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The Phosphate support was pH 4.5 was improved with cushion blended degree of PH 

4.5(20:80 v/v). Kromosil C18 Fragment (250mm x 4.6mm)5µg or indistinct 

misleadingly associated. The finder at 254 nm. The potential increases method. 

Triprolidine %RSD 0.2  

and Phenylephrine %RSD 0.6. Generally engaging precision for Triprolidine %RSD 

0.2 and Phenylephrine %RSD 0.1 The of Triprolidine and Phenylephrine seen as 

inside limit. The framework was viewed as having research office serious and 

precision. 

KEYWORDS: Kromosil C18  , Triprolidine and  Phenylephrine, RP-HPLC 

 

 

 

 

 

 

http://www.iajpb.com/


ISSN 2347-2251 www.iajpb.com Indo-Am. I. Pharm & Bio.Sc.,2024 
 
                                                                                       Vol. 22, Issue 2, 2024 
    
  

37 

INTRODUCTION 

CHROMATOGRAPHY 

                     

  The term ‘ Chromatography’  covers those processes aimed at the 

separation of the various species of a mixture on the basis of their distribution 

characteristics between a stationary and a mobile phase.  

Modes of Chromatography: 

   Modes of chromatography are defined essentially according to the 

nature of the interactions between the solute and the stationary phase, which may arise 

from hydrogen bonding, Vander walls forces, electrostatic forces or hydrophobic 

forces or basing on the size of the particles (e.g. Size exclusion chromatography). 

Different modes of chromatography are as follows: 

• Normal Phase Chromatography 

• Reversed Phase Chromatography 

• Reversed Phase –  ion pair Chromatography 

• Ion Chromatography 

• Ion-Exchange Chromatography 

• Affinity Chromatography 

• Size Exclusion Chromatography 

 

Reversed Phase Chromatography: 

 

  Since 1960’ s chromatographers started modifying the polar nature of 

silanol group by chemically reacting silica with organic silanes. The objective was to 

make less polar or non polar so that polar solvents can be used to separate water-

soluble polar compounds. Since the ionic nature of the chemically modified silica is 

now reversed i.e. it is non-polar or the nature of the phase is reversed. The 

chromatographic separation carried out with such silica is referred to as reversed- 

phase chromatography. 
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  A large number of chemically bonded stationary phases based on silica 

are available commercially. Silica based stationary phases are still most popular in 

reversed phase chromatography however other absorbents based on polymer (styrene-

di-vinyl benzene copolymer) are slowly gaining ground. 

  The retention decreases in the following order: aliphatics > induced 

dipoles (i.e. CCl4) > permanent dipoles (e.g.CHCl3) > weak Lewis bases (ethers, 

aldehydes, ketones) > strong Lewis bases (amines) > weak Lewis acids (alcohols, 

phenols) > strong Lewis acids (carboxylic acids). Also the retention increases as the 

number of carbon atoms increases. 

   As a general rule the retention increases with increasing contact area 

between sample molecule and stationary phase i.e. with increasing number of water 

molecules, which are released during the adsorption of a compound. Branched chain 

compounds are eluted more rapidly than their corresponding normal isomers. 

 

  In reversed phase systems the strong attractive forces between water 

molecules arising from the 3-dimentional inter molecular hydrogen bonded network, 

from a structure of water that must be distorted or disrupted when a solute is 

dissolved. Only higher polar or ionic solutes can interact with the water structure. 

Non- polar solutes are squeezed out of the mobile phase and are relatively insoluble in 

it but with the hydrocarbon moieties of the stationary phase. 

 

 Chemically bonded octadecyl silane (ODS) an alkaline with 18 carbon 

atoms is the most popular stationary phase used in pharmaceutical industry. Since 

most pharmaceutical compounds are polar and water soluble, the majority of HPLC 

methods used for quality assurance, decomposition studies, quantitative analysis of 

both bulk drugs and their formulations use ODS HPLC columns. The solvent strength 

in reversed phase chromatography is reversed from that of adsorption chromatography 

(silica gel) as stated earlier. Water interacts strongly with silanol groups, so that, 

adsorption of sample molecules become highly restricted and they are rapidly eluted 

as a result. Exactly opposite applies in reversed phase system; water cannot wet the 

non-polar (hydrophobic) alkyl groups such as C18 of ODS phase and therefore does 

not interact with the bonded moiety. Hence water is the weakest solvent of all and 

gives slowest elution rate. The elution time (retention time) in reversed phase 

chromatography increases with increasing amount of water in the mobile phase. 
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Fig-1: Model of HPLC-Waters 

 

Adsorption Chromatography or Normal Phase Chromatography(3,4,5) 

 

  In normal phase chromatography, the stationary phase is a polar 

adsorbent and the mobile phase is generally a mixture of non-aqueous solvents. 

 

 The silica structure is saturated with silanol groups at the end. These OH 

groups are statistically disturbed over the whole of the surface. The silanol groups 

represent the active sites (very polar) in the stationary phase. This forms a weak type 

of bond with any molecule in the vicinity when any of the following interactions are 

present. 

Dipole-induced dipole bonding 

• Dipole-dipole bonding 

• Hydrogen bonding 

• π-Complex bonding 
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  These situations arise when the molecule has one or several atoms with 

lone pair electron or a double bond. The absorption strengths and hence k’  values 

(elution series) increase in the following order- Saturated hydrocarbons < olefins < 

aromatics < organichalogen compounds < sulphides < ethers< esters < aldehydes and 

ketones < amines < sulphones < amides < carboxylic acids. The strength of 

interactions depends not only on the functional groups in the sample molecule but 

also on sterics factors. If a molecule has several functional groups, then the most polar 

one determines the reaction properties. 

 

  Chemically modified silica, such as the aminopropyl, cyanopropyl and 

diol phases are useful alternatives to silica gel as stationary phase in normal phase 

chromatography. 

 

 The aminopropyl and cyanopropyl phases provide opportunities for 

specific interactions between the analyte and the stationary phases and thus offer 

additional options for the optimizations of separations. Other advantages of bonded 

phases lie in their increased homogeneity of the phase surface. 

 

  Resolution with water in weak mobile phase may be most conveniently 

achieved by drying the solvents and then adding a constant concentration of water or 

some very polar modifier such as acetic acid or triethylamine (TEA) to the mobile 

phase. The addition of such polar modifiers serves to deactivate the more polar shape 

as well as the reproducibility of the retention times. 
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Fig-2: Model of HPLC-Spectral 

 

  Chromatographic methods can be classified most practically according 

to the stationary and mobile phases, as shown in the table:  

 

Table-1 : Classification of Chromatographic methods 

 

Stationary 

phase 
Mobile phase Method 

Solid Liquid 

Adsorption column, thin-layer, ion 

exchange, High performance liquid 

chromatography. 

Liquid 

Liquid 

 

Gas 

Partition, column, thin-layer, HPLC, 

paper chromatography. 

Gas –  Liquid Chromatography. 
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  The importance of Chromatography is increasing rapidly in 

pharmaceutical analysis. The exact differentiation, selective identification and 

quantitative determination of structurally closely related compounds are possible with 

chromatography. Another important field of application of chromatographic methods 

is the purity testing of final products and intermediates (detection of decomposition 

products and by-products). As a consequence of the above points, chromatographic 

methods are occupying an ever-expanding position in the latest editions of the 

pharmacopoeias and other testing standards. 

 

  The modern form of column chromatography has been called high 

performance, high pressure, high-resolution and high-speed liquid chromatography. 

 

  High-Performance Liquid Chromatography (HPLC) is a special branch 

of column chromatography in which the mobile phase is forced through the column at 

high speed.  As a result the analysis time is reduced by 1-2 orders of magnitude 

relative to classical column chromatography and the use of much smaller particles of 

the adsorbent or support becomes possible increasing the column efficiency 

substantially.   

 

 

 

Figure 3. Schematic Diagram of a High Performance Liquid Chromatography.               

(1) Solvent reservoirs, (2) Solvent degasser, (3) Gradient valve, (4) Mixing vessel 

for delivery of the mobile phase, (5) High-pressure pump, (6) Switching valve in 

"inject position", (6') Switching valve in "load position", (7) Sample injection 
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loop, (8) Pre-column or guard column, (9) Analytical column, (10) Detector (i.e. 

IR, UV), (11) Data acquisition, (12) Waste or fraction collector. Created by 

Yassne Mrabet. 

 

 The essential equipment consists of an eluent, reservoir, a high-pressure 

pump, and an injector for introducing the sample, a column containing the stationary 

phase, a detector and recorder. The development of highly efficient micro particulate 

bonded phases has increased the versatility of the technique and has greatly improved 

the analysis of multi component mixtures. 

 

  The systems used are often described as belonging to one of four 

mechanistic types, adsorption, partition, ion exchange and size-exclusion. Adsorption 

chromatography arises from interaction between solutes on the surface of the solid 

stationary phase. Partition chromatography involves a liquid stationary phase, which 

is immiscible with the eluent and coated on an inert support. Adsorption and partition 

systems can be normal phase (stationary phase more polar than eluent) or reversed 

phase (stationary phase less polar than eluent). Ion-exchange chromatography 

involves a solid stationary phase with anionic or cationic groups on the surface to 

which solute molecules of opposite charge are attracted. Size-exclusion 

chromatography involves a solid stationary phase with controlled pore size. Solutes 

are separated according to their molecular size, the large molecules enable to enter the 

pores eluting first 

 

The various components of a HPLC system are herewith described. 

 

Solvent container Injection port

Column

Recorder Detector

Effluent

Damping unitPump

 

Fig-4:  Various Components of HPLC  
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System Components: 

Solvent delivery system: 

 

  The mobile phase is pumped under pressure from one or several 

reservoirs and flows through the column at a constant rate. With micro particulate 

packing, there is a high-pressure drop across a chromatography column. Eluting 

power of the mobile phase is determined by its overall polarity, the polarity of the 

stationary phase and the nature of the sample components. For normal phase 

separations eluting power increases with increasing polarity of the solvent but for 

reversed phase separations, eluting power decreases with increasing solvent polarity. 

Optimum separating conditions can be achieved by making use of mixture of two 

solvents. Some other properties of the solvents, which need to be considered for a 

successful separation, are boiling point, viscosity, detector compatibility, flammability 

and toxicity. 

 

  The most important component of HPLC in solvent delivery system is 

the pump, because its performance directly effects the retention time, reproducibility 

and detector sensitivity. Among the several solvent delivery systems (direct gas 

pressure, pneumatic intensifier, reciprocating etc.) reciprocating pump with twin or 

triple pistons is widely used, as this system gives less baseline noise, good flow rate, 

reproducibility etc. 

Solvent degassing system: 

 

 The constituents of the mobile phase should be degassed and filtered 

before use. Several methods are employed to remove the dissolved gases in the 

mobile phase. They include heating and stirring, vacuum degassing with an aspirator, 

filtration through 0.45 filter, vacuum degassing with an air-soluble membrane, helium 

purging ultra sonication or purging or combination of these methods. HPLC systems 

are also provided with an online degassing system, which continuously removes the 

dissolved gases from the mobile phase. 
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Gradient elution devices: 

 

  HPLC columns may be run isocratically, i.e., with constant eluent or 

they may be run in the gradient elution mode in which the mobile phase composition 

varies during run. Gradient elution is a means of overcoming the problem of dealing 

with a complex mixture of solutes.  

Sample introduction systems: 

  Two means for analyte introduction on the column are injection in to a 

flowing stream and a stop flow injection. These techniques can be used with a syringe 

or an injection valve. Automatic injector is a microprocessor-controlled version of the 

manual universal injector. Usually, up to 100 samples can be loaded in to the auto 

injector tray. The system parameters such as flow rates, gradient, run time, volume to 

be injected, etc. are chosen, stored in memory and sequentially executed on 

consecutive injections. 

 

Liquid chromatographic detectors: 

 

 The function of the detector in HPLC is to monitor the mobile phase as it 

emerges from the column. Generally, there are two types of HPLC detectors, bulk 

property detectors and solute property detectors.s 

 

Bulk property detectors: 

 

 These detectors are based on differential measurement of a property, 

which is common to both the sample and the mobile phase. Examples of such 

detectors are refractive index, conductivity and dielectric constant detectors. 

 

Solute property detectors: 
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  Solute property detectors respond to a physical property of the solute, 

which is not exhibited by the pure mobile phase. These detectors measure a property, 

which is specific to the sample, either with or without the removal of the mobile phase 

prior to the detection. Solute property detectors which do not require the removal of 

the mobile phase before detection include spectrophotometric (UV or UV-Vis) 

detector, fluorescence detectors, polarographic, electro-chemical and radio activity 

detectors, whilst the moving wire flame ionization detector and electron capture 

detector both require removal of the mobile phase before detection. 

 

  UV-VIS and fluorescent detectors are suitable for gradient elution, 

because many solvents used in HPLC do not absorb to any significant extent. 

 

Column-packing materials: 

 

  The heart of the system is the column.  In order to achieve high 

efficiency of separation, the column material (micro-particles, 5-10 μm size) packed 

in such a way that highest numbers of theoretical plates are possible.   

                            

 Silica (SiO2 X H2O) is the most widely used substance for the 

manufacture of packing materials. It consists of a network of siloxane linkages (Si-O-

Si) in a rigid three dimensional structure containing inter connecting pores. Thus a 

wide range of commercial products is available with surface areas ranging from 100 

to 800 m2/g. and particle sizes from 3 to 50 µm.   

                    

  The silanol groups on the surface of silica give it a polar character, 

which is exploited in adsorption chromatography using non-polar organic eluents. 

Silica can be drastically altered by reaction with organochloro silanes or organo 

alkoxy silanes giving Si-O-Si-R linkages with the surface. The attachment of 

hydrocarbon change silica produces a non-polar surface suitable for reversed phase 

chromatography where mixtures of water and organic solvents are used as eluent. The 

most popular material is octadecyl-silica (ODS-Silica), which contains C18 chains, but 

materials with C2, C6, C8 and C22 chains are also available. During manufacture, such 

materials may be reacted with a small mono functional silane (e.g. trimethyl chloro 

silane) to reduce further the number of silanol groups remaining on the surface (end-
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capping). There is a vast range of materials which have intermediate surface polarities 

arising from the bonding to silica of other organic compounds which contain groups 

such as phenyl, nitro, amino and hydroxyl. Strong ion exchangers are also available in 

which sulphonic acid groups or quaternary ammonium groups are bonded to silica. 

The useful pH range for columns is 2 to 8, since siloxane linkages are cleaved below 

pH-2 while at pH values above eight, silica may dissolve. 

  

 In HPLC, generally two types of columns are used, normal phase 

columns and reversed phase columns. Using normal phase chromatography, 

particularly of non-polar and moderately polar drugs can make excellent separation. It 

was originally believed that separation of compounds in mixture takes place slowly by 

differential adsorption on a stationary silica phase. However, it now seems that 

partition plays an important role, with the compounds interacting with the polar 

silanol groups on the silica or with bound water molecules.  

  

 While normal phase seems the passage of a relatively non-polar mobile 

phase over a polar stationary phase, reversed phase chromatography is carried out 

using a polar mobile phase such as methanol, acetonitrile, water, buffers etc., over a 

non-polar stationary phase. Ranges of stationary phases (C18, C8, -NH2, -CN, -phenyl 

etc.)  are available and very selective separations can be achieved. 

 

2.2. METHOD DEVELOPMENT:(6,7,8,9) 

  

 Analytical method is a detailed description of different steps necessary to 

perform analytical tests which may include preparation of samples, reagents, use of 

apparatus, generation of calibration curve and use of formulae for calculations. 

 

             Analytical method development is required to analyze Herbal Products, New 

process & reactions, New molecules, Active ingredients(Macro analysis), 

Residues(Micro analysis), Impurity profiling etc., .  

                      

USP has published specific guidelines for method validation for compound 

evaluation. USP defines eight steps for validation 
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o Accuracy 

o Precision 

o Specificity 

o Limit of detection 

o Limit of quantitation 

o Linearity and range 

 

                     

 Analytical Methodology provides the following to an analyst; 

➢ The required data for a given analytical problem 

➢ Required sensitivity 

➢ Required Accuracy 

➢ Required Range or analysis 

➢ Required Precision  

                  

These are the minimum requirements of the specifications of the method for the intended 

purpose. The steps of method development consist of the following steps which are common 

to most types of projects:  

➢ Method development plan definition 

➢ Background information gathering 

➢ Laboratory method development 

➢ Generation of test procedure 

A method should be developed with the goal to rapidly test preclinical samples, formulation 

prototypes and commercial\ 
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DRUG PROFILE 

TRIPROLIDINE 

CAS NO                        :  486-12-4 

 

IUPAC name                 : 2-[(1E)-1-(4-methylphenyl)-3-(pyrrolidin-1-yl)prop-1-en-1-

yl]pyridine 

Molecular formula         : C19H22N2 

Molecular weight           : 278.3914 g/mol.  

PHENYLEPHRINE 

Iupac name              : 3-[(1R)-1-hydroxy-2-(methylamino)ethyl]phenol 

CAS NO                    :  59-42-7 

                                                                              

Molecular formula         : C9H13NO2 

Molecular weight           : 167.205 g/mol. 
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3. LITERATURE REVIEW 

1) A.B.N. Nageswara Rao et al.; Developed an exact, particularly interesting, cautious and 

reproducible isocratic RP-HPLC strategy was made and following embraced for the 

organized evaluation and tablet segment structures. The 1.0 ml/min and UV disclosure at 

225nm. The hour of Triprolidine and Phenylephrine were viewed as 3.34 min and 4.75 min 

autonomously. Support limits like precision, and region methodology showed the assessment 

of mass and dynamic medicine present in tablet segment. 

 

4.AIM AND OBJECTIVE 

  The creating audit reveals that few HPLC systems for the examination 

Triprolidine and Phenylephrine alone and in mix in with different solutions. Generally couple 

of frameworks are similarly uncovered for assessment from plan .we mean to support a 

Strength showing RP-HPLC procedure by concurrent affirmation with major, quick, more 

prominent responsiveness and speedier elution. 

 

5.  PLAN OF WORK 
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    5.2: CHEMICALS USED 

    Table 5.2: Chemicals used 

      

 

7.RESULTS AND DISCUSSION 

7.1WAVELENGTH DETECTION: 

 

 

              Chromatogram for Triprolidine  and Phenylephrine 
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Results of system suitability parameters Triprolidine  and Phenylephrine 

 

 

VALIDATION PARAMETERS: 

PRECISION: 
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INTERMEDIATE   PRECESSION (RUGGEDNESS): 

      

   

ACCURACY: 

                                 Table 7.14 Details of Accuracy 50 %  
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                              Details of Accuracy 100 %  

 

Details of Accuracy 150 %  

         

 

 

3.4 LINEARITY: 
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Table-8 Area of different concentration of Triprolidine  

 

Table-9 Area of different concentration of Phenylephrine 
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6.3.5: TRIPROLIDINE  AND PHENYLEPHRINE 

 

 

 

6.3.7: ROBUSTNESS: 
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SUMMARY AND CONCLUSION 

The ICH and USP essentials .it accumulated the technique saw as straight. The system was 

seen as having level of precision and exactness. 
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