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ABSTRACT

Background and Aims: A new sensitive and selective method for the determination of sultamicillin in bulk and pharmaceutical
preparations has been developed.

Methods: The developed method is based on the derivatization of sultamicillin with 4-chloro-7-nitrobenzofurazan in pH 9.0
borate buffer at 70°C for 60 min. The derivative was measured spectrophotometrically at 432 nm after extraction with chlo-
roform.

Results: The method was validated by linearity, LOD, LOQ, accuracy, precision and recovery parameters. The linear range for
sultamicillin was 10-50 yg.mL" with a correlation coefficient of 0.9999. The limit of detection (LOD) and limit of quantification
(LOQ) were found to be 1.47 and 4.41 ug/mL", respectively.

Conclusion: The suggested method was validated, and can be applied for routine sultamicillin analysis in dosage formsfor
industrial analysis.
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INTRODUCTION

Sultamicillinis a mutual prodrug of ampicillin and sulbactam. Chemically, it is a double ester in which ampicillin and sulbactam are
linked via a methylene group (Ph. Eur. 6th. edition). It is used for the treatment of childhood pneumonia and other pediatric infec-
tions, as oral and parenteral preparations (Ganesh, Kalshetti & Sanket, 2018). Sultamicillin tosylate dihydrate (C5,H;gN,04,55.2H,0)
is 4-Methylbenzenesulphonate of methylene (2S,5R,6R)-6-[[(2R)-aminophenylacetyllamino]-3,3-dimethyl7-oxo-4-thia-1 azabicy-
clo[3.2.0]heptane-2-carboxylate (2S,5R)-3,3-dimethyl-4,4,7-trioxo-4)\° -thia-1- azabicyclo[3.2.0]heptane-2-carboxylate dihydrate
(Ph. Eur. 6™. edition).

4-chloro-7-nitrobenzofurazan (NBD-CI) is widely used as a chromogenic and fluorogenic reagent for the spectrophotometric and
spectrofluorometric (Ayad et al, 2013; Azza et al, 2010; Darwish et al.,, 2008; EI-Abd et al, 2013; El-Enany et al.,, 2009; Klimisch & Stadler,
1974; Olgun et al, 2002; Shehata et al,, 2006; Taha et al., 2006), chromatographic (Azza et al,, 2010; EI-Emam et al,, 2004; Farshchia et
al, 2009; Murray et al.,, 1983; Tatar Ulu, 2007; Tosunoglu et al,, 1995; Yilmaz et al,, 2016 ) determinations of pharmaceutical amines.

One spectrophotometric (Kshirsagar et al, 2018) anda few liquid chromatographic methods (El-Shanawani, 1998; Pajchel &
Tyski, 2002; Laviana, Fernandez, Bayod & Blanco, 2003; Ganesh et al., 2018) have been reported previously for the quantitative
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determination of sultamicillin in pharmaceutical dosage form.
In the method of Kshirsagar et al. 2018 absorbance measure-
ments were made at 232 nm which is the absorption maxi-
mum of sultamicillin in methanol. For the assay of sultamicil-
lin in pharmaceutical dosage forms, more selective analytical
methods are required to avoid possible interferences of the
excipients. So, in the present study, developing a new spec-
trophotometric method is aimed, involving derivatization
with NBD-Cl, chloroform extraction and absorbance measure-
ment of the derivative.

MATERIALS AND METHODS

Reagents

Sultamicillin tosylate dihydrate was kindly supplied by Deva
(Istanbul, Turkey). and NBD-Cl was purchased from Sigma Al-
drich (St. Louis, MO, USA). The 375 mg sultamicillin tablets were
purchased from a local pharmacy. Other chemicals were pro-
vided by Merck (Darmstadt, Germany). All solvents used were
of analytical grade.

Apparatus

A Shimadzu UV-mini 1240 PC-UV visible spectrophotometer
with 1 cm quartz cell was used for all spectral measurements.
pH measurements were carried out with a Jenco 6179 pH meter.

Preparation of standard and working stock solution

The stock solution of sultamicillin was prepared in the concen-
tration of 10 pug.mL" by dissolving the appropriate amount of
sultamicillin tosylate dihydrate in methanol. A working stan-
dard solution of sultamicillin containing 2 mg.mL" was pre-
pared by an appropriate dilution of the stock solution with
methanol. A 2.0 mg.mL" NBD-CI solution was prepared in
methanol. The reagent solution was stable for two weeks if
kept at +4°C (Taha et al.,, 2006). Borate buffers were prepared in
the pHrange of 8to 10

General analytical procedure

25-125 pl aliquots of solution containing sultamicillin tosylate
dihydrate equivalent to 50-250 pg sultamicillin, were trans-
ferred into a series of reaction tubes. To each tube, 200 uL of pH
9 borate buffer and 150 uL of NBD-Cl solution (2 mg.mL?") were
added and mixed in a vortex mixer. Then, these were kept at
700C for 60 minutes, cooled to room temperature and acidified
with 100 pL of 0.1 M HCI. After extracting with 2x2 mL of chlo-
roform, the extracts were combined and diluted to 5 mL with
chloroform. The measure of absorbance was 432 nm against
the blank solution.

Procedure for tablets

A portion of sultamicillin tablet powder obtained from 20 tab-
lets, equivalent to 200 mg sultamicillin, was transferred into a
100 mL calibrated flask, sonicated with 50 mL of methanol for
30 minutes, completed to its volume with methanol, mixed
well and filtered. The first portion of the filtrate was rejected. A
75 ulL of aliquot of the solution was used for the determination.

RESULTS

NBD-chloride reacts with aliphatic primary and secondary
amines to produce coloured and fluorescent derivatives. NBD

derivatives have some advantages such as good stability, having
an absorption maximum in the visible region and high signal/
noise ratios (Bahrami & Mohammadi, 2006). Sultamicillin reacts
with this reagent in alkaline buffer medium via its primary amino
group yielding a yellow coloured product. Figure 1 shows the
reaction between sultamicillin and NBD-Cl. The maximum ab-
sorbance of this derivative is at 432 nm in chloroform (Figure 2).
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Figure 2. The absorption spectrum of sultamicillin-NBD
derivative (B) and blank solution (A).

The conditions for the derivatization reaction were optimized. For
this purpose, optimum pH, temperature, reaction time, amount
of the reagent, extraction solvent and wavelenght were studied.

Effect of the temperature and reaction time: In order to de-
termine the optimum temperature and reaction time for the
derivatization reaction, room temperature, and 40, 50, 60 and
70°C temperatures were studied for 10-70 min intervals. The
experimental results, shown in Figure 3, indicated that maxi-
mum absorbance was obtained in 60 min at 70°C.
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Figure 3. Effect of temperature and heating time on the
derivatization (50 pg.mL" sultamicillin) .
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Effects of pH: The reaction between sultamicillin and NBD-Cl
was studied in the pH range of 8 to 10 intervals to determine
the best pH at which the reaction was carried out, and the op-
timal pH was found to be 9.0. Figure 4a shows the effect of
pH on the derivatization. As it is seen, max. absorbance was
obtained in a pH 9 borate buffer. In the derivatization reaction,
excess NBD-Cl is hydrolized to NBD-OH, which is extractable
into chloroform and has an absorption at 432 nm. Therefore,
the solution was acidified by adding 0.1 mL of 0.1 M HCl solu-
tion before the extraction step.
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Figure 4a. Effect of reagent NBD concentration (30 pg.mL™).

Effects of reagent concentration: The amount of the reagent
required for the maximum vyield of the derivatization reaction,
molar ratio of NBD-Cl/sultamicillin ranging from 5 to 20, was
studied. As it is shown in Figure 4b, 10 fold molar excess of the
reagent is sufficient to complete the reaction.
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Figure 4b. Effect of pH on the derivatization reaction of
sultamicillin (30 pug.mL") with NBD-Cl.

Extraction solvent selection: Various organic solvents such as
chloroform, ethyl acetate, methanol, dichloromethane, n-hex-
ane were tested for the extraction of the derivative, and chlo-
roform was chosen as the best solvent for the extraction, since
the highest absorption intensity was observed in chloroform.

Method validation

The described method was validated as described in the In-
ternational Conference on Harmonization (ICH) for drug appli-
cations (ICH Guideline, Q2(R1) 2005) in terms of linearity, LOD,
LOQ, accuracy, precision and recovery.

with NBD-Cl by spectrophotometry

Linearity.Under the optimum conditions, a linear relationship
was obtained from five points covering the concentration
range of 10-50 ug.mL". The regression equation of the calibra-
tion curve was A=0.0157C - 0.004 (R*=0.9999). The calibration
curve is shown in Figure 5.
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Figure 5. Calibration curve.

Limit of detection and limit of quantitation: The limit of dedec-
tion was calculated by LOD=3.30/S, where o and S are the stan-
dart deviation of the intercept and the slope of the calibration
curve. The limit of quantification was calculated as LOQ=10 o/S.
LOD and LOQ values were found to be 147 and 441 pg.mL’
respectively. The statistical data are given in Table 1.

Table 1. Optical characteristics and statistical data.

Parameters Values
Maximum absorbance wavelength 432 nm
Linearrange 10-50 pg.mL"

The equation of the calibration curve  A=0.0157 C - 0.004

Slope £SD 0.0157+0.0003
Intercept+SD -0.004+0.007
LOD 1.47 yg.mL"
Loa 4.47 pg.mL™’

Accuracy: The accuracy of the developed method was cal-
culated using the standard addition method. The results are
shown in Table 2. The recovery of the added pure drug was
calculated as, % Recovery-[(C-C,)/C,]x100, where C, is the to-
tal drug concentration measured after standard addition; C,,
drug concentration in the formulation sample; and Ca, drug
concentration added to the formulation.

Table 2. Results for the determination of accuracy
by analyzing sultamicillin in known concentration.

Concentra- Concentra-

!:IOH of drug tion of pure Found, Recovery,

in formu- drug 4

lations, added, Wg-mL mean £ SD
pg.mL?’ pg.mL?’

30 15 45.23+0.74  100.46+1.62
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Precision: Precision of the developed method was assessed as
repeatability (intraday) and intermediate precision (inter day),
by analysing 6 replicate determinations at three different con-
centrations. The results are shown in Table 3.

Table 3. Intraday and interday precisions of the
method.

Concentration (pg.mL™) Precision (RSD%)

Intra-day
10 1.69
30 0.70
50 1.89
Inter-day
10 1.10
30 1.01
50 0.85

Pharmaceutical application

The proposed method was successfully applied to a sultami-
cillin pharmaceutical preparation. Sultamicillin 375 mg tablets
were analyzed by the proposed method and the official meth-
od (Ph. Eur. 6™, edition). The results obtained from both meth-
ods were compared statistically by the Student’s t-test and F-
test in view of the precision and accuracy at a 95% confidence
level. Calculated t and F values did not exceed the theoretical
tabulated values, indicating no significant difference between
the proposed and the official methods.

The mean percentage recovery, relative to the label claims, ob-
tained by use of the proposed method, ranged from 101.3% to
101.6% (Table 4).

Table 4. Determination of sultamicillinin its
pharmaceutical preparation by the proposed
spectrophotometric and the official methods.

Mean £ SD
Pharmaceutical

preparation Official t F

method

Proposed
method

375mg 380.38+£1.26 380.16+0.90 0.31 1.96

n=6, P=0.05, t=2.23, F=5.05

The proposed method is based on the derivatization of sulta-
micillin with NBD-CI. This method has alower linear concentra-
tion range, LOD and LOQ values compared to the previously
reported spectrophotometric method of Kshirsagar and et. all.
(Kshirsagar et al.,, 2018). The standard deviations and recoveries
of the two methods are close to each other. On the other hand,
the derivatization and extractionsteps make the proposed
method more selective than the previous UV specrophotomet-
ric method. So, the proposed method is superior to theprevious
method in view of the sensitivity and selectivity for the deter-

mination of sultamicillin in pure, and its pharmaceutical dosage
forms without any interference from excipients.

As it is seen in Table 5, the proposed method is superior to the
previous method in view of the linear concentration range,
LOD, LOQ and recovery. So, the proposed method is suitable for
the determination of sultamicillin in pure, and its pharmaceuti-
cal dosage forms without any interference from excipients.

Table 5. Comparison of analytical performances of
proposed and the previous methods.

Parameters Proposed  Previous metl_19d (Ph.
method Eur. 6. Edition)

Linearrange (pg. 10-50 20-100

mL")

LOD (ug.mL™") 1.47 3.67

LOQ (ug.mL™") 4.41 11.18

Recovery (%) 100.46 99.50

CONCLUSION

This paper presents the development of a sensitive and simple
spectrophotometric method to determine sultamicillin after
its derivatization with a NBD-Cl reagent. Compared with pre-
vious methods, this method gave the highest sensitivity in
measuring low sultamicillin concentrations. The suggested
method might be used for routine sultamicillin analysis in dose
forms. The method was validated and can be easily adapted for
industrial analysis.
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