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Abstract

A new simple and sensitive kinetic spectrophotometric method has been proposed for the deter-
mination of cefadroxil in pure form and pharmaceutical formulations. The proposed method is
based on the formation of yellow coloured product (Amax = 410 nm) that resulted after addition of
the reagent, which is composed of a mixture of Henna extract, sodium hydroxide and potassium
permanganate, to cefadroxil aqueous solution. The experimental conditions have been optimized.
Beer’s law is obeyed over the concentrations of 100 - 35 pg/ml, with a linear regression correla-
tion coefficient of 0.996. The proposed method has been successfully applied for the determina-
tion of cefadroxil in pharmaceutical dosage forms.
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1. Introduction

Cefadroxil an orally active cephalosporin (Figure 1) [1], it is antibacterial used in treatment of mild to moderate
infections caused due to susceptible microorganism [2], and to treat bacterial infections of the skin, ear, soft tis-
sues, strep throat and the urinary tract [3].

Literature survey reveals that cefadroxil in its formulations has been estimated by number of methods such as
spetcrophotometric [4], fluorimetric [5], polarographic [6] [7], TLC [8] [9] and HPLC [10]. In the late 1900’s
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Figure 1. Chemical structure of cefadroxil.

and early 2000’s, a new concept has been introduced to the analytical chemistry technique that is green analyti-
cal chemistry by which natural or unrefined reagents are used as replacement for highly refined or purified re-
agents [11]. Since then, the use of this method has widely spread and has been used for quantitative analysis of
many materials [12]-[16]. In analytical chemistry, green chemistry concepts have led to simpler analytical proc-
esses that are lower in operational cost and more rapid in order to reduce energy consumption [17] [18].

In this work we aim to use a mixture of potassium permanganate and Henna extract as a reagent for determi-
nation of cefadroxil spectrophotometrically. Henna (Lawsonia inermis Linn) is a plant which grows wildly in
abandoned areas. The dye derived from green leaves of henna is used to decorate the body with intricate designs
and the principle coloring matter is lawsone, 2-hydroxy-1, 4-naphthoqunone [19]. Lawsone is chiefly responsi-
ble for the colorant property of Henna leaves [20]. This molecule has an affinity for bonding with protein and
has been used to dye skin, fingernails, hair, leather, silk and wool [21]. This plant has been reported to have the
antioxidative and anticarcinogenic effects [22]. No reports in literature have been found for the use of Henna ex-
tract as natural reagents in chemical analysis and hence this work might be the first attempt to do so. Various
factors related to the proposed method have been tested to select the optimum conditions. The stoichoimetry and
kinetics of the reaction have also been investigated.

2. Experimental
2.1. Apparatus

The absorbance measurements were performed on Spectronic 20 Visible spectrometer, Fisher Scientific, U. K.
A Lutron digital pH-meter was used for pH adjustment, Jenway U. K.

2.2. Materials and Reagents

Potassium permanganate, sodium hydroxide and SDS were of analytical grade and obtained from Sigma Aldrich,
USA. TX-100 GR grade was from Avonchem U. K. Starch Fisher Scientific, U. K, cellulose and arabinose BDH
England, Pure Cefadroxil was obtained from Modern Pharma, Sana’a, Yemen. Double distilled water was used
throughout all experiments. Solutions of Potassium permanganate (1.54 x 10~ mol/dm™®) and sodium hydroxide
(0.175 mol/dm™®) were always prepared freshly before the experiments. A stock solution of Cefadroxil (1000
pg/ml) was prepared by dissolving the required amount of Cefadroxil in double distilled water and shaking the
solution until the complete dissolution. This solution was always kept refrigerated and used within 72 hours.

2.3. Preparation of Reagent

Fresh leaves of Lawsonia inermis L. (Henna) were collected from the garden of faculty of agriculture, 1bb Uni-
versity, Yemen. The leaves were washed with distilled water then sun dried and ground into powder using pestle
and mortar. 0.032 g of the powdered leaves were mixed with 100 ml double distilled water in a flat bottom flask
and boiled for 5 minutes. It was allowed to cool and then filtered using a Whatman filter paper no.1 [23]. The
filtrate solution was used after diluting the volume up to 100 ml by double distilled water. The reagent solution
was prepared by mixing proper volumes of Henna, sodium hydroxide and potassium permanganate stock solu-
tions. The mixture was of green colour and used after standing time that is estimated experimentally.

2.4. Absorption Spectra

Figure 2 shows the spectra of both reagent solution and the reaction product. The reaction product shows a
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broad absorption band with /.« at 410 nm. The reagent solution showed no bands at this range of wavelength.
Indicating that the band of the reaction product is distinguished. The absorbance at 410 nm was found to be in-
creased with increasing drug concentration indicating that concentration of the drug can be followed spectro-
chemically at this wavelength.

2.5. General Procedure

Several volumes ranging from (0.35 - 1 ml) of cefadroxil stock solution (1000 pgmil ), previously heated at
80°C for five minutes and quenched to room temperature, were transferred to a series of 10 ml volumetric flask.
Then 0.6 ml of the reagent solution was added to each flask with gently shaking and completed to volume with
double distilled water. The absorbance of the resulting solution was measured at 410 nm after 10 min at 25°C £
1°C against reagent blank. The variables affecting the reaction were carefully investigated and the conditions
were optimized.

2.6. Mechanism of the Reaction

The possible mechanism of the reaction is depicted in Figure 3. As reported in literature, the main effective
chromogen in Henna is lawsone, which belongs to a group of compounds called hydroxyquinones. These com-
pounds undergo substitution in C; to produce variety of derivatives under specific conditions [24]. Lawsone,
2-hydroxy-1, 4-napthoquinone, is oxidized by potassium permanganate in alkaline medium to produce product
A and mangante. Mangante ion reacts further with cefadroxil to produce product B, probably after the pH of the
medium turned to neutral after addition of cefadroxil to the reagent solution. The product A reacts with product
B in the final step to form the final yellow product (product C) that absorbs at 410 nm. This mechanism was as-
sured by estimating the stoichiometry between cefadroxil and potassium permanganate using Job’s method of
continuous variation [25]. Figure 4 shows the relation between absorbance and mole fraction of cefadroxil with
maximum absorbance occurs close to 0.6 mole fraction of cefadroxil, which indicates that the stoichiometry
between cefadroxil and potassium permanganate is 1:2 in agreeing with that expected from the proposed
mechanism.

3. Results and Discussion
3.1. The Optimum Conditions of the Reaction

The optimum conditions of the reaction were obtained by recording the absorbance as a function of one of fac-
tors that control the reaction and keeping other factors fixed. The value of factor that gives maximum and stable
absorbance is considered to be the optimum. Figures 5-7 show the variation of absorbance with concentrations
of KMnO,, NaOH and Henna respectively. The optimum values of these factors have been obtained from the
corresponding figure and presented in Table 1. The first standing time (the time required for attaining constant
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Figure 2. Absorption Spectra (-) reaction product; (.) reagent solu-
tion (1.54 x 10> mol/dm ™ potassium permanganate, 0.175 mol/dm™3
sodium hydroxide and 0.032 g/100 ml of Henna).
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Figure 3. The proposed mechanism of the reaction.

0.335

0.330

0.325

0.320

0.315

Absorbance

0.310

0.305

0.300

0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1.0
Mol fraction of Ceadroxil
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absorbance after mixing the components of the reagent) and second standing time (the time required for attain-
ing constant absorbance after mixing the reagent and cefadroxil solutions, were estimated from Figure 8, where
absorbance has been plotted against time. The estimated first and second standing times were 6 and 10 min re-
spectively. In Figure 9 the absorbance was plotted against the volume of the reagent to estimate the optimum
volume of the reagent (mixture of KMnO,, NaOH and henna). The value of 0.6 ml was found to be the optimum
volume of the reagent. The various optimised values for the reaction are presented in Table 1.
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Figure 6. Effect of volume of NaOH on the absorbance of cefadroxil
at 410 nm.
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Figure 7. Effect of volume of Henna on the absorbance of cefadroxil at
410 nm.

Table 1. The optimum conditions for determination of cefadroxil.

Parameter Range Optimum
Volume of KMnO4 0.1-15 0.9ml
Volume of NaOH 01-15 1.1ml
Volume of Henna 01-15 0.5ml
Volume reagent 0.1-15ml 0.6 ml
Reaction time 10 min 10 min

3.2. Calibration Curve

Aliquot volumes of standard stock solutions, containing 350 - 1000 ug/ml of cefadroxil, were transferred to 10
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ml calibrated flasks. 0.6 ml of reagent solution was added to each flask with gently shaking and completed to
volume with double distilled water. The absorbance of yellow coloured chromogen was measured at 410 nm af-
ter 10 min at 25°C £ 1°C against the reagent blank. This process has been repeated three times for each solution.
The calibration curve was constructed by plotting the mean absorbance for each solution against its concentra-
tion and the regression equation was calculated and presented in Figure 10.

3.3. Interference Study

The interference from other possible excipients and diluents was tested by carrying out the test for a solution of
100 pg/ml of pure cefadroxil in presence of some of these materials (starch, cellulose and L-arabinose) in a ratio
of 10:1 relative to cefadroxil. The resultant recoveries were presented in Table 2 that shows that the error from
interference remains in the minimum and this method can be applied for determination of cefadroxil in its for-
mulations.

3.4. Beer-Lambert’'s Law

Figure 10 shows the calibration curve, which resulted from the application of this method in concentrations
range 35 - 100 pg/ml (Table 3). The curve shows that Beer-Lambert’s law is obeyed in cefadroxil concentra-
tions range of 40 - 100 pg/ml with correlation coefficient 0.994.
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Figure 8. Plots of Absorbance vs. time of (a) after addition of ce-
fadroxil (100 pgml ™) to the reagent; (b) before addition of cefadroxil
to the reagent at 410 nm.
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Figure 10. Calibration curve of cefadroxil at 410 nm using

the proposed method.

Table 2. Interference study.

Interfering Amount added of Amount of cefadroxil ~ %Recovery
substances interfering (mg-L™%) found (ug-mL™) + %RSD
Starch 2 95.2 95.2 +2.46
Cellulose 2 97.7 97.7+£4.22
Arabinose 2 93.8 93.8 £0.52

Table 3. Calibration curve of cefadroxil at 410 nm.

Absorbance

Concentration ug-ml™

0.236
0.201
0.172
0.147
0.119
0.087
0.051
0.021

100
90
80
70
60
50
40
35

3.5. Pharmaceuticals Formulation

The following available commercial preparations were analyzed:

1) Cefadroxil capsules (CEFAROL, MODERN PHARM FOR GLOBAL PHARMA CO. REPUBLIC OF
YEMEN), labelled to contain 500 mg per capsule.
2) Cefadroxil capsules (IBIDROXIL, GLAXOSMITHKLINE S. A. E. EL SALAM CITY, CAIRO, A.R.E.E),

labelled to contain 500 mg per capsule.

3) Cefadroxil capsules (cefadroxil, MIDICO LABS. HOMS-SYRIA), labelled to contain 500 mg per capsule.

3.6. Sample Solutions

The pharmaceutical formulations of cefadroxil in the form of capsule were procured from local market. Three

(=)
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capsules were weighed, finely powdered and mixed thoroughly. The average weight for capsule was determined.
An accurately weighed amount of the powder obtained from capsules equivalent to 0.1 g of pure drug was dis-
solved in 100 ml double distilled water. The contents of the flask were swirled, sonicated for 5 min, and then
completed to 100 ml volume with double distilled water. The contents were mixed well and filtered. This pre-
pared solution was diluted quantitatively with double distilled water to obtain a suitable sample solution of 100
ug/ml for the analysis. About 1 ml of cefadroxil (35 - 100 pugml™) was transferred into 10 ml calibrated volu-
metric flask subsequently.

3.7. Kinetic Studies

The Kinetics of the reaction has been investigated using pseudo-first order method [26]. The concentration of the
cefadroxil was assumed to be in excess over that of the reagent and its concentration can be considered unaltered
during the reaction. Figure 11 shows the plot between In(A-A.,) and time at different concentrations of ce-
fadroxil and fixing other conditions. The curves were successfully fitted to straight lines (r > 0.99) that indicates
the accurate applicability of pseudo-first order method for this reaction. The same procedure has been repeated
at different concentrations of Henna, sodium hydroxide and potassium permanganate. The observed rate con-
stants, Koy, Were calculated from slopes of such lines in each experimental run and presented in Table 4. The
relation between ko, value and cefadroxil concentration was plotted in Figure 12, which shows a trend of
straight line with intercept close to zero confirming the first order kinetics with respect to cefadroxil [27]. In-
creasing the concentration of Henna solution also resulted in increase of ks linearly as shown in Figure 13 with
intercept close to zero that confirms that the order of the reaction with respect to Henna is unity. The observed
rate constant was found to increase with increasing the concentration of KMnO, (Figure 14). Variation of
NaOH concentration does not result in an appreciable change of kg value, which can be explained by that the
concentration of NaOH is relatively so large that any minimal change is not effective, or that NaOH does not
participate in the rate determining step of the reaction leading to zero order with respect to NaOH [28].

The effect of temperature has been investigated by performing experimental runs at various temperatures in
temperature range 290 - 320 K. Figure 15 shows the graphitic representation of Inkq,s versus temperature in-
verse, which has been fitted to straight line satisfactorily. The activation parameters Ea, AH", AS* and AG" have
been calculated from the slope of the straight line and found to be 0.401 kJmol™, 2.47 kJmol*, —28.38
Jmol K™ and 10.93 kJmol ™ respectively. The negative value of entropy indicates that the structure of the acti-
vated complex is more ordered those of the reactants [29]. The value of activation Gibbs energy is positive that
indicates that the formation of the activated complex is not spontaneous which results in slowing down the reac-
tion.

-2.8
-3.0
-3.2
-34
-3.6
-3.8
-4.0
-4.2
-4.4
-4.6
-4.8
-5.0
5.2

InA

[Cefadroxil] 2.47x10* mol dm™®
[Cefadroxil] 2.2x10* mol dm®
Cefadroxil] 1.92x10* mol dm®
[

[Cefadroxil] 1.65x10°* mol dm®

o4 %

20 30 40 50 60 70 80 90 100 110 120
Time/s™
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Figure 12. Kqps VS. concentration of cefadroxil at 297 K and the following
conditions: [KMnO,] = 1.54 x 10~* moldm 3, [NaOH] = 0.175 moldm >,
[Henna] = 0.032 g/100ml.
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Figure 13. Kqps VS. concentration of Henna at 297 K and the following
conditions: [cefadroxil] = 2.75 x 10* moldm ™3, [KMnO,] = 1.54 x 10°°
moldm 3, [NaOH] = 0.175 moldm>.

3.8. Recovery Studies

The accuracy of the proposed methods was checked by recovery studies with the addition of standard drug solu-
tion to pre-analyzed sample solution at two different concentration levels (80 and 40) within the range of linear-
ity for the drugs. The recovery from these two pure samples was around 99%, which is a reasonable value when
compared with other spectrometric methods that has been suggested for determination of this drug [30] [31].

3.9. Precision and Accuracy

The accuracy parameter of this method such as regression coefficient of standard curve, standard deviation,
LOD and LQD shows in Table 5. These values were compared with those found in other suggested spectromet-
ric methods in Table 6. The comparison shows that the proposed method is accurate in the range 35 - 100 ugl™
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Table 4. kqys Values at various concentrations of Cefadroxil, KMnO,, Henna

and NaOH.
10 Cefadfsc)xil 103 Her1r31a 10 KMrJBO4 NaOI—[3 Kass (57
(moldm™) (moldm™) (moldm™) (moldm™)
247 18 0.154 0.175 0.0159
2.2 18 0.154 0.175 0.0119
1.92 18 0.154 0.175 0.0112
1.65 18 0.154 0.175 0.0100
2.47 10 0.154 0.175 0.0099
2.47 9 0.154 0.175 0.0092
2.47 18 0.16 0.175 0.0160
247 18 0.152 0.175 0.0140
247 18 0.147 0.175 0.0120
247 18 0.145 0.175 0.0110
247 18 0.154 0.185 0.0096
2.47 18 0.154 0.165 0.0118
247 18 0.154 0.155 0.0120
2.47 18 0.154 0.145 0.0089

Table 5. Results of optimization, precision and accuracy.

S.No. Parameters Selected values
1 Wave length Amax (M) 410 nm
2 Beer’s law limits (ug ml™) 100 - 35
3 Molar absorptivity (L mol™cm™) 0.86 x 10°
4 Regression equation Y =0.07666 + 0.00314C
5 Correlation coefficient (R?) 0.966
6 Standard deviation (S) 0.00705
7 LOD (pg/ml) 74
8 LOQ (pg/ml) 224
9 Time taken for maximum colour development 10 min
10 Stability of the coloured product More than 2 hrs
0.00165
0.00160
0.00155
.-tfn\ (]
V.é 0.00150
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Figure 14. kqps VS. concentration of KMnO, at 297 K and the fol-
lowing conditions [cefadroxil] = 2.75 x 10~* moldm 3, [NaOH] =
0.175 moldm 3, [Henna]= 0.032 g/100ml.
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Figure 15. Plots of Inkgys VS. temperature inverse at following condi-
tions: [cefadroxil] = 2.75 x 10* moldm ™=, [KMnO,] = 1.54 x 107
moldm3, [NaOH] = 0.175 moldm 3, [Henna]= 0.032 g/100m.

Table 6. Comparing of some spectrophotometric methods used in analysis of cefadroxil.

Parameters Method | Method I1 Method 111 Method IV Current method

Ninhydrin in  Potassium iodate and 1, 2-napthaquinone-4- 4-chloro-7-nitrobenzo-

Reagent methanol potassium iodide sulfonic acid sodium 2-oxa-1, 3-diazole Henna as extract
Wave length (nm) 578 352 475 390 410
Beer’s law limits (ug-ml™) 5-50 10-50 10 - 100 5-25 35-100
Correlation coefficient (R?) 0.9994 0.9994 0.993 0.9998 0.996
LOD (pg/ml) 1.08 0.41 10 0.29 74
LOQ (ug/ml) 3.58 1.25 100 0.88 22.4
References [30] [31] [32] [33] Proposed method

Table 7. Analysis of cefadroxil from pharmaceutical preparations.

S.No. Name of drug Amount found % Recovery %RSD
1 CEFADROXIL; MIDICO LABS. HOMS-SYRIA 516.8 103.4 +7.74%
2 IBIDROXIL; GLAXOSMITHKLINE S. A. E. EL SALAM CITY, CAIRO 503 100.7 £ 1.9%
3 CEFADROXIL; GLOBAL PHARMA CO YEMEN 489.1 97.8 +2.5%

but the sensitivity is less than those of other methods. However, the involvement of natural product in this
method is still an advantage.

3.10. Analysis of Pharmaceutical Preparations

Table 7 shows the results of analysis of some pharmaceutical preparations collected from Yemeni markets. The
reproducibility of the method was found to be acceptable as can be concluded from the reasonable range of rela-
tive standard deviation (%RSD).

4. Conclusion

The proposed method is simple, accurate, low cost, and precise. Therefore, it can be used for the routine analysis
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of cefadroxil in pure form and pharmaceutical formulations.
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