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ABSTRACT _

Two spectropllolomclrlc n?clhods are described for determination of Cefcpime,
Cefoperasone 3‘_“1 Cefo“"f‘-\'_oflc in bulk and pharmaccutical dosage forms using in il
generated bromine as oxidizing agent and either mcthylene bluc or methyl orange as
chromogenic agents. Drugs are treated with known excess of bromine and residual unreacted
bromine is determined by treating with fixed amount of either methylene blue or methyl
orange then measuring absorbances at 678 nm and 510 nm, respectively. The amount of
promine reacted cgrres_ponds to the amount of each drug. Effect of acidity, bromate - bromide
volume and reac_tlor‘lltlme, on the absorption was studied. Calibration curves were linear over
ranges of 1-3 !.lg.ml for Cefepime,0.4- 1.0 pg.ml” for Cefoperazone and 0.3-0.8 pg.ml” for
Cefotriaxone in case of methylene blue and of 0.05-3.0 pg.ml™! for Cefepime, 0.75-2.0pg.ml’
| for Cefoperazone and 0.2-1.4  pgml" for Cefotriaxone in case of methyl orange. The
methods were satisfactory applied for the determination of drugs in both bulk and
phnm1aceutical forms and results were compared statistically with reference methods.

Key words: Cefepime, Cefoperazone, Cefotriaxone, Methylene blue and Methyl orange.

INTRODUCTION 2010; Trivedi et al., 2013), capillary zone

_ _ electrophoresis  (Chen et al., 2005),

Cephalosporins, like all B-lactam electro chemical methods (Palacios ef al.,
antibiotics, inhibit bacterial growth by 2000; Ozkan ef al., 2002).

interfering with a specific step in bacterial
cell wall synthesis (Katzung, 2001).
Cephalosporins consist of a fused B-

Several methods have been developed for
determination of cefoperazone, including

Jactam-A -dihydrothiazine two-rin.g spectrophotometric methds (Saleh er al.,
system, known as 7-ACA, and vary in their 2001; Salem and Saleh, 2002; Salem, H.F.
side chain substituents at Cs, and G Askal, 2002; Salem, 2004; Rageh et al.,
(acylamido) (Van Krimpen et al. 1280). 2010; Senthilraja and Sanjaypai, 2010),

high-performance liquid chromatography

The later generation agents, with
(HPLC) (El-Shanawani, 1998; Senthilraja

their better spectrum of activity against

gram-negative bacteria make them useful and Sanjaypai, 2006; Hurum ef al., 2009),
for _hOSPilal'vaUi"cd infections 05 electro chemical methods (Ali et al., 1993;
ic:g;;!lcateds | cor}r:rr:jllﬂl;)"ﬂcqli;;zn El-Maali er al,1993). Several methods
ctions. Several methods have developed for determination of
develo inati f cefepime, have boen deve oPS on 9
ped for determination o P ceftriaxone, including spectrophotometric

including  spectrophotometric methds
(Rodenas er al., 1995; Raval et al., 2011;
Navin ef al., 2012; Rabindra et al., 2012;

methds (Abdel-Hamid, 1998; ; Amin and
Ragab, 2004; Zhao et al., 2008; Lin er al.,

Rambaby ¢f al., 2012; Vimal el al., 2012; 2010; Rageh et al., 2010; Sultana et al.,
Chafle, 2013; Singh et al., 2013), high- L20|0), spectroflurometry (Liu et al., 2007),
l(’:;;‘trénancc liquid ~ chromatograp l}y high-performance thin layer
1997 égzﬁ ngluz lta’all 99179;913!1-(1[:2:&(1(3;;!‘;; chromatography (HPTLC) (Agbaba er al.,

? ; 1998: Eric-Jovanovic et al., 1998;

Ziﬂ 1999; Valassis et al., 1999; Chang e/
alll 2001; Cherti et al., 2001; Palacios ¢/
» 2005; Hurum et al., 2009; Patel ef al.,

Zarapkar ef al., 2004)
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high-performance liquid
chromatspraphy (HPLC) (Nahata, 1991;
Misztal, 1994: Teai or al., 1999; Glaria et
al. 2005, Gandhimathi et al, 2010:
Irivedi et al., 2013), electro chemical

methods  (L1-Maali er al,,1993; Reddy,
1997)

Redox  reactions are employed in
determination of inorganic cations and
anions as well as organic substances. They
have also been used as indicator reaction
for kinctic catalytic methods. In redox
reactions, the reaction products include the
oxidized (or reduced) form of the analyte
and the reduced (or oxidized) form of the
reagent. Change in the absorbance of one
of the reactants or products, induced by the
reaction, can be employed in the
determination.

Redox reactions are classified into
two main groups; reduction of analyte by
reagent and oxidation of analyte by
reagent, In both cases, the redox reactions
can be classified as follow:

1. The spectrophotometrically active
analyte product is formed and
evaluated.

2. The spectrophotometrically active
rcagent  product is formed and
cvaluated.,

3. The spectrophotometrically active
rcagent  is  used and  ts
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concentration
decrease) is evaluated.
4, The excess reagent or the reagen
product is determined using other
spetrophotometric reaction,

An example of the last class is yh,
oxidation of the analyte by reagen
(bromine) and then excess reagemt s
determined using other spectrophotometric
reaction (such as oxidation of methylene
blue or methyl orange by excess bromine
followed by determination of residual dye).

This  method has  been  widely
employed in determination of
pharmaceuticals (as a sensitive and rapid
method)  such  as  levofloxacin - HC,
lomefloxacin HCI and sparfloxacin (El-
Shanawany et al, 2011), Doxcycline
(Ramesh et al.,, 2010), Simvastatin
(Tharpa and Basavaiah, 2009),
Gatifloxacin  (Basavaiah and Tharpa,
2008), Lansoprazole (Basavaiah er al.,
2007), Pantoprazole (Basavaiah and Anil
Kumar, 2007a), Amlodipine (Basavaiah
and Anil Kumar, 2007b), Cyproheptadine
(Basavaiah ef al., 2006) and Salbutamol
sulphate (Somashekar and Basavaiah,
2006).

In this study, cefepime, cefoperasone
and cefotriaxone have been determined

spectrophotometrically through indirect
redox method depending on oxidation of
drug by insitu generated bromine and
evaluation of excess bromine by using
either methylene blue or methyl orange.

(absorbane
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Apparatus

Lab‘omed® Spectro UV-VIS Double
Beam (UVD-2950)  Spectrophotometer -
with matched 1 cm quartz cells connected
to windows compatible computer using
UV Win 5 Software v5.0.5.
Materials and reagents

All solvents and reagents were of
analytical grade and double distilled water
was used throughout the work. Cefepime
(Adwia), Cefoperazone (EPICO) and
Cefotriaxone (EPICO) Standard solutilons
25 ug.ml-1 of cefepime and 10 p_g.ml' of
others were prepared by dissolving each
pure drug in 100 ml bidistilled water 1n
case of methylene blue. Cefepime (A_dwm),
Cefoperasone (EPICO) and Cefotriaxone
(EPICO) Standard solulionls 10 ug.ml-1 of
cefotriaxone and 25 pg.ml’ of others was
prepared by dissolving each pure drug in
100 m! bidistilled water in case of m.cthyl
orange. 5 M HCI (El-Nasr Chemicals,
Egypt) was prepared by diluting 225 ml.of .
concentrated HCI (36%) to 500 ml with

bidistilled water. Mell:)/(lf)"e. leaule Fir:g:
0 pg/ml (Univer
Methyl Orange 60 pg/ e solved in

60 mg were
en completed to 100 ml

table for 2 weeks at
de stock solution

Chemicals, India)
20 ml methanol th
with bidistilled water (s :
least). Bromate / Bromi

H

cefepime
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cefoperazone

9

was prepared by dissolving 0.1 gm of
potassium bromate (Winlab, England) and
1.0 gm of potassium bromide (Winlab,
England) in 100 ml bidistilled water (stable
for 10 days at least). Working solution was
freshly prepared daily by diluting 2.5 ml of
stock solution to 100 ml with bidistilled
water (25 pg/ml in case of methylene
blue), 1.25 ml of stock solution (12.5
pg/ml in case of methyl orange).
Pharmaceutical preparations

cm.

The following available vial
preparations were analyzed: W incef® vials
labeled to contain 1000 mg cefepime per
vial.  Batch No. 09023519869 (Adwia,
Egypt), cefosone® vials labeled to contain
1000 mg cefoperazone per vial. Batch
No.1005019 (Eipico, Egypt) and
ceftriaxone® vials labeled to contain 200
mg cefotriaxone per vial. Batch
No.1280325 (Kahira, Egypt).

General spectrophotometric procedures
and construction of calibration curves
using Methylene Blue method

To 1 ml (in case of cefepime and
cefoperazone) or 1.2 ml (in case of
cefotriaxone) bromate - bromide working
solution in 10 - ml volumetric flasks, add
0.4 — 1.2 ml (in case of cefepime), 0.4 - |
ml (in case of cefoperazone), 0.3 — 0.8 ml
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(in case of cefotriaxone) drug solution then
acidify using 0.2ml (in case of cefepime
and cefotriaxone) or 0.4 ml ( in case of
cefoperazone) 5 M HCI, close flasks and
stand forl5 minutes (in case of
cefotriaxone) or 10 minutes(in case of
others) , add 1 ml dye working solution
then stand for another 10 minutes and
complete to mark with bidistilled water
then measure absorbance against reagent
blank at 678 nm.

General spectrophotometric procedures
and construction of calibration curves
using Methyl Orange method

To 1 ml (in case of cefoperazone),
0.8 ml (in case of cefepime) or 0.6 ml (in
case of cefotriaxone) bromate - bromide
working solution in 10 - ml volumetric
flasks, add 0.2 - 1.2 ml (in case of
cefepime),03 - 0.8 ml(in case of
cefoperazone) or 0.2 -1.4 ml (in case of
cefotriaxone) drug solution then acidify
using 0.2 ml § M HCI, close flasks and
stand for 10 minutes, add 1 ml dye
working solution then stand for 2 minutes
and complete to mark with bidistilled
water then measure absorbance against
reagent blank at 510 nm.
Procedures for
preparations (vials)

pharmaccutical

Wincef: The contents of two vials were
weighed. An accurately amounts of the
powder equivalent to 250 mg of cefepime
were dissolved in bidistilled water, filtered
into 100-m| measuring (lask and completed
to volume with bidistilled water to give a
final concentration of 2500 pg.ml™ then |
ml transferred to 100 nl measuring flask
aand  completed to give a final
concentration of 25 pg.ml’, The
procedures were then completed as
previously mentioned under (he general
procedures (2.4.1.and 24.2).

Ce'fosone: The contents of two vials were
weighed. An accurately amounts of the
powder equivalent to |00 mg of

cefoperasone were dissolved in bidistilled
water, fi

Iltered into 100-m] measuring flask
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and completed to volume wilh' bidistilleq
water to give a final concentration of ]q
pg.ml" then | ml transferred to IOQ ml
measuring flask and completed_llo‘gwe a
final concentration of 25 ug.n?f .( In cage
of methyl orange ) or 10 pg.ml"(in case of
methylene blue) The procedun?s were thep
completed as previously mentioned under
the general procedures(2.4.1.and 2.4,2,)1

Cefotriaxone: The contents of two vials
were weighed. An accurately amounts of
the powder equivalent to .100‘ mg of
cefotriaxone were dissolved in bidistilled
water, filtered into 100-ml measuring flask
and completed to volume with bidistilled
water to give a final concentration of 1000
pg.ml'l thenl ml transferred to 100 ml
measuring flask and completed to give a
final concentration of 10 pg.ml' The
procedures were then completed as

previously mentioned under the general
procedures(2.4.1.and 2.4.2.).

RESULTS and DISCUSSION

The proposed spectrophotometric
methods are indirect and based on the
oxidation of the mentioned drugs by
bromate solution followed by
determination of the residual bromine
(insitu generated) after allowing the
reaction between each drug and a
measured amount of excess bromine to be
complete. The surplus bromate was
determined by reacting it with a fixed
amount of either methylene blue or methyl
orange dye. The methods rely on the
bleaching action of bromine on the dyes
due to oxidation of these dyes (in case of
methylene blue).

Cefepime, Cefoperazone and Cefotriaxone
when added in increasing amounts to a
fixed amount of jn Sifu generated bromine,
consume the latter proportionately with
concomitant fall in the concentaration of
bromine. When a fixed amount of dye is
added to the decreasing amounts of
bromine, a concomitant increase in the
concentration of dye results. Consequentlys
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the increase in the absorbance of the
residual dye at the respective Amax IS
proportional with increasing concentration
of each drug. In studying the molar ratios
of the reaction by job's method (Mendham
et al., 2000) it was found that bromine and
methylene blue react in the ratio I: |

(Figure 11).

400
MeN Snrv

MEz
] @

CH, )
Two tautomeric forms of methylene
blue

Absorption spectra

on spectra for determination
Cefoperasone, and
died over range of
ation of both drugs
h bromine, residual
blue and methyl
at 678 and 510

Absorpti
of Cefepime,
Cefotriaxone were Stu
200-800 nm. After oxid
and portions of dyes wit
unoxidized methylene
orange are absorbed
respectively (Figures | and 2).
Effect of Acidity

5 M HCI
experiments and
0.2ml or 0.4 ml

was used throughout
it was found that for

( in case of cefoperason€
of 5 M HC

with methylene blue cl
is the appropriate

(accurately measured) 15
acid volume and increasing

results in a decreasc in absorp

3 and 4).
Effect of bromate -

HC! volume
tion (Figures

promide volume

'
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| ) I
cl CH
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The in situ generation of bromine is
carried out using a mixture of potassium
bromatc and  potassium bromide in
presence of 5 M IHC! according to the
following equation:

5Br + BrO, + 6H
3Br, + 3H,0
The proposed pathway is suggested as
follows (Tharpa and Basavaiah, 2009) :

b
=4

. I
Bromine Y :@\
" Me, S NMe;
o

@®

B
HCl

Colorless oxidized form

r

Me N S 0
T on

Colorless brominatad form

Bromate - bromide volume was
studied by varying the reagent volume
while other factors were held constant. It
was found that for methylene blue 1 ml (in
case of cefepime and cefoperasone) or 1.2
(in case of cefotriaxone) and for methyl
orange | ml (in case of cefoperasone), 0.8
ml (in case of cefepime) or 0.6 ml (in case
of cefotriaxone) of bromine is suflicient
for the reaction using these stated
concentrations (25, 12.5 pug/ml  for
methylene blue and, methyl orange
respectively) (Figures 5 and 6).
Effect of time

Time required for bromination and

subsequent oxidation of the drug before
addition of dye and time required to
irreversibly oxidize dye after its addition
was studied. The bromination reaction was
found to be complete in 10 minutes or 15
minutes (in case of cefotriaxone with
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methylene blue) while contact times up to
25 minutes had been examined and no
further bromination was detected using
TLC technique (Figures 7 and 8).

A contact time of 10 minutes (in case
of methylenc blue) (Figures 9 and 10) was
necessary for the bleaching of the dye
colour by the residual bromine and the
colour of residual the two dyes remains
stable for at least two hours after mixing
with the reaction mixture.

Method of validation

The developed methods were validated
according to international conference on
harmonization guidelines (Basavaiah and
Tharpa, 2008). The linearity range of
absorbance as a function of drug
concentration (Tables 1, 2, 3 and 4)
provides good indication about sensitivity
of reagents used. Calibration curves have
correlation coefficients (r) around 0.999
indicating good linearity. The accuracy of
the methods was determined by
investigating the recovery of drugs at
concentration levels covering the specified
range  (three  replicates of each
concentration). The results showed good
recoveries (tables 5, 6, 7 and 8). Also, the
Limit of detection (L.D.), Limit of
quantitation (L.Q.), Sandell’s sensitivity
(8.8)) and Molar absorbitivity were
calculated. Intra - day precision was
evaluated by calculating standard deviation
(SD) of five replicate determinations using
the same solution containing pure drug
(tables 13 and 14). The SP values revealed
fhe high precision of the methods F or
Inter-day  reproducibility standard drug
solutions were analyzed each for five days

(tables 13and 14) and the results were

reproducible, The robustness of {he

[SSN 1110-5089

methods was evaluated by n.laking small
changes in the volume of ncnl., bromated
bromine mixture and dye solution and the
effect of the changes was studied on the
percent recovery of drugs (_tahlc? 15 and
16). The changes had negligible influence
on the results as revealed by small SD

values (< 1.93).

Applications ' '
Some Pharmaceutical formulations

(vials) containing stated drugs have been
successfully analyzed by the proposed
methods.  Excipients did not show
interference indicating high specificity.
Results obtained were compared to those
obtained by applying reported reference
methods using  aqoues” NaOH by
ultraviolet spectroscopy in case of
cefepime (Singh er al.,, 2013), and the
reaction of hydrolysate with 4-chloro-7-
nitro-2,1,3-benzoxadiazole (NBD-Cl) in
the presence of HCl in case of cefotriaxone
and cefoperazone (Rageh er al., 2010).
Student’s t-test and F-test were performed
for comparison. Results are shown in
tables 5, 6 and 7 where the calculated t and
F values were less than tabulated values
which in turn indicate that there'is no
significant difference between proposed
methods and reference ones relative to
precision and accuracy.

In  conclusion, the proposed indirect
spectrophotometric method is simple, fast,
accurate,  adequately  sensitive  and
inexpensive. It is suitable for routine
quality control analysis, The amounts
obtained by the proposed methods are
between 98.3% and 98.9%, within the
acceplance level of 95% to 105%. The
present  methods are superior to the
reference method with respect to both
sensitivity and selectivity. The methods

have !:)ccn successfully applied for the
analysis of marketed vials.
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Figure 1. Absorption spectra of 60pg/ml methylene blue using 1 pg/ml cefotriaxone
(T), cefoperazone (P), and cefepime (M) after bromine oxidation at 678 nm.
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Figure 3. Effect of volume of 5SM HCL on absorbance in case of methylene blue
(60pg/ml) in presence of 1 pg/ml cefepime, cefoperazone and cefotriaxone at 678 nm.

A
0.8 * \bs.
0.6 N
0.5 T
\ === cafepima
N s ‘ " =8 ca2foperazone
' === cafotriaxone
0.2
0.1
0 1 1 T T T -
0 0.2 04 0.6 0.8 1 1.2 Vol.(ml)
Figure 4. Effect of volume of 5M HCL on absorban ml)

in presence of 1 pg/ml cefepime, cefoperazone,

cein case of methyl orange (60pg/ml)
and cefotriaxone at 510 nm, e

56



Zagazig J. Pharm. Sci. June, 2013
Vol. 22, Issue. 1, pp, 49-68

ISSN 1110-5089

—
0.8 Abs.
0.7
0.6 /N
K 0.5 P \
04 ’/:.\ \
'.’;‘ 0.3 // \ p% =~ cefepime
0.2 )d ' E\}"1«/""’2‘ -~ cefoperazone
0.1 Jf e c2fotriaxone
P
0
0 0.5 1 15
Vol.(ml)
_
Figure 5. Effect of volume of Bromate-Bromide mixture (25pg/ml) on absorbance in case
of methylene blue (60pg/ml) in presence of 1 pg/ml cefepime, cefoperazone and
cefotriaxone at 678nm.
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Figure 7. Effect of time before addition of methylene blue (60pg/ml) in presence of 1
pg/ml cefepime, cefoperazone and cefotriaxone at 678 nm.
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Figure 8. Effect of time before addition of methyl orange (60pg/ml) in presence of 1
pg/ml cefepime, cefoperazone and cefotriaxone at 510 nm.
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Figure 9. Effect of time after addition of methylene blue (60pg/ml) in presence of 1 pg/ml
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Figure 11. Job’s method for molar ratio estimation of 1.5x10"M bromine with 1.5x10°
‘M methylene blue) in presence of 1 pg/ml cefepime at 278 nm.

Table (1): Analytical parameters for the determination of cefepime, cefoperazone and cefotriaxone using

methylene blue method.

Methylene Blue (60pg/ml)

Parameters
cefepime cefoperazone cefotriaxone
_€max, nm 678 678 678
| Volume of dye, ml I l 1
[ Volume of 5SM HCL, ml 0.2 © 0.4 0.2
[ Volume of Bromate - [ | I l‘;
Bromide mixture N
(25pg/ml), ml
[ Time before dye addition, ! 10 10 15
min
[ Time after dye addition, I 10 10
.. min 10
LBc_er’s law fimits, pg/ml I-3 0.4-1.0 0
| Regression equation y=0.233x - 0.037 y=0.666x - 0,050 =093 —
L Correlation Coefficient 0.9994 . : e LR
_ 0.9983 0.9994

Y =a+bx, where y is the absorbance, a [s the Intercept, b is the slope and x is the concentration in pg/mi

60
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Table (2): Analytical paramete s
orange method, rs for the determination of cefepime, cefoperazone and cefotriaxone using methyl

Parameters
: Mecthy| orange(60pg/ml)
e cefepime cefoperazone cefotriaxone
> 510 510 510
Volume of dye, ml 1
Volume of 5M HCL, ml 02 - l '
Volume of Bromate - 0.3 0.4 0.2
Bromide mixture - : -
(25pg/ml) , ml
Time before dye addition,
b 10 10 10
Time after dye addition, 2 2 2
min
Beer's law limits, pg/ml 0.5-3.0 0.75-2.0 0.2-1.4
lLegres's»ion equation y=0.222x+0.012 y=0.431x - 0.129 y=0.537x-;-0.0 18
Correlation Coefficient 0.9993 0.9993 0.9995 |

y = a + bx, where y is the absorbance, a is the intercept, b is the slope and x is the concentration in pg/ml.

Table(3). Results of the analysis for determination of cefepime, cefoperazone and cefotriaxone using methylene

blue method.

Methylene Blue

parameter .
s cefepime cefoperazone cefotriaxone
Taken Found Taken Taken | Taken | Recovery | Taken Found | Recovery
pg/ml pg/ml pg/ml pg/ml pg/ml % pg/ml pe/ml %
| 1.0128 | 101.2875 0.3 0.3 98.597 0.3 0.295 08.4604
1.5 1.4721 98.140 0.4 0.4 98.3498 0.4 0.402 100.698
2 2.004 100.214 0.5 0.5 101.760 0.5 0.504 100.9667
2.5 2.5193 100.772 0.6 0.6 101.367 0.6 0.591 98.6394
3 2.9914 99.714 0.7 0.7 101.07 0.7 0.708 101.27
! 0.8 0.8 99.0099 0.8 0.794 99.3555
100.02 100.026 100.007
h:;aDn 1.20810 1.5352 1.34768
TRSD 1.20779 1.5348 1.34758
+SE 0.54029 0.6268 0.6027
- 1.4595 2.3569 1.816
Variance 072332 0.6068 0.946
Slope — 0.2850 0.1095 0.093
L.D. ___._———--fo'gsoo 0.365 0.3132
L.Q. :
— 1 0.00314 0.000914 0.000621
S.S. : . :
— 1 701688.1 349899.2 514772.06
Apparent
Molar
bsortivity
Lol
> '__—_d;ﬁl-procedures.

* Average of three indepen
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Table (4): Results of the analysis for determination of cefepi

[SSN 1110-5089

me, cefoperazone and cefotriaxone using methy|

cefotriaxonez

Paorr::i?eg e Methylene Blue
celepime ccfoperazone Found
Taken Tak:n Recovery | Taken T;}(ﬂ; Reco‘\;:!ry I;r:; ‘:lg/ml Reco;:ry
’ 4 | pg/m
pg/ml | pg/ml % pg/m et}
0.5 0.502 | 100.448 | 0.75 0763 | 101.7788 | 0.2 g.‘iiz ?365 IL
1 1.008 100.89 I 0.995 09,5359 | 0.4 . 00.83
15 | 14798 | 98.654 125 | 1.2389 | 99.11832 o.g g'gﬂ ?g'f.'%_&
2 20627 | 103.139 1.5 1.5058 | 100.3866 | 0. 1'005 IOO-SS‘_"'
2.5 25112 | 100.448 1.75 1.7378 ?g;gg : 3 ] -2 = mo'sr"'
0162 . . ' 83
3 29820 | 99402 2 = 1.4 1.386 | 99.044
100.1559 100.009
Mean 100.498 o0 33018
+SD 1.5321 1.0
) 02838 13013
+RSD 1.5245 . N
+SE 0.6256 0.420574 0.4920
Variance 2.3475 1.060871 1.6939
Slope 0.2228 0.431428 0.5.376
L.D. 0.1427 0.206947 0.059
L.Q. 0.4759 0.68982 0.1972
SS. 0.0029 0,001499 0.000866
Apparent 111625.3 218262.8 378030.1
Molar
pbsorbitivity
L.Moll".cm'

* Average of three independent procedures.

Table (5): Statistical analysis of results obtained by the proposed methods applied on pimfast® vials compared

with reported method.

Paramcters Methylene Blue method Melﬁyl Orange method Reported method[6]
N 5 5 3
Mean Recovery 100.426 99.958 98.655
28D 121 1.548 1.221
+*RSD 1.1158 1.548 1.237
+SE -
0.5011 0.692 0.4316
Variance 1.2 |
556 2.396 1.490
Student-t 2.389(2.57)a 148(2.57)a H
F-test 1.18(6.256)b 1.61(6.256)b

aand b are the Theoretical Student t-values and F-

ratios at p=0.05,
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Table (6): Statistical analysis of results obt

Ei_(h_l'gportcd method. ained by the proposed methods applied on cefozone® vials compared

Parameters Methvl
| 3 Ylene Blue method Methyl Orange method Reported method(29]
L 5
[ MmiRseSwery 99.856 l005038 98269
— " ZRSD 00 é838765 0.94267 15999
] +SE ' ' 0.942 1.626
— Variance £.356 0.42159 0.482
Student-t g8 0.8886 2.559
T Fetest | 82(2.57)a 2012578 '
3.25(6.256)b 2.88(6.256)b

a and b are the Theoretical Student t-values and F-ratios at p=0.05

Table (7): Statistical analysis of result i . . .
compared with reported method. ults obtained by the proposed methods applied on cefotriaxone® vials

Parameters Methylene Blue method Methyl Orange method Reported method[29]
N 5 5 5

Mean Recovery 100.160 100.10 98.86

+SD . 1.0684 1.3008 1,332

+RSD 1.0667 1.299 1.347

+SE 04778 0.582 0.471

Variance 1.1414 1.692 1.7756
Student-t 1.7(2.57a 1.49(2.57)a
F-test 1.56(6.256)b 1.05(6.256)b

a and b are the Theoretical Student 1-values and F-ratios at p=0.03.

Table (8): Results of the intraday and interday precision for the determination cefepime, cefoperazone and

cefotriaxone using methylene blue method.
intraday interday
drug conc.ug/ml mean + SD RSD mean SD RSD
Cefepime 2.5 101.8 + 0.86 0.84 101.3+0.76 0.76
cefoperazonc 0.8 101.3+£0.52 0.5 1009+ 0,71 0.71
cefotriaxone 0.8 99.8 +0.53 0.53 99.7 + 0.37 0.37

Table (9): Results of the intraday and interday precision for the determination cefepime, cefoperazone and

cefotriaxone using methyl orange method.
intraday interday
D mean SD RSD
conc.ug/ml mean + SD RS
Cecii';:?me 2.5 100.6 +£0.74 0.74 100.9 + 1.04 1.03
cefoperazone 0.8 100.9+0.27 0.27 999+ 0.68 0.68
ce&,':,imnc 08 | . 98.6+039 0.39 99.03 + 0.82 0.83
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Table (10); Results of the robustness for the determination of ¢

methylene blue method.

|SSN 1110-5089

methylene blue

efepime, cefoperazon

¢ and cefotriaxone using

Parameters 3
o5 of recovery — :
cefoperazone Cefepime I c:;f:l;::a:o:e
HC10.18 9834 1.6 8.5+ 1.1 — 10069&655
HCI0.22 T01.8 £ 0.71 — T01.6%055 __4—53:046
Br, 0.95 98 +1.9 — 080314 5785 0.80
Br, 1.05 100.8 + 0.35 1024043 —y T4
dye 0.95 98,74 1.4 —98.03+14 T00.9 £ 0.46
dye 1.05 T01.8 £ 0.51 — 1009086 | —

Table (11): Results of the robustness fo

methylene blue method.

r the determination of cefepime,

cefo

perazone and cefotriaxone using

Methyl orange

Parameters
% of recovery SD .
cefoperazone Cefepime cefotriaxone
HC10.18 08.5+ 1.47 08,1+ 1.5 99,2 +(.84
HCI 0.22 101.3+ 0.13 101.9+ 1.09 101.8£0.71
Br, 0.95 99.8 +0.66 08.7+1.3 08.9+0.96
Br, 1.05 101,9+0.53 101.7 1,01 101.92+ 0.77
dye 0.95 99.6 + 0.80 100.4 £0.71 98.6% 1.16
dye 1.05 101.8+ 0.46 1013+ 0.88 101.47+ 0.52
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