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ABSTRACT

A simple and sensitive reverse phase high-performance liquid chromato-
graphic method, for the determination of related substances of Cephradine
drug substance has been developed and validated. The degraded products
and the isolated impurities were analysed by RP-HPLC utilizing a
Octadecylsilane Column (Y MC Pack ODS-AM 150 x 4.6 mm, 5p), followed
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by ultraviolet detection at 220 nm and a mixture of Acetonitrile, Phosphate
buffer 0.02M used asamobile phasein agradient elution. This method was
validated in terms of Selectivity, Linearity, Precision, Accuracy, Robust-
ness, Limit of detection (LOD), Limit of quantitation (LOQ). This method
has been succefully applied for drug substance of cephradine.
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1.INTRODUCTION

Cephradine, 7-[a-D- (cyclohexa-1, 4-dienyl)-gly-
cyl-amino]-3-methyl-3-cephem-4-carboxylicacid, isa
first generation cepha osphorin. It has broad-spectrum
antibacterial activity against gram-positiveand gram
negativemicroorganisms, throughinhibition of bacteria
cell wall synthesig*2. Cephradineisuseful for treat-
ment of infectionsof the urinary and respiratory tract,
skin and soft tissues. Severa anaytical methodsare
available in the literature for the determination of
cephradineand cefadroxil inther pharmaceutica prepa
rationsincluding HPLC®9, capillary e ectrophoresi 57,
polorography®, chemiluminescence®t and spectro-
scopic methods*21€, Our strategy was to develop a
vaid high-performanceliquid chromatogrgphy usng UV
detection method to anaysethe processrelated impu-
ritiesaswell asthe degraded products of cephradine.

Thispaper explicatesthemethod devel opment and vali-
dationto determinetherdated substancesof cephradine
drug substance and formulated products.

2.EXPERIMENTAL

2.1. Samplesand reagents

Thewell-examined samplesof cephradinebulk ma:
terial in powdered form (B.No -CDNP/115/2001),
compacted form (B.No- CDNC/114/2001) and the
Cephalexin (B.No-WS-14), were obtained from Or-
chid Chemicals& PharmaceuticdsLtd., Chenna, India

Sodium dihydrogen orthophosphate dihydrate and
Orthophosphoric acid (85% v/v), adl AR gradewere
obtained from SD fine-chem Ltd., India. Acetonitrile
HPLC grade was obtained from Merck, India. High
pureMilli-Q water was used withthehel p of Millipore
Milli-Q plus purification system (MILLIPORE SA,
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67120 MOL SHEM, France).

2.2.Apparatus

A Waters Model Alliance 2690 separation model
equipped with a Waters 996 photo diode array UV
detector and 2690 separation model equipped with a
Waters 2487 UV-VIS detector were used. Waters
Millennium *Chromatography softwarewasused for
cdculation of results. Sampleswereweighedin Mettler
Toledo Model AT 261

2.3.HPLC conditions

Anin-houseliquid chromatography method was
devel oped for theanaysisof Cephradine, itsimpurities
and theintermediates, wherea C-18 Column (YMC
Pack ODS-AM 150 x 4.6 mm, 5u) withamobilephase
consisting of amixture of 0.02M NaH,PO,.2H,0 (pH
4.5;0.02 M) and acetonitrilein thegradient e utionwas
used with UV detection 220 nm at aconstant flow rate
of 1.5 ml/minfor theresolution of al impurities. The
gradient condition started with 99.5% of phosphate
buffer and 0.5 % of acetonitrile up to 5 minutesand
then the acetonitrilewasraised to 10 % at 20 minutes,
which was maintai ned up to 26 minutes, then slowly
raised to 20% at 38 minutes. In every injection the de-
lay timeof 10 minuteswasmaintained at theinitia gra-
dient condition. Theoverdl anaysswasperformed at
ambient temperature and theinjection volume 20p.L.

2.4. Preparation of resolution solution and evalu-
ation of system suitability

Equd quantity of Cephradineand cephdexinwork-
ing standardswere accurately wel ghed and dissolved
in phosphate buffer solution, diluted to thefina con-
centration of each 0.1 mgml-%, and 20uL wasinjected
to check thesystemissuitablefor analyss, theresolu-
tion between the peaks corresponding to cephalexin
(retention timearound 21 minutes) and cephradine (re-
tention time around 23 minutes) was not less than
5.0.Thetallingfactor for cephradine pesk wasnot more
than 2.0.

2.5.Preparation of standard, samplesolutionsand
guantitativedetermination for related substances

Around 50 mg of Cephradine working standard
wasweighed and dissolved in phosphate buffer solu-
tionin 50 ml volumetric flask, diluted tothefinal con-
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centration of 0.01 mgml, and 20uL wasinjected.

The Cephradine sample to be examined was
wel ghed about 50 mg, dil uted with the same phosphate
buffer solutiontothefina concentration of 1.0 mgml-,
and 20uL wasinjected. Thefollowing formulawasused
to cal culate the content of related substance.

% of each related substance=A_ x DSx P/A_x DT

Where A and A represent the individual impurity peak area
of sample and the peak area of standard respectively, DT and
DS represent the dilution factor of sample solution and stan-
dard solution respectively and the P representsthe purity (Yow/

w) of Cephradine working standard.

2.6. Stability of cephradineunder stressed condi-
tions

Stability of the solid state of both cephradine pow-
dered and compacted forms were demonstrated by
storing for Sweeksat 90°C in a Petri dish. Cephradine
drug substancewas separately treated with 1N hydro-
chloric acid, 0.1N sodium hydroxide and 30 % w/w
solution of hydrogen peroxide. Thesamplewasexposed
to Sunlight for 35Hrs, ad so the samplewas subjected to
humidity degradation by keeping at 25°C and 97%rela
tivehumidity.

3.RESULTSAND DISCUSSION

3.1.0ptimization of HPL C conditions

In order to obtain a precise and rugged method,
several tridswithlow pH, higher pH and the different
bufferslike acetateand citrate weretried inthemobile
phase. Finally the completeresolution anongall the
related substances of cephradine and the degraded
productswas achieved by using phosphate buffer and
acetonitrilemixturewith ODScolumninasdectivegra
dient condition. Instead of acetonitrile, methanol was
tried in thegradient elution, some of therelated sub-
stances that is highly non-polar when compared to
cephradine was not eluted out. Sincethe cephalexin
wasthe processrelated impurity and al so good resol u-
tion between cephradine, it was preferred to check the
suitability test. (Figurel).

3.2. Validation of determination of related sub-
stance

After optimization of anaytical conditions, theevau-
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TABLE 1: Therelativeretention time (RRT) of known peaks
with respect to Cephradine

S.no. Name RRT
1  Phenyl Glycine* 0.091
2 7ADCA* 0.106
3 Dihydro Phenyl Glycine* 0.130
4  Dimethy formamide* 0.171
5  Impurity A 0.385
6  Impurity B 0.545
7  Impurity C 0.742
8  Cephaexin* 0.916
9  Cephradine 1.000
10  Impurity D 1.193

*|ntermediates, which are not present in the final substance

TABLE 2: Degradation of cephradine

Mode of Conditions % of
degradation degradation
Acid IN HCl (1.5Hrg/95°C) 20
Alkali 0.IN NaOH (1.0Hr/RT) 9
Oxidative H,0, 30%w/w (Initial /RT) 9
Thermal 95°C (1Hr) 17
Photolytic Sunlight (35Hrs) 12
Humidity 25°C 97%RH (30.8Hrs) 0

ation of parameters such as specificity, linearity, LOD,
LOQ, precision, accuracy, ruggedness and robustness
were completed for thevalidation of the method.

Specificity
Inorder to show thismethod ishighly specific, each
related substancesand theintermediates of cephradine

wereinjectedindividually inthe concentration about 0.5
mg ml. Further to confirm the specificity, theknown
related substances and theintermediates of cephradine
were spiked with the sample in 1% level to the
cephradine concentration 1.0 mg mi. It was observed
that therelated substancesarewel | separated fromeach
other and also from the cephradine peak (Figure 2).
Therelativeretentiontime (RRT) of al well resolved
peaksweretabulatedin TABLE 1.

Thismethod isnot only specificinthenormd andy-
gs but dsointheandyssof cephradinesamples, which
endurein stressed conditions. The percentage of deg-
radation and the peak purity valuesof cephradinewere
giveninTABLE 2.

Linearity

Thesolutionsof cephradineand itsknown related
impuritieswere prepared at |ow concentrationsfrom
0.12 ug ml* and at higher concentrations 12 ug mi-,
and therel ationship between peak area(Y) and con-
centration (X) wasobserved. An excellent linearity[for
cephradine Y = 14565 X + 498 (r = 0.99999)] was
obtai ned within the above concentration rangefor all
related substances. Microsoft Excel softwareused to
plot the peak areas versus micrograms injected.
(TABLED3).
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Limit of quantitation and detection

Thelimit of quantitation (LOQ) of knownrelated
substances of cephradinewere determined by usingthe
residua standard deviation[STEY X, that isthe stan-
dard error of thepredicted Y valuefor each X inthe
regression. The standard error is a measure of the
amount of error intheprediction of Y for anindividual

TABLE 3: Linearity
Conc. (ug ml-1)

Correlation

X] and the dopevaluesfromthelinearity dataof re-
spective related substances using the following
formulal LOQ = (STEY X /dope) x 10]. Theeachre-
|ated substance sol utionswere prepared at about the
predicted LOQ concentration level anditsprecision
wasverified (TABLE 4).

Similarly thelimitsof detection (LOD) of known
rel ated substances of cephradine were determined by
using thefollowing formulg[ LOD = (STEY X / dope)

Name " eq-Highest SOPe INtercept oiicient  x3.3]. Theeach related substance solutionswere pre-
Phenyl Glycine 0.126-12.072 17781 912 0.99991  pared at about the predicted LOD concentration level
Z) i,?]DdCA 0.126-12131 17693 841 09991 gnditsprecisionwasverified. (TABLE5).

yrophenyl 12511749 4883 67 099997 . A
glycine Precision or reproducibility and ruggedness
Impurity A 0.126 -12.136 14448 211 0.99997
:mpurity g 8&% - Eﬂ‘ll 128%‘21 %g gggggg The precision of the method was determined by
c”flﬁﬁigi e 0126-12000 14565 498 099909  Preparingasamplesolutionof singlebaich of cephradine
Impurity D 0.126-12.092 10961 -704  0.99993  drugsubstance(intheconcentration of 1.0 mgml?) six
TABLE 4: Limit of quantitation

LOQ Area of LOQ preparation o .

Name  opwiw) 1 2 3 4 5 6 #RSD
Phenyl Glycine  0.011 2367 2337 2287 2196 2520 2354 457
7 ADCA 0.009 2111 2252 2133 2196 2119 2146 2.50
DHPG* 0.010 531 554 511 570 516 523 431
Impurity A 0.009 1572 1718 1622 1763 1753 1713 4.50
Impurity B 0.009 1767 1786 1825 1741 1781 1689 2.61
Impurity C 0.011 1871 1719 1734 1754 1787 1819 3.20
Cephradine 0.009 2219 1754 2134 2145 2064 2257 8.59
Impurity D 0.018 1634 1942 1931 1983 1981 1632 9.19
*Dihydro Phenyl Glycine, *The acceptance criteria are the %RSD should not more than 10% for LOQ

TABLES5: Limit of detection
LOD Areaof LOD Preparation o *
Name Goww) 1 2 3 4 5 6 ¥RSD
Phenyl Glycine 0.003 572 614 615 680 750 740 11.03
7 ADCA 0.003 581 593 574 589 446 525 10.34
DHPG 0.003 188 178 190 194 225 165 10.53
Impurity A 0.003 441 414 441 419 280 408 15.21
Impurity B 0.003 428 434 427 431 315 396 11.36
Impurity C 0.003 379 397 421 443 289 407 13.88
Cephradine 0.003 731 769 809 926 996 819 11.88
Impurity D 0.005 491 439 377 530 450 409 12.25
*The acceptance criteria are the % RSD should not more than 33% and not lessthe 10% for LOD
TABLE 6: Precison (Cephradine compacted)
% wiw of Impurities .
Name 1 > 3 2 5 6 %RSD
Impurity A 0.060 0.059 0.061 0.059 0.061 0.060 1.50
Impurity B 0.106 0.108 0.106 0.108 0.108 0.106 1.03
Impurity C 0.073 0.073 0.076 0.075 0.076 0.077 227
Impurity D 0.617 0.619 0.614 0.613 0.621 0.605 0.93
Highest Unknown 0.034 0.035 0.034 0.034 0.033 0.035 235
Total Unknown 0.143 0.148 0.146 0.147 0.141 0.144 1.79
Total Related substances 0.999 1.077 1.003 1.002 1.007 0.992 0.56

*The acceptance criteria are the %RSD should not more than 10%
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timesand analyzed as per the proposed method. The
re ated substances of cephradinewerecd culated against
the cephradine standard (TABLE 6).

Two different analystsconducted thesix replicate
determination of cephradinedrug substanceinthesame
concentration on different daysusing different instru-
mentsintwo different columnsof samebrand. Thecom-
parativeresultsaresummarized inTABLE 7. Thereis
no significant deviation between theresultsof two dif-
ferent values, it hasclearly indicatesthat thismethodis
preciseand rugged.

Accuracy

Method accuracy was demonstrated by spiking a
known amount of related substances of cephradinein

the sample preparation (1.0 mg ml?) inthree different
TABLE 7: Ruggedness

(Total related substancesin % w/w)

Analysis

Analyst-1 Analyst-2
1 0.999 0.989
2 1.007 1.001
3 1.003 0.998
4 1.002 1.015
5 1.007 1.014
6 0.992 1.007
%RSD 0.560 1.000
Over all % RSD* 0.780

*9% RSD of over all values of both analysts

—— Fyll Peper

levels, like 20%, 60% and 120% in the concentration
of 2.0ugmi, 6.0ug ml-1 and 12.0pg mi- respectively
intriplicate. Thereisno sgnificant changeinthevaues
between the amount added and theamount recovered
after the correctionsof theknown sample, whichisa-
ready present. The percentage recoveries of all sub-
stanceswerein between 96 to 102. (The acceptance
criteriais80 % to 120 %) The % RSD of recovery of
threelevelswere<3.0. (TABLE8).

Sability of analytical solution

The solution (1.0 mg ml) of cephradinewith the
knownimpurities (spiked in 1% level) was studied at
room temperature at different timeintervals. The cu-
mulative %RSD of each related substanceswerecal-
culated and concluded that the cephradineand itsre-
lated substances were stablefor about 10 hrsat room
temperature (= 25°C).

Robustness

The chromatographic conditionsweredeliberately
changed to demongtrate therobustness. Theflow rate
(£ 10 %), detection wavelength (+ 5 nm), the compo-
sition of acetonitrile (+ 2 % absolute) and the column
oven temperature (at 35°C) were changed to check
thedifferencein theresolution betweentheall related

TABLE 8: Accuracy

Name 20% 60% 120%
AA* AR* Rec* AA AR Rec AA AR Rec
0.101 0.102 100.99 0.303 0.305 100.66 0.605 0.597 98.68
Phenyl Glycine 0.101 0.102 100.99 0.303 0.307 101.32 0.605 0.599 99.01
0.101 0.102 100.99 0.303 0.305 100.66 0.605 0.599 99.01
0.101 0.101 100.99 0.302 0.306 101.32 0.605 0.586 96.86
7ADCA 0.101 0.101 100.99 0.302 0.307 101.66 0.605 0.585 96.69
0.101 0.101 100.99 0.302 0.307 101.66 0.605 0.586 96.86
0.098 0.102 104.08 0.293 0.299 102.05 0.586 0.592 101.02
DHPG 0.098 0.103 105.10 0.293 0.299 102.05 0.586 0.590 100.68
0.098 0.102 104.08 0.293 0.299 102.39 0.586 0.594 101.37
0.101 0.100 99.01 0.302 0.301 99.67 0.604 0.602 99.67
Impurity A 0.101 0.100 99.01 0.302 0.301 99.67 0.604 0.600 99.34
0.101 0.101 100.00 0.302 0.300 99.34 0.604 0.602 99.67
0.102 0.103 100.98 0.306 0.304 99.35 0.611 0.610 99.84
Impurity B 0.102 0.103 100.98 0.306 0.306 100.00 0.611 0.609 99.67
0.102 0.103 100.98 0.306 0.305 99.67 0.611 0.613 100.33
0.101 0.100 99.01 0.304 0.311 102.30 0.607 0.607 100.00
Impurity C 0.101 0.100 99.01 0.304 0.310 101.97 0.607 0.608 100.16
0.101 0.100 99.01 0.304 0.310 100.00 0.607 0.607 100.00
0.101 0.102 100.99 0.303 0.313 103.30 0.607 0.610 100.49
Impurity D 0.101 0.102 100.99 0.303 0.311 102.64 0.607 0.609 100.33
0.101 0.103 101.98 0.303 0.312 102.97 0.607 0.607 100.00

The % RSD of recovery of all substances in three levels are <3 %, *AA-Amount added in mg, AR-Amount recovered in mg and Rec-

recovery in percentage
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substancesof cephradine. Thereisno noteworthy varia-
tioninresultswereclearly indicatesthat thismethodis
robust.

System suitability

The system suitability testing, whichispart of an
integral part of chromatographic methods, and used to
verify that theresolution and reproducibility of thesys-
tem areadequatefor theanalysisto be performed.

4.CONCLUTIONS

According to complete vaidation studies, the
cephradine peak of both powdered and compacted
werefreeof interferencefrom therelated substances
and its degradation products, point out that the pro-
posed RP-HPL C method issimple, precise, accurate,
rugged androbustindl situation.
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