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Physical aging of polylactide-valsartan system investigated 
by differential scanning calorimetry
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Abstract: The polylactide-valsartan systems with a mass ratio of 20 : 80, 50 : 50 and 80 : 20 were obtained 
and characterized by standard Differential Scanning Calorimetry (DSC). The isothermal physical aging 
process of polylactide-valsartan with a mass ratio of 50 : 50 was investigated at the aging temperature 
of 50°C and 70°C for different aging times. The enthalpy of relaxation values for each of the aging times 
and for all investigated components were determined experimentally and fitted to the Kohlrausch-Wil-
liams-Watts equation.
Keywords: physical aging, enthalpy relaxation, polylactide, valsartan, Differential Scanning Calorim-
etry (DSC), Kohlrausch-Williams-Watts equation (KWW).

Proces fizycznego starzenia układów polilaktyd-walsartan badany metodą 
różnicowej kalorymetrii skaningowej
Streszczenie: Otrzymane układy polilaktydu z walsartanem w stosunkach masowych 20 : 80, 50 : 50 
i 80 : 20 poddano analizie metodą różnicowej kalorymetrii skaningowej (DSC). Scharakteryzowano pro-
ces starzenia fizycznego mieszaniny polilaktyd-walsartan w stosunku masowym 50 : 50, prowadzony 
w temperaturze 50 i 70°C w różnym czasie. Z pomiarów doświadczalnych dla każdego czasu starzenia 
wyznaczono entalpię relaksacji, a następnie dopasowano otrzymane wielkości do równania Kohlraus-
cha-Williamsa-Wattsa.
Słowa kluczowe: starzenie fizyczne, entalpia relaksacji, polilaktyd, walsartan, różnicowa kalorymetria 
skaningowa (DSC), równanie Kohlrauscha-Williamsa-Wattsa (KWW).

Polylactide (PLA) is a biodegradable and biocompatible 
lactic acid polymer. It is composed of repeating mer units 
with a molar mass of 72.06 g/mol [Formula (I)].

PLA contains a stereogenic centre thus it can appear 
in the L or D configuration. Depending on the content of 

individual isomers in the chain, the polymers may differ 
in physicochemical properties [1–4]. The isomeric com-
position of PLA affects its degree of crystallinity as well 
as the biodegradation time. For example, studies [5, 6] 
have shown that the increase in the content of D-isomer 
in the chain results in, i.a., a reduction of glass transition 
temperature (Tg), which has a significant impact on the 
physical aging process.

There are a vast array of applications for PLA, includ-
ing medical, pharmaceutical and food industry. It can be 
used to make, among others, surgical sutures, orthopae-
dic and dental implants as well as foils and packaging 
[7, 8]. In the pharmaceutical industry, it can be used in 
formulations in order to modify the dissolution profile 
of active pharmaceutical ingredient (API) or improve 
its stability [8–11]. For example, Agraval et al. achieved 
sustained release of drug – sulindac up to 20 days and 
tetracaine up to 10 days by applying triblock copolymer 
[polylactide-poly(ethylene oxide)-polylactide] while the 
release of these drugs without polymeric carriers occurs 
over 4–6 h [12].

The active pharmaceutical ingredients formulated into 
solid dosage forms (e.g. tablets or capsules) following 
oral administration must dissolve, usually in the gastric 
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fluid and absorb in order to be pharmacologically active. 
However, about 40% of currently marketed pharmaceu-
tical molecules and around 75% of new chemical entities 
exhibit significant aqueous solubility issue. Poor solubil-
ity and low dissolution rate often lead to poor bioavail-
ability. This problem is highly relevant to poorly soluble 
class II (high permeability) substances according to the 
Biopharmaceutical Classification System (BCS). The lim-
ited bioavailability for those APIs may be enhanced by 
increasing the solubility and therefore the dissolution 
rate. An active pharmaceutical ingredient can exist in 
crystalline or amorphous form. The amorphous form of 
API is sometimes more desirable due to its usually greater 
apparent solubility and as a consequence bioavailabil-
ity [9, 10]. However, the amorphous form (high energy 
form) unlike crystalline, is usually unstable. Amorphous 
drugs may crystallize or, in the absence of a crystalline 
form, undergo physical aging process during storage at 
a temperature below the glass transition. Aged amor-
phous materials are characterized by increased fragil-
ity, and the aging process may result in a slower dissolu-
tion rate of the API [11–16]. Standalone amorphous APIs 
are rather not used in formulation development. In most 
cases, amorphous APIs are formulated with excipients in 
order to, amongst others, provide adequate absorption 
and to improve their stability [17–20].

Polymeric amorphous solid dispersion (PASD) is one of 
the widely investigated strategies to stabilize the amor-
phous drug. In PASD, the improved stability of amor-
phous API is achieved by entrapping the drug in a high 
energy glassy state between the polymer chains [21, 22]. 
Although the excipients are often considered inert, it is 
known that they can interact with APIs, changing their 
stability, absorption and bioavailability [9, 10]. Therefore, 
throughout the drug development process API must be 
investigated during the pre-formulation studies to pro-
vide the necessary information to develop a stable formu-
lation with adequate bioavailability [23–25]. If an amor-
phous drug–amorphous polymer system is completely 
miscible, only a single glass transition is observed with 
Tg value between the Tg’s of individual components. If 
the system is immiscible, two or more Tg values may be 
detected [26]. The drug-polymer systems can also exhibit 
con-centration-dependent miscibility [27, 28]. For exam-
ple, felodipine-poly(acrylic acid) systems containing 70% 
or 90% polymer showed only one Tg, indicating miscible 
sys-tem, while systems containing 30% or 50% polymer 
showed two glass transitions, indicating the immiscibil-
ity in the blends [25].

Valsartan [VAL, Formula II)]) is a drug used in the man-
agement of hypertension and heart failure. Valsartan is 
marketed in a disordered form. Skotnicki et al. described 
two forms of disordered valsartan using differential scan-
ning calorimetry solid-state nuclear magnetic resonance 
and powder X-ray diffractometry, i.e., fully amorphous 
material (AM) with glass transition around 76°C (fictive 
temperature), whereas the as-received, marketed form 

(AR) with Tg around 94°C overlapped with an enthalpy 
of relaxation peak [29–31]. However, it has to be noted 
that Guinet et al. described the marketed form (AR) using 
Raman spectroscopy, in terms of mesophase in which 
the long-range order of the stable crystal is limited on 
the length scale of tens nanometers [32]. The amorphous 
form of valsartan may undergo physical aging during 
storage of the formulation process and therefore, poten-
tially changing its physicochemical and in consequence, 
therapeutic properties.

The process of physical aging applies to amorphous 
materials and occurs below the glass transition tem-
perature. During the aging process, the structure of the 
glassy material becomes more ordered. The amorphous 
glass, unlike the crystal, is not in a state of thermody-
namic equilibrium. The physical aging is a reversible 
process. During the physical aging process, there is no 
break nor formation of new chemical bonds. The quantity 
that describes physical aging is the enthalpy of relaxation 
(ΔHr), which can be estimated by subtracting the differ-
ence between the total enthalpy of aged and non-aged 
material [33–40].

Enthalpy of relaxation (ΔHr) resulting from the physi-
cal aging process can be estimated directly from the heat 
flow (Ф) or specific heat (Cp) measurements, from the dif-
ference of fields formed between heat flows or specific 
heats of aged and unaged sample and can be described 
by the Equation (1):

n r n  (1)

where q – the heating rate, T1, T2 – limits of the integra-
tion temperature (where T1 < Tg < T2), Φaged, Φunaged – heat 
flows originating from the aged and non-aged samples 
respectively, Cpaged and Cpunaged – heat capacities of the 
aged and non-aged samples, respectively, dT – the tem-
perature change.

For the characterization of the physical aging pro-
cess, an equilibrium enthalpy of relaxation ( ) 
is used, which determines the enthalpy of relaxation 
for infinite aging time (ta→∞) [33–41]. The equilibrium 
enthalpy of relaxation is determined by measuring the 

(II)
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change in specific heat capacity in accordance with the 
Equation (2):

  (2)

where; ΔCp – the change of heat capacity in solid-liquid 
transition in a given temperature, Tg and Ta – the glass 
transition and aging temperature, respectively.

There are several empirical models in the literature 
describing the kinetics of the physical aging phenom-
enon. One of them is the Kohlrausch-Williams-Watts 
(KWW) model [42, 43] described by the Equation (3):

  (3)

where: ΔHr and  – respectively the enthalpy of relax-
ation and equlibrium enthalpy relaxation, t – the aging 
time, τKWW – relaxation time, β – the coefficient describing 
the distribution of relaxation times.

Showing the Equation (3) in a different form, recovery 
parameter (ϕ) can be estimated as:

 1  (4) 

where all quantities in Equation (4) have the same 
meaning as in Equation (3).

Recovery parameter is an important quantity because it 
describes the kinetics of the physical aging process. From 
the recovery parameter correlation with aging time, it is 
possible to determine the departure from the equilibrium 
state. The recovery parameter not only shows relaxation 
enthalpy changes occurring during the physical aging 
process but also shows how much more the system can 
change under given conditions and how fast the material 
reaches equilibrium state. Recovery parameter has val-
ues from 1 for non-aged material to 0 for material whose 
relaxation enthalpy has reached the value of equilibrium 
enthalpy relaxation [42, 43].

As previously mentioned, PLA can be used as a API 
carrier. There is one study describing the combination 
of polylactide and valsartan and the aim of this study 
was to encapsulate valsartan within polyester micropar-
ticles, namely constituted of poly(lactic acid) (PLA) and 
poly(ε-caprolactone) (PCL), by using the emulsion solvent 
evaporation method [44].

In this study, fully amorphous polylactide (PLA-H) 
was used to form the system with valsartan. The aim of 
the study was to obtain polylactide-valsartan systems 
with different mass ratios to investigate miscibility and 
physical aging process of the system. Valsartan belongs 
to class II BCS (low solubility and high permeability) 
and is used in this study as a model amorphous drug 
to investigate the effect of the added polymer on physi-
cal aging process of VAL in the system with polylactide. 
The obtained PLA-H-valsartan systems with mass ratios 
of 20 : 80, 50 : 50 and 80 : 20 were subjected to the physical 
aging process at 50°C (both polymer and drug underwent 

aging process) and at 70°C (this is above Tg of PLA-H, 
therefore, only valsartan underwent physical aging pro-
cess). The relaxation enthalpies values obtained for the 
aged components of the system were fitted to the KWW 
equation, which allowed the determination of relaxation 
times and the distribution of relaxation times.

EXPERIMENTAL PART

Materials

The investigated materials in this study were the poly-
lactide-valsartan (PLA-H-VAL) systems with three set 
mass ratios. The first component of these systems was 
a non-active pharmaceutical ingredient: a biodegrad-
able and biocompatibile polymer, polylactide (PLA-H) 
[see Formula (I)] which has a chiral carbon atom in the 
repeating unit marked in the Formula (I) with the star. 
PLA-H contains 16.4% of the D-isomer in its chain, and it 
is a fully amorphous material [45], produced by Cargill 
Dow Nature-Works LLC. The second component of exam-
ined systems, an active pharmaceutical ingredient (API), 
was valsartan (VAL) [Formula(II)] and the sample was 
obtained from Polpharma, Starogard Gdański, Poland.

Samples preparations

The PLA-H-VAL systems with following mass ratios of 
20 : 80, 50 : 50 and 80 : 20 were prepared by a solvent evap-
oration method. For each mixture, 10–20 mg of VAL and 
PLA-H were used in adequate proportions and were dis-
solved in 50 cm3 of chloroform followed by evaporation 
of the solvent under reduced pressure at about 55–60°C 
in a rotary evaporator. Next, polymer-API systems were 
dried at 40°C for 2 days. The obtained materials were in 
the form of a brittle, thin film. Standalone PLA-H and 
standalone VAL were also dissolved in chloroform and 
treated in the same way as PLA-H-VAL systems.

Methods of testing

Differential Scanning Calorimetry (DSC) curves were 
obtained using a differential scanning calorimeters: DSC 
Q2500, DSC Q1000 and DSC 2920 from TA Instrument 
USA. The temperature and heat-flow rate measured 
by the DSC equipments were calibrated with indium 
(m.p. = 156.65°C, ΔHf = 28.45 J/g) [33], and at least two 
tests were run on each sample. Sapphire (Al2O3) was used 
to calibrate heat capacity [33].

Thin film samples of the examinated PLA-VAL systems 
(1–10 mg) were placed in a standard aluminum pan. For 
standard thermal analysis, the samples were heated from 
5°C to 140°C with the constant heating rate of 10°C/min. 
Next, the samples were cooled to 5°C and then reheated 
to 140°C in a second run. For thermal analysis of the iso-
thermal physical aging process, the measurements were 
carried out at aging temperatures Ta = 50°C (physical 
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aging of PLA-H and VAL) and 70°C (physical aging of 
VAL). Before annealing, samples were heated to 140°C to 
erase previous thermal history, then cooled down to cho-
sen aging temperature and annealed for different aging 
times. After every tested aging time, the samples were 
rapidly cooled down to 5°C and then heated at a constant 
heating rate of 10°C/min again to 140°C. During this heat-
ing, the data for aged sample were collected.

RESULTS AND DISCUSSION

Figure 1 presents the results obtained from the stan-
dard DSC measurement as a plot of heat-flow changes 
with temperature for standalone valsartan (VAL), stand-
alone polylactide (PLA-H), and for the (PLA-H-VAL) sys-
tems with different mass ratios (20 : 80, 50 : 50 and 80 : 20, 
respectively).

On the heat-flow as a function of temperature trace for 
standalone valsartan, one glass transition is observed at 
71.3 ± 0.5°C which is in good agreement with literature 
[29–31]. PLA-H is also characterized by one glass transi-
tion around 56.5 ± 0.3°C, which is also in good agreement 

with the literature [4]. In addition, a small endothermic 
peak of enthalpy relaxation at the glass transition region 
for standalone PLA-H is observed, resulting from the 
aging process occurring during standard DSC measure-
ment. The examinated PLA-H-VAL systems are charac-
terized by two glass transitions – the first one derived 
from the PLA-H, and the second from VAL. Coexistence 
of these two glass transitions indicates that the system is 
immiscible. As a result of the glass transition analysis, 
the glass transition temperature, Tg, and the changes of 
the heat capacity, ΔCp, at Tg were determined for PLA-H 
and VAL for the components of the tested systems as well 
as for the standalone, individual substances. The results 
of the glass transition analysis are presented in Table 1.

The addition of PLA-H to valsartan causes an increase 
in the glass transition temperature Tg of the drug from 
71.3 ± 0.5°C for standalone valsartan to 91.9 ± 1.7°C in 
the PLA-H-VAL system with mass ratio 80 : 20. Changes 
of the heat capacity (ΔCp) at the glass transition tempera-
ture (Tg) of polylactide and valsartan as components of 
the tested systems are proportional to the mass content 
of the individual components.

Increase in the glass transition temperature may poten-
tially be a sign of increased stability [17–22]. In this case, 
valsartan may be incorporated as molecular dispersion in 
a glassy polylactide matrix, stabilized by physical sepa-
ration of the molecules inside the polymer chains [46]. 
PLA-H in this system acts as a stabilizer by decreasing 
molecular mobility of VAL. The reason for this can be 
the strong solid-state interactions between the compo-
nents [47]. In majority of the studies, the physical stability 
of co-amorphous systems is assigned to intermolecular 
interactions such as hydrogen bonds, π−π, or ionic inter-
actions [48]. Although, the co-amorphous dispersions 
can increase the stability of the components even in the 
absence of interactions due to molecular mixing [49]. In 
the study [50] an inactive pharmaceutical ingredient poly-
vinylpyrrolidone K25 (PVP K25) was found to be effec-
tive in stabilization of ketoconazole (prevented crystalli-
zation). The absence of strong and specific drug–polymer 
interactions were confirmed with 13C Nuclear Magnetic 
Resonance (13C NMR) and Fourier Transform Infrared 
Spectroscopy (FT-IR). Therefore, it was concluded that the 
physical mechanism of the protective effect of PVP K25 
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Fig. 1. Heat-flow rate dependence on temperature for: val-
sartan (VAL), polylactide (PLA-H) and polylactide-valsartan 
(PLA-H-VAL) systems with different mass ratios (20 : 80, 50 : 50 
and 80 : 20) obtained from standard DSC measurements with 
constant heating rate of 10°C/min

T a b l e 1. Glass transition temperatures Tg and changes of the heat capacity, ΔCp, at Tg for standalone polylactide (PLA-H), standalone 
valsartan (VAL), and for the PLA-H and VAL as a components of examinated polymer-drug systems

Sample

Glass transition 
temperature 

Tg1 (PLA-H), °C

Change of heat capacity 
at Tg

ΔCp1 (PLA-H), J/g/K

Glass transition 
temperature

 Tg2 (VAL), °C

Change of heat capacity 
at Tg

ΔCp2 (VAL), J/g/K

PLA-H 56.5 ± 0.3 0.517 ± 0.08 – –

Valsartan (VAL) – – 71.3 ± 0.5 0.379 ± 0.08

PLA-H-VAL 20 : 80 56.6 ± 0.4 0.131 ± 0.01 78.0 ± 1.3 0.266 ± 0.01

PLA-H-VAL 50 : 50 57.3 ± 0.3 0.251 ± 0.02 80.9 ± 1.5 0.128 ± 0.04 

PLA-H-VAL 80 : 20 56.1 ± 0.4 0.401 ± 0.05 91.9 ± 1.7 0.073 ± 0.025
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in the case of amorphous ketoconazole is not the conse-
quence of the interactions between the polymer and the 
drug, but it mainly results from the polymer anti-plas-
ticizing effect [50]. In one study [51], the FT-IR spectra 
were presented for standalone valsartan, PLA, polycap-
rolactone (PCL) and valsartan-loaded microparticles. It 
was noted that the PLA and PCL bands appeared in the 
spectra of the microparticles without any changes in their 
wave number, indicating no interactions between poly-
mers and valsartan.

According to study [52], amorphous solid dispersions 
(ASD) can be thermodynamically stable if the drug load-
ing of the ASD is below the solid solubility of the drug in 
the polymer. It was confirmed that the more physically 
stable the amorphous drug alone, the more physically 
stable the corresponding ASDs [53, 54].

The polylactide-valsartan system with mass ratio 
50 : 50 was subjected to the isothermal physical aging 
process. As it was mentioned earlier, this process only 
applies to amorphous materials and occurs at tempera-
tures below Tg. Therefore, at aging temperature Ta = 50°C, 
both components of the system undergo physical aging 
process, while at Ta = 70°C only valsartan from the system 
undergoes aging process, because this is temperature 
above the glass transition of PLA-H and the polymer 
exists in such conditions as an amorphous liquid. Figure 2 
shows the heat flow changes as a function of the tem-
perature for PLA-H-VAL (50 : 50) system subjected to the 
isothermal physical aging process at aging temperature 
Ta = 50°C. The results were obtained for aging times from 
5 min up to 28 days.

It can be seen in Fig. 2 that as the aging time increases, 
also the area of the endothermic relaxation peaks increase 
and the maxima of these peaks shift towards higher tem-
perature values.

Figure 3 presents the dependence of the relaxation 
enthalpy for tested PLA-H-VAL system with 50 : 50 mass 
ratio versus aging time for the physical aging process 

carried out at the aging temperature Ta = 50°C. Enthalpy 
of relaxation was determined as the difference of fields 
created between the heat flow courses for non-aged and 
aged sample, according to the method described in the 
literature [34–39], Equation (1).

Figure 3 shows experimental values of the enthalpy 
relaxation marked by red squares for standalone val-
sartan and the green circles for standalone PLA-H, both 
aged at 50°C. Points in Fig. 3 represent the mean values 
from several calculations and the error bars are standard 
deviation from the obtained values of enthalpy relax-
ation (±0.1 J/g for VAL and ±0.05 J/g for PLA-H). Results 
for standalone PLA-H has been obtained from the litera-
ture [55]. Solid lines in Fig. 3 represents the adjustments 
of the KWW equation for the obtained experimental data. 
It can be seen that the relaxation enthalpy values for VAL 
from the mixture after multiplying by 2 (since the weight 
proportion of valsartan in the mixture is 50%) are still 
lower than the results obtained from the same physical 
aging experiment conducted for standalone valsartan. It 
can, therefore, be assumed that the addition of the PLA-H 
to valsartan results in improved physical stability of the 
drug.

Figure 4 shows changes in the heat-flow rate as a func-
tion of temperature for unaged and aged PLA-H-VAL 
(50 : 50) system annealed at 70°C for aging times up to 
600 min. According to the initial hypothesis, only valsar-
tan coming from the examined system undergoes phys-
ical aging in the specified conditions, because at 70°C 
polylactide occurs in the amorphous phase of the liquid 
state. Analysis of the experimental results in this case, 
reveals an increase in the endothermic enthalpy relax-
ation peaks emerging in the glass transition region of 
VAL in the tested system and their shift towards higher 
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Fig. 2. Heat-flow as a function of temperature for the PLA-H-VAL 
system with a mass ratio of 50 : 50, obtained as a result of aging 
at 50°C for aging times up to 28 days
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Fig. 3. Experimental enthalpy relaxation as a function of aging 
time for PLA-H (blue dots) and VAL (black crosses) from the 
PLA-H-VAL (50 : 50) system aged isothermally at Ta = 50°C and 
their fit to the KWW equation; red squares are for standalone 
VAL aged at 50°C, green dots represent the values obtained from 
the same aging temperature for standalone PLA-H and they 
were taken from the literature [55]
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temperatures as the aging time of the sample increases. 
It can also be observed, that although the PLA-H does 
not undergo aging process at 70°C, the heat-flow rate in 
the glass temperature region of PLA-H in the system is 

fraught with small endothermic changes due to non-iso-
thermal aging process occurring during measurements.

In Fig. 5, the graphical representation of the enthalpy 
relaxation changes as the function of aging time for VAL 
from the PLA-H-VAL (50 : 50) system aged at Ta = 70°C 
was showed. The solid line in Fig. 5 is the fit of the 
KWW equation to the experimental data. The standard 
deviation is ±0.1 J/g. The inner plot in Fig. 5 is the recovery 
parameter as the function of aging time. It can be seen 
that after 20 hours of annealing the PLA-H-VAL (50 : 50) 
system at 70°C, VAL from the system reaches 80% 
relaxation – the value of recovery parameter decreases 
to 0.2. Calculated parameters of the KWW equation for 
studied materials and aging temperatures are summa-
rized in Table 2.

Figure 6 presents the comparison of the changes in 
the recovery parameter for PLA-H and VAL from the 
PLA-H-VAL (50 : 50) system aged at 50°C. The same 
experiment was also carried out for standalone VAL and 
the results for aged standalone PLA-H are taken from 
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T a b l e 2. Fitting parameters of experimental data to Kohlrausch-Williams-Watts equation (KWW) for PLA-H and VAL from 
PLA-H-VAL (50 : 50) mixture during the isothermal physical aging process at Ta = 50°C and 70°C temperature
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(3.96) – – –

VAL
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(40.5) 2.5 0.4548 271 (4.5)

Standalone PLA-H 3.8 0.202 1252.8 
(20.88) – – –

Standalone VAL 8.1 0.387 1192.34 
(19.87) – – –
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Fig. 5. Experimental enthalpy relaxation as a function of aging 
time for valsartan in the PLA-H-VAL (50 : 50) system aged at 
70°C and fit of the KWW equation to the calculated values of 
ΔHr; the inner plot presents the recovery parameter as a func-
tion of aging time
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the literature [54]. It can be seen that valsartan in the sys-
tem with PLA-H is aging much more slowly compared 
to the standalone drug. The relaxation time determined 
by fitting the KWW equation to the obtained results for 
VAL in the mixture is more than twice as high as it is for 
standalone valsartan. The addition of PLA-H to VAL may 
increase the physical stability of the API in the formula-
tion. Conversely, in the case of PLA-H, the presence of 
VAL in the mixture causes a 5-fold decrease in the relax-
ation time for PLA-H from the system aged at 50°C com-
pared to standalone PLA-H. PLA-H from the PLA-H-VAL 
(50 : 50) system after storage for 200 min at 50°C reaches 
out 80% of the equilibrium enthalpy relaxation value 
for PLA-H in the system and after 28 more days at 50°C, 
both the enthalpy relaxation and the recovery parameter 
remains unchanged while the enthalpy of the relaxation 
for VAL in such system increases more than 3-times.

CONCLUSIONS

Using differential scanning calorimetry, the glass 
transition regions of obtained PLA-H-VAL systems with 
three specified mass ratios (80 : 20, 50 : 50 and 20 : 80) 
were analyzed. The presented study demonstrated that 
PLA-H-VAL system is immiscible, how-ever the pres-
ence of PLA-H results with an increase in the glass tran-
sition temperature of VAL in such system and hence 
has a significant impact on the kinetics of the physical 
aging process of the drug. The physical aging process 
of the PLA-H-VAL system with a 50 : 50 mass ratio was 
studied at the aging temperature Ta = 50 and 70°C. It has 
been shown that both components of the tested system 
undergo the physical aging process at 50°C, while at 70°C 
only valsartan from the system ages. Moreover, physi-
cal aging process at 50°C was also conducted for stand-
alone valsartan and standalone PLA-H for comparison. 
The KWW equation was fitted to all of the results and 
the relaxation time and β parameter describing the dis-

tribution of relaxation times physical aging process were 
estimated. Calculated relaxation time for aging at 50°C 
for VAL in the 50 : 50 (w/w) system with PLA-H is twice 
as high as the relaxation time for standalone VAL which 
may result in increased stability of the drug. On the other 
hand, PLA-H in a mixture with VAL, compared to stand-
alone polymer, reaches saturation relatively quickly and 
after 6 hours at 50°C, further changes in the enthalpy of 
relaxation due to physical aging are not noticeable.
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