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Abstract Understanding the response of drugs and their

formulations to thermal stresses is an integral part of the

development of stable medicinal products. In the present

study, the thermal degradation of two drug samples

(cetirizine and simvastatin) was determined by differential

scanning calorimetery (DSC) and simultaneous thermo-

gravimetery/differential thermal analysis (TG/DTA) tech-

niques. The results of TG analysis revealed that the main

thermal degradation for the cetirizine occurs during two

temperature ranges of 165–227 and 247–402 �C. The TG/

DTA analysis of simvastatin indicates that this drug melts

(at about 143 �C) before it decomposes. The main thermal

degradation for the simvastatin occurs during two endo-

thermic behaviors in the temperature ranges of 238–308

and 308–414 �C. The influence of the heating rate (5, 10,

15, and 20 �C min-1) on the DSC behavior of both the

drug samples was verified. The results showed that as the

heating rate was increased, decomposition temperatures of

the compounds were increased. Also, the kinetic parame-

ters such as activation energy and frequency factor for the

compounds were obtained from the DSC data by non-iso-

thermal methods proposed by ASTM E696 and Ozawa.

Based on the values of activation energy obtained by

ASTM E696 method, the values of activation energy for

cetirizine and simvastatin were 120.8 and 170.9 kJ mol-1,

respectively. Finally, the values of DS#, DH#, and DG# of

their decomposition reaction were calculated.

Keywords Non-isothermal � TG/DTA/DSC � Cetirizine �
Simvastatin � Drug � Degradation kinetic

Introduction

Cetirizine hydrochloride, the active component of

ZYRTEC tablets and syrup, is an orally active and selec-

tive H1-receptor antagonist [1, 2]. The chemical name is

(±)2-(2-{4-[(4-chlorophenyl)(phenyl)-methyl]piperazino}

ethoxy)acetic acid dihydrochloride. Cetirizine hydrochlo-

ride is a racemic compound with an empirical formula of

C21H25ClN2O3•2HCl. Cetirizine hydrochloride is a white,

crystalline powder and is water soluble. The molecular

mass is 461.82, and the chemical structure is shown in

Scheme 1. Cetirizine belongs to the group of medicines

known as antihistamines. It can be used to prevent and treat

allergic conditions such as hay fever and some allergic skin

reactions.

Also, simvastatin (simvastatinum) or [(1S,3R,7S,8S,

8aR)-8-[2-[(2R,4R)-4-hydroxy-6-oxooxan-2-yl]ethyl]-3,7-

dimethyl-1,2,3,7,8,8a-hexahydronaphthalen-1-yl] 2,2-dim-

ethylbutanoate (C25H38O5) belongs to anticholesteremic

agents. It is a derivative of lovastatin and potent competi-

tive inhibitor of 3-hydroxy-3-methylglutaryl coenzyme A

reductase (hydroxymethylglutaryl CoA reductases), which

is the rate-limiting enzyme in cholesterol biosynthesis

[3, 4]. It may also interfere with steroid hormone produc-

tion. Due to the induction of hepatic LDL receptors, it

increases breakdown of LDL cholesterol. Scheme 1 shows

chemical structures of these drugs.

Thermal analysis methods are well-established tech-

niques for studying the thermal properties of materials in

reasonable ways [5–9]. In today’s pharmaceutical industry,

discussion on a strategy for characterization of physical

and chemical properties of drugs is necessarily compli-

cated. While a ‘‘universal’’ approach is desirable, different

drug compounds require different strategies and techniques

(to determine thermal stability, particle size control,
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separation and extraction from matrix). Researchers now

have access to many analytical techniques that allow them

to study many aspects of drug properties, but a balance

between adequacy and depth is essential [10–12].

Thermal analytical techniques can provide important

information regarding storage and stability of pharmaceuti-

cals [13, 14]. The most widely used thermal analysis tech-

niques are differential thermal analysis (DTA), differential

scanning calorimetry (DSC), and thermogravimetry/deri-

vative thermogravimetry (TG/DTG) [15, 16]. These tech-

niques are widely used in the pharmaceutical sciences for the

characterization of solid drugs and excipients. The applica-

tion of thermoanalytical methods may provide new infor-

mation about the temperature and energy associated with

events, such as melting, oxidation and reduction reactions,

glass transition, boiling, sublimation, decomposition, crys-

tallization, or gel to liquid crystal transition [17–19].

Solid-state kinetic studies have increasing importance in

thermal analysis, in which the main purposes are to cal-

culate the parameters of the Arrhenius equation and to

determine the mechanism(s) of pyrolysis reaction. These

data can provide valuable information about time and

condition of storage [20–24]. The knowledge of such

parameters for pure drugs and for drug–excipient mixtures

is also meaningful to elucidate miscibility/incompatibility

and its effects on thermal stability.

In this work, thermal behavior of cetirizine and simva-

statin drugs were investigated by means of DSC and simul-

taneous thermogravimetry/differential thermal analysis

(TG/DTA). The results allowed us to acquire information

concerning these compounds in the solid-state, including

their thermal stability and thermal decomposition. Also, this

study seeks for determination of kinetic parameters of non-

isothermal decomposition of the compounds. Although

many investigations have been carried out on synthesis,

characterization, purity, and compatibility of pure and for-

mulated cetirizine and simvastatin samples as drugs [1–4],

but those with solid samples have rarely been performed

[23]. However, literature review illustrated that TG and

DSC techniques were used to evaluate thermal stability,

compatibility, and morphological properties of simvastatin

[23]. Furthermore, to the best our knowledge, there is no

report on the thermal behavior and degradation kinetic of

these drugs.

Experimental

Cetirizine and simvastatin, pharmaceutical grade min.

99.5 % (Abureihan Pharma, Iran) were used without fur-

ther purification. Thermogravimetery and differential

thermal analysis were carried out using a Stanton Redcroft,

STA-780 series with an aluminum crucible, applying

heating rate of 10 �C min-1 in a temperature range of

50–600 �C, under nitrogen atmosphere with the flow rate

of 50 mL min-1. The sample mass used was about 3.0 mg.

The DSC graphs were obtained by Du Pont differential

scanning calorimeter model DSC 910S, in temperature

range of 50–500 �C using an aluminum crucible, at dif-

ferent heating rates (5, 10, 15 and 20 �C min-1), under

nitrogen atmosphere with the flow rate of 50 mL min-1.

The instrument was calibrated at each heating rate con-

sidered using a dedicated 1 mg indium standard in an

aluminum pan. Plotting for exothermic reactions was as

downward deflection of the curve peak from the baseline.

Results and discussion

The thermoanalytical graphs of cetirizine are presented in

Fig. 1a. The TG/DTA graphs obtained in nitrogen atmosphere

showed that cetirizine decomposes during several steps which

are endothermic and exothermic. Thermal events for this drug

were started at about 165 �C and, as shown in DTA curve,

continued with two consecutive endothermic peaks with

maximum of 193 and 211 �C. These events match with the

decomposition process and it is obvious from the TGA data

that some mass loss occurs at the end of this process. During

these steps, a relatively mild and continuous mass loss

(Dm1 = 5 %) over 165 �C was observed until 227 �C.

However, at higher temperatures, cetirizine presents a main

mass loss step between 247 and 402 �C, which is

Dm2 = 92.8 % in this step. The DTA curve showed two

thermal events during this temperature range: the first is a

broad endothermic behavior (Tpeak DTA = 312 �C) and

another is an exothermic peak (Tpeak DTA = 382 �C). The

total mass loss for this drug is about 97.8 % during

165–402 �C temperature range.

The simultaneous TG/DTA curves obtained in nitrogen

atmosphere for the simvastatin are shown in Fig. 1b. In

alignment with previous results [23] and according to the

TG/DTA data, a sharp endothermic peak was observed at

about 143 �C, without any change in the mass of sample,
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Scheme 1 Chemical structure of a cetirizine and b simvastatin
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corresponding to the melting point of simvastatin. Up to the

melting point, the simvastatin is thermally stable until

230 �C. However, at higher temperatures, simvastatin pre-

sents two main mass loss steps between 238 and 414 �C,

which is Dm = 99.6 % during this temperature range. In the

first step, TG/DTA graphs exhibit a sharp mass loss in

238–308 �C. The DTA curve showed a broad endothermic

behavior in this temperature range (Tpeak DTA = 278.2 �C).

The second mass loss is in the range 308–414 �C, which is a

relatively mild mass loss step. DTA curve in this temperature

range showed another broad endothermic behavior (Tpeak

DTA = 365.4 �C). Table 1 summarizes the experimental

results of TG/DTA obtained for each compound.

Effect of heating rate

Table 2 and Fig. 2 show DSC curves for the decomposition

of cetirizine and simvastatin at several heating rates. It was

found that by increasing the heating rate, the melting peaks

and the decomposition temperature of the drugs were

shifted to higher temperatures.

Kinetic methods

The ASTM method E698 [25] occupies intermediate posi-

tion between the model-fitting and model-free methods.
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Fig. 1 TG/DTA curves for drug samples (a) Cetirizine and (b) Sim-

vastatin; sample mass 3.0 mg; heating rate 10 �C min-1; nitrogen

atmosphere

Table 1 Summary of experimental results for DTA/TG of drugs

samples

Drug Transition temperature/�C Mass loss/%

Melting Decomposition DTa

Cetirizine – 193.0 165–402 97.8

Simvastatin 143.4 278.2 238–414 99.6

a DT is Temperature range associated with a variation sample’s mass

Table 2 Melting point and decomposition temperature of cetirizine

and simvastatin obtained by DSC at various heating rate

Compound Cetirizine Simvastatin

Heating

rate/�C

min-1

Melting

point/�C

Decomposition

temperature/�C

Melting

point/�C

Decomposition

temperature/�C

5 – 183.2 139.0 269.0

10 – 193.0 143.4 278.2

15 – 198.1 144.5 283.7

20 – 202.9 146.2 288.7
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Fig. 2 The effect of heating rate on the melting point and decom-

position temperature of drug samples (a) Cetirizine and (b) Simva-

statin; sample mass 3.0 mg; nitrogen atmosphere
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It uses a model-free estimate for the activation energy which

is evaluated from Kissinger plot of ln b T�2
m

� �
against 1/Tm

[26], where Tm is the temperature corresponding to the

maximum of da/dT. In this study, ASTM method was used to

determine the Arrhenius parameters for the thermal

decomposition of cetirizine and simvastatin. In order to

calculate the pre-exponential factor (Z), it was assumed that

the decomposition followed first-order kinetics. The DSC

curves obtained at various heating rates for the drugs are

shown in Fig. 2. Also, Table 2 summarizes the experimental

results as well as the maximum peak temperatures (Tm) for

each compound and heating rates (b) used to perform the

calculations in the ASTM E698 method.

The plot of the ln ðb T�2
m Þ against 1/Tm was straight lines

(Fig. 3) for cetirizine (r = 0.9992) and simvastatin

(r = 0.9989), which indicated that the mechanism of thermal

decomposition of these compounds over this temperature

range did not vary. The slope of the lines was equal to -Ea/R.

Therefore, the activation energy (Ea) was obtained from the

slope of the graph while the log of the pre-exponential factor,

log(Z/S-1) was calculated from the expression given in ASTM

E698:

Z ¼ b Ea exp ½Ea=RTm�=RT2
m ð1Þ

Table 3 contains the calculated values of activation energy

and frequency factors for both compounds.

Also, activation energy (Ea) for these compounds was

calculated by Ozawa method [27, 28]. In this method,

activation energy could be determined from plots of the

logarithm of the heating rate versus the inverse of the
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Fig. 3 Plot of Ln (b Tm
-2) versus reciprocal peak temperature 1/Tm

for drug samples (a) Cetirizine and (b) Simvastatin; plot of Log (b)

versus reciprocal peak temperature 1/Tm for drug samples

(c) Cetirizine and (d) Simvastatin. The data derived from DSC

experiments in nitrogen atmosphere

Table 3 Comparison of kinetic parameters of the drug samples obtained by ASTM and Ozawa methods

Drug sample Method Ea/kJ mol-1 log Z/S-1 r DG#/kJ mol-1 DH#/kJ mol-1 DS#/J mol-1 log K/S-1

Cetirizine ASTM 120.8 13.4 0.9992 308.9 114.6 -417 -7.82

Ozawa 122.4 13.6 0.9993 310.6 116.2 -417 -7.91

Simvastatin ASTM 170.9 16.0 0.9989 359.1 164.7 -353 -13.96

Ozawa 171.5 16.1 0.9990 359.7 165.3 -352 -14.00

DG#, DH#, and DS# are given at decomposition temperature of drugs

r Linear regression coefficient
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temperature at the maximum reaction rate in constant

heating rate experiments. The activation energy can be

determined by Ozawa method without a precise knowledge

of the reaction mechanism, using the following equation:

log bþ 0:496 Ea=RTm ¼ C ð2Þ

The plot of logarithm of heating rates versus reciprocal of

the absolute peak temperature for cetirizine and simvastatin

was straight lines with r = 0.9993 and 0.9990 (Fig. 3),

respectively. On the other hand, frequency factor (Z) was

found for both compounds from the equation 1 [29].

All resulted data are summarized in Table 3. Comparing

the results of the application of the two methods, we

observe that values calculated for both compounds by

Ozawa method are slightly higher than those of ASTM

method. However, both methods reveal the same trend of

activation energies for the whole conversion range studies.

After the kinetic parameters Ea and Z were obtained, the

thermodynamic parameters of activation can be calculated

from the following equations [30]:

Z exp
�E

RT
¼ m exp

�DG#

RT
ð3Þ

DH# ¼ E � RT ð4Þ

DG# ¼ DH# � TDS# ð5Þ

where, DG#, DH#, and DS# are free energy, enthalpy and

entropy of the activation, and receptivity. t is the t =

KBT/h (where KB and h are Boltzmann and Plank constant,

respectively). Table 3 gives the computed thermodynamic

parameters for both compounds studied.

Reaction rate constant determination

Assuming a first-order decomposition, the rate constant (K)

for decomposition reaction could be calculated by the

following equation [19]:

log K ¼ log Z � Ea=2:3RT ð6Þ

which was for the temperature of 25 �C; and the

equation was solved for K using activation energies (Ea)

and frequency factors (Z) obtained above. Table 3 listed

the Log K for each compound. By considering reaction rate

constant calculated for drug samples, cetirizine reaction

rate constant was compared with simvastatin reaction rate

constant. It was found that the reaction rate constant of

cetirizine is considerably (106) higher than that calculated

for the simvastatin.

Comparison thermal behavior of drug samples

In this study, the thermal behavior of two drug samples

was studied in identical conditions. These drugs showed

different thermal behavior and stability ranges. For

cetirizine, as seen in Fig. 1 and Table 1, initial

decomposition occurred at about 165 �C, and the first

step of decomposition process for this drug occurred

during an endothermic phenomenon with two maximum

temperatures of 193 and 211 �C with 5 % mass loss.

The results show that simvastatin melts at 143 �C and

its decomposition starts above 240 �C and take places

during two endothermic steps. A comparison of

decomposition temperature of these samples is shown in

Table 1.

The values of the kinetic parameters that were

obtained by the ASTM and Ozawa methods for these

samples confirm the higher thermal stability of simva-

statin in comparison with cetirizine. The values of

kinetic parameters (activation energy and frequency

factor) of simvastatin are about 1.5 times higher than the

values for cetirizine. On the other hand, from the data

presented in Table 3, it was found that the ratio of

decomposition rate constant for cetirizine to simvastatin

is about 106 and hence, rate of decomposition for

cetirizine is considerably higher than simvastatin. These

results show that cetirizine in comparison with simva-

statin is a heat sensitive drug, has a shorter shelf-life,

and needs more care during storage period.

Conclusions

The thermal stability of two drug samples was determined

by DSC and TG/DTA. Also, the influence of the different

heating rates on the DSC behavior of the cetirizine and

simvastatin was verified. Activation energies and fre-

quency factors for the decomposition were calculated by

different methods. According to the TG/DTA data, it was

verified that the thermal decomposition of cetirizine started

during 165–215 �C with some successive phenomenon.

However, simvastatin was decomposed at about 240 �C,

after its melting at temperature of 143.4 �C. On the other

hand, both the drug samples were decomposed completely

until 450 �C.

The values of the kinetic parameters that were

obtained by the ASTM and Ozawa methods for cetirizine

and simvastatin showed good correlation, but the values

obtained by the Ozawa method were slightly higher

compared to those obtained by the ASTM method. On

the other hand, the values of DS#, DG#, and DH# of the

decomposition reaction of drugs were computed. Our

finding showed that the values of the DG#, activation

enthalpies (DH#), and activation entropies (DS#) for the

decomposition of simvastatin are considerably higher

than cetirizine.
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