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Abstract

The influence of temperature and relative humidity (RH) on the stability of cefamandole (CM) nafate sodium in the solid phase

was investigated. Changes in the concentration of cefemandole nafate sodium were recorded using HPLC with UV detection. The

method was validated for the following parameters: selectivity, linearity, precision, limit of detection and sensitivity. It showed good

linearity (r�/0.9996) in the range 0.4�/10�4�/5.6�/10�4 g ml�1 using a LiChrospher RP-18 column and as mobile phase

acetonitryle�/triethylamine (10% v/v, adjusted to pH 2.5 with phosphoric acid (84%) and diluted with water) (35:65). The

degradation of CM occurring at 0% RH of the ambient air and at air humidity RH�/50% is a first-order reaction relative to

substrate concentration. The first-order rate constants (k ) were determined for CM degradation in dry air at 373, 383, 388 and 393

K, at air humidity RH�/76.4% at 323, 333, 343 and 353 K, and at 353 K at air humidity RH�/50%. The kinetic and

thermodynamic parameters of the decomposition were calculated.
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1. Introduction

Cefamandole (CM) belongs to the second generation

of cefalosporines. It is characterised by a considerable

resistance against the action of plazmid-mediated b-

lactamases, among these also against staphylococcus

penicyllinase. CM is used either in the form of a sodium

salt or in the form of the biologically inactive CM nafate

sodium salt, the latter being readily hydrolysed in the

body to free CM [1].

Previous studies of the stability of CM dealt with the

determination of CM in parenteral solutions stored in

polyvinyl chloride infusion bags [2], the stability of CM

in the amorphous state, in the crystalline state, and in

aqueous solutions as a function of water content at

25DG C and 40DG C [3]. The stability of CM injection

in various parenteral solutions and with secondary

additives [4], and the chemical stabilities of CM and

metronidazole when mixed together in aqueous solu-

tions for intravenous injection [5] were also investigated.

The aim of the study was to evaluate the stability of

CM in the solid phase and to estimate the effect of

temperature and relative humidity (RH) on the degra-

dation of CM.

2. Experimental

2.1. Chemicals and reagents

Sodium salt of CM nafate, the lyophilised substance

for injection, made by Polfa, Tarchomin, Poland. Other

chemical substances and reagents were products of the

Sigma Chemical Co.

2.2. Chromatographic conditions

The method used in our experiments is a modification

of the procedure for CM nafate detection given in the

Ph.Eur 4.

The chromatographic separation and quantitative
determination were performed on a high-performance

liquid chromatograph equipped with a pump model L-

6000, and an LC-2UV detector was used for detection.
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A Merck analytical column (LiChrospher RP-18; 5mm

particle size, 250�/4 mm) was used as the stationary

phase. The injector was the Rheodyne 7120 with a noose

of 20 ml. The mobile phase consisted of acetonitryle�/

triethylamine (10% v/v, adjusted to pH 2.5 with

phosphoric acid (84%) and diluted with water) (35:65).

The flow rate was 0.6 ml min�1. UV detection was

carried out at 254 nm.

The internal standard was a solution of salicylic acid

in methanol at a concentration of 0.8 mg ml�1.

2.3. Calibration curve

The calibration curve for CM was taken in a mixture

of acetonitryle and water (1:1 v/v), for solutions of

concentrations varying from 0.4�/10�4 to 5.6�/10�4 g

ml�1. The internal standard was a solution of salicylic

acid in methanol at a concentration of 0.8 mg ml�1. To
1.0 ml of the so obtained solution of CM 1.0 ml of a

solution of internal standard was added and the so

obtained solution was analysed by means of HPLC.

Twenty microliter of the samples to be analysed were fed

to the HPLC-column and the emerging signals recorded

and analysed:

. the CM*/emerged with a retention time of ca. 6.9

min;

. the internal standard*/emerged with a retention time

of ca. 5.5 min.

The chromatograms were interpreted using the fol-
lowing equation: hi/hs�/f(c ); where hi is the value of the

CM signal and hs represents the value of the internal

standard signal.

2.4. Conditions of the kinetic studies

For the experimental, 10 mg samples of CM were

weighed into 5 ml open vials. To assess the stability of

CM in dry air, the vials containing the studied sub-

stances were immersed in a sand bath that was placed in

a heat chamber adjusted to temperatures of 373, 383,

388 and 393 K. Samples destined for the study of the

impact of humidity were placed into exicators in heat

chambers set to the desired temperatures: 323, 333, 343
and 353 K. The exicators contained saturated solutions

of inorganic salts, which safeguarded the desired RH of

the ambient air sodium bromide (RH�/50.9%), potas-

sium iodide (RH�/60.5%), sodium nitrate (RH

�/66.5%) and sodium chloride (RH�/76.4%) [6]. Each

series comprised 12�/21 samples. After definite time

intervals, determined by the rate of degradation, the

respective vials were taken out of the chamber, cooled to
room temperature and the contents dissolved in a

mixture of acetonitryle and water (1:1 v/v). The so

obtained solution was quantitatively transferred into

measuring flasks and refilled to a total volume of 25.0

ml with the above mentioned solvent. To 1.0 ml of the so

obtained solution of CM 1.0 ml of internal standard was

added. These samples were analysed according to the
procedure described for calibration curves (Section 2.3).

3. Results and discussion

Concentration changes of CM under the experimental

conditions were assessed using HPLC. The method
applied was validated by the following parameters:

selectivity, precision, linearity, detection limit and sensi-

tivity. For the validation test, the following substances

were used:

. a comparative CM sample;

. a sample of CM heated to 393 K in dry air;

. a sample of CM heated to 333 K in a humid

atmosphere of 76.4% RH.

3.1. Selectivity

The method is selective for CM, its products of

decomposition and the internal standard, as shown by

the chromatograms (Fig. 1). In the chromatograms

taken over a period of 0�/10 min, the following peaks

Fig. 1. HPLC chromatograms of the sodium salt of CM nafate (I) and

of a mixture of a solid phase preparation of CM and of its degradation

products following incubation at 333 K in a humid atmosphere (RH�/

76.4%) for: 90 min (II) and 330 min (III). A-sodium salt of CM nafate,

Is, internal standard, B and C-degradation products.
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emerged: peak A corresponding to the investigated

substance, with a retention time of ca. 6.9 min, peak Is

corresponding to the internal standard, with a retention

time of ca. 5.5 min and peaks B and C corresponding to
degradation products of CM, with a retention time of

ca. 4.9 and 3.9 min, respectively (Fig. 1).

3.2. Linearity

In the conditions studied, a linear dependence was

obtained between the height of the peaks and CM

concentration over a range of 0.4�/10�4�/5.6�/10�4 g
ml�1 (y�/(8075.49/134.9)x , r�/0.9996, n�/13).

3.3. Precision

Method precision was obtained on the different days

by making injections of eight standard preparations of

CM (0.4 mg ml�1). The retention times and the ratios of
the CM peak size to that of the internal standard in the

injections are: x�/6.859/0.09, %RSD 0.65 and x�/

3.229/0.20, %RSD 1.51, respectively.

3.4. Detectability limit and sensitivity of the method

The concentration of CM at which the height of the
peak of the analysed substance is ten-times higher than

the noise level was taken as the limit of detectability. In

our experimental conditions this parameter was 0.4�/

10�4 g ml�1.

The slope of the curve plotted from the relationship

y�/ax (see Section 3.2) indicates a significant sensitivity

of the applied method.

During the experimental reaction products were
formed exhibiting a yellow, light brown and dark brown

coloration; all products of degradation were soluble in a

mixture of acetonitryle and water (1:1 v/v). When kept

in either hot dry or humid atmospheres, the compound

underwent an appreciable degradation as demonstrated

by the decline of the CM peak, starting from hi0/0

(peak height) over a period ranging from t00/t�. At the

same time, the formation of product B was observed.
The value of hi/hs of the product rises, to achieve the

value of (hi/hs)�. Next, degradation product B and the

resultant formation of product C were observed. The

concentration of product C rises to reach the asymptotic

value of c��/(hi/hs)�.

The degradation of CM in the solid phase occurs in

compliance with the model of the first-order rate

reaction with regard to substance concentration and
results from the consecutive reaction: A0/B0/C. The

velocity constants of the first-order rate reaction of CM

degradation relative to substrate concentration were

calculated from the following equation:

lnHt� lnH0�kobs � t (1)

where: H�/hi/hs, kobs, the observed first-order rate

reaction velocity relative to substrate concentration, t ,

time.

In accordance with equation 1, the semilogarithmic
plots ln Ht�/f(t) are straight lines (Figs. 2�/4) and their

slopes are a measure of the reaction velocity. For the

interpretation of the straight curves y�/ax�/b the

following statistical parameters of the respective equa-

tions were computed by means of the minimal square

method: a9/Da ; b9/Db , standard errors Sa, Sb, Sy and

the coefficient of linear correlation r . The values of 9/

Da and 9/Db were computed for f�/n�/2, with a�/0.05.
The so determined velocity constants of the degrada-

tion of CM served for calculating the thermodynamic

parameters of the reaction. The relationship ln ki�/f (1/

T ) complies with the Arrhenius equation ln ki�/ln A

�/a /T (Table 1).

In hot dry air, ln ki�/ln(1.479/8.96)�/(�/66489/

5073)/298, while under conditions of an increased RH

(RH�/76.4%) the respective ln ki�/ln(13.619/1.94)
�/(�/75099/987)/298.

The effect of humidity on the stability of CM is

described by the following equation:

lnki�a(RH%)�b (2)

Fig. 2. Semilogarithmic plots Hi�/f (t ) for the decomposition reaction

of CM in the solid phase in dry air.

Fig. 3. Semilogarithmic plots Hi�/f (t ) for the decomposition reaction

of CM in the solid phase at RH�/76.4%.
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The semilogarithmic plot of ln ki�/f (RH%) is a

straight line (Fig. 5), and the slope of this curve

characterises the effect of humidity on the stability of

CM at 353 K, while the value of b�/k represents the

stability of CM at 353 K and at RH�/0%.

The value of k0�/5.01�/10�6 s�1, calculated from

equation 2 differs from k ?0�/2.90�/10�8 s�1 for the

temperature 353 K under dry air conditions, calculated

from the Arrhenius equation. Such results indicate

differences in the mechanism of degradation of CM

occurring in the presence or absence of ambient

humidity.

The relationships presented above show that CM is

more stable in a dry atmosphere, and humidity con-

stitutes the factor that determines the velocity of the

degradative reaction.

4. Conclusions

Various derivatives of D2-cefem: cefepime dichloride

monohydrate [7], cefozidime disodium salt [8], cefotax-

Fig. 4. Semilogarithmic plots Hi�/f (t ) for the decomposition reaction of CM in the solid phase at various humidities at 353 K.

Fig. 5. A plot of the dependence ln ki�/f (RH%) characterising the

reaction of CM degradation at 353 K.

Table 1

Thermodynamic parameters of the reaction of CM decay in solid phase occurring in an a anhydrous, dry atmosphere at a various temperatures and

at a constant RH (RH�/76.4%)

T (K) (k9/Dk )�/106 (s�1) n Statistical evaluation ln ki�/f (1/T ) Thermodynamic parameters

RH�/0% a�/�/66489/5073

373 0.08129/0.0065 18 Sa�/1179 Ea�/559/42 kJ mol�1

383 0.12979/0.0042 21 b�/1.59/13.0 DH" b�/539/45 kJ mol�1

388 0.13809/0.0076 21 Sb�/3.1 DS" b�/�/2339/135 J K�1 mol�1

393 0.21599/0.0075 21 r�/�/0.9699

298 a 8.98�/10�10 Sy�/0.12

RH�/76.4% a�/�/75099/987

323 67.789/2.19 15 Sa�/229 Ea�/629/8 kJ mol�1

333 125.439/5.02 16 b�/13.69/2.9 DH" b�/609/11 kJ mol�1

343 252.859/12.22 13 Sb�/0.7 DS" b�/�/1319/220 J K�1 mol�1

353 482.809/25.64 12 r�/�/0.9991

298 a 9.28�/10�6 Sy�/0.05

n , Number of experiments; Dk�/Sataf; Ea, activation energy; DH", enthalpy; DS", entropy; Ea�/�/aR (J mol�1); DH"�/Ea�/RT (J mol�1);

DS"�/R (ln A�/ln(kBT )/h ) (J K�1 mol�1), where: kB stands for the Boltzmann constant (1.3807�/10�23 J K�1); h , Plancks constant (6.6256�/

10�24 J s); R , universal gas constant (8.314 J K�1 mol�1); T , temperature in K (t�/273 K); a , vectorial coefficient of the Arrhenius relationship and

A , stands for the frequency coefficient.
a The reaction velocity constant calculated from the Arrhenius equation: ln ki�/ln A�/(Ea/R )�/1/T .
b Calculated for 298 K.
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ime sodium salt [9], ceftazidime pentahydrate [10],

ceftriaxone sodium salt [11], cefuroxime sodium salt

[12], depending on their chemical structure and experi-

mental conditions decompose according to the kinetics
of either a first-order reaction, a reversible first-order

reaction or to an autocatalytic first-order reaction with

respect to substrate concentration.

The search for respective relationships between the

chemical structure of D2-cefem derivatives and thermo-

dynamic parameters is the subject of our future studies.

The kinetic mechanism of CM degradation is inde-

pendent of storage conditions. Degradation of CM
occurs both when stored in a dry or humid atmosphere,

and its course is that of the first-order rate reaction

kinetics relative to substrate concentration. The reaction

of CM degradation in the solid state bears the char-

acteristics of the consecutive reaction A0/B0/C. The

degradation of CM is favoured in an increased RH of

the ambient air.

References

[1] F. Bruchhausen, S. Ebel, A. Frahn, E. Hackenthal, Hagers

Handbuch der Pharmazeutischen Praxis, Springer, Berlin, 1993.

[2] V.D. Gupta, K.R. Stewart, Stability of cefamandole nafate and

cefoxitin sodium solutions, Am. J. Hosp. Pharm. 38 (1981) 875�/

879.

[3] M.J. Pikal, K.M. Dellerman, Stability testing of pharmaceutical

by high-sensitivity isothermal calorimetry at 25DG C: cephalos-

porins in the solid and aqueous solution states, Int. J. Pharm. 50

(1989) 233�/252.

[4] R.A. Frable, P.R. Klink, G.L. Engel, E.E. Mundell, Stability of

cefamandole nafate injection with parenteral solutions additives,

Am. J. Hosp. Pharm. 39 (1982) 622�/627.

[5] V.D. Gupta, K.R. Stewart, M.D. Torre, Chemical stabilities of

cefamandole nafate and metronidazole when mixed together for

intravenous infusion, J. Clin. Hosp. Pharm. 10 (1985) 379�/

383.

[6] E. Pawel czyk, T. Hermann, The Fundamentals of the Stability of

Drugs (in Polish), PZWL, Warszawa, 1982.
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