification or validation of procedure and equipment. 

6. Testing the final product, the use of validated analytical methods, on the way to meet specifications. 

7. Challenging, auditing, monitoring or sampling the recognized crucial key steps of the process. [36]  

 

14.0 NEED OF VALIDATION 

1. It would not be possible to use the equipment’s without understanding whether or not it's going to produce the product we 

desired or not. 

2. The pharmaceutical industry uses expensive materials, sophisticated facilities & equipment’s and incredibly certified. 

personnel. 

3. The efficient use of those assets is vital for the continued success of the industry. The value of product failures, rejects, 

reworks, and recalls, complaints are the significant elements of the whole production value. 

4. Detailed examine and manipulate of the manufacturing process- validation is vital if failure to be reduced and productivity 

improved. 

5. The pharmaceutical industries are concerned about validation due to the following reasons. 

6. Assurance of quality. 

7. Cost reduction. 

8. Government regulation. [37,38] 

 

15.0 STAGES OF PROCESS VALIDATION 

The three stages of process validation are; 

 

Stage 1 – Process Design: The commercial manufacturing procedure is described during this level based on information gained via 

improvement and scale-up activities. 

 

Stage 2 – Process Qualification: During this level, the procedure design is evaluated to decide if the procedure is capable of 

reproducible commercial production. 

 

Stage 3 – Continued Process Verification: Ongoing assurance is gained during routine production that 
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Figure 1: - Process Validation in Pharmaceutical Industry 

 

Stage 1 includes performing process understanding research to set up all process parameters, determining which parameters are 

critical, and executing supporting validation research. Process design is the interest of defining the commercial production system 

that will be reflected in deliberate master manufacturing and manage records. The aim of this stage is to design a technique suitable 

for ordinary industrial production which could continually supply a product that meets its quality attributes. 

 

Stage 2 consists of the overall performance of three consecutive runs on the meant industrial scale. During the system qualification 

(PQ) degree of system validation, the system layout is evaluated to decide if it is able to reproducible industrial manufacture. 

This stage has elements: (1) layout of the ability and qualification of the device and utilities and (2) system overall performance 

qualification (PPQ). During Stage 2, CGMP compliant methods should be followed. Successful final touch of Stage 2 is vital earlier 

than industrial distribution. Products synthetic at some stage in this stage, if acceptable, may be released for distribution. 

 

Stage 3 is the continued assessment of process overall performance through existence cycle qualification and control of process 

changes. The aim of the third validation stage is chronic assurance that the system remains in a state of manage (the verified nation) 

at some stage in industrial manufacture. A system or systems for detecting unplanned departures from the process as designed is 

essential to perform this aim. Adherence to the CGMP requirements, specifically, the collection and evaluation of information and 

information approximately the performance of the process, will allow detection of undesired process variability. [39,40] 

 

16.0 VALIDATION TEAM 

A multidisciplinary team is basically responsible for carrying out and supervising validation studies. Personnel certified by 

training and experience in a relevant discipline may also behavior such studies. The operating party would commonly consist of the 

following staff members such as;  

● Head of first-rate assurance. 
● Head of engineering. 
● Validation manager. 
● Production manager. 
● Specialist validation discipline: all areas. [41] 

 

17.0  VALIDATION REPORT 

A written report needs to be available after completion of the validation. If discovered acceptable, it needs to be approved and 

authorized (signed and dated). The file needs to encompass as a minimum the following: · 

● Title and goal of study. 
● Reference to protocol. 
● Details of material. · 
● Equipment. 
● Programmes and cycles used. 
● Details of strategies and take a look at methods. 
● Results (as compared with attractiveness standards). · 
● Recommendations at the restriction and standards to be carried out on future foundation. [42] 

 

18.0  PROCESS OF VALIDATION PHASE 

Operational Qualifications: Operational qualification ensures that installed device/tool will characteristic perfectly according to 

its operation specification in the mention environmental situations. It additionally checks that the device characteristic perfectly to 

satisfy pre-assigned performance standards and make certain how the checking out results are recorded. The purpose of the 

operational qualification is to make certain that all the dynamic conditions nicely observe original (URS) design. For verification, it 

consists of traceable electric stimulators and standards which verify that equipment is processing successfully as required. 

Operational qualification gave excessive degree of assurance that the device functionally verifies compliance of manufactures 

specifications and consumer required specifications (URS). Operational qualification is also called process validation that it ensures 

the processing of the device from the consumer and manufacturer point of view with proper documentation verification [43] 
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Documentation for operational validation includes:  

● Finalized and authorized operations (functions checking out) 
● Certified calibrations 
●  System stability test results 
● Applications of S.O.P.s 

Performance Qualification: Performance qualification ensures that the device continuously performs capabilities according 

to the mentioned specification which appropriates to its daily/normal use. It is a documented verification technique which verifies 

that each one factors of facility, utility, and usual overall performance of equipment meeting pre-assigned attractiveness standards 

from consumer requirement specification (URS) and manufactures specifications. Performance qualification is completed under 

managed situations that are just like daily sample analysis and it is carried out on daily basis (at least repeated after a week) while 

tool is used or functioning performed. It is also known as system suitability testing, its sorting out frequency is quite higher than that 

of operational qualification. The test frequency depends not only on functioning of equipment but also on the stability of every unit 

of entire machine which contributes to the analysis result. [44] 

Documentation for performance validation includes: 

● Performance qualification report 
● Process stability testing reports (long-term productivity) 
● Acceptance of the product record (costumers reviews) 
● Actual product and process parameters documentations. 
● Routinely accomplished test results documentation. 
● Re-validation:  

The overall performance of re-validation is done while the operating system and machine have been changed in a few ways 

because of any reason. Revalidation of the equipment is very useful in retaining the validation status of the system and 

entire system which work as a unit. The process of revalidation is also used for the periodic checking of the validation as 

per the government guidelines. [45,46,47] 

   

18.0 CONCLUSION 

Pharmaceutical validation is the most essential and recognized parameters of cGMP. Validation requires the buildup of 

documentary proof regarding a process, object or equipment’s or facility. The pharmaceutical industry must be free any infection or 

cross contamination, it would be secure for the consumer. With the help of cleaning validation any branch of pharmaceutical industry 

can achieve excessive degree of assurance concerning the cleaning. Validation is the most typical word in the place of drug 

development, production and specification of completed products. Pharmaceutical validation which includes assay validation, 

cleaning validation, equipment validation as well as the overall process. 

 

REFERENCES 

1. Sree Ramamurthy, and Saravanakumar, M. Validation, The Eastern Pharmacist, 1997; 11:476.  

2. Don Armbruster and Thomas Feldsien, Applying HACCP to pharmaceutical process Validation. Pharmaceutical 

Technology, 2000; 24(10):170 - 178. 

3. K.Harisudha, G.Lavanya, M.M. Eswarudu, M. Chinna Eswaraiah, B.Naga Spandana And M.Sunil. An Overview on 

Pharmaceutical Process Validation. Int. Res J Pharm. App Sci., 2013; 3(1): 165-168. 

4. Robert A Nash and Alfred H Wachter, Pharmaceutical Process Validation, Third Edition, volume 129, Marcel Dekker, Inc, 

New York, 2003:159-180.  

5. Rahul Paruchuri, Shagun Trivedi, Gargeyi Pavuluri, Prasanthi B and Senthil Kumar M.Process Validation of Finasteride 

Tablets. International journal of pharmaceutical, chemical and biological sciences. 2012, 2(1): 11-28.6.  

6. WHO guideline on GMP requirement, part 2-Validation. WHO Geneva, Page no: 1-25, 1997.  

7. Center for drug, Drug Evaluation and research, center for Biologics Evaluation and Research, and center for devices and 

Radiological health food and Drug Administration “Guideline on general principles of process validation”, May 1987, page 

no: 1-14.  

8. Ira R. Berry and Robert A. Nash. “Pharmaceutical process validation”, second edition, page no: 168-280.  

9. Guidelines for Process Validation of Pharmaceutical Dosage Form – Saudi Food & Drug Authority; Version 2; February, 

1992. 

10. Agalloco J. Validation: an unconventional reviewand reinvention. PDA J Pharm Sci Tech, 1995; 49: 175-179.  

11. Aleem H, Zhao Y, Lord S, McCarthy T, Sharratt P. Pharmaceutical process validation: an overview. J Proc Mech Eng, 

2003; 217: 141-151. 

12. Lambert J. Validation Guidelines for Pharmaceutical Dosage Forms. Health Canada / Health Products andFood Branch 

Inspectorate, 2004; 7-15 

13. Lingnau J. Optimization and Validation of Manufacturing Processes. Drug DevInd Pharm, 1989; 15: 1029-1046.  

14. Nash RA, Wachter AH. Pharmaceutical Process Validation. 3rd ed. New York: Marcel Dekkar Inc; 2003. pp. 760-792 

15. H.H. Willard, L.L. Merrit, J.A. Jr. Dean, and F.A. Jr. Settle, Instrumental Methods of Analysis (CBS Publishers, New Delhi: 

1986).  

16. R.A. Day, and A.L, Underwood, Quantitative Analyses, (5th Ed., Prentice Hall, New Delhi: 1986).  

17. Macek and Karel, Pharmaceutical Applications of Thin Layer and Paper Chromatography, 62(6) 1972,1032.  

18. G. Ramana Rao, S.S.N. Murthy, and P. Khadgapathi, Gas Chromatography to Pharmaceutical Analysis, Eastern Pharmacist, 

30(353), 1987, 35.  

19. G. Ramana Rao, S.S.N. Murthy, and P. Khadgapathi, High Performance Liquid Chromatography and its Role in 

Pharmaceutical Analysis, Eastern Pharmacist, 29(346), 1986,53.  



www.ijcrt.org                                                            © 2023 IJCRT | Volume 11, Issue 4 April 2023 | ISSN: 2320-2882 

IJCRT2304765 International Journal of Creative Research Thoughts (IJCRT) g96 
 

20. C.S.P. Sastry, T.N.V. Prasad, and E.V. Rao, Recent applications of High Performance Liquid chromatography in 

Pharmaceutical analysis, Indian J. Pharm. Education, 21 (37),1987. 

21. Ravisankar P, Gowthami S, and Devala Rao G, A review on analytical method development, Indian journal of research in 

pharmacy and biotechnology, 2(3), 2014, 1183-1195.  

22. Ravisankar P, Rajyalakshmi G, Devadasu Ch, and Devala Rao G, Instant tips for right and effective approach to solve HPLC 

trouble shooting, Journal of chemical and pharmaceutical sciences. 7(3), 2014, 259-274.  

23. Jay Breaux, Kevin Jones, and Pierre Boulas, Development services analytical method development and validation 

„Pharmaceutical technology, 27(1), 2003, 6-13.  

24. E. Michael Swartz, and Iras Krull, Analytical method development and validation, CRC press, Marcel dekker, Inc., Madison 

Avenue, New York: 1997.  

25. K. Yuri, and LB. Rosario, HPLC for pharmaceutical scientists, (John Wiley and Sons, Inc., Hoboken, New Jersey, 2007) 

92-98 

26. Lodhi B, Padamwar P, Patel A, Cleaning Validation For The Pharmaceuticals, Biopharmaceuticals, Cosmetic And 

Neutraceuticals Industries, J. Inno. In Pharma. Bio. Sci. 2014, 1 (1), 27-38,  

27. Guidance 018 Equipment Cleaning Validation for Active Pharmaceutical Ingredients. http://www.gm psop.com 

28. Rajpal G, Arya R, Kunwar N. Basic concept of process validation in solid dosage form (tablet): a review. Journal of Drug 

Delivery and Therapeutics, 2016; 6(4):79-87. doi:10.22270/jddt.v6i4.1282  

29. Shayne C G, Pharmaceutical Manufacturing Handbook, Regulations and Quality. Cary, North Carolina: Wiley-Inter 

science, 8(9), 553-554  

30. https://www.gmpsop.com/pdfmanualsamples/Manual_040 Cleaning and Cleaning_ Validation For Formulated 

_Products.pdf  

31. FDA Guide to Inspections Validation of Cleaning Processes, http:// www .fda. gov /ICE CI/ 

Inspections/InspectionGuides/ucm074922.htm  

32. USP 24, The United States Pharmacopoeia, United States Pharmacopeial Convention, Inc., 12601 Twinbrook Parkway, 

Rockville, MD 20852. 

33. Maurya S, Goyal D, Verma C, Cleaning Validation in Pharmaceutical Industry- an Overview, Pharma tutor,2016, 4(9)14-

20  

34. Asgharian R, Mehtarpour F, Heydari H A, Step by Step How to Do Cleaning Validation, IJPLS, 2014, 3345-3366 

35. www.pharmasubject.com/2016/09/cleaning-validationbracketing-worst.html 

36. Nash RA, Wachter AH. Pharmaceutical process validation. 3rd edition New York: Marcel Dekker; 2003: 159-180.Rev Res, 

2010; 4(2): 145-154 

37. US department of Health and Human services, Food and drug administration (FDA), Centre for drug evaluation and research 

(CDER), Centre for biologics evaluation and research (CBER), Centre for veterinary medicine (CVM). Process validation: 

Principles and practices, Guidance for industry; 2008.  

38. Gupta GD, Garg R, Aggarwal S. Guidelines on General principles of validation: solid, liquid and sterile dosage forms, 2008; 

6: 28-33 

39. 39.Levin M. Pharmaceutical scale-up. New York: Marcel Dekker; 2002.  

40. VenkataRaveendranath T, Kumar KK, Madhuri L, Sasaikanth K. Process validation of citalopram hydrobromide tablets. 

Int J Res Pharm Biomed Sci 2010; 1: 109-123. 6 

41. Kumar NL, Moorthy DG, Kumar RS, Sekaran CS. An overview of pharmaceutical validation: quality assurance view point, 

2011; 1(4): 1003-1014 

42. South African Guide to Good Manufacturing Practice. Pretoria: Medicines Control Council, 1996. 

http://www.pharmanet.co.za/mcc/inpectorate/ins71998.htm 

43. Ahir KB, Singh KD, Yadav SP, Patel HS, Poyahari CB. Overview of validation and basic concepts of process validation. 

Sch. Acad. J. Pharm. 2014;3(2):178. 

44. Von Doehren PJ. An approach to the characterization and technical transfer of solid dosage form processes. Pharm. Tech.. 

1982;6(9):139. 

45. Nandhakumar L, Dharmamoorthy G, Rameshkumar S, Chandrasekaran S. An overview of pharmaceutical validation: 

Quality assurance view point. IJRPC. 2011;1(4):1003-14. 

46. Patt M, OCAK M, Behe M, Hjelstuen O, Mindt TL, Todde S, Kolenc Peitl P, Elsinga P, Koziorowski J, Ferrari V. 

Guidance on validation and qualification of processes and operations involving radiopharmaceuticals. 

47. Jindal D, Kaur H, Patil RK, Patil HC. Validation–In pharmaceutical industry: Equipment validation: A brief review. 

Adesh University Journal of Medical Sciences & Research. 2020 Dec 19;2(2):94-8. 

http://www.pharmasubject.com/2016/09/cleaning-validationbracketing-worst.html
http://www.pharmanet.co.za/mcc/inpectorate/ins71998.htm

