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Ahstract
Simple, accrurate nncl r'cproilucible UllVisible spectropliotomett'ic nethods

u'er.lr estnblishecl for the assny of CPH (Cefetnrnel Pivoxil as Hydrochloriclc:) baset{ ou

thr iblrrration reclox products. il{ethod A, Nlelhocl B invoh'es the redox reactions of
t]1ct Nl:'I1. Thc o1:tical characteristics such as Eeri:rs larv lirnits, rnolar absorptivity and
Si;1lde1l's sensitivity for the melhods (A-B) ale given. Rep;r'ession annlysis using the
mct,hocl of lcnst squales u'as rnade.to evaluate the slope(l:), inLelccpt(a) and correlation
c,rcfiicien(r) and stanclalcl r:r'r'or of es|imation (Se) for each system, Detertnination of
{jPfI in bulh form ancl in p}rarinaceutical formulations were also incorporated.

I(':,y wordsl Detertnirration, reclox, CFFI

In.troduction: so slill oll'ct' a sc:ope to clevelop more

ilt,-.fetarnet,[6R-t(6a,?p(Z))]l-?,il,(2- visible speclrophol'ornetric mebhods with

iLrlino-4_ 
'\4'r1i-r I rLL* better sensitivity, nelectivity, pt'ecisiou

r.iri,urc,lyr)(rnerhoxyiurino)ercetyllaurinol- :*^ -:11::Y;^ 
-Tl" .ll:fn:i.^1ll:.."':,1:

it-,r*:iln'l-E-oxo-5-thia-1-azahicl,clo-p,2- ::ll::jli:"i]n:]..]l'^ 
t nrs orrcctron nno

Lll,-,i1-2-.,r*-?-carbo;,1,lis acicl (cpl{), is st-lccecclc'd in dc'clopi'g thirteerr 
'isilrle

^* oral thircl-gene.ation cephalospori. spcct|ophototnetric methocis' A11 lhese

rr,hich is hydr.ol;,zecl to for.n tlre nctive meth.cls havc lreen exte*ded to br"rlk and

;r1re 
^r, 

celerarrrell-blt. cctcta'reiti, becauss :l]':j1111]llceutici'Ll 
fou'*lation as rvell

c,j' itri broacl co'erage of most grnr'- are descrlbect'

ritri::iri,ivc atrcl gtarrr-positive r:ommunitv- Experimental.
:r:,,'ri1'1-'61 patlrogetts, is one of t.hc drtrgs
r.,i ,.:rr.ir:e in rl * ",;;;'; 

" 
trr.r**'Ti i) Inrltruments usedr

i"*lrpilal-ory ancl ulinary comtnunity- An l'llico, UV-Visible digital
r:r:rirrirecl-infectionsfG,T] Literatrrre spcctloirhot,r:treler (SL - 15t)j rvitir lctn
r-:liivc_-v serve,s only HI'l.Cl urethodl8-15] mntchecl quart,z cells r'r'ere usecl for" the
iirl irnirlytical estimation of CPII; ,<1rech:al aucl nbsorbance
llt''r'rver', no spectroscopic stuclies fnr ibs nreasurenlorlt.s. Arr Blico Li-120 digital
cirl.rrnrtir-rn have been relrortecl till clnfc. pI'I ureter was uscd for pTl
I-ii iri:t ii rvas lhought, t'ortltrvhile t,o tttt:tt$ttretttents.
lir'.-elop spccLlophotometlic rnclhod for
t,irr-: samc. As the a.irlytically rrseiirl ii) Preparation of standald drug

ilri,rt,ional gi'otlps i1 CPIj Iit1c lothecl solutions:

i'i.,it-n' exploilcd fol designirrr suitahle,
. i :,i l;l r: sircctrophotor.net,r'ic rrr cllrotls attcl

N'T. (1998). Basic
C'helrristr-r' (2 ecl.).
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For Methods:
'lhei si:ocli soh.rtiorr (1rrrg/rnl) of llPH

was pfepal"cd by clissoh,ing 100rng of it, in
100m1 0.lN1t HCll.'llhis solut,ion rvirs
lirrllrc-'rr dilutecl step rvise rvith disi:iLlurd
rvatel to obtain rvorliing sbirnclarr-l

soluLir:t r o f c,orrespor: cli n g contrelntralions
200 pgml-l [Mr,Ntr]"
iiit Proposed procedurc;:

Afler systernrrtic urtcl ilcLlilecl s1"ttd;,

ol the valiorts partuneters irrvcrlv*cl, as

tlesrclihecl under resulbs and cliscr-rssi0ns
the following procedures; lMr: l;hoc1s

NBSiCt] (M,); NBS/P1\,{AP-$A (Mr)l were
tecornmended'for the assa-r' of CPH iu
bulli sample$ arrcl phm'mnceuLical
fbrmulations.
a) For Br:lk samples
Method * M,

Aiirluols of stnrlclarcl CllI{ solution
(0"5-3. 0rnl,, 200pg,rnl-l) were transf'erred
into a selies oll Z$nrl crrliblated tubes.
Then 1.25mL (5.0Nl) ol l{CI and t.5ml
(5^618x1,0-{ M) of NllS rverer rrclriec]. T}re
voluirre was brought tol5mL rvith
clistilltrd water. Aiter 10rlin, 10rnl,
(5.50x1O'aN'I) of Cll solution rvas aclcled
and nrixecl thorou.ghly. Tlie absorl:ance
was nreasurecl aft,e r: Snrirr nt 535r:rn
agaiust distilled ryiLler'. The ltlank
(omitting drug) zurtl cl.!'c (ontifting drug
arrcl oxiclant) solubions rvere itrr:lralecl in
a sirnilar rnanner nr"rd Lhcir absorbiutces
lvefc measurecl against clistllled rvaler.
Tlir: 'deci'case in absorbance
correspr:nding t,o consuinc.d NIIS and irr
turn the drug cLrnce nh'ation lva,s

-ro5t-r-sdntrd Ty-EnbifiiCi. i r r g t i r i : c[ c o' t I r sc i n
absorbnnce ol bhe test soluLion (c11.'e-tost)

1'rom tl'rat of tlie ltlanii solr,LLion (dye-
blanlij. The arnounl, ol' CIPFI tvas
corrtpulecl from its cLrliblation graplr (Fig.
3).
Method - M,

Alicluots o[' stiindald C]PI-I soiution
| 1. 0 -5. 0mL, 200pr g. mL' I t rvrrrc transfi:rrccl

ink:r a serries of 2stul ciililri'ni,ecl br.rbes.

'lhen 0.5rnl 18.?5 x l0''N{toJ'Ac,OH and
2url, (4.()4 x 1.0''1X{ll ol h'ii$ s,:lutions
rvere addecl ancl liept asiclr': iirr 1,5min aL

rc,r:m ternperature. Then Li:tIrL (8.?l x
10jN{l of PMAP solutiorr n'as aclclcil.

After 2rnin 9.0url (1,1.6 :r ]"O''llVI) ol SA
sohrtion rvas trclcled. "fhe, r'ultttle wAs

innde upto thc urarli willr tlistilied wnter.
The absorbalrce r\ins irrcirlilrretl after 10
min. at S20nm irgirinst tlirri,iilctl watel'. A
blalk experimenl $'as altrl t:{tlrriecl ottt
omilling the dltrg. Thr: titi:r*asc in t'lre

nbsorbance sncl in ttlrn lhe dnrg
concetrtrtrlioll \,vas oi:.Lr,iined b:'
subhacting the ahsoll'rnncr: t:f the tesL

solution from the blnnlt, 'l'ho irruount of
CPI{ was computed frorrr ibrr calibral,ion
gl'aph (I'ig.4).
b) For pharmaceuLical fo, xriu^l*otions:

An accrrratel.r' rve'gh*d 1:orlion of
tablcl corlterlt equivalent .i.o uliouL 100
mg of CPH i.r'as transfct'retl in to a 100rn},
volumeLric I]ask. Addtcl rlborrL 80mL of
rvatrrr isopropyl alcohol aircl iiiraken rvell
lbr: about 20min. The i:ottt etrls tvele
clilLrtecl lvibh isoprop)'l iilc*li.ol r"qr to the
nrnr^ll 'ancl nrixr".cl thorougirlSr, The
solution rvas filtered. T'iie liltlate rvas
evnpr:rated to clryuess^ Ti',n |ersitlue rvas
r.tsecl fot the plepalaliott r:i. folnrulstion
solulions for dift'erent nrtil.Lrotln as given
undel standald solntioulr 1rr'clrnlai.ions.
f'hese solutions rvere iLnal;r':icrc1 as unclel
1:r'ocr:chrres clcscrib ed fi"o h r r lit solntiorr.s.

Hesults and ljrscusstotts:
i. Spectral Characierislics:

In order to ascerlain the r:ptituutn
rvavell:ngth of ntaxiurtttn irbsorptiotr
().,,,,,-) oll the cololeti specicl ii-,rrIrrcd in the
above rnetl'rocls, sgrecificti atttounls of
CPH we1'e tirlien anci i:rl{rrs \\rere
dcveloped separrrtely br. il-iilt-rtvitrg the
above proceilulcs. 'llri, al:sorpliorr

si:ectrn
s1:crclro
rtlgion
re&ge11l

reaElelll
each n
distiller
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For Methods;
The stoc,k solutiou tlnrg/ml) of CPH

was prepaled by dissolvirrg 100mg of it in
100ml 0,lM HCl" This solulion was

furthel diluled step wise rvith distilled
watel to oJttain worliing stanclard
solubion of corr"r:syro n cliu g cotrcrenf rations
200 pgml'' |tvir,MJ.
iii) Ploposed ptocecltrt'es:

After systemntic sucl clc{.ailecl stucly

of the variotts paramelers itrvr:lved, as

clcsclibed utrder resrllts and cliscussiotrs
the f'ollowing plocedules; lMebhocls
NBSiCB (Mr); NBS/FN{A}-SA (Ms).] rvere
1'ecomt:rettded t'or the assny of CPH in
bulk sumples nucl 1:hnrmaceutical
formulations.
a) For Bulk samplet
Method* M1

Aliquoln of stalrclurd CPI{ solution
^ (0.5'3"0mL, ?0OpLg.mT,"l) were trausferred

irri,o a series of 25m1, calilrrated tubes,
Ttren 1.2SmL (5,0NI) ot I':ICI and 2'5mL
(5.618x10a i\I) of NISS rvele ticlded. The
voh.rlue lvas btought tolSrnL rvitir
clisiilled rvater. After l0tnitr, L0nrl
(5.50:t10'aM) of CB solution rvas adclecl

and tnirecl ttroroughly. The absorbatrce
lvas nteasutecl after Stnitr at 535nnr
againsb distilltct rvaber. The blank
(omitting drug) mrd clye (ouritting drug
and oxidant) solutions wele prepared iu
a sintilar mallneL zurd theit absorbances
were lneasuiecl against clistillecl rvatet'^

The decleinse in absolbnnce
corlesponding t,o consLllrred NBS ancl in
turtr t@iion -\4'as

obtained hy subtracting the clecrease in
absorbance of the l,csf soluLion (clye-tcst)

fi'om tlint of the blank solution (d-ve'

blanli). The amottnb of CPFI was
courpr-rled ftom ils calibrntion glalrh (l"ig'
3).
Method * M,

Aiicluots of stanclaL'cl CI'FI soluliou
( 1.0-5,0rul, 200ptg.rn[;t ) rvet'e l,rirtrsferrcd

irrto rr set'ies of 25mL ciriihi"*i:cd bubes'

llhen 0,5rnl, (8.?5 x 10'iN'1i of'lic0H atrd

2mL (4,94 x 10 $M) ol t{B$ solutious
w*re addecl and kept asicle {trl' 15miir at
room tetnperatttle. Thern l.5trrl (8.71 x

10''1M) of PMAP solutioti u'as adclecl,

Af'tcr 2r"nin 2.0mL (1.16 r: l0'!1\'I) of SA

solution lvas aclded' Th* I'ulutne rvas

nrncle trpto the urat'li wibh clisiiilecl u'ater'
'fhe ahsotbzurce wa$ utetrsr.Irt.d nfter 10

min. at 520nm against diltilled lvat'er. A
blank experiment was rti,:li, ci'rlriecl out
omilling the drug. The tlecrease in t'he

aLrsot'bnnce and in lr-uli the drug
c:trncentratiorr - was oiltained by

subtracling tlte absorb$11g'"i uf the tesl
soltttiotr from the blanli Thc ltnount of
CPH rvas compubed fi'oni i.ls calibration
graph (Fig.4).
b) For pharmuceuticatr fomrullnt'ions:

.t\n ttccuratel-'* u'eiglicd portion of
tnblet contenb equivalent .tc about 100

mg of CPH was transfot:r"ecl inll: a 100mL
volumetric flash. Acldocl airor"tt 80rnl of
rvar"rn isopropyl alcohol *nt1 shalien rvell

frrt aboltt 20min, Tho contenls lverer

clilrrlecl with isoplopyi aL:oli':l up to the
rnar'Ii atrcl mixecl lhoi'orrghly. Tire

soiution ivas fiil,erecl, Ther tllh'abe was

evaporatecl to chyuess, Tire residue was

usecl for the preparation of fortnulatiou
solubions for differetrt lrrt:ihoils as given

rrnder standard soh:tions prcpalations'
Thcse solutions were ilnalf i:cd as uncll:r
ploceilr"ttes clescrib ecl fro b ttlh solution s.

Results and Discussion:r:
i. Spectral Characteristics:

In orcler to ascertirin the optirnr:tn
,,r,avelength of maxiuruttt absot'ptiotr
().,,,.,") of'the colored specics ibrmed in the

above tuelhocls, sllecilitrtl arrrounts of
CPH \,\re1'e taken i'incl colors were

clevelopecl separraLel.v b-t' [b1lo 'ng lhe
above plocedures. T iri: iibsorption

spech'
specbr
legion
reager
reager
each :

distill,
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:d tuhes,
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vI) of $A
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ed water.
after l-0
rvater. A
rriecl r:ut
re in the
he drug
Led by
the test

rnount of
rlibration

rrtion of
bout 1"00

a 100rnl
EOurL of

rken rvell
trts rvere
up to the
rly. The
;tate wag
riclue was
:':::,.11:,t'io.
i as given
parations.
as utrcler

rlrrtinrro

oplimunr
rbsorptiorr
ncd in the
rounts of
ors were
rwing the
rl:sorplion

s1:ectra \a'(rre scannecl o1'l a
spectrophoi,r:meter in the u'ave lcnglh
region of jl4tl to $00nm against sirlilar
reagent blnnlt or clistilled water. The
reagent l:iaiih rrbsorption spectrum of
each method rvas nlso recorcled againsl
distiiled ll'aber. The results lyer*

graphically tepresentecl in lrig.1&2. Tire
absorption curves of tire colorecl species
in each rnethod shorv chnracteristics
absorption mu-rimir whete as the blank irr
each methocl has low or no absorption in
this region.
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F ig^ 2: Al:sor"1:tion spectrrun of CPH rvith NBS * Pil4AP - SA (Mr)
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Fig. L Absorption spectrum of CPH with NBS - CB (NIr)

q il r1

.eL ll.to "-

-" rt1

NBS*5.62 x10-5M

CB*5,49x10-rN,l

FIC1* 2.60 x 10"r1','l

CPII * 1.459x10'5N{

*s* Blarrl<

*+* Test
*** f)r"e

Nl"lS * 4.4S .r. llr"'rlt1

PIVAP* 1.8.1 x lO":N.l
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3l

her thc cololecl
rbolc nrethocls,
allsortance's a.t,

aplrrnprill,c rvarre lengl,hs of a s*l ol
soh.rt,jr.rnr.r coirlainiug varying nmounts of
CIIII iurrl -*peciliccl nrnounts of lengents
(as r'.i.,'r--n itr iire lr:cotntnenclcd
proiledrLr.r.'c,q lbr eacli rncl,hcidJ wcl'e
le cotr-i.rd against the con'uslrouding
reil;,;i.:rrl i:latrlis, Thc lJeer's larv plots r:f
fhcsr,l -rl,'slem$ ale recorclcd graphically
(Filii:.i:]i:o.ll against thc cnt'responding
rea$rrf1i- blitrrl,ls. Besl's 1aw limits, nrolnr
ilhii(,r'ijlivili', Srrrrtlell's scrrsitivity nnd
olrtirnr.rnr pirotomctric range (Tnl:le.1)
for {ltrlI in ench mcthod dcvelt:rpecl,

Wit,h nrcntionecl reagenis wrlre
crrlclilrlccl. ' Least, sqtlare reg"ressiou
annl1',.:i:; r',,1s carriccl or"r[ for EJetting t]re
$loi,.q, in telce pl antl c:orrelntion
coefilr:ir:ii t, valucs. (Tarble l ).

iv, ilJnlcirion:

'n'h<,, 1rt'ecision of encrh pfopoLii:rl

ntrl.lr,-:c1:, was ascertained fi'onr the
&))F,rri.,rrr1r:r,, values obtainercl b1' actttal
tlelcriuinai,icrn ol six replicates ol n fixed
arnorurl' oi CPH irr total $olubion. 'lhe
p crf r-r ri i: r't--l alivc xtanclalcl clevia li on antl
pt'rc:ctrl. r:ange ol erlol' (at, 0.05 nncl 0.01
ct:rrfitir:iri:e limits) nrele calcLtli,th:d ibi'
thi: 1.,i'orri:secl rneth.ocls (Tallle1).

v, .tlii:::Lirrrc;;:

1\{1) r,rnder opbitnum conditions lvere
invesIigi.rl,r:cl" The cotnmorrly ttsecl

execilriurt:i and other active ingreclienls
usunlll' presenl irr for"mulatiorrs riid not
int*rftrre even i{'they rverc presetrt in
nmq:ntrt lhan lhey usr"rally exist.
vii. furalysiu of farmulations:

Cr:mrnercial fornruialionn (Lablets)

r:ontiriting CPH \.vet'r: sur:cessfully
tnalyzecl bJ' llls proposed metl-rods^ The
val[cs c,btniui:cl by the proposed u;nd

refercnce meifiocls for ftrrmuliltions
wero compared staLislically rvith F and t
tests anrl fclund not to cliflcrent
sigrri{icantly. The results $re
surnmnlized in (Tnble 2 ). Pcrcetrt
r:ecoveries rvere cletermined by adding
slantlflr'cl dmg to preanalysed
folmtrlirlionri. The I'eslrlts of tire
recoverv cxpeliments by thei 1:t'oposed"
methocls urn also iistcd irL (Table 2).

Conclusions:
The lrropr:secl methods exploit the

varions firnctioual group$ in CPI{
rnolercr-rle . SiaLislical arral1'sis of the
renults $holvs thnt thc proposeci

trrroccclures have goocl precisiotr and
acrrlr'flcrv with good sensiiivii..l' ancl
lrig]:*r ).,,,.,-. Resr.tlts of tl'rc anah'sis of
p lt artrrlcenti cai fort.nu latiotr s ltlrtenl that

.t'. ilctermine rhe 
^accur,,,c.\. 

ot jacll___lllil:l[:il,il'-'Tixi ":,,:iillil]' il;
pt'ol,rolrt:cl nrcthocl, cliffereni irnrottrtls of
hrrrl." sa'rples of clpH 

',i{:}ri' 
ilrc Beer's int;er"ference of t}re usttnl aclclili'"es

li*i' lin*ts rvere take. arrt, an.l)'zed b), ptt:sctrt i* phirrl:laceuticrLl i'ormulatio.s'

llri' irioPoserl urethocl^ The rcsrrlts Thc orden of sensitivity amorrg lhe

(1)er",.:,,,ri c. orj a.e recorcled i* (Tal:lel prolrr:sccl t'ethocls is: Mt > M''

.). Thrrs. lhe prolrose:cl rnet,hocls a1'e

sirnpkr. scnsitive or selcctive wilh
vi.. Lr,',e:r'ference str"rdies: rtasonable prccision eirrcl acrcr.llacy and

T,r-r;:, c{.iLrr:t of r.r,idc rilnqLr of co'stit.lcr berl"tcr *llernati'es lo tlie

r-rxciirirr'ris ancl olhel active ing'r'L:dicrrts rep0rlerl Qtrers itt t'hc ass{1'oi'CPFI irr

r"rlLirti..,. presr:nf in the for.rnr,rlntions tbr' lll]]: ., ,1:':]' 
and phartracetrtic'l

i,ltir :r:rrr lt, of CI'II i' r'ct6ocls (1\'I, rurcl lol IIIlll.tlolls

00 r;ti.lil 01

')
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Fig. 8: Beer's Law plot of CPH witli
NBS - CB (M1)
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ii. Optimum condifions fi-xation in
procedures:

The optimum conclitions for the colul
developnrent ol nretliocls (Mr ancl IvI,)
\tere e,slablisliecl by varying the
parameters one a1, a tinte, lieeping the
ofhers fixecl and ol:serving thq effecl
produced on the absor'l:ance of the
colored species^ The follorving
experimer-rts wer.e conductecl fol this
pulposo and the condiLions so obtainecl
\ver:e incorporaicd in recornrnencled
procedules,
Method * M, [NBS/CB]

'Ihe procedrrrc involves trvo stel:s.
The firsl step in the 1:rocedur-e is tlie
reaction of CPLI wil,h ur excess of NllS
g{ving plodrrcts involving oxiclation.
sttbstitution or addilion ancl tlie
estirnation ol' unlcacled NllS tising a
knowrr exces$ ol OB (secroncl step), The
excess d.ye lernairring wa$ then
ntr.asured rvith a spcctrophotomet.cr..
The eff'ect of reagent concenti'al,iorr
(acidity, NllS ancl Ci3), u.aibing petiocl in

Fig. 4: Beer's Law plot of'CPH with
NBS * PMAp - i;rA. i&f?)
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each step with respecl lo maximum
sensitivity, minitrrum l:luirli. adhersnce
to Beer's larv, reprodtLcibility urcl
str,rbility of final color u'ci'* sluclied by
means of conbrol expcrinirrnts var)'ing
otre lraramelel a[ a tilnc .

Method * Mr [NBS,riPIWAf/i!]Al
This IS i1I] indirect

spectrophotomehic nrci.lrr:cl rvhich
involves tr,vo steps. In lht-. t'irst step, lhe
volume of NBS rcquiloci iirl oxidation
of clmg, the time and tcrrulrerature for
oxidatiorr. ofl the drr,rgl arrd volurne of
ncelic ur,ici lver.'e estirblirlrr:cl bhrough
contl'ol experirnerrt.s. I Li lh+ second

ffii:'l\riAF and the
intermittent time lrctrvr.:rrl trclclibions,
volume of SA and the solvi:n1, ltrr final
dilution rvere for-rnd bv v;rtying one:
par"nnreler nt a titne .

iii. Optical Characterislicsr

In oriicr to test whcl.lri.r' i;irr: colored
species lbrrueci in Lho rl:c,itr rncthods,
adhere to Beer's lar,v the al.llolhirnce's at
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lnterno
ISSN:2:
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llatn:neler
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1,,.,," (nm) 535 il20

llc.er''s larv limits (rrr/rul,) 1"0-5,0 ::.0-1.0.0

Detection iimit (LtE/rnL) i.316 5.l)9.1

Molar absorrrt.ivifv ( I niol'r.cur'|) 3.808 x 10{ 2 112 x 104

Sandell's sensitivity (prg. cru'r/0.001
rbsolbance unit)

0.13968
0.11240

Oplirnum photometric r"anre ( rLe/rnl,) 0,3-0.7 0.6-1.0

Regression equation (Y* a*bc)
slc'pe (b)

4-86 x 10"r 3.$illi x l0"r
Stnndurcl deviation on slope (Sn) 2.3? x 1"0"3 6.fl5l4 x 10''1

Intercept (a) 7.0 x 10'T ,tr,50 x 10""

Slandard deviation on intercept (S') ?,8?6 x 10"' 4.tiilil x 10'rl

Starrdard er'ror orl estimalion (S,,) 7,509 x 10'" '1.'lt3 x 10't'

Con'elation coefficient (r) 0^9964 0,iig95
llelative standard devialiorr (o/c)'f 1.6096 1.0?88

96 llange of error (conlidence limits)
0.05level r.68S5 r.0799
0.01 level 1.6492 i.$!)3S
7n error. in Bulk satnnles 'r"!

Table I
Optical and regression characteristics, precision and accur"acy oi1't'ht

proposed methods for CPH

** Ave
clete
teftlr
mebl
Thur
linril

:h1F* I*
pr€a
forn:
dete

Heferer
1.

I

i).

4,* Average of six cletenninations consiclered
{"r' Average of three dcterminalions

Table 2:Assay of CPI{ in Pharmcrceutical Fortnulatious

* Tablets frorn four cliffcrent pharmacerrlicral comparies.

5.

Fortnulu
tirrl s'l'

Amoul1t
tukern

^{nrount found by proposed
\4rthods'r"F

Refet'ence
method

Percentage lucrtivcly by
nronosecl tl ct,ltoiiri'r!' +

N{r NI,

24t),5 L-F0.46
li-a.i1,55
t= 1.146

?4!].62 + 0,5 ii
[:2.91]$
t - 0.820.,1

J4$.98 + 0.96Tnbt't I !50 tit,,

I Lr I 
','! Ii 500

.19i).llti + 0.,1rj

Ii'*l1.t]Btt
t.= 1.35{i

49t).?0 + Q.t)6

Ir = 1.85 5
l= l.5il0

99.5! + 0.79 99.38 + Q.93 !'-1."q7 +0.55
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'h4' Averagt j; *t.nnclald cleviation of six
detelt:ritriit.ittrs, the t'aucl F'test valnes
refer to coupalisott t:f the proposed

mebhotl r"'ith the t'efeletrce met'hocl'

Theoreticirl valucs at 9570 conlicleuce
linrii, F * 5.0$, t - 2^!$2

**{r llecov*r"i.' of 10r:rg added to the
preannl"ystcL pharmaceulical 7.

tbrmulrr.tions (arrerngc. of three
detennir:lrtions),
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