
INTRODUCTION 
Thermogravimetric analysis (TGA) is a thermal technique for 
detecting compatibilities between active medicinal ingredients 
and excipients.1 This method is often used to investigate 
pharmacological compounds’ thermal degradation to 
determine their thermal stability. TGA, on the other hand, does 
not offer information on non-mass-change reactions, including 
polymorphic transformations and double-decomposition 
processes.2 Furthermore, unless the temperature range of the 
reaction has previously been defined and there are no interfering 
reactions, it is worthless to identify a drug or a combination of 
compounds. The TGA is a quantitative technique in the case 
of identifiable chemicals, and it is typically used to measure a 
drug in a combination. Regardless, TGA traces are routinely 
registered simultaneously with differential thermal analysis 
(DTA) or differential scanning calorimetry (DSC) scans to 
obtain additional information about thermal events that have 
been associated with mass loss (e.g., degradation) and those 
that have not (e.g., melting or crystallization).3-5

Given that amorphous forms are more reactive than 
their crystalline counterparts, it’s not unexpected that 
amorphous forms are more sensitive to heat deterioration.6-8 
However, evaluating the deterioration of an amorphous form 

is necessarily challenging. Amorphous forms are prone to 
recrystallization, but crystalline forms do not deteriorate 
considerably until they melt.9,10 TGA is a widely used method 
for assessing deterioration. TGA is used to measure mass 
changes by either heating the sample throughout a temperature 
range at a set rate (non-isothermal technique) or heating the 
sample at a specified temperature for a given period (isothermal 
method).11 Mass is lost when solvent/water is lost and volatile 
degradation products are generated. In a study of current 
research using TGA to assess polymer or crystalline drug 
compatibility for HME processing, it was discovered that 100% 
of the investigations (n = 30) employed non-isothermal heating 
(10°C/min being the most prevalent heating rate).12 

Atorvastatin (ATR), diclofenac (DCL) and albendazole 
(ALB) all have low aqueous solubility and characterized as 
class II drugs according to biopharmaceutical classification 
system (BSC) resulting in poor absorption from the 
gastrointestinal tract (GIT) and hence low oral bioavailability 
and consequently present a challenge in formulating a suitable 
dosage form.13-15

The study described herein has several objectives. First, 
TGA to assess thermal degradation of crystalline APIs (and 
amorphous APIs, when possible) and common polymers used 
in solvent evaporation and milling processing. 
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MATERIALS AND METHODS

Materials
Atorvastatin was supplied from pioneer pharmaceutical 
company ( I raq ),  d iclofenac f rom Sama Al-faihaa 
pharmaceutical company (Iraq) and albendazole from Wadi 
Al-Rafedain pharmaceutical company (Iraq). Hydroxypropyl 
methylcellulose (HPMC) and Polyvinylpyrrolidone (PVP) were 
purchased from Hi-Media Laboratories (India) and soluplus 
was supplied by BASF pharmaceutical industries. All other 
chemicals were purchased from the market, and all are of 
analytical grade.
Preparation of Solid Dispersion Formulas
Amorphous solid dispersions (ASD) of ATR and DCL were 
prepared by the solvent evaporation method, at which the 
required amount of drug and carrier (polymer) in a (1:3) ratio 
is weighed and blended in a porcelain dish. Then, the mixture 
was dissolved in the least amount of solvent possible and 
stirred (Dragon Lab- USA) at 600 rpm for 15 minutes at room 
temperature. After complete dissolving, solvent removal was 
carried out under reduced pressure for 20 minutes at 70°C 
using a rotary vacuum evaporator.16 The ASD of ALB have 
been prepared by milling method using mortar by co-grinding 
the required amount of drug with the carrier (polymer) in a 
(1:3) ratio.17 The obtained ASD were pulverized in a mortar 
and sieved, then stored in a desiccator to be utilized for further 
characterizations.
Preparation of Physical Mixtures (PM)
PM’s of the corresponding ASDs were prepared by mixing 
the drug and the carrier (polymer) in a (1:3) ration in a mortar 
until a homogeneous mixture is obtained (for 10 minutes) at 
room temperature.18

Thermogravimetric Analysis (TGA)
The weight change of ASD powder samples as a function 
of temperature was determined using a TGA-50 Shimadzu 
thermogravimetric analyzer (Tokyo- Japan). About 4–6 mg 
of sample was placed in a ceramic sample cup and heated 
up to 400°C at a rate of 5°C/min. The sample chamber was 
continuously purged with nitrogen gas at a flow rate of 20 
mL/min during the analysis. Triplicate measurements were 
conducted for each batch and results were averaged. The ASD 
water content was estimated by calculating the percent loss in 
weight between 20 and 400°C.19

RESULTS AND DISCUSSION

Atorvastatin
Atorvastatin TGA analysis results are shown in Figure (1). 
The major weight loss of atorvastatin began at around 110°C 
at which it lost approximately 4.5% of its weight in one stage 
due to loss of water which is in agreement with theoretical 
value of a trihydrate20 which indicates that the trihydrate 
form of the drug has been converted to anhydrous form.21 At 
180°C, the minor loss of atorvastatin mass might be explained 
to the drug’s breakdown after melting.22,23 The major weight 
loss of atorvastatin pure began at around 200°C. According 
to the TGA curve, less than 70% of atorvastatin remained at 
300 and at 400°C only 30% of the drugs has remained. There 
are slight changes obtained from solvent evaporating the drug 
alone as the TGA data shows that the degradation has started 
also at 200 and at 300°C only 60% of the drug remained and at 
400°C only 32% of the drugs has remained. Physical mixtures 
of the drug with the three polymers resulted in delay in the 
onset of the major degradation process as the process started 

Figure 1: The DSC thermogram of the atorvastatin as received, physical mixtures of the drugs with polymers and amorphous solid dispersion of 
the drugs with polymers.
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Figure 2: The DSC thermogram of the albendazole as received, physical mixtures of the drugs with polymers and amorphous solid dispersion of 
the drugs with polymers.

Figure 3: The DSC thermogram of the diclofenac as received, physical mixtures of the drugs with polymers and amorphous solid dispersion of the 
drugs with polymers.
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at around 240, 250 and 265°C and the remaining % is 17, 60 
and 34% for atorvastatin-HPMC, PVP and soluplus physical 
mixtures, respectively as shown in Figure (1). Solid dispersion 
formulas show similar results to physical mixtures with slight 
changes. However, the degradation of atorvastatin-soluplus 
ASD happened at lower temperatures (220°C) compared 
with atorvastatin-HPMC and PVP ASDs, indicating that this 
formula is less stable than HPMC and PVP solid dispersion 
upon heating. The PVP shows the lowest weight loss among 
all formulas; this can be attributed to the hygroscopic nature 
of the polymer and, likewise, many polymers is reported not 
to melt.24

Albendazole
Albendazole TGA analysis results are shown in Figure (2). The 
weight loss of Albendazole occurred in two steps, the first has 
begun at around 160°C at which it lost approximately 2% of its 
weight due to loss of moisture and the second step at around 
197°C which represents the major mass loss of albendazole 
after being melted.25,26 According to the TGA curve, less than 
80% of albendazole remained at 300°C and at 400°C only 30% 
of the drugs has remained. Milling of albendazole shows slight 
changes except the milled formula has been degraded entirely 
at 392°C. Physical mixture and solid dispersion formulas of the 
drug with the three different polymers has no effect on the first 
step of degradation, while they resulted in delay in the onset of 
the major degradation process as the process started at around 
280°C and higher as shown in Figure (2) indicating increased 
stability of the formulas compared to the pure drug alone. The 
results of the TGA suggest that albendazole formulations with 
the polymers has thermal properties of higher thermal stability 
than albendazole alone.

DICLOFENAC
Diclofenac TGA analysis results are shown in Figure (3). The 
degradation of diclofenac occurred at around 285 °C at which 
the percent fall dramatically after the melt of the drug27 and 
solvent evaporation of the drug alone shows no changes on TGA 
curve. Diclofenac-HPMC physical mixture and solid dispersion 
show a slight decrease in the onset of diclofenac degradation. 
Despite diclofenac-soluplus physical mixture shows the same 
results to the drug alone but the solid dispersion of it shows a 
decrease to 200°C at which the degradation begun. Whereas 
the diclofenac-PVP physical mixture and solid dispersion 
shows a delay in the onset of degradation to about 275°C. The 
results of the TGA suggest that diclofenac formulation with 
the PVP has thermal properties of higher thermal stability than 
diclofenac alone or diclofenac with other polymers.

CONCLUSION
The using of TGA in analysis of the selected drugs is important 
procedure for characterization. By this method of analysis, the 
selection of best method for preparation of solid dispersion 
can be helpful and the selection of best drug-polymer mix 
will be easier than without TGA characterization. This will 
help in the preformulation study prior manufacturing of the 
pharmaceutical active ingredient.

ACKNOWLEDGMENT
The authors thank the Department of Pharmaceutics, College 
of Pharmacy, Mustansiriyah University for their support.

REFERENCES
1. De Mendonça CMS, de Barros Lima IP, Aragão CFS, Gomes 

APBJJoTA, Calorimetry. Thermal compatibility between 
hydroquinone and retinoic acid in pharmaceutical formulations. 
2014;115(3):2277-85.

2. Cross JO, Opila RL, Boyd IW, Kaufmann ENJMB. Materials 
characterization and the evolution of materials. 2015;40(12):1019-
34.

3. Haines P. Simultaneous techniques and product analysis.  
Thermal Methods of Analysis: Springer; 1995. p. 161-205.

4. Gaisford S, Kett V, Haines P. Principles of thermal analysis and 
calorimetry: Royal society of chemistry; 2019.

5. Craig DQ, Reading M. Thermal analysis of pharmaceuticals: 
CRC press; 2006.

6. Byrn SR, Xu W, Newman AWJAddr. Chemical reactivity 
in solid-state pharmaceuticals: formulation implications. 
2001;48(1):115-36.

7. Carstensen J, Morris TJJops. Chemical stability of indomethacin 
in the solid amorphous and molten states. 1993;82(6):657-9.

8. Pikal M, Lukes A, Lang JJJops. Thermal decomposition of 
amorphous β‐lactam antibacterials. 1977;66(9):1312-6.

9. Evans RC, Kyeremateng SO, Asmus L, Degenhardt M, Rosenberg 
J, Wagner KGJAP. Development and performance of a highly 
sensitive model formulation based on torasemide to enhance hot-
melt extrusion process understanding and process development. 
2018;19(4):1592-605.

10. Baird JA, Taylor LSJAddr. Evaluation of amorphous solid 
dispersion properties using thermal analysis techniques. 
2012;64(5):396-421.

11. Vyazovkin S, Wight CAJTa. Model-free and model-fitting 
approaches to kinetic analysis of isothermal and non-isothermal 
data. 1999;340:53-68.

12. Moseson DE, Jordan MA, Shah DD, Corum ID, Alvarenga Jr BR, 
Taylor LSJIJoP. Application and limitations of thermogravimetric 
analysis to delineate the hot melt extrusion chemical stability 
processing window. 2020;590:119916.

13. Shayanfar A, Ghavimi H, Hamishekar H, Jouyban AJJop, sci-
ences p. Coamorphous atorvastatin calcium to improve its phys-
icochemical and pharmacokinetic properties. 2013;16(4):577-87.

14. Chuasuwan B, Binjesoh V, Polli J, Zhang H, Amidon G, 
Junginger H, et al. Biowaiver monographs for immediate release 
solid oral dosage forms: Diclofenac sodium and diclofenac 
potassium. 2009;98(4):1206-19.

15. Simonazzi A, Cid AG, Paredes AJ, Schofs L, Gonzo EE, Palma 
SD, et al. Development and in vitro evaluation of solid dispersions 
as strategy to improve albendazole biopharmaceutical behavior. 
2018;9(9):623-38.

16. Tabbakhian M, Hasanzadeh F, Tavakoli N, Jamshidian ZJRips. 
Dissolution enhancement of glibenclamide by solid dispersion: 
solvent evaporation versus a supercritical fluid-based solvent-
antisolvent technique. 2014;9(5):337.

17. Panghal D, Nagpal M, Thakur GS, Arora SJSp. Dissolution 
improvement of atorvastatin calcium using modified locust bean 
gum by the solid dispersion technique. 2014;82(1):177-92.

18. Han Y, Faudone SN, Zitto G, Bonafede SL, Rosasco M, Segall 
AJjoaps. Physicochemical Characterization of Physical Mixture 
and Solid Dispersion of Diclofenac Potassium with Mannitol. 
2017;7:204-8.



Thermal Analysis Amorphous Solid Dispersion for Poorly Water-soluble Drugs

IJDDT, Volume 12 Issue 4, October - December 2022 Page 1599

19. Bhujbal SV, Pathak V, Zemlyanov DY, Taylor LS, Zhou QTJJops. 
Physical stability and dissolution of lumefantrine amorphous 
solid dispersions produced by spray anti-solvent precipitation. 
2021;110(6):2423-31.

20. Zhang H-X, Wang J-X, Zhang Z-B, Le Y, Shen Z-G, Chen 
J-FJIjop. Micronization of atorvastatin calcium by antisolvent 
precipitation process. 2009;374(1-2):106-13.

21. Arunkumar N, Deecaraman M, Rani C, Mohanraj K, Kumar 
KVJIJPTR. Preparation and solid state characterization of 
atorvastatin nanosuspensions for enhanced solubility and 
dissolution. 2009;1(4):1725-30.

22. Wicaksono Y, Wisudyaningsih B, Siswoyo TAJTJoPR. 
Enhancement of solubility and dissolution rate of atorvastatin 
calcium by co-crystallization. 2017;16(7):1497-502.

23. Hu L, Gu D, Hu Q, Shi Y, Gao NJTJoPR. Investigation of solid 
dispersion of atorvastatin calcium in polyethylene glycol 6000 
and polyvinylpyrrolidone. 2014;13(6):835-42.

24. Fini A, Cavallari C, Ospitali FJEJoP, Biopharmaceutics. Raman 
and thermal analysis of indomethacin/PVP solid dispersion 
enteric microparticles. 2008;70(1):409-20.

25. Koradia KD, Parikh RH, Koradia HDJJodds, technology. 
Albendazole nanocrystals: Optimization, spectroscopic, thermal 
and anthelmintic studies. 2018;43:369-78.

26. Alanazi FK, El-Badry M, Ahmed MO, Alsarra IAJSP. 
Improvement of albendazole dissolution by preparing 
microparticles using spray-drying technique. 2007;75(2):63-80.

27. Tudja P, Khan MZI, MEŠTROVIC E, HORVAT M, GOLJA 
PJC, bulletin p. Thermal behaviour of diclofenac sodium: 
decomposition and melting characteristics. 2001;49(10):1245-50.


