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Abstract:

A simple, rapid and sensitive spectrophotometric method has been
developed for the quantitative determination of five drugs of
pharmaceutical interest; cefepime HCI , cefoperazone Na , ceftazidime
pentahydrate , cefuroxime Na and etamsylate in pure form as well as in
pharmaceuticals. The method is based on the reduction of the
chromogenic agent , ammonium molybdate (Mo®") , into molybdenum
blue (Mo>*) by the examined drugs in sulphuric acid medium and by aid
of heating in boiling water bath. The resulting “blue coloured” product
possess a characteristic Amax at 695-716 nm. Beers law is obeyed over
the concentration range of 2-70 pug mi" with molar absorpitivities
ranging from 2.704x10®° —24.14x10° L.mol".cm™ and Sandell
sensitivities ranging from 1.03x10° —5.4x10° pug cm™. The proposed
method has been applied successfully for the determination of the
examined drugs both in pure form and in pharmaceutical formulations.
The accuracy and precision of the proposed method are comparable

with those of the reported methods .

Keywords: spectrophotometry,ammonium molybdate,etamsylate

cephalosporins, dosage forms.
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INTRODUCTION:

Cephalosporins are penicillinase-resistant antibiotics derived from
moulds of “Cephalosporium” species. They differ in their antimicrobial
spectrum, resistance to B-lactamase and method of administration'”. In
this work four cephalosporins have been determined, cefoperazone Na ,
ceftazidime pentahydrate, cefuroxime Na and the non official
cephalosporin, cefepime HCI. Several procedures have been reported
for analysis of cephalosporins e.g. spectrophotometry®'?,
fluorometery™, HPLC!"*'®  polarography!™®2" , voltammetry®*?4  Infra
red reflectance spectroscopy (IR)®?® and NMR?",

Etamsylate is a haemostatic agent which is used for prophylaxis
and control of heamorrhage from small blood vessels!". It has been
determined by several methods e.g. spectrophotometry®?®?®), HPLC @9,
chemiluminescence®® voltammetry*? polarography®***and
potentiometry'®®.

The aim of this work is to investigate the analytical utility of
ammonium molybdate in the assay of the previously mentioned drugs in

their pure forms and in some pharmaceutical formulations .

EXPERIMENTAL:
Apparatus :

*Shimadzu 260 UV recording spectrophotometer with matched
10 mm quartz cells was used for all absorbance measurements.
Materials and Reagents :-

All reagents were of analytical grade. Doubly distilled water was
used throughout all absorbance measurements.

1- Cefepime hydrochloride;Bristol Myers Squibb, Egypt ,A Bristol

Myers Squibb company, New York
2-Cefoperazone sodium; Pharco Pharmaceuticals, Alexandria,

Egypt.
3-Ceftazidime pentahydrate; T3A Pharmaceuticals, Assuit, A.R.E.
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4-Cefuroxime sodium;Glaxo wellcome Egypt,S.AEE., Cairo,
A.R.E., under licence from Glaxo wellcome operations, U.K.

5-Etamsylate;Memphis Co. for Pharm. &Chem. Industries under
licence for of OM lab. Ltd. ,Meyrin-Geneva-Switzerland.

6-Ammonium molybdate;3-4% was prepared by dissolving 3-4
gm of ammonium molydbate tetrahydrate (BDH) in 100 mi
distilled water.

7-Sulphuric acid 5-6%; was prepared in distilled water.

Standard drug solutions :-

Drug stock solution of 1 mg mi” was prepared by dissolving the
requisite drug amounts in distilled water. Working solutions were
prepared by serial dilutions of standard drug solutions.

Formulations :
The following commercial formulations were subjected to the
analytical procedures :-

1-Maxipem®vials;Bristol Myers Squibb, Egypt, containing 500 mg

cefepime hydrochloride per vial.
2-Cefazone®vials;Pharco Pharmaceuticals, Alexandria, Egypt,
containing cefoperazone sodium equivalent to 500 mg
cefoperazone.

3-Peracef®vials;T3A  Pharmaceuticals,Assuit,Egypt,containing
1.035 gm of cefoperazone sodium equivalent to 1 gm of
cefoperazone.

4-Fortum® vials; Made for Glaxo Group Ltd, by Glaxo operations
UK Ltd, Greenford, England, containing 2 gm of ceftazidime as
pentahydrate.

5-Cetazime®vials;T3A, Assuit, A.R.E., containing 642 mg of
ceftazidime pentahydrate-sodium carbonate mixture equivalent
to 500 mg ceftatzidime.

6-Zinnat®ablets; Glaxo wellcome Egypt, Cairo, Egypt, containing

250 mg cefuroxime sodium.



214 M.S. Elazazy etal:

7-Zinnat®vials;Glaxo wellcome, S.A.E., Cairo, Egypt containing
cefuroxime sodium equivalent to 250 mg cefuroxime.

8-Dicynone®ablets;Memphis Co. for Pharm. and Chem. Ind.
containing 250 mg etamsylate/tablet.

9-Haemostop®ampoules,Amoun Pharmaceutical CO., El-Obour
city, Cairo, Egypt. Each ampoule contains 250 mg etamsylate.

Tab. 1. Optical characteristics for the reaction of examined drugs
with ammonium molybdate .“Calibration data” .

Detection Molar Sandell

Drug range (g | absorpitivity | sensitivity
ml”) (L.mol'em™) | (ug cm?
1-Cefepime HCI 5-35 12.75x10° | 2.45 x 10~ [0.99999 -0.00359

2-Cefoperazone Na 3-28 19.8 x 10° | 2.97 x10° | 0.9999 0.0177
3-Ceftazidime.5 H,0 5-45 12.78x10° | 2x10° [0.99999
4-Cefuroxime Na 2415 24.14x10° | 5.4x10° | 0.9999
5-Etamsylate 5-70 2704 x10° {1.03x10° | 0.9999

*Regression equation :- A=a+hc

a =intercept b =slope c = concentration (ug ml") A = absorbance unit

Procedure:
For pure pharmaceuticals :

Aliquots of the standard drug solutions ranging from 20 -700 pg m!™
(Tab.1) were pipetted into test tubes, followed by 2 ml of 3% - 4%
ammonium molybdate and 1 - 25 ml 5% - 6% sulphuric acid
respectively, the mixture was shaken and heated on boiling water bath
maintained at (97+0.5C°) for the specified times. After completion of
heat treatment the solution was cooled to room temperature, transferred
carefully and quantitatively to 10 ml volumetric flasks,diluted to the mark
with distilled water and thoroughly mixed. The absorbance was

measured at a specific wavelength (Fig.1) against a reagent blank
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similarly treated (drug is omitted). The concentration is then calculated
from the calibration graphs or from the regression equations.
For dosage forms:

For vials :

For analysis of injection contents, the contents of two vials are
mixed well and the requisite amount equivalent to 100 mg drug was
transferred to 100 ml volumetric flask and diluted to the mark with
distiled water. The drug content in the diluted solution was determined
as described above.

For Tablets:

Ten tablets were accurately weighed and pulverized to fine
powder, an amount equivalent to 100 mg drug was extracted with 3 x 25
ml portions of distilled water, the portions were filtered into 100 ml
volumetric flasks,the filter washed with distilled water and the solution
diluted up to the mark with water.The drug content in the obtained
extract is determined as under the general procedure.

For Ampoules:

The requisite volume equivalent to 100 mg of the active ingredient
was transferred to 100 ml volumetric flasks & diluted to the mark with
distilled water. Drug content is determined following the general

procedure.

Results and Discussion:

The absorption spectra of the reaction products were measured
against a reagent blank in the range of 500-800 nm. It shows a
characteristic Amax at 695 nm for cefepime HCI , cefoperazone Na and
cefuroxime Na, at 710 nm for ceftazidime pentahydrate and at 716 nm
for etamsylate where the blue colour was fully developed which could
be attributed to the reduction of ammonium molybdate (Mo®*) into
molybdenum blue (Mos‘) by the tested drugs in sulphuric acid medium.

(Fig.1).
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Fig. 1. Absorption spectra of reaction products:
(1) 25 ug/ml Cefepime . HCI (2) 20 ug/ml Cefoperazone Na

(3) 35 ug/ml Ceftazidime .5 H20 (4) 10 ug/ml Cefuroxime Na
(5) 60 ug/ml Etamsylate

A preliminary study was performed to determine the optimum
reaction conditions which were established depending on the
development of maximum colour intenisty and stability of the reaction
products on variation of parameters such as concentration and volume
of both ammonium molybdate and sulphuric acid, reaction temperature,
time of heating and sequence of addition of the reactants.

Tetracycline HCI was determined using sodium molybdate in
hydrochloric acid medium , the amber colour developed which absorps
at 430 nm was attributed to formation of molybdenum (111)®® | however
on using hydrochloric acid for determination of the cited drugs with
ammonium molybdate; it caused disappearance of the blue colour at
acidity higher than 5%, while turbidity occurred at lower acidity (less
than 3%). So for these reasons, HCI is omitted and sulphuric acid is

used instead.

The sequence of addition of the reactants recommended in the
general procedure produced quantitative results, other orders as



Spectrophotometric Determination of Cefepime Hydrochloride, Cefoperazone ... 217

described by Sultan ®®or Basavaiah®” caused a marked decrease in
absorbance in case of etamsylate , however no marked difference in
absorbance in case of other drugs. So for etamsylate, we should
preceed strictly as described under the general procedure.

0.7 1

0.6 4
0.5 -
§ —a— Cefepime HCI
o 0.4 1
£ -8 Cefoperazone Na
@ 0.3 4
2" -~ Ceftazidime.5H20
<
0.2 1 -6~ Cefuroxime Na
0.1 1 - Etamsylate
0 ' v ' Temperature
0 25 50 75 100
Fig. 2. Effect of reaction Temperature:-
(1) 25 ug/mi Cefepime.HCI (2) 20 ug/m! Cefoperazone Na.

(3) 35 ug/ml Ceftazidime.5H20  (4) 10 ug/ml Cefuroxime Na.
(5) 55 ug/ml Etamsylate.

Samples prepared as described under the general procedure
were left at different sets of temperatures ranging from 25 - 100°C for a
fixed time (Fig.2&3). Maximum absorbance and sensitivity were
obtained by heating the reactants on boiling water bath (97t 0.5°C)
,measurements taken before the recommended times rendered
inaccurate results and heating beyound these times decreased the
absorbance (Fig.3). At lower temperatures (below 97°C) , the rate of
colour development becomes progressively slower where at room
temperature there was no visible formation of any coloured product, for
these reasons; development times (Fig. 3) on boiling water bath were
adopted for all subsequent measurements to insure complete oxidation

of the drug.
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Fig.3. Effect of reaction tima

(1) 25 ug/mi Cefepime.HCL (2) 20 ug/ml Cefoperazone Na
(3) 35 ug/mi Ceftazidime.5H20 (4) 10 ug / mi Cefuroxime Na

(5) 55 ug/ml Etamsylate.

Various concentrations of ammonium molybdate from 1-6% were
used to investigate maximum colour development in presence of a
fixed concentration of sulphuric acid.Alternatively,various concentrations
of sulphuric acid ranging from 1 - 10% were used in presence a fixed
concentration of ammonium molybdate. It is found that 3% - 4%
ammonium molybdate was suitable (Fig.4), lower or higher
concentrations gave deviant results. Concerning H,SO, , 5% - 6% was
suitable where higher concentrations (specially 10%) caused fading of
the blue colour while lower concentrations gave marked lower

absorbance (Fig.5).
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Fig.4. Effect of Ammonium molybdate concentration :

(1) 25 ug/mi Cefepime.HCI (2) 20 ug/ml Cefoperazone Na.

(3) 35 ug/ml Ceftazidime.5H20 (4) 10 ug / ml Cefuroxime Na
(5) 55 ug/ml Etamsylate.
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Fig. 5. Effect of Sulphuric acid concentration:

(1) 25 ug/ml Cefepime.HCL (2) 20 ug/ml Cefoperazone Na.
(3) 35 ug/mi Ceftazidime.5H20 (4) 10 ug / ml Cefuroxime Na.

(5) 55 ug/ml Etamsylate.

Another study on the needed volumes of the fixed concentrations
of both ammonium molybdate and sulphuric acid showed that 2-2.5 ml
of ammonium molybdate (3 - 4%) and 1-2.5 ml of H,SO, (5 - 6%) were
adequate for maximum absorbance , higher or lower volumes gave

deviant results.(Fig. 6&7).
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0.8 1
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0.6 4
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5 0.3 4 -e-Ceftazidime.5H20
' -6~ Cefuroxime Na
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Fig. 6.Effect of Ammonium molybdate volume : AreimscRHtilliate wnlings
(1) 25 ug/ml Cefepime.HCI (2) 20 ug/ml Cefoperazone Na.
(3) 35 ug/ml Ceftazidime.5H20 (4)10 ug / ml Cefuroxime Na.

(5) 55 ug/ml Etamsylate.

The colour obtained was found to be stable for at least 24 hours at
room temperature. The effects of common additives and excepients
were studied and it was found that there were no interferences. So the
examined drugs can be assayed directly in their dosage forms by the
suggested method without prior extraction or separation.

0.8 -
0.7 4
0.6 +
8 054
£ —&— CefepimeHCI
'§ 0.4 - - Cefoperazone Na
2 0.3 - -8-Ceftazidime5H20
< -©-Cefuroxime Na
0.2 4 -¢ Etamsylate
0.1 +
0 T v v —— Sulphuric acid volume
0 2 4 6 8
Fig. 7. Effect of Sulphuric acid volume
(1) 25 ug/mi CefepimeHCI (2) 20 ug/ml Cefoperazone Na

(3) 35 ug/mi Ceftazidime5SH20  (4) 10 ug/ mi Cefuroxime Na
(5) 55 ug/ml Etamsylate
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Calibration graphs:

Calibration graphs were constructed by plotting the concentration
of the drug against the corresponding absorbance values. The resulting
graphs were linear from 5 - 35 ug mi™' for cefepime HCI ,3 — 28 ug mi™
cefoperazone Na ,5 — 45 g ml”' ceftazidime pentahydrate, 2 - 15 pg
ml'cefuroxime Na and 5 - 70 pyg mi’ etamsylate. The linearity of
calibration graphs is apparent from the correlation coeffecient, r, and the
intercepts which are nearly close to zero. All calibration data are

calculated and listed in (Tab.1)

Tab.3. Comparative analytical results of the proposed and reported
method for the tested drugs in same pharmaceutical formulations.

Pro —
I posed method
Formulation Psatraatrl:‘t;&ar; Calibration Standard R:::{: : : o
method addition method
[ =R . I T
1- Maxipem® |Mean %recovery |99.87 100.05 99.8 (8)
vials N 1" 10 5
Variance 0.244 0.109 0.152
S.D. 0.494 0.330 0.390
S.E. 0.149 0.104 0.174
R.S.D. 0.495 0.330 0.391
“tr 0.306 (2.145) 1.233 (2.160)
F 1.605 (3.48) 1.394 (3.63)
L 2-Cefazone® |Mean %recovery [99.79 99.5 99.2 (6)
vials N 8 9 5
Variance 0.336 0.185 0.198
S.D. 0.580 0.430 0.445
S.E. 0.205 0.143 0.199
R.S.D. 0.581 0.432 0.449
"yr 2.065 (2.201) 1.224 (2.179)
| F 1.697(4.12) 1.07 (3.84)
| 3-Peracef® [Mean %recovery [100.1 99.8 100 (6)
vials N 8 8 5
Variance 0.219 0.112 0.201
S.D. 0.468 0.335 0.448
S.E. 0.165 0.118 0.200
R.S.D. 0.468 0.336 0.448
o 0.386 (2.201) 0.861 (2.201)
F 1.09 (4.12) 1.795(4.12)
4- Fortum® vials | Mean %recovery |99.6 100.18 100 (10)
N 9 13 5
Variance 0.812 0.102 0.298
S.D. 0.901 0.319 0.546
S.E. 0.300 0.088 0.244
R.S.D. 0.905 0.318 0.546
s 1.034 (2.179) 0.694 (2.120)
F 2.725(3.84 2.92 (3.26)
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. . Proposed method
Formulation Psat:at::gf:r's Calibration Standard R::‘eetr::;e
method addition method
R L S e —
5- Cetazime ® |Mean %recovery [101.1 100.8
vials N 9 9 5
Variance 0.397 0.033 0.118
S.D. 0.630 0.183 0.344
S.E. 0.210 0.061 0.154
R.S.D. 0.623 0.182 0.341
b 0.768 (2.179) 0.604 (2.179)
w F 3.364(3.84) 3.576 (3.84)
6- Zinnat® Mean %recovery |99.07 99.38 99.47 (10)
tablets N 7 10 5
Variance 0.280 0.114 0.397
S.D. 0.529 0.337 0.630
S.E. 0.200 0.107 0.282
R.S.D. 0.534 0.339 0.633
“gr 1.157 (2.228) 0.298 (2.160)
F 1.418 (4.53) 3.482(3.63)
7-Zinnat ® Mean %recovery |99.08 99.14 99.3 (10)
vials N 8 8 5
Variance 0.370 0.155 0.260
S.D. 0.608 0.394 0.510
S.E. 0.215 0.139 0.228
R.S.D. 0.614 0.397 0.514
“t” 0.702 (2.201) 0.599 (2.201)
F 1.423(4.12) 1.677 (4.12)
8-Dicynone® |Mean %recovery |98.6 99 99.38 (38)
tablets N 9 1 4
Variance 0.706 0.297 0.608
S.D. 0.840 0.545 0.780
S.E. 0.280 0.164 0.390
R.S.D. 0.852 0.551 0.785
sl 1.625 (2.201) 0.898 (2.160)
F 1.161 (4.07) 2.047 (3.71)
9-Haemostop® |Mean %recovery |99.2 100.4 99.8 (38)
ampoules N 9 7 7
Variance 0.221 0.335 0.504
S.D. 0.470 0.579 0.710
S.E. 0.157 0.219 0.268
R.S.D. 0.474 0.577 0.711
“t” 1.932 (2.145) 1.734 (2.179)
F 2.281 (3.58 1.504 (4.28

N = Number of experiments

S.D.

= Standard Deviation

Sensetivity, Accuracy and Precision

S.E. = Standard Error
R.S.D.= Relative Standard Deviation t = “t” test of unpaired data. F = Variance test

The mean molar absorpitivity (£) and Sandell’s sensitivity (S) for
each drug was calculated from Beer's law and their values are
given in (Tab.1) . The % S.D. and % range of S.E. at 95% confidence
limits are given in (Tab. 2&3).
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The utility of this method was verified by means of replicate
measurements of pharmaceutical formulations and recovery
experiments.

Recoveries were determined either by standard addition method or
by calibration method.

The performance of this method was assessed by calculation of “t”
and F values compared with the reported methods for determination of
these drugs, results showed that no significant difference in accuracy
and precision between the reported methods and the proposed method
(Tab. 2&3).

Conclusion

The proposed method is advantageous when compared to many of
the reported spectrophotometric methods in having higher sensitivity.
The data given before reveal that the proposed spectrophotometric
method is simple & sensitive with good accuracy and precision. It
doesn’t require expensive toxic chemicals or sophisticated experimental
setup. It can be used directly to determine the examined drugs without

prior extraction as common additives don’t interfer.
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