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ABSTRACT  

Metformin hydrochloride is an oral anti-diabetic drug from the 

biguanide class used mainly to treat type i2 diabetes mellitus. As per 

ISO i17025, Validation is the confirmation by examination and the 

provision of objective evidence that the particular requirements for 

a specific intended use are fulfilled. This research aimed to study 

prospective process validation for Metformin Hydrochloride 500 

mg tablet dosage formulation. One initial process validation with a 

batch size of 200 tablets was performed. Furthermore, method, 

equipment, and validation criteria were taken. The critical 

parameter involved in sifting, blending, and compression stages 

were identified and evaluated as per the validation master plan. The 

outcome indicated that this process validation data provides a high 

degree of assurance that the manufacturing process produces 

products meeting its predetermined specifications and quality 

attributes. 
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Process iValidation iof iMetformin iHydrochloride iTablet i(500 img) 

iaccording ito iUSFDA 

Introduction 

As iper iISO i17025 iValidation iis ithe iconfirmation iby 

iexamination iand ithe iprovision iof iobjective ievidence 

ithat ithe iparticular irequirements ifor ia ispecific 

iintended iuse iare ifulfilled i[1-3]. iAs iper iUSFDA i(1987) 

i“Process ivalidation iis iestablishing idocumented 

ievidence iwhich iprovides ia ihigh idegree iof 

iassurance 
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that ia ispecific iprocess i(such ias ithe imanufacturing 

iof ipharmaceutical idosage iforms) iwill iconsistently 

iproduce ia iproduct imeeting iits ipredetermined 

ispecifications iand iquality icharacteristics.” iAs iper 

iUSFDA i(2008) i“Process ivalidation iis ithe icollection 

iand ievaluation iof idata, ifrom ithe iprocess idesign 

istage ithroughout ithe iproduction, iwhich iestablish 

iscientific ievidence ithat ia iprocess iis icapable iof 

iconsistently idelivering iquality iproducts.” iThe 

iprincipal ielements iof ivalidation iinclude 

idocumented ievidence, ihigh idegree iof iassurance, 

ispecific iprocess, iconsistency, iand ipredetermined 

ispecifications. iThere iare idifferent itypes iof 

ivalidations i[4], iincluding iProspective ivalidation: 

iestablishes idocumented ievidence iprior ito iprocess 

iimplementation ithat ia isystem idoes iwhat iit 

iproposed ito ido ibased ion ipre-planned iprotocols; 

iRetrospective ivalidation: iinvolves ithe iexamination 

iof ipast iexperience iof iprocedures, iand iequipment 

iremain iunchanged; iproduction ion ithe iassumption 

ithat icomposition, isuch iexperience iand ithe iresults 
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of iin-process iand ifinal icontrol itests iare ithen 

ievaluated; iConcurrent ivalidation: iestablishes 

idocumented ievidence ithat ia iprocess idoes iwhat iit 

ipurports ito ido, ibased ion iinformation igenerated 

iduring iactual iimplementation iof ithe iprocess; 

iRevalidation: irepeats ithe ioriginal ivalidation ieffort 

ior iany ipart iof iit, iand iincludes iinvestigative ireview iof 

iexisting iperformance idata. iThis iapproach iis 

iessential ito imaintain ithe ivalidated istatus iof ithe 

iplant, iequipment, imanufacturing iprocesses iand 

icomputer isystems. i 

Metformin ihydrochloride iis ian ioral ianti-diabetic 

idrug ifrom ithe ibiguanide iclass iused imainly ito itreat 

itype i2 idiabetes imellitus i[5]. iEvidences isuggest ithat 

iinsulin iresistance iand iresulting ihyper iinsulinaemia 

iplay ia icentral irole iin ithe ipathogenesis iof ithe 

isyndrome. iMetformin, ian iinsulin isensitizer, inot ionly 

iimproves ihyperandrogenism ibut ialso iimproves 

iovulation ias iwell ias ipregnancy irates iin ipatients iwith 

iPCOS, inon-alcoholic ifatty iliver idisease i(NAFLD) 

iand ipremature ipuberty i[6]. iMetformin iwas ifirst 

idescribed iin ithe iscientific iliterature iin i1922, iby iEmil 

iWerner iand iJames iBell, ias ia iproduct iin ithe 

isynthesis iof iN, iN idimethyl-guanidine ifree iuser i[7]. 

iFrench iphysician iJean iSterne ipublished ithe ifirst 

iclinical itrial iof iMetformin ias ia itreatment ifor 

idiabetes. iIt iwas iintroduced ito ithe iUnited iKingdom 

iin i1958, iCanada iin i1972, iand ithe iUnited iStates iin 

i1995 i[8,9]. 

Drug iproducts ithat iare ibio-pharmaceutically iand 

ichemically iequivalent imust ibe iidentical iin itheir 

iquality, istrength, ipurity iand iactive iingredient 

irelease iprofile. iThey imust ito ibe iin ithe isame idosage 

iform iand iintended ifor ithe isame iroute iof 

iadministration i[10]. iDissolution itesting iof idrug 

iproduct iis ian iimportant icriterion iin iassessing ithe 

iquality icontrol ito imonitor ibatch ito ibatch 

iconsistency iof idrug irelease i[11]. iThe ivariations iin 

ithe idrug irelease iamong isome igenerics iindicate 

ideficiency iin ithe ientire idrug iformulation iand ithe 

idelivery isystem. iDissolution irate idetermination 

iused ialso ifor iprediction iof iin-vivo ibioavailability iin 

imost ioral ipreparations i[12,13]. 

Manufacturing imethods iand ithe iexcipients iused iin 

ithe iproduction iprocesses icould icontribute ito ithe 

iquality iand irelease iskilfulness iof imedicament. 

iTherefore, ito iensure ithe irequisite iquality, idrug 

imanufacturers iare irequired ito iexamine itheir 

iproducts iduring iand iafter imanufacturing iand iat 

ivarious iintervals iduring ithe ishelf ilife iof ithe iproduct 

i[14]. 

Materials iand iMethods 

Materials 

Metformin iHCl iwas igifted iby iLa iPharma, iLudhiana, 

iPunjab, iIndia, iLactose iMonohydrate iand iDisodium 

iHydrogen iPhosphate iwas ipurchased ifrom iCDH 

iFine ichemicals iLtd., iStarch iIP iand iHydrochloric 

iAcid iwas ipurchased ifrom iLoba iChemie iPrivate 

iLimited, iMaharashtra, iIndia., iTalc, iMagnesium 

iStearate, iPotassium iDihydrogen iPhosphate iand 

iMCC iwas ipurchased ifrom iHi imedia ilaboratories 

iPrivate iLimited iMumbai, iIndia. 

Pre-formulation iStudies iof iMetformin iHCl 

Pre-formulation istudies iare iindispensable iprotocol 

ifor idevelopment iof isafe, ieffective iand istable 

idosage iform. iThus, iin iorder ito iensure ioptimum 

icondition ifor iclinically ibeneficial idelivery isystem, 

ipre-formulation istudies iwere icarried iout. iPre-
formulation iparameters iconducted iare ishown iin 

iFigure i1 iwere iperformed ito iget ithe ipreliminary 

iinformation iabout iprocured iMetformin iHCl. i 

Physical iappearance 

The iphysical iappearance iof ithe idrug iwas ichecked 

iby ivisual iobservation, idispersing ithe idrug ion iclean 

ibutter ipaper. iThe iobservations ishowed iit iwas ia 

iwhite icrystalline ipowder. 

 

Figure i1. iPre-formulation iStudies iParameters 

Melting iPoint 

Melting ipoint iof iMetformin iHCl iwas iconsidered ias ia 

icriterion ifor ipurity ias iwell ias ifor iidentification. 

iCapillary imelting ipoint iapparatus iwas iused ito 

idetermine imelting ipoint iof iMetformin iHCl. iSmall 
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iamount iof iMetformin iHCl iwas ifilled iin ithe icapillary 

iand imelting ipoint iwas iobserved i[15]. 

Solubility istudy 

Solubility imay ibe idefined ias ithe ispontaneous 

iinteraction iof itwo ior imore isubstances ito iform ia 

ihomogeneous imolecular idispersion. iMetformin 

ihydrochloride, i2.0 ig iis isoluble iin i20mL iof iwater 

iand iis ifreely isoluble iin iwater, islightly isoluble iin 

ialcohol iand iinsoluble iin iacetone iand iin imethyl 

ichloride, ias iper iIndian iPharmacopoeia i(2018), ithe 

isolubility iof iMetformin iHCl iwas itested iin ivarious 

isolvents. iA idefinite iquantity i(1 img) iof idrug iwas 

idissolved iin i10ml iof ieach iinvestigated isolvent iat 

iroom itemperature. iThe isolubility iwas iobserved 

ionly ivisually. 

Partition iCoefficient 

Partition icoefficient istudies iwere iperformed iby 

itaking i10 img iof iMetformin iHCl iwhich iwas ifurther 

iwas iadded ito i50:50 iml imixture iof idistilled iwater: in-
octanol. iIt iwas ishaken iseparately ifor ihalf ian ihour. 

iBoth iphases iwere itaken itogether iin ia iseparating 

ifunnel iand ishaken ifor i4 ihours ion ia imechanical 

ishaker. iAllowed ito istand ilong ienough ifor ithe 

iphase iseparation i[16]. iAfter ithe iphase iseparation, 

iwater iwas icollected iand ireadings iwas itaken iat i233 

inm. iPartition icoefficient iwas ievaluated ias i- 

log ip i=
Amount iof idrug iin iorganic iphase i(octanol)

Amount iof idrug iin iaqueous iphase i(water)
 

Fourier itransformed iinfra-red iSpectroscopy iStudies 

IR ispectra iwere irecorded ifor iidentification iand ito 

icheck ipurity iof iprocured iMetformin iHCl. iSample i2 

i% i(w/w) iwas imixed iin idry iKBr. iThe imixture iwas 

iground iinto ia ifine ipowder iusing imortar/pestle 

ibefore icompressing iinto iKBr idisc iunder ia ihydraulic 

ipress iat i10,000 ipsi. iEach iKBr idisc iwas iscanned i32 

itimes iat i4 imm i/sec.at ia iresolution iof i2 icm-1. iThe 

icharacteristic ibands ifor icompound iwere i[17]. 

UV iSpectroscopy iAnalysis 

• Determination iof iλmax ifor iMetformin iHCl 

For ithe idetermination iof iλmax, i10 iµg/ml 

iconcentration iof iMetformin iHCl iwere iprepared iin 

imethanol. iThe iprepared isolutions iwere iscanned 

iusing iUV-Spectrophotometer iin ithe irange i200 ito 

i400nm. iThe iwavelength ishowing imaximum 

iabsorbance iwas iselected i(I.P. i2014) 

• Calibration iCurves iStudies iin iMethanol 

The icalibration icurve istandard isolutions iwere 

iprepared iof iconcentration i5.0, i10.0, i15.0, i20.0, 

i25.0, iand i30.0 iµg/ml iin iduplicate. iBaseline 

icorrection iwith iblank iwas idone ibefore itaking 

ispectra. iThe iabsorbance iwas imeasured iat 

iλmax233 inm iof iMetformin iHCl iin isame isolvent 

imixture iagainst iblank isolution iusing iUV 

ispectrophotometer. iThe imean iabsorbance iwas 

imeasured iand ia igraph iwas iplotted ibetween 

iconcentration i(x-axis) iand iabsorbance i(y-axis). iThe 

iline iequation iand icorrelation icoefficient iwere 

icalculated ifor ithe icalibration icurve. 

• Calibration icurve iof iMetformin iHCL iin iPBS 

i6.8 

Stock isolution iof i1mg/ml iof iMetformin iHCL iwas 

ifreshly iprepared iby idissolving i10mg iof ipure idrug 

iin i10ml iof iPBS. iPrepared isolution iwas ifurther 

idiluted iwith iPBS i(6.8 ipH) ito iobtain iconcentration iof 

i100 iµg/ml. iAliquots iof i0.5, i1.0, i1.5, i2.0, i2.5, i3.0, 

i3.5, i4.0, i4.5, iand i5.0 iml iwere iwithdrawn ifrom ithe 

istock isolution iand iplace iseparately iin idifferent i10 

iml ivolumetric iflasks iand ivolume iwas imade iup ito i10 

iml iwith imethanol ito iobtain iworking isolutions i5, i10, 

i15, i20, i25, i30, i35, i40, i45 iand i50 iµg/ml. iAbsorbance 

iof iall ithe isolutions iwere irecorded iat iλmax i233 inm 

iagainst iblank iusing iUV-visible ispectrophotometer. 

• Calibration icurve iof iMetformin iHCL iin i0.1N 

iHCL 

Stock isolution iof i1mg/ml iof iMetformin iHCL iwas 

ifreshly iprepared iby idissolving i10mg iof ipure idrug 

iin i10ml iof i0.1N iHCL. iPrepared isolution iwas ifurther 

idiluted iwith i0.1N iHCL ito iobtain iconcentration iof 

i100 iµg/ml. iAliquots iof i0.5, i1.0, i1.5, i2.0, i2.5 iand i3.0 

iml iwere iwithdrawn ifrom ithe istock isolution iand 

iplace iseparately iin idifferent i10 iml ivolumetric iflasks 

iand ivolume iwas imade iup ito i10 iml iwith i0.1N iHCL ito 

iobtain iworking isolutions i5, i10, i15, i20, i25, iand i30 

iµg/ml. iAbsorbance iof iall ithe isolutions iwere 

irecorded iat iλmax i233 inm iagainst iblank iusing iUV-
visible ispectrophotometer. 

• Calibration icurve iof iMetformin iHCL iin 

iDistilled iWater 

Stock isolution iof i100 iµg/ml iof iMetformin iHCL iwas 

ifreshly iprepared iby idissolving i10mg iof ipure idrug 

idiluted iwith i2 iml iof imethanol iand i98 iml iof idistilled 

iwater. iAliquots iof i0.5, i1.0, i1.5, i2.0, i2.5, i3.0 iand i3.5 

iml iwere iwithdrawn ifrom ithe istock isolution iand 
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iplace iseparately iin idifferent i10 iml ivolumetric iflasks 

iand ivolume iwas imade iup ito i10 iml iwith idistilled 

iwater ito iobtain iworking isolutions i5, i10, i15, i20, i25, 

i30, iand i35 iµg/ml. iAbsorbance iof iall ithe isolutions 

iwere irecorded iat iλmax i233 inm iagainst iblank iusing 

iUV-visible ispectrophotometer. 

Formulation iof iMetformin iHCl iTablet iusing iWet 

iGranulation iMethod 

Ingredients iused iin ithe iFormulation iare ishown iin 

iTable i1. iAll iingredients iwere ipassed ithrough i40 

imesh isize ito iget iuniform isize iparticle iand iweighed 

iaccurately. iThe idrug iand iall iadditives iwere imixed 

iin ia ipestle imortar. iThe i10% isolution iof iPVP iin i100 

iml iisopropyl ialcohol iwas iprepared. iIt iwas iused ias ia 

ibinding isolution. iThe igranules iwere iprepared iby 

iwet igranulation imethod, iusing iPVP ias ia ibinding 

iagent. iThe igranules iwere idried iin ihot iair ioven iat 

i70º iC ifor i10 iminutes. iTalc iand imagnesium istearate 

iwere iadded ias ilubricants. iThe itablets iwere 

ipunched iusing isingle ipunch ihand ioperated itablet 

ipunching imachine. 

Table i1. iFormulation iof iMetformin iHCL iTablets 

S. 

iNo. 
Ingredients Quantity iin 

img/ 

iTablet 

Quantity 
required/Batch 

iof i200 itablets 

i(g) 

1 Metformin 

iHCl 
500 100 

2 PVP iK30 50 10 

3 Lactose 

iMonohydrate 
12.5 2.5 

4 MCC 72.5 14.5 

5 Magnesium 

istearate 
7.5 1.5 

6 Talc 7.5 1.5 

7 Total 650 130 

 

Pre icompression istudies iof iMetformin iHCl 

Bulk iDensity 

Bulk idensity iis idefined ias iratio iof itotal imass iof 

igranules ito ithe ibulk ivolume iof igranules. iIt iwas 

imeasured iby ipouring iinitially iweighed igranules 

iinto imeasuring icylinder i(10 iml) iand inoted idown 

ithe ivolume i(bulk ivolume), iit iis iexpressed iin ig/ml. iIt 

iwas icalculated ias iper ithe iequation i[18]. 

𝐃𝐛 i =
𝐌

𝐕𝐛
 i 

Where, iM i= igranules imass, iDb= ibulk idensity iand 

iVb i= igranules ibulk ivolume. 

Tapped iDensity 

Tap idensity iwas icalculated iin isame iway ias ibulk 

idensity, ivolume iof ithe igranules iwas inoted iafter i500 

itapping ifrom i1.5-inch iheight. iIt iwas icalculated 

iusing ithe iequation i[18]. 

𝐃𝐭 i =
𝐌

𝐕𝐭
 i 

Where iDt i= iTapped idensity,Vt i= itapped ivolume, iM 

i= igranules imass 

Angle iof irepose 

The ifixed ifunnel imethod iwas iemployed ito imeasure 

ithe iangle iof irepose. iA ifunnel iwas isecured iwith iits 

itip iat ia igiven iheight i(h), iabove ia igraph ipaper ithat iis 

iplaced ion ia iflat ihorizontal isurface. iThe igranules 

iwas icarefully ipoured ithrough ithe ifunnel iuntil ithe 

iapex iof ithe iconical ipile ijust itouches ithe itip iof ithe 

ifunnel. iThe iradius iof ithe ibase iof ithe iconical ipile 

iwas imeasured. iThe iangle iof irepose i(θ) iwas 

icalculated ias iper iequation i[19]. 

𝐓𝐚𝐧 i𝛉 = 𝐡/𝐫 

Where, iθ i= iAngle iof irepose, ih i= iHeight iof ithe icone, 

ir i= iRadius iof ithe icone ibase. 

Carr’s iIndex 

The i‘Compressibility iindex’ i(Carr’s iindex) iis ia 

imeasure iof ithe ipropensity iof ia ipowder ito ibe 

icompressed. iIt iis idetermined ifrom ithe ibulk iand 

itapped idensities. iIn itheory, ithe iless icompressible ia 

imaterial ithe imore iflowable iit iis. iAs isuch, iit iis 

imeasures iof ithe irelative iimportance iof iinter-
particulate iinteractions. iIn ia ifree-flowing ipowder, 

isuch iinteractions iare igenerally iless isignificant, iand 

ithe ibulk iand itapped idensities iwill ibe icloser iin 

ivalue. iFor ipoorer iflowing imaterials, ithere iare 

ifrequently igreater iinter iparticle iinteractions, iand ia 

igreater idifference ibetween ithe ibulk iand itapped 

idensities iwill ibe iobserved. iTable i2 ishows ithe 

icompressibility iindex ivalues iand irelative iflow 

iproperty. iThese idifferences iare ireflected iin ithe 

iCarr’s iindex iwhich iis icalculated ias iper ithe iequation 

i[19] 

𝐂𝐨𝐦𝐩𝐫𝐞𝐬𝐬𝐢𝐛𝐢𝐥𝐢𝐭𝐲 i𝐈𝐧𝐝𝐞𝐱
= [(𝛒𝐭𝐚𝐩 i −  i𝛒𝐛) i/ i𝛒𝐭𝐚𝐩] i/ i × 𝟏𝟎𝟎 

Where, iρb= ibulk idensity iand iρtap= itapped idensity 
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Hausner’s iRatio 

Hausner’s iratio iis ian iindirect iindex iof iease iof 

ipowder iflow. iIt iis icalculated iby ifollowing iequation 

i[19]. 

Hausner’s iRatio=Tapped idensity i(ρtap) i/ iBulk idensity 

i(ρb) 

Lower iHausner’s iratio i(<1.25) iindicates ibetter iflow 

iproperties ithan ihigher iones, ibetween i1.25 ito i1.5 

ishowing imoderate iflow iproperties iand imore ithan 

i1.5 iexhibits ipoor iflow. 

Post icompression iparameter istudy iof iMetformin 

iHCL 

Thickness 

The ithickness iof ithe itablets iwas idetermined iusing ia 

iVernier icaliper. iFive itablets ifrom ieach itype iof 

iformulation iwere iused iand iaverage ivalues iwere 
calculated i[20]. iIt iis iexpressed iin imm. 

Table i2. iFlow iProperties iIndex 
Angle iof 

iRepose 

i(º) 

Compressibil
ity iindex 

Hausner’s 

iRatio 
Flow 

iProperties 

25-30 ≤10 1.2-1.3 Excellent 

iflow 

31-35 11 i– i15 1.3-1.4 Good iflow 

36-40 16-20 1.4-1.5 Fair iflow 

41-45 21-25 1.5-1.6 Passable 

iflow 

 

Hardness 

The iresistance iof itablets ito ishipping, ibreakage, 

iunder iconditions iof istorage, itransportation iand 

ihandling ibefore iusage idepends ion iits ihardness. 

iFor ieach iformulation, ithe ihardness iof i6 itablets iwas 

idetermined iusing ithe iMonsanto iHardness iTester. 

iThe itablet iwas iheld ialong iits ioblong iaxis iin 

ibetween ithe itwo ijaws iof ithe itester. iAt ithis ipoint, 

ireading ishould ibe izero ikg/cm2. iThen iconstant 

iforce iwas iapplied iby irotating ithe iknob iuntil ithe 

itablet ifractured i[21]. iThe ivalue iat ithis ipoint iwas 

inoted. 

Friability 

Friability iis ithe imeasure iof itablet istrength. iRoche 

iFriability ior iwas iused ifor itesting ithe ifriability iusing 

ithe ifollowing iprocedure. iThis itest isubjects ia 

inumber iof itablets ito ithe icombined ieffect iof ishock 

iabrasion iby iutilizing ia iplastic ichamber iwhich 

irevolves iat ia ispeed iof i25 irpm, idropping ithe itablets 

ito ia idistance iof i6 iinches iin ieach irevolution. iA 

isample iof ipre iweighed i6 itablets iwas iplaced iin 

iRoche ifriability ior iwhich iwas ithen ioperated ifor i100 

irevolutions ii.e., i4 iminutes. iThe itablets iwere ithen 

idusted iand ireweighed. iA iloss iof iless ithan i1 i% iin 

iweight iin igenerally iconsidered iacceptable i[20]. 

iPercent ifriability i(% iF) iwas icalculated ias ifollows 
 

𝐅 =
𝑰𝒏𝒊𝒕𝒊𝒂𝒍 𝐢𝒘𝒆𝒊𝒈𝒉𝒕 − 𝑭𝒊𝒏𝒂𝒍 𝐢𝒘𝒆𝒊𝒈𝒉𝒕

𝐈𝐧𝐢𝐭𝐢𝐚𝐥 𝐢𝐰𝐞𝐢𝐠𝐡𝐭
× 𝟏𝟎𝟎 

 

Weight ivariation itest 

To ifind iout iweight ivariation, i20 itablets iof ieach itype 

iof iformulation iwere iweighed iindividually iusing ian 

ielectronic ibalance, iaverage iweight iwas icalculated 

iand iindividual itablet iweight iwas ithen icompared 

iwith iaverage ivalue ito ifind ithe ideviation iin iweight. 

i(Indian ipharmacopoeia,1996). 

Drug iContent 

Ten itablets iof ieach itype iof iformulation iwere 

iweighed iand icrushed iin imortar iand ipowder 

iequivalent ito i100 img iof iMetformin iHCl iwas 

iweighed iand idissolved iin i100 iml iof iphosphate 

ibuffer i(pH i6.8). iThis iwas ithe istock isolution ifrom 

iwhich i0.1 iml isample iwas iwithdrawn iand idiluted ito 

i10 iml iwith iphosphate ibuffer, idilutions iwere 

iprepared iin itriplets. iThe iabsorbance iwas imeasured 

iat iwavelength i233 inm iusing idouble ibeam iUV-
Visible ispectrophotometer i[22]. iDrug icontent iwas 

icalculated iusing iformula. 

% iPurity i= i10 iC i(Au i/ iAs) 

Where, iC i- iConcentration, 

Au iand iAs i- iAbsorbance’s iobtained ifrom iunknown 

ipreparation iand istandard iPreparation irespectively. 

In ivitro idisintegration itime 

The iprocess iof ibreakdown iof ia itablet iinto ismaller 

iparticles iis icalled ias idisintegration. iThe iin-vitro 

idisintegration itime iof ia itablet iwas idetermined 

iusing idisintegration itest iapparatus ias iper iI.P. 

ispecifications. iI.P. iSpecifications: iPlace ione itablet 

iin ieach iof ithe i6 itubes iof ithe ibasket. iAdd ia idisc ito 

ieach itube iand irun ithe iapparatus iusing idistilled 

iwater imaintained iat i37° i± i2°C ias ithe iimmersion 

iliquid. iThe iassembly ishould ibe iraised iand ilowered 

ibetween i30 icycles iper iminute iin ithe iwater 

imaintained iat i37° i± i2°C. iThe itime iin iseconds itaken 

ifor icomplete idisintegration iof ithe itablet iwith ino 

ipalpable imass iremaining iin ithe iapparatus iwas 

imeasured iand irecorded i[23]. 
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Critical iQuality iAttributes 

Blend iUniformity iMonitoring 

Blending iis ione iof ithe imost icritical isteps iin ithe 

iproduction iprocess iof isolid idosage iforms. iThe 

iprocess ihas ibecome ieven imore icritical isince ithe 

idiscovery iof ivery ipotent idrugs, iwith ia iBlend 

ihomogeneity iis icrucial ito iensure icontent iuniformity 

iin ithe iend iproduct, iespecially iin ia idirect 

icompression iprocess iwhere iblending iis ithe ionly 

istep iprior ito icompression. iFor ithe iinterpretation iof 

ithe ispectral iinformation icollected iduring iblending 

iseveral imethods ihave ibeen itested, imost ibased ion 

icomparing iblend ispectra idirectly ior iindirectly iwith 

ispectra iof ipure icompounds i[20]. iDifferences 

ibetween ispectra ior ivalues iderived ifrom ispectra iare 

iquantified iand iused ias ia ifunction iof iblend 

ihomogeneity iwith ithe ilimitation iof idefining ithe 

iideal ispectrum. 

Disintegration itime 

The itime irequired ifor iin-vitro idisintegration iof isix 

itablets, iplaced iin ieach itube iof idisintegration itest 

iapparatus, iwas imeasured iat i37±2°C iusing i900 iml 

idistilled iwater. i 

In ivitro idissolution istudies 

Tablet idissolution iwas iassessed iusing istandard iUSP 

idissolution iapparatus itype iII i(Table i2). iThe 

idissolution imedia iused iwas i900ml iof i0.68% iw/v 

isolution iof ipotassium idihydrogen iphosphate, 

iadjusted ito ipH i6.8 iby iaddition iof i1M isodium 

ihydroxide. iThe itemperature iwas imaintained iat i37 

i± i0.5°C. iAt ipredetermined itime iintervals, ian 

ialiquot iof i10 iml isample iwas iwithdrawn, iand imade 

iup ito i10 iml iwith idissolution imedia. iThen ithese 

isamples iwere imeasured iin iUV iat i233 inm. i 

Table i3. iDissolution iparameters 
Apparatus USP iII, iBasket 

Medium Phosphate ibuffer isolution ipH i6.8 i 

Medium ivolume i i 900ml 

Medium iTemp. i i 37±0.5° iC 

Paddle ispeed i i 100 irpm 

Sampling iTime i i 15, i30, i45 iMin 

Sampling iVolume i(ml) 

i 

10 iml 

Absorbance inm i 233  

 

Process iValidation iof iMetformin iHydrochloride 

iTablets 

Dry iMixing iand iGranulation 

Equipment iused: iRapid iMixer iGranulator. 
Size/capacity: i1.5 iL i 
Mixing itime: i5 iminutes 
Ingredients iafter isifting iis iloaded iinto ithe iRapid 

iMixer iGranulator iand iis idry imixed ifor i5minutes. 

iSampling iis idone iat i5 idifferent iplaces iand iis isent 

ifor iAssaying. iStarch ipaste iis iadded iduring imixing 

iof ithe iingredients itill idesired igranular imass iis 

iobtained. 

Drying 

Equipment iused: iFluidized ibed idrier 
Drying itemperature: i i40 i°C i 
The igranular imass iis iloaded iin ithe iFBD. iDry ithe 

igranules itill iLOD iattains ibetween i2-3.5%w/w. 

iSampling iis idone iat i3 idifferent itime iintervals ieach 

iof i3gms. 
 
Blending iand ilubrication 

Equipment iused: iOctagonal iBlender 
Run itime: i5, i10, i15, i20 imin 
Load ithe idried igranules iinto ithe ioctagonal iblender 

iand iblend iit ifor i10 iminutes. iLubricate ithe iabove ifor 

i5 iminutes. iSampling iis idone iat i5 idifferent iplaces 

iafter ithe icompletion iof ithe ilubrication iand ithe 

isamples iare ianalyzed ifor icontent iuniformity, ibulk 

idensity, iparticle isize idistribution. 
 
Tablet iCompression 

Equipment iused: iCompression imachine 
Size: i8 imm 
Shape: iRound 
Dies idescription: iflat iand iplain 
Run ithe itablet icompression imachine iat iminimum 

ispeed i(25 iRPM) iand isampling iis idone iwhen ithe 

ipowder ilevel iin ithe ihopper iis imaximum iand 

iminimum iand iis isent ifor ithe iQC ianalysis. 
 
Quality itests 

Description, iUniformity iof iWeight, iThickness, 

iDiameter, iHardness, iFriability, iDisintegration iTime. 
Run ithe itablet icompression imachine iat imaximum 

ispeed i(33RPM) iand isamplings iis idone, iwhen ithe 

ipowder ilevel iin ithe ihopper iis imaximum iand 

iminimum iand isamples iare ianalyzed. iFurthermore, 

iDescription, iThickness, iDiameter, iHardness, 

iFriability, iDisintegration iTime. iSampling iis idone iat 

ivarious isettings iand ispeeds ifrom ithe ihopper iat ithe 

icompression istage. 

 
Results iand iDiscussion 

Physical iAppearance 
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Metformin iHydrochloride iwas iwhite icrystalline 

ipowder, iodourless iand ihas ibitter itaste. 
 

Melting iPoint 

The imelting ipoint idetermination iwas iperformed ito 

icheck ithe ipurity iof idrug. iThe imelting ipoint iof ithe 

iMetformin iHCL iwas ifound ito ithe irange i223-224˚C, 
iwhich icomplies iwith ithe istandard ii.e., i223-226˚C. 
 

Solubility iDetermination 

Solubility iwas idetermined iby isaturation isolubility 

imethod. iAn iexcess iamount iof idrug iwas iadded iin 

ieach iof ithe idissolution imedia ior iwater iat iroom 

itemperature iwith ioccasional istirring. iThe isolution 

iwas ifiltered iafter i24 ihours iand iamount iof idrug 

idissolved iwas idetermined iusing iUV 

iSpectrophotometer i(Table i4). i 
 
Partition iCoefficient 

Table i4. iSolubility iof iMetformin iHCl 

Medium Solubility i(mg/ iml) 

Water 321 

0.1 iN iHCl 329 

PBS i(6.8 ipH) 326 

Methanol Freely iSoluble 

 
The iresult iobtained ifor ilog iP ioct/wat iwas i-1.20. 

iData iobtained ifrom ipartition icoefficient 

idetermination isuggest ithat iMetformin iHCl iwas 

ihydrophilic iin inature. 
 

FTIR iSpectroscopy i 

Infrared ispectrum igives iinformation iabout ithe 

ifunctional igroups ipresent iin ithe icompound. iFTIR 

ispectrum iof iMetformin iHCl iwas irecorded iand 

ifound ito ibe iin icompliance iwith ithe ivarious ispecific 

ipeaks ifor iMetformin iHCl. iThe iFTIR ispectrum iis 

igiven iin ithe iFigure i2. iThe iwave inumber ivalues ifor 

ieach ipeak ihave ibeen iexplained iin iTable i5. 
All ithe itests iof ithe iidentification istudies iwere ifound 

ito ibe iin icompliance iwith ithe idata iavailable iin ithe 

iliterature. iThus, iit iis iconfirmed ifrom ithese iresults 

ithat ithe iprocured idrug iMetformin iHCl iwas ifree 

ifrom iimpurities. 
 

 
Figure i2. iFTIR ispectra iof iPure iMetformin iHydrochloride 

 
Standard iCurve iof iMetformin iHCl 

Figure iNo. i3.2 irepresent ilinearity irange iand 

icalibration icurve iof iMetformin iHCL iin imethanol iat iλ 

imax i233nm. iEstimation iof iMetformin iHCl iin 

isolution iwas idone iusing iUV ispectrophotometric 

imethod. iThe iR² ivalue iand ithe islope iwas ifound ito 

ibe i0.997 iand iy i= i0.033x i+ i0.014 irespectively. 

Table i5. iInterpretation iof iFTIR iSpectral idata ifor 

iMetformin iHCl 
Observe 

inumber i(cm-

1) 

Characteristic 

iwave inumber 

irange i(cm-1) 

Functional 

igroup 

3372 3500-3000 icm-1 (C-H) iStretching 

3295 3600-3200 icm-1 (N-H) iStretching 

3174 3200-3000 icm-1 (C–H) iStretching 

2692 3000-2500 icm-1 (O–H) iStretching 

2214 2500-2000 icm-1 (C≡C) iStretching 

1416 1500-1000 icm-1 (C-N) iStretching 

 



Mishra iG iet ial i2021 i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i  iBiological iSciences, i2021, iVol. i01(01), iPage i07-18 

 

 
Figure i3. iStandard iCurve iof iMetformin iHCL iin iMethanol 

 

Standard iCurve iof iMetformin iHCL iin iPhosphate 

ibuffer i(pH i6.8) 
 
Figure i4 irepresent ilinearity irange iand icalibration 

icurve iof iMetformin iHCl iin iphosphate ibuffer i(pH 

i6.8) iat iλ imax i233nm. iEstimation iof iMetformin iHCl 

iin isolution iwas idone iusing iUV ispectrophotometric 

imethod. iThe iR² ivalue iand ithe islope iwas ifound ito 

ibe i0.997 iand iy i= i0.016x i+ i0.102 irespectively. 
 
Standard iCurve iof iMetformin iHCl iin i0.1 iN iHCl 
 
Figure i5 irepresent ilinearity irange iand icalibration 

icurve iof iMetformin iHCL iin i0.1N iHCl iat iλ imax 

i233nm. iEstimation iof iMetformin iHCl iin isolution 

iwas idone iusing iUV iSpectrophotometric imethod. 

iThe iR² ivalue iand ithe islope iwas ifound ito ibe i0.994 

iand iy i= i0.027x i- i0.043 irespectively. 

 
Figure i4. iStandard iCurve iof iMetformin iHCl iin iPhosphate 

ibuffer i(pH i6.8) 

 

 
Figure i5. iStandard iCurve iof iMetformin iHCl iin i0.1 iN iHCl 

 
Standard iCurve iof iMetformin iHCl iin iDistilled iwater 
 
Figure i6 irepresent ilinearity irange iand icalibration 

icurve iof iMetformin iHCl iin idistilled iwater iat iλ imax 

i233nm. iEstimation iof iMetformin iHCl iin isolution 

iwas idone iusing iUV ispectrophotometric imethod. 

iThe iR² ivalue iand ithe islope iwas ifound ito ibe i0.995 

iand iy i= i0.027x i+ i0.007 irespectively. 
 
Angle iof irepose 
 
Angle iof irepose iof iMetformin iHydrochloride 

igranules iwere ifound ito ibe i32.21 iindicated ithe 

igood iflow. iAngle iof irepose iresult iare ishowing i30-
35 iindicating ithe igood iflow ibehaviour. 

 

Figure i6. iStandard iCurve iof iMetformin iHCl iin iDistilled 

iwater 

 
Bulk iDensity iand iTapped iDensity 
 
Bulk idensity iof iMetformin iHCl igranules ifound ito ibe 

i0.60 iand itaped idensity iof iMetformin iHCl igranules 

iwere ifound ito ibe i0.82. i 
 
Hausner’s iratio 
 

y = 0.0336x + 0.0148
R² = 0.9979

0.00

0.20

0.40

0.60

0.80

1.00

1.20

0 10 20 30 40

A
b

so
rb

an
ce

Conc. i(µg/ml) i

y = 0.0167x + 0.1021
R² = 0.9978

0.000

0.200

0.400

0.600

0.800

1.000

0 20 40 60

A
b

so
rb

an
ce

Conc. i(µg/ml) i

y = 0.0272x - 0.0433
R² = 0.9941

0.000

0.200

0.400

0.600

0.800

1.000

0 10 20 30 40A
b

so
rb

an
ce

Conc. i(µg/ml)

y = 0.0271x + 0.0071
R² = 0.9959

0.000

0.200

0.400

0.600

0.800

1.000

1.200

0 10 20 30 40

A
b

so
rb

an
ce

Conc. i(µg/ml)



Mishra iG iet ial i2021 i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i  iBiological iSciences, i2021, iVol. i01(01), iPage i07-18 

 

The ihausner’s iratio iof iMetformin iHydrochloride 

itablet iwere ifound ito ibe i1.18 ii.e. igood. iThe 

ihausner’s iratio ibetween i1.12-1.18 iindicated ithe 

iexcellent iflow. 
 
Carr’s iindex 
 
Carr’s iindex iof iMetformin iHydrochloride igranules 

iwere ifound ito ibe i11.60 ithat iindicating ithe igood. i 
 
Blending 
 
Blending iwas iperformed iin ioctagonal iblender, ithe 

iblending iparameters iare ishown iin ithe iTable ino. 

i3.8. iBlend isamples iwas itaken ifrom i5 idifferent 

ilocations ifrom iblender iat i5, i10, i15 i& i20 iminutes 

iinterval, iand iit iwas ifound ithat iafter i20 iminutes iof 

iblending ithe iMetformin iwas iuniformly imixed iwith 

ithe iexcipients iwith ithe istandard ideviation iof i0.013, 

imeans i1.3% iand iit iis iin iacceptable irange, ithe 

iresults iof iassay iare ishown iin iTable i6 iand iFigure i7. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Compression iprocess 
 
The iblend iobtained iwas irun ion ithe iRIMEK iMNI 

iPRESS iII icompression imachine. iThe iSpeed iof 

icompression iin iRPM iwas ioptimized iand ithe itablets 

iwas itested ifor ivarious iparameters ilike idescription, 

iaverage iweight, iuniformity iof iweight, ithickness, 

ihardness, ifriability, idisintegration itime iand 

idissolution ito iassure ithe ireproducibility iof ithe 

icompressed itablets. iThe icompression iwas irun ion 

idifferent iRPM i(15, i30, i60) iand ithe itablet iformulated 

iwere itested ion idifferent iparameters ilike 

idescription, iaverage iweight, iuniformity iof iweight, 

ithickness, ihardness, ifriability, idisintegration itime 

iand idissolution ito iassure ithe ireproducibility iof ithe 

icompressed itablets. iThe iconcluded idata iof 

idifferent ibatches iformulated iat idifferent iRPMs iare 

igiven ibelow iin iTable i7 iand iFigure i8. iAll ithe iresults 

iwere iin ithe iacceptable irange 

Finished iproduct ianalysis 
 
On ithe ibehalf iof iall ithree istages idata, iit iwas 

iconcluded ithat iat i30 iRPM ithe ibatch iis ihaving 

ioptimum iresults. iSo ia ifinal ibatch iwas iformulated iat 

i30 iRPM ion ithe ibasis iof iprevious idata iand iits 

iparameters iwere itested ifor ivarious iparameters ilike 

idescription, iaverage iweight, iuniformity iof iweight, 

ithickness, ihardness, ifriability, idisintegration itime 

iand idissolution ito iassure ithe ireproducibility iof ithe 

icompressed itablets. iThe iresults iof itested 

iparameters iare igiven iin iTable i8 iand iFigure i9. iIn 

ifinal ibatch, iit iwas iconcluded ithat ithe ifinal ibatch iwas 

ihaving ianalysis iresults iin iacceptable irange iwith 

iWhite, iround, iuncoated itablets iand iplain ion iboth 

iside iappearance, iaverage iweight iof i654.9 img, 

 

 

 

 

 

 

 

 

 

 

 
Figure i7. iAssay iof iblend iof iMetformin 
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Table i6. iAssay iof iBlend ifor icontent iuniformity 

Location Assay iof iBlend iat iDifferent iTime iIntervals 

5 imin 10 imin 15 imin 20 imin 

Top ileft 98.30% 117.30% 96.20% 99.20% 

Top iright 135.30% 96.80% 98.10% 98.10% 

Centre 113% 101.80% 118.80% 101.80% 

Bottom ileft i 81.50% 98.20% 105.10% 100.70% 

Bottom iright 50.80% 92.60% 95.80% 98.50% 

Mean 95.78% 101.34% 102.80% 99.66% 

Standard iDeviation 0.286 i(28.60%) 0.085 i(8.50%) 0.086 i(8.60%) 0.013 i(1.30%) 
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Figure i8. iRelease iprofile iof iMetformin itablet iat idifferent 

istages 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
hardness i4.6 ikg/cm², iDisintegration itime i6 imin i55 

isec, iaverage idissolution iprofile i98% iand iAssay iof 

i101.3%. 

Conclusion 

The ioutcome iindicated ithat ithis iprocess ivalidation 

idata iprovides ia ihigh idegree iof iassurance ithat ithe 

imanufacturing iprocess iproduces iproducts imeeting 

iits ipredetermined ispecifications iand iquality 

iattributes. 
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Table i7. iDifferent iStages iof ithe iCompression iProcess 

Parameters Observation Acceptance iCriteria 

Machine ispeed 15 iRPM 30 iRPM 60 iRPM To ibe irecorded 

Description 

White, iround, 
iuncoated itablets, 

iplain ion iboth 

isides. 

White, iround, 
iuncoated itablets, 

iplain ion iboth isides. 

White, iround, 
uncoated itablets, 

plain ion iboth 

isides. 

White ito ioff iwhite, 
round, 

uncoated itablets 
plain ion iboth isides. 

Uniformity iof iweight i(mg) 
L i– i645.6 
H i–684.2 

L i– i641.4 
H i– i673.2 

L i- i630.8 
H i- i671.5 

663 ± 5% i(628-694) 

Hardness i(N/m) 
4.5 ikg/cm² 4.6 ikg/cm² 4.8kg/cm² 3-6 ikg/cm² 

Thickness i(mm) 4 imm 4mm 4mm 
3.80 imm i±0.20 imm 

(3.60 imm ito i4.00 imm) 

Disintegration itime i(min) 6 imin i50 isec 6 imin i40 isec 6 imin i45 isec NMT i15 iminutes 

Friability i(%w/w) 0.12 0.11 0.11% 
NMT i1.0 i% 

w/w i(Weight: iaround i6.5 ig) 

Dissolution i(%) 
Min:87 
Max:95 
Avg:91 

Min:88 
Max:96 
Avg:92 

Min:82 
Max:92 
Avg:87 

Not iless ithan i80 i(Q) iin i30 
Minute 

 

Table i8. iThe ifinal ibatch iformulated iat i30 iRPM 

Tests Observations Acceptance iCriteria 

Machine ispeed 30 iRPM To ibe irecorded 

Description 
White, iround, iuncoated itablets, iplain ion 

iboth iside 

White ito ioff iwhite. iround, iuncoated itablets 

plain ion iboth isides. 

Average iweight i(mg) 654.9 img 654.9±5% i(622.15-687.64 img) 

Tablet iHardness 
4.6 ikg/cm² 3-6 ikg/cm² 

Loss ion idrying 1.2 i% Not imore ithan i5.0% 

Disintegration itime 6 imin i55 isec NMT i15 iminutes 

Dissolution i(% iRelease iat i45 imin) Min. i95 i%; iMax. i101%; iMean: i98 i% Not iless ithan i80% iin i30 iminutes. 

Assay 101.3 i% 95.0 i% ito i105.0% iof ilabel iclaim. 
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Figure i9. iRelease iprofile iof iMetformin iTablet 
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