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ABSTRACT:

Four simple rapid sensitive and accurate methods (A, B, C and D) for micro- and semimicro-determmation of cefiriaxone in

pure and dosage forms are de
heat treatment, (he blue colour
is based on

veloped. Methed A is based on drug reaction with ammonium molybdate in acidified solution under
developed is measured at 697 nm. Beer’s law is obeyed for 40-240 pg ml™' cefiriaxone, Method B
he oxidation with potassium permanganate in presence of sulphuric acid at room temperature. The decrease in

permanganate colour (AA) is measured at 524.8 nm.. Beer’s law is obeyed for 540 ;Lg,.ml". Method C is based on the dircct
(itration against potassium bromate in hydrochloric acid medium using mecthyl red indicator (irreversible ind. ). While method D is
based on the oxidation of cefiriaxone with iron(IT) in acidic medium .the liberated iron (II) reacts with 1,10-phenanthroline. The
ferroin complex is colorimetrically measured at A max 510 nm against reagent blank. Beer’s law is obeyed for 1-9 ug.ml. The
developed methods are successfully applied for determination of the cited drug in pharmaceutical product.

INTRODUCTION

Ceftriaxone is a long acting broad spectrum
cephalosporine antibacterial drug”. A number of
methods for estimation of cefiriaxone are reported in
literature. involving spectrophotometry®®, chroma-
tography””, potentiometry’® and voltammetry “**9

The aim of this work was the development of
simple, easy, accurate and economical spectrophoto-
metric and titrimetric methods for the analysis of

ceftriaxonc,
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EXPERIMENTAL
Apparatus:
UV-Visible recording spectrophotometer shimadzu-
260 corporation, Kyoto-Japan

Reagents and Materials

All reagents were of analytical grade and all
solvents were of spectroscopic grade.
- Ceficriaxone, (EPICO 10% of Ramadan, Egypt)
aqueous  solutions, 0.5 mg.ml”’, 1 mgml’ and
0.001 M,
= Ammonium molybdate (2% aqueous solution).
- Sulphuric acid (3% & 20% wiv).
;Oll’({lassium permanganate (0.5 mg.ml”) stock
wa::m-lr and 0.001 M, prepared in double distilled
Slore:i' he solutions should be freshly prepared and
- POtal“. a dark coloured container.
Dreppe UM bromate 0.01 N and 0.001M solutions,
; cPared in distilled water
“H ?uly' red indicator, Fluka AG.
- P¥drochloric acid 1.5 N,
m,ggﬁ;}g?_hon. of iron (IIl) —o- phenanthrolinc
Monohyrage v 0198 g of 1,10-phenanthroline

Yarate (Fluka Swiss) with 2 ml of 1.0 N HCI
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and 0.16 g of ferric ammonium sulphate dodeca-
hydrate (Fluka.Swiss) and dilute with water to 100 ml

- Pharmaceutical preparation
- Rocephine vial{lgm 1.M.),Batch N°000468/B2064

(E.P.1.Co, 10™ Of Ramadan, Egypt under license of
Roche) containing dry substance equivalent to lgm
cefiriaxone .

General procedures

I - for authentic drug
(A) Ammonium molybdate method

Aliquots (0.2 — 2ml) of the cefiriaxone working
solution (1mg.m1™") were transferred into, separalc (est
tubes followed by 2ml of 3% sulphuric acid and 3ml
2% ammonium molybdate solution. The mixture was
shaken and heated in a thermally controlled water bath
at 90 = 0.5 °C for 50 minutes, then cooled immediately
to room femperature using cold water bath. The
resulting blue solution was transferred quantitatively
into a 25 ml calibrated flask and diluted to the mark
with distilled water and homogeneously mixed . The
absorbance was measurcd at 697 nm against a reagent
blank treated similarly.
(B) Potassium permanganate method

Into a 10-ml calibrated flask 0.1 - 0.8 ml aliquots
of the sample solution (0.5 mg.ml") were transferred
followed by Iml of 20% sulphuric acid and 1 ml
potassium permanganate solution.
The flasks were shaked and allowed to stand for 10
minutes at room temperature and diluted to the mark
with distilled water. The decrease in absorbance (A A)
al 524.8 nm was measured against a reagent blank.

(C) Potassium bromate method .
Into separate 100- ml conical Nasks, aliquots of the

sample solution (2 - 10 mg ceftriaxone) were
trangfencd and followed by 20 ml 1.5 N HCl solution
and 3 drops of methyl red or methyl orange indicator.
Titrate, with 0.01N -potassium bromate ll'" cglourlcss
or even pale yellow colour. Blank determination must

be carried out simultancously.
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flasks were then heated m;ulmn?;tll,\'c o
hath at 90208 “¢ for 20 minutcs, then u\? e
jmmediately 1o ro0m [CmMperature usimg cold \\.l!cr
hath and the volume was made up 1o the mark \\||l?
diulled water The developed colm.lrcd complex
formed was measured at 510 nm aganst a reagent

plank treated sinmlarly,

11 - Analysis of ceftriazone in dosage f(ll"llllll:ltiﬂn

The powder content of 3 vials was mixed, 25 mg
was transferred mto a 25-ml measuring  flask,
dissohved and completed to volume using distilled
water Different volumes were used equivalent to (0.5
-2 0-my) for molybdate method, (0.12 = 0.36 mg) for
permanganate method. (3~ 11 mg) for bromate
methad and (1575 pg) for phenanthroline method,
then carry out as under general procedure 1 (A, B, C
&)

1 - Stoichiometry of the proposed methods
(A) Potassium permanganate method: Job's method"™
of continuous
vanation wias adopted | using  equmolar  solution
(X107 M) of permanganate and cefiriaxone A serics
of Sml volumes of mintures containing  master
solutions in dufferent complementary preparations (0.5
5 ml) inclusive were prepared in 100 mi calibrated
flasks Salphuric acid (Iml, 20%) was added and the
flasks were completed to the mark using distilled
water. The reaction had been allowed to stand at (25 +
0.5°Cy for 10 nunutes. The absorbance difference
(AA) was measured at S24.8 nm  against a blank of
potassium permanganale,
(B) Potassium bromate method
A different serics of 1x10™ M cefiriaxone solution
was transferred in separate Masks, and 20 ml 1.5 N
HCT was added. Three drops of methy! red indicator,
was added and titrate with 1x10 * M potassium
bromate solution ull end point as under procedure
(1-C).

RESULTS AND DISCUSSION

Ceftriaxone could be determined by four different
methods.  The  first method  depends on  the
mieasurement of the emerald - blue reaction product of
the drug with ammonium molybdate  against a
reagent blank at 697 nm. The substance responsible
for tlus blue colour is obtained by reduction”™ of an
acidified solution of MO(VI).

The absorbance (A) at 697 nm is a lincar function
of concentration (C) over the range (8 — 80 pg mi™) of
ceftriaxone (Table 1).

Several parameters were studied for the reaction of
cefiriaxone with ammonium  molybdate, and the
proportions of sulphuric acid and ammonium
molvbdate as stability of the reaction product and the
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heating time. TCis indicated thar 2 ) of 1 11«
and 3ml of 2% ammoniom molybdate piy, ,"f' '_"h()‘
absorption with Tmg cellriaxone The hetting
boiling water bath, is about 50

minte g
complete reaction . Pive

In the second method, potassinm Permanganye ;.
used as strong oxidizing agent in sulplm}ic';:-c:;;
medinm. The method depends on the IIIC«’ISIIrCIHQn[g‘:[
the decrease in the  absorbance of potassingy,
permanganate colonr upon the addition of Affereny
concentration of the drug,

‘T'he characteristic brilliant colour of permanganate
solution has always attracted atiention, in a dilye
aqueous solution a well distinct band at 520 ny jg
detected.

The solution, in the presence of dilnte sulphuric
acid, reacts quantitatively with the investigated
compound and it is used to estimate solution of the
substance spectrophotometrically at 520 nm. The
reaction was governed by the clectronegativity
difference, which provides a measurc ol (he
cletronafTinity.

In solutions having hydrogen ion concentration of
0.5 M or greater, permanganalie reduced all the way (o
manganous ion'” from a (hermodynamic point of
view . the increased acidity probably enhances the
case of protonation of such organic compound and
therefore, the rate of its oxidation, (en minulcs were
sufTicient to give complete reaction, and the reaction is
stable at least for 30 minute.

Under the studied conditions, the absorbance decrease,
AA against concentration of ceftriaxone was found 1o
be linear over a wide range of drug concentrations
(5-40 pe.ml’) with good correlation cocflicicnts
(- 0.9999) (Table 1).

Job’s method of continuous variation was
employed to study the reaction stoichiometry under
the working conditions at room (emperaturc. It is
evident from (hese obtained results and the typical plot
that cach molecule of cefirinxone react with four
molecules of potassium permanganate. This would

accot'ml for a ratio of 20 clectrons for one molecule of
the cited drug.

In the |l|irq method, direct bromometry was uscd
for the determination of ceftriaxone using irreversible

rcdo:\- indicator, such as methyl orange in acid
medium

' Free Br liberated by self oxidation by the excess
titrant can be delected by its yellow colour, but it is
better to use an irreversible redox indicator®®. The
concentration of hydrochloric acid used should be at
least 1.5 N.

With all irreversible oxidation indicators the
destruction of the indicator is ofien premature (o a
slight extent, so a little additional indicator is usually
required near the end point and the “blank™ must be
carricd out. Higher concentration of hydrochloric acid
was tricd but it gives lower results,

(17)
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The ratio of stoichiometric reaction of ceftriaxone
(o potassium bromate under the studied condition was
{2 The suppested  procedure was used  for (he
Jotermination of ceftravone from 2 - 10 mg (Table 1)

The performance of the recommended procedure
was assessed by calculation of the t-values, showing
the absence of systemic crror. No  significant
difference between the proposed methods and the used
oficial method was observed Table (2).

In the fourth method 1,10-phenanthroline was used
for determination of ceftriaxone in pure and dosage
form . 1,10-phenanthroline is organic base containing
the iron (11) specific group®™. (he method is based on
the formation of tris(o-phenanthroline) iron(11) chelate
upon the reaction of ceftriaxone with the reagent .the
reaction proceeds through reduction of iron (111) jons
to iron (11) and subsequent formation of the intensive
orange —~ red  colouration of the complex | the
absorption spectra of the coloured complex in the
proposed method show characteristic Ay, value. The
experimental conditions were cstablished by varying
each parameter individually®® and observing its effect
on the absorbance of coloured complex .The addition
of more than 2ml of iron(l11)-phenanthroline reagent
was required (o obtain a maximum and reproducible
absorbance smaller amounts give incomplete
complex formation. Therefore 2ml of the reagent was
used throughout the experiments. A larger volume of
reagent had no cffect on the complex formation,
althongh absorbance increased slightly due (o
background of the reagent used.

The cffect of temperature on the formation of the
colonred |)r0dugl was studied. The absorbance of
prepared  solution  as  described  under peneral
procedure was measured at 510 nm, at different
femperatures as function of time, the reaction proceeds
very slowly at room (emperatures. To accelerate i,
higher temperatures were used. Maximum absorbance
was obtained afler heating for about 20min at
9040.5°C in  (hermally water bath At lower
temperature, the rate of colour development becomes
progressively  slower,  There is no appreciable
formation of the coloured compound at room
temperature. For these reason, development time of 20
min at 9040.5°C was adopted in  subsequent
investigations, The  sensitivity of the  reaction
increased by increasing the temperature and also time
of heating til] 20min which is the optimum condition
for the reaction

In order to study the precision and the accuracy of
the suggested methods, standard solution containing
three  different  concentrations of the examined
substance was prepared and analysed in  seven
replicates by suggested methods, Table (3). The
percentage standard deviation and the percentage
rangc of crror al 95% confidence level can be
considered to be satisfactory. The Results obtained by
the suggested techniques correlated well with (hosc
obtained by the official pharmacopocia method”

The proposed procedures were  successfully
applicd to the determination of the invesligated
compound in the dosage form with good recovery
(Table2).

Table 1; Ceftriaxonc analysis by adopting the four suggested methods.

molybdate method permanganate method bromate method Phenanthroline method
Amount . Amount ery | Amount | pecovery
Amount taken|  Recovery taken RC((:'OICT.‘ taken RC((:Z Lcr) taken o
(mg) Yo* (mg) % (mg) (ng)
0.20 106.16+*
0.40 101.67 0.05 102.04 2 99.50 10 o
0.80 101,73 0.10 100.53 4 98.75 o | 10037
1.20 100.21 0.20 99.78 6 e %0 99,68
1.60 99.97 0.30 100.18 8 R % 100.17
2.00 99.51 0.40 99.89 10 98.50 '
100.08
Mean ;.05 100.62 100,48 98.90 ]
N = X 0 is44 0.193
Variancc 1.039 0.841 ' A 0.439
SD 1019 0.917 0.379 ()'l‘)()
SE 0.456 0.410 0.169 -
L . ) . |

LT
average of three experiments
**excluded

v —— OO ATN
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Table 3: Assessments of (he precision, aceuracy and reproducibility of the proposed methods
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0,1 DR
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