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ABSTRACT

Cefpodoxime proxetil is commonly used antibacterial drug. Thermal analysis and dissolution studies are
routinely conducted by pharmaceutical industries in order to evaluate the drug stability, the drug-
excipient interaction and compatibility. In this study dynamic thermogravimetry (TG) experiments were
performed in flowing dry air atmosphere (20 ml min™) to investigate the thermal decomposition of
cefpodoxime proxetil drug and tablets (A, B and C) containing different excipients. The TG curve of
cefpodoxime proxetil drug shows single decomposition process while tablets (A, B and C) display two.
Decomposition activation energies and thermal rate constant (k;) were determined using model-free
methods viz. Kissinger, Friedman, Flynn-Wall-Ozawa, and modified Coats-Redfern. The dissol ution study
of samples was carried out in accordance of United Sate Pharmacopeia (USP 32) and Kitazawa
equation was used for kinetics. Samples are found to have following sequence of the thermal stability:
tablet B < cefpodoxime proxetil drug < tablet A < tablet C and the dissolution order: tablet B <
cefpodoxime proxetil drug < tablet A < tablet C. The thermal rate constant (k;) and dissolution rate
constant (kp) were also correlated graphically and found to have very good correlation with regression
coefficient closeto 1.

Key words: Cefpodoxime proxetilkinetics, TG and dissolution
Nomenclature:

A pre-exponential factor or frequency factor, (Hin

E activation energy of degradation reaction, (kJ ol

n order of reaction

R universal gas constant, (3 Kol™®)

t time, (8%

T absolute temperature, (K)

Tm temperature value at the maxima of the first deive weight loss
curve

kt thermal rate constant

kp dissolution rate constant

TG thermogravimetry

DTG derivative thermogravimetry
DTA differential thermal analysis
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DSC differential scanning calorimetry
O-F-W Ozawa-Flynn-Wall

PVP Polyvinylpyrrolidone

MCCP  microcrystalline cellulose powder
CMC calcium carboxy methyl cellulose

Greek
o degree of conversion or degree of decaitipa or the fraction reacted
B linear heating rate, (K mihp

INTRODUCTION

Cefpodoxime proxetil is an orally administered,ezxted spectrum, semi synthetic antibiotic of
the cephalosporin class. Cefpodoxime is a pro ditsgactive metabolite is cefpodoxime.
Cefpodoxime proxetil, a relatively new broad spawtrthird-generation cephalosporin, has very
well in vitro activity againsEnterobacteriaceae, Hemophilus spp andMoraxella spp, including
lactamase producers and many strains resistant to otheragahts. It also has activity against
Gram-positive bacteria, especially agai@septococci. It is well tolerated and is one of the first
third generation cephalosporins to be availablerah form [1].

A drug is most oftenly taken along with other cheamhisubstances known as excipients.
Excipients are traditionally thought of as inert bobey can have a tremendous impact on the
ultimate pharmacological availability of a drug stdamce when added to a formulation. They
may either alter the activity of drug or can sloswwah the action of drug. The magnitude of drug-
excipient interactions will depend on the charastes of the drug and on the quantity and
properties of the excipients. Moreover, Interacti@ween pharmaceutical drugs and excipients
may generate several compatibility problems whicturn affect the stability of the formulation
[2]. Therefore, it becomes important to study thalrstability, thermal degradation, dissolution
profile and kinetics of drug and tablet to deterenine drug-excipient interactions.

Thermal analysis is an essential analytical tocddusn preformulation for the study of

polymorphism; in development of new formulationsl da study the interaction between drugs
and excipients [3-7]. TG provides important datatba evaluation of stability to study the

pharmaceutical formulation [8]. The applicationtbérmal methods, and especially DTA, DSC
and TG is of great importance in the solution ofaqhaceutical problems such as the
determination of purity, the quantitative and quadive analysis of drug formulations, tests of
stability and the determination of kinetic parametg¢9-11]. Further, the calculation of

degradation kinetics using single heating rate oektis facing criticism due to problematic

procedures and unreliable results [12-13]. On terohand, the use of multiple heating rate
methods e.g. Kissinger [14], Friedman [15], OzawayWall (O-F-W) [16-17] and Coasts-

Redfern (modified) [18-19] methods is preferred-PA].

Dissolution test has emerged in the pharmaceduiidl as a very important tool to characterize
drug product performance [22]. It is well knownttkize bioavailability of drugs is influenced by
their dissolution characteristics [23-25]. The camgon of dissolution profiles has extensive
application throughout the product development @sscand can be used to: develop in vitro-in
vivo correlation, establish final dissolution sgeetions for the pharmaceutical dosage form and
establish the similarity of pharmaceutical dosagemé [26]. In the development of a new
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pharmaceutical formulation, is important to identifie interaction among the components based
in their physical and chemical characteristics \Wwrgan study the further stability problems [27].
A.P. Barreto Gomes et al. [28)rrelated the thermal and dissolution kinetic&wipicillin drug
and capsules. The correlation between(tkermal rate constant) and, Kdissolution rate
constant) can be used to study the preformulatibrdrag and also as a parameter of
pharmaceutical equivalence. Kitazawa equation [29as been employed for the determination
of dissolution rate constant. Similar to above stheF.S. De Souza et al. [31] showed the
correlation between thermal and dissolution ratestants of Cimetidindrug and tablets. It was
suggested that correlation betweetkk seems to be a suitable method for detecting pessib
interactions between cimetidine drug and excipiektsWesolowski et al. [32] has reported the
thermal decomposition and kinetics of Antituberaisldrug using Kissinger method. A.C.D. de
Medeiros et al. [33has reported the use of dynamic and isothermalcb@yentional DSC and
DSC photo visual coupled methods to characteriz# thius to check the compatibility of
Paracetamol drug and excipient in different forrtialss. Also, degradation kinetic parameters
(Ozawa method) were used to study the drug-exdipiteractions. N. A. B. de Souza et al. [34]
applied Arrhenius equation to calculate the therstability order of Metronidazoldrug and
tablets.

The aim of this project is to study the effect tfedent excipients on the dissolution and thermal
profile of cefpodoxime proxetil drug and to findtocorrelation between them kinetically. A
correlation between these two parameters can bmtefest in predicting the stability of
formulations, possible drug-excipient interactiansl compatibility

MATERIALS AND METHODS

Experimental

The samples were cefpodoxime drug, tablets witfeidiht excipients. Cefpodoxime proxetil
drug and tablet A, B and C (containing 200 mg cdéfpame proxetil) were analyzed. Excipients
present in tablet A were magnesium stearate, p@hagoss povidone, calcium carboxy methyl
cellulose, pharmatose and excipients present IettBowere starch, aerosil, talc, croscarmellose
sodium, PVP K-30 (Polyvinylpyrrolidone) and micrgstalline cellulose powder (MCCP).
Cefpodoxime proxetil drug, tablet A and B were dedaby Cure Quick Pharmaceuticals. Tablet
C was acquired from a local drugstore. All samplese stored in closed plastic containers until
they were needed for thermal analysis.

Thermal analysis

TG and DTA thermograms of the samples were recoidedynamic air atmosphere from
ambient temperature to 550 °C at a heating ratB, df0, 20 °C miit using Perkin Elmer,
Diamond Thermogravimetric/Differential Thermal aywmdr. The instrument was calibrated
before recording the thermograms. Dried aluminag®mwALO3) was used as reference material
and aluminum sample holder was used for takingribgrams. In order to ensure the uniformity
of temperature of the sample and good reprodutyibgimall size (2 to 4 mg) were taken. The
apparatus detects the mass loss with a resoluti@r2 pg as a function of temperature. To verify
the reproducibility of obtained mass loss curvey sample runs were performed under the same
experimental conditions for each kind of drug amloleéts at all selected heating rates. Activation
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energy was calculated with a specially designednara in MS-Excel and Origin 6.1, which
takes specific TG and DTG data from the Pyris managftware.

Dissolution

The dissolution testing for cefpodoxime proxetiugy tablet A, B and C were conducted
according to the procedure described in the UnB¢gte Pharmacopeia method (USP 32).
Dissolution profile was obtained by sampling at63,9, 12, 15, 18, 21, 24, 27, 30 min.
Quantization was performed by U.V. at 259 nm by sneag the absorbance of filtered portions
of the solution under test in comparison with @refce solution having a known concentration
of cefpodoxime proxetil standard.

RESULTS AND DISCUSSION

TG Studies

Fig. 1 presents the overall thermogravimetric dguuosition process of cefpodoxime proxetil
drug and tablet (A, B and C) at a heating rate ®P@ min’. The cefpodoxime proxetil drug
showed single step decomposition, in the temperatnterval 150-350 °C and had a residual
weight of 37.2%. On the other hand, tablet (A, B &) showed two step decomposition process
which started at about 150 °C and completed irteh#erature range of 270-280 °C. The onset
decomposition temperature corresponding to 1% weligbs (To) and temperature at 10%
weight loss (Tp) were found lowest for drug 106.0/208.5 °C in camgon to tablets i.e. for
tablet A, B and C 110.2/225.9, 154.8/227.5 and3/226.7 °C (B/T10) respectively (Table 1).
This data show the presence of some strong lowdeatyre drug-excipient interactions which
has increased the onset decomposition temperatome 106.0 (drug) to 154.8 °C (tablet B).
According to the Fand T, obtained from thermograms, initial stability ordr

tablet B > tablet C > tablet A > drug.

This order suggests that the tablets are less stitsleeto thermal decomposition as compared to
drug.

100 |-
— Drug

—— Tablet A
—— Tablet B

80 - —— Tablet C

60 -

Weight (%)

20

L 1 L 1 L 1 L 1 L 1 L ]
0 100 200 300 400 500 600
Temperature (°C)

Fig. 1 TG of drug, tablet A, B and C at heating raé of 10 °C min' in dynamic air atmosphere
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Table 1 TG and DTG data for drug and tablets.

Temperature at Temperature at

Sample 1% 10% DTG Peak Mass at Maximum degradation
wt. loss () wt. loss (Tg) Temperature (°C)  500°C (%) rate (% mirt)
C) C)
Drug 106.0 208.5 246.9 37.0 5.7
Tablet 243.8 35
A 110.2 226.2 348 6 41.5 36
Tablet 243.6 3.4
B 154.8 228.0 3204 41.2 3.7
Tablet 139.5 2979 242.4 412 2.4
C 334.6 6.7

Drug showed a single broad DTG curve peaking at®48 while two peaks were observed for
each tablet. The first and second peak occursdridimperature range 242-244 °C and 320-349
°C, respectively. First peak corresponds to theongosition of drug while the second occurs
due to excipients decomposition. Also, it can beiced from the Table 1 that maximum
degradation rate value corresponding to the firBGpeak for drug shifted to lower values for
tablets. It means the presence of excipients deedethe drug decomposition rate and thereby
increasing the drug stability. Further, tablets hagher percentage weight values at 500 °C than
drug, which might be due to the presence of sormganic excipients (e.g. magnesium stearate,
talc and aerosil etc.) which are thermally stalg(b00 °C.

Kinetic studies

TG thermograms of samples (drug, tablet A, B andsi@wed two important areas of weight
loss. Because of the two-step nature of thermabmposition process, it was necessary to
determine and use different kinetic parametereszidbe the thermal degradation over the entire
temperature range. Therefore, the kinetic parameteeach sample were determined for the first
and second stage separately. In this study foutipteiheating rate methods viz. Kissinger [14],
Friedman [15], O-F-W [16-17] and Coats—Redfern rodtfj18-19] were used to calculate
degradation activation energy.

Table 2 Final equations of various kinetic methodsised in the study

Method Final Equation Plots
— AE E log B against
O-F-W log(g(a)) =log (?) —log(p) —2.315- 0.45675 UT
Kissinger M __E IN(B/Tr’)
’ d(1/T,) R against 1/F,
Friedman In(da )= |n(/3(da ))=InA+nIn(a)- E In(B(da/dT))
| dt’ a7’ RT against 1/T
Coats- .
B = _ AR} _E In(B/T?) against
In| —&——— In
et s Rl )
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The Friedman method is the iso-conversional mettich directly leads to (-E/R) for a given
value ofa by plotting In@(da/dT)) against 1/T. The O-F-W method is also isovessional
method but has integral equation unlike Friedmarckvis a differential method, which leads to
-(0.4567 E/R) from the slope of line determinedpbytting log3 against 1/T at any degree of
conversion. The modified Coats—Redfern method mudtiple-heating rate application of the
Coats—Redfern equation. Plotting for each heatatg versus 1/T at that heating rate gives a
series of straight lines having slope (-E/R). la Kissinger method, the activation energy, E, can
be obtained from a plot of IB{Tm %) against 1/Tm for particular stage of decompositince
the slope of such line is given by (-E/R).
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0.35
0.40
0.45

-2.04

555 \\\\\\
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-4.04
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Fig. 2 Plots of Friedman method for degradation advation energy of drug, at varying degree of convesion,
in dynamic air atmosphere.
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Fig. 3 Plots of O-F-W method for degradation activiion energy of drug, at varying degree of conversig in
dynamic air atmosphere
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Fig. 4 Plots of Coats-Redfern (modified) method fodegradation activation energy of drug, at varyingdegree
of conversion, in dynamic air atmosphere

The plots of iso-conversional Friedman, O-F-W, amobified Coasts-Redfern methods show a
general trend of activation energy. The Friedmant far degradation activation energy of drug,
at varying degree of conversion, is shown Fig. 2evRig. 3 and 4 show the specific results of
application of O-F-W and modified Coats-Redfernmoels for degradation activation energy of
drug, respectively. It can be seen from these égtinat the fitted lines are almost parallel, which
indicates the approximate activation energy atedifit conversions and consequently, implying
the possibility of single reaction mechanism.

Table 3 Comparison of parameters obtained from thgresent study

Friedman O-F-W Kissinger Coats- Redfern (modified)
E E A E E

Sample  Stage 5 momy kImor)  (mind)  (kd molY) (kJ mo'Y)
Drug [ 470.4 259.4  1.32x10  182.3 264.2
TabletA | 497.0 4534  2.96x1®  288.5 471.2
I 198.0 1742  6.35x106  156.4 193.5

Tablet B I|I 19_6.6 1?1.1 1.0_4x1'6 21_1.1 2(_)5.5
Tabletc 587.8 554.2  5.27x1® 130.4 550.9
I 478.2 1375  9.08x10  146.4 228.9

Degradation kinetic parameters of drug and taldatsulated using Friedman, O-F-W, Coats-
Redfern and Kissinger are summarized in Table 2 Wlues of activation energy by all the

methods (except Kissinger method) are comparatselgller for tablet B while tablet C has the

highest values for example, for the O-F-W and CoRsdfern (modified) methods, the first

stage activation energies are 259.4, 453.4, 1'6562,2 and 264.2, 471.2, 205.5 and 550.9 kJ
mol™* for drug, tablet A, tablet B and tablet C, respety. Overall sequence follows the order

tablet C> tablet A> drug> tablet B.
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Fig. 5 shows the linear plot for drug from Kissingeethod. Activation energy calculated by this
method for first stage was found to be 182.3, 28813.1 and 130.4 kJ nibfor drug, tablet A,
tablet B and tablet C, respectively. The valuesudated by Kissinger method showed reverse
trend i.e. tablet A > tablet B > drug > tablet C.

-9.5
-10.0

-10.5

In(R/T.)

-11.0

-11.5

T T T
1.88 1.90 1.92 194 1.96

10°7T_(K™)

Fig. 5 Plots of Kissinger method for degradation aévation energy of drug, in dynamic air atmosphere.

This deviation originate from the fact that Kisseng methoditilizes the assumption of f(d) =
(1-0)". So, it becomes almost certain to obtain systendeviation in the Kissingemethod
equation, dependent upon n. Meanwhile, Friedmaréthad like O-F-Wprocedure, makes no
assumptions about f(d@), and therefore, both are capable of providingoeably reliable data
from temperature programmed TG [15].

Table 4 Thermal rate constant obtained from O-F-W nethod

Samples

Kinetic parameters Drug Tablet A Tablet B Tablet C

kr (min™) 7.5 x10° 15.2 x10¢' 5.7x10° 17.3x10

Results obtained in the present study revealedatttethat, the kinetic parameters obtained for
the first stage are higher than those for the stetege of decomposition of tablets. The kinetic
parameters confirmed compatibility and a lower ifitglof different tablets due to presence of
different excipient in them. The rate constantaoigd from the TG data for the drug and tablets
provided evidence of difference between the fortms.

The value of rate constant for tablet B is lowebktlevhighest for tablet C. This shows that tablet
B is thermally more stable than others which caratebuted to the presence of some highly
thermally stable inorganic excipients like aera@sitl talc in it [35]. Some workers has reported
the thermal stability order based onvalues [28, 31, 34]. The rate constant obtaimechfTG
data presents following sequence of thermal stgbifiblet B > drug > tablet A > tablet C.
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Dissolution study

Figure 6 shows dissolution profiles of the threbldes and drug. The dissolution of tablets
containing 200 mg of cefpodoxime proxetil drug sahse served as a control. Dissolution rate
constant data showed different kinetic dissoluti@maviour of drug and tablets. It can be seen
that tablet B exhibited a dissolution profile sianly to cefpodoxime drug substance. The
dissolution of tablet B, however, was slightly ketthan that of drug. Tablet C showed the
poorest release profile of all formulations. It daa said there might occurred some attractive
forces between drug and excipients in case of talleand A. On the other hand some what
better release of drug in case of tablet B cantbiéated repulsive forces which have caused
better disintegration and thus better dissolution.

—m—Drug /
6 —e—Tablet A o
—A—Tablet B
y —wv—Tablet C A//v/v

4 A ./
v//

7
| =

Amount of drug dissolved(mcg)

Time (min)
Fig. 6 Dissolution profiles of the cefpodoxime praoatil drug and its tablets.

Dissolution Kinetics
The dissolution rate constanpjkvas determined by the Kitazawa equation:

In W” / (W*-W5) = kot

Where, W is the amount of drug released in solution atnitdi time, W is the amount of
dissolved drug andpkis the dissolution rate constant. Thevialues obtained for drug, tablet A,
B and C are shown in the Table 4. Tablet B hadabtest rate of dissolution while tablet C has
the lowest. The rate constant obtained from Kitazaguation presents following sequence of
dissolution order: tablet B > drug > tablet A >l&thC. Dissolution rate constant data showed
different kinetic dissolution behavior amongst drtaplets (A, B and C). Thus, the use of a
kinetic method can cleanly demonstrate the diffeeebbetween the dissolution profiles of
pharmaceuticals.

Table 5 Dissolution rate constant obtained from Kihzawa equation

Dissolution rate constant Samples
Drug Tablet A Tablet B Tablet C
kp (Mcg min) 3.84 x10F 3.36 x10° 3.93x10° 3.08 x10°

The rate constant obtained from dissolution datsgmts following sequence of dissolution
order: tablet B > drug > tablet A > tablet C.
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Correlation study

The aim of this work is to study the correlatiortvibeen dissolution and thermal degradation rate
constants. A correlation between these two parasetan be of interest in predicting the
stability of formulations and possible drug excigigteractions

Both rate constantsrkand ly shows the similar order. From both the orders iit loa seen that
tablet B has highest thermal stability and showt bessolution profile. On the other side tablet C
shows lowest thermal stability and poorest dissmuprofile.

An evaluation was made to check that there wassstally significant correlation Fig. 7
between the two variables land k. It can be observed from the figure that therestsxgood
correlation between thermal rate constanty @nd dissolution rate constantg)kobeying a
linear function, with correlation coefficient valetse to 1 i.e. 0.9909.

Linear Regression
Y=A+B*X
Parameter Value Error

0.0018

0.0016- TabletC A 0.04362 8.37968E-4

m Tablet A B -7.01674 0.6718

0.0014 R SD

{ -0.99096 6.63124E-4
0.0012

k, (min™)

0.0010
0.0008

0.0006

0.0004 r I r I r I r I r I
0.030 0.032 0.034 0.036 0.038 0.040
k, (mcg/min)

Fig. 7 Correlation between k and kp,

The thermal and dissolution rate constants predemigood correlation among drug, tablets (A,
B and C). Therefore, correlation between varialldgk, seems to be a suitable method for
detecting possible interactions between cefpodoxirogetil drug substance and its excipients in
development or after manufacturing changes paatibyufor immediate release dosage forms and
therefore could be especially useful in a qualdpteol environment [31]. Thus, the thermal and
dissolution kinetics can be used to confirm phaeunécal equivalence between reference and
test products [28].

The kinetic thermal and dissolution order are:é¢aBl > drug > tablet A > tablet C.
CONCLUSION

The thermal and dissolution kinetic data showedlevte of difference between the tablets
formulations. The thermal and dissolution rate tams follow the same order i.e.

tablet B > cefpodoxime proxetil drug > tablet Aablet C.
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