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Abstract
Dexamethasone is a glucocorticoid drug used for the treatment of acute and chronic inflammatory conditions, autoimmune 
diseases, some cancers, and several other pathologies. It is widely marketed worldwide especially under solid dosage forms. 
This study aimed to assess its compatibility with solid pharmaceutical excipients. Compatibility study was conducted 
through the preparation of binary mixtures (1:1, w/w) of dexamethasone with 12 selected excipients. Binary mixtures were 
analyzed by thermoanalytical techniques (thermogravimetric and differential thermal analysis), Fourier transform infrared 
spectroscopy, and X-ray diffraction. TG curves pointed only slight anticipations of dexamethasone decomposition. DTA 
curves showed interactions signs with microcrystalline cellulose 101 and 102, magnesium stearate, mannitol, and polyvi-
nylpyrrolidone. Drug infrared absorption profile was not affected by the mixture with most excipients. X-ray diffractograms 
of all binary mixtures did not exhibit signs of interactions with changes of dexamethasone crystalline state. These results 
pointed that the interactions found by DTA technique were probably heat-induced. Therefore, the above-mentioned excipients 
should be carefully used in solid dosage forms with heat-based manufacturing processes.
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Introduction

Preformulation studies involve a series of investigations 
aimed to the rational formulation of an active pharmaceuti-
cal ingredient (API). In these studies, physicochemical and 
biopharmaceutical characteristics of APIs and excipients are 
rigorously evaluated individually and/or in combination [1]. 
The International Conference on Harmonization of Techni-
cal Requirements for Registration of Pharmaceuticals for 

Human Use (ICH), through the guideline Q8 (R2), estab-
lishes that these studies are important for the development 
of quality pharmaceuticals and define the best manufacturing 
process to ensure the intended product performance [2]. Pre-
formulation studies should be conducted during the develop-
ment of new drugs or in generic products formulation [3].

Pharmaceutical excipients are defined as any component 
other than the API added to a drug formulation. They have 
several functional properties in a pharmaceutical product, 
including manufacturing process improvement, API vehicle 
and protection, administration enablement, improvement of 
stability, bioavailability and patient acceptability, besides 
ensuring drug release and efficacy during storage and use 
[4]. Most excipients do not have direct pharmacological 
activity, but its irrational use may seriously affect the drug 
properties. API–excipients interactions may occur during 
drug manufacturing and/or storage, resulting in changes of 
physical, chemical and therapeutic properties of the drug 
[5, 6].

API–excipient interactions are classified into two types: 
physical or chemical. In physical interactions, there are no 
chemical bonds or changes of drug molecular structure, but 
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there are modifications of some physicochemical proper-
ties such as solubility and dissolution rate, which can affect 
drug bioavailability. Physical interactions may also affect 
organoleptic properties (color, odor and taste), drug release, 
solid state, polymorphic form, tensile strength, among oth-
ers. Chemical interactions can induce drug degradation 
and formation of degradation products, which can be toxic 
and result in potency loss [7, 8]. In this scenario, several 
researches focused on the development of new medicines 
(of synthetic or natural origin) have conducted compatibility 
studies for proper excipient selection [9–13]. At the same 
time, some studies have reported API–excipients incompat-
ibilities of drugs already on the market [5, 14–17].

API–excipient compatibility studies are an important 
stage of preformulation studies. They are conducted to rig-
orously investigate physical and chemical interactions and 
ensure the rational formulation of the drug. The thermoana-
lytical techniques, including thermogravimetry (TG) and dif-
ferential thermal analysis (DTA), are widely used for rapid 
and preliminary assessment of interactions. DTA technique 
is an efficient tool to predict interactions by comparing the 
curves of the individual components (APIs and excipients) 
with the curve of their respective physical mixture. Indica-
tions of interactions are verified through appearance, disap-
pearance, shifting and/or enthalpy variations of endother-
mic/exothermic peaks in the physical mixtures curves. TG 
is a useful technique to assess the influence of excipients on 
the thermal stability of the API [18–20].

However, thermoanalytical results should be carefully 
analyzed to avoid erroneous conclusions. These techniques 
expose samples to very high temperatures that do not occur 
during drug manufacturing or storage, and consequently, 
interactions can be induced through heating. Furthermore, 
the use of complementary techniques such as Fourier trans-
form infrared (FTIR) and X-ray diffraction (XRD) is indis-
pensable [21]. FTIR technique is used to investigate inter-
molecular interactions and other that result in desalination, 
hydrate formation, dehydration, polymorphic changes, and 
transition from crystalline to amorphous state or vice versa 
[22]. XRD technique is widely used to search for interac-
tions that affect API crystallinity, amorphity, or polymorphic 
form [7].

Dexamethasone (DEX) (9-fluoro-11β, 17,21-trihydroxy-
16α-methylpregna-1,4-diene-3,20-dione (C22H29FO5)) is 
a cyclopentaneperhydrophenanthrene nucleus derivative 
(Fig. 1) [23]. It is a glucocorticoid drug widely used for 
the treatment of chronic and acute inflammatory condi-
tions, autoimmune diseases, some cancers, and several 
other pathologies. It acts on the glucocorticoid receptors 
(GR) and, through several complex mechanisms, modi-
fies genetic transcription, increasing anti-inflammatory 
proteins, and decreasing pro-inflammatory proteins levels. 
Briefly, dexamethasone inhibits nuclear translocation and 

transcription factors functions of several proinflammatory 
proteins, including interleukin 1, interleukin 2, tumor necro-
sis factor α, interferon γ, and prostaglandins [24, 25].

DEX is widely marketed under several dosage forms, 
including oral tablets; ophthalmic, intramuscular, intrave-
nous, intralesional, and intra-articular solutions; and oral 
elixirs [26]. To date, there is no information in the literature 
about its compatibility with pharmaceutical excipients. In 
addition, Brazilian medicines marketed before the inau-
guration of the Agência Nacional de Vigilância Sanitária 
(ANVISA) were not properly submitted to preformulation 
studies due to the inefficient health legislation in force at 
the time. In this context, our study aims to assess the phar-
maceutical compatibility of dexamethasone with excipients 
commonly used in solid oral dosage forms.

Materials and methods

DEX was purchased from Valdequímica Produtos Químicos 
Ltda. (Caxingui, São Paulo, Brazil). Colloidal silicon diox-
ide, magnesium stearate, mannitol, mycrocristalline cellu-
lose 102, pregelatinized starch, sodium starch glycolate, and 
polyvinylpirrolidone k-30 were purchased from Henrifarma 
Produtos Químicos e Farmacêutico Ltda. (Cambuci, São 
Paulo, Brazil). Mycrocristalline cellulose 101 and lactose 
monohydrate were purchased from Galena Química e Far-
macêutica Ltda. (Campinas, São Paulo, Brazil). Talc was 
purchased from Sintética Distribuidora Química Farmacêu-
tica Ltda. (Capivari, São Paulo, Brazil).

Physical mixtures

Binary mixtures (1:1, w w−1) of DEX with each excipient 
were prepared by simple mixing using porcelain pestle and 
mortar. Posteriorly, mixtures were placed in polypropyl-
ene microtubes and stored at room temperature till further 
analysis. Functional categories of each selected excipient 
are described in Table 1. All the individual components and 
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Fig. 1   Chemical structure of DEX
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their binary mixtures were analyzed by the analytical tech-
niques described below.

Thermogravimetric analysis (TG)

The TG analyses were performed on a DTG-60 simultane-
ous TG/DTA thermal analyzer (Shimadzu, Kyoto, Japan). 
Approximately, 8 mg of samples was analyzed in open 
alumina crucibles, under dynamic nitrogen atmosphere 
(50 mL min−1), heating rate of 10 °C min−1 and temperature 
range from 30 to 900 °C. Calcium oxalate monohydrate was 
used as standard for equipment calibration. The first deriva-
tive of TG curves (DTG) was used to identify the degrada-
tion steps of each sample.

Differential thermal analysis (DTA)

The DTA analyses were performed on a DTG-60 simultane-
ous TG/DTA thermal analyser (Shimadzu). Approximately, 
2 mg of samples were analyzed in sealed aluminum cruci-
bles, under dynamic nitrogen atmosphere (50 mL min−1), 
heating rate of 10 °C min−1 and temperature range from 
30 to 450 °C. Indium (melting point 156.6 °C) was used as 
standard for equipment calibration.

The Fourier Transformed Infrared Spectroscopy 
(FTIR)

FTIR spectra were recorded on an IR Prestige spectropho-
tometer (Shimadzu) in the range of 4000–600 cm−1 and 
resolution of 4 cm−1.

X‑ray powder diffraction (XRD)

The XRD patterns were recorded on a XRD 6000 diffrac-
tometer (Shimadzu) using radiation source of Cu Kα. The 
scanned range was 5°–45° (2θ) at a digitalization speed of 2° 
min−1. The equipment was operated on a voltage of 40.0 kV 
and current of 30.0 mA.

Results and discussion

DEX thermal profile

The TG/DTG curves showed that DEX is stable, with no 
mass loss events, up to 256.60 °C. Three degradation steps 
were observed between 256.60 and 454.49 °C with mass 
loss (Δm) of 89% (Fig. 2a). DTA curve showed an endo-
thermic peak characteristic of melting at 254.86 °C and an 
exothermic peak at 270.48 °C attributed to the decomposi-
tion process (Fig. 2b). The melting point detected for DEX 
is slightly below the value of 255.00 °C informed by the 
Brazilian and Japanese Pharmacopoeias [27, 28]. Combined 
analysis of TG/DTG and DTA curves showed that DEX 
decomposition starts immediately after its fusion. Similar 
thermal profile for DEX was reported by Oliveira et al. [29].

Thermal compatibility by TG

The TG/DTG parameters of each individual component (API 
or excipient) and their binary mixtures are shown in Table 2.

Croscarmellose sodium (CCS) first showed a surface 
water loss event at 38.27–79.22 °C, then a major decompo-
sition event at 282.34–309.35 °C, followed by gradual mass 
loss with increasing temperature. This excipient showed 
high ash content (21.97%) due to its molecular sodium. In 
DEX + CCS mixture, decomposition was slightly anticipated 
(Tonset= 246.11 °C) when compared with each individual 
compound (Fig. 3a).

Colloidal silicon dioxide (CSD) did not exhibit mass loss 
events within the studied temperature range due to its inor-
ganic nature. Similar TG profile was described by Lopes 
et al. [30]. In DEX + CSD mixture, only a slight anticipa-
tion of DEX decomposition was verified (Tonset = 247.82 °C) 
(Fig. 3b).

Lactose monohydrate (LAC) exhibited a typical TG 
profile of α-lactose isomer (Fig. 3c). Desorption of crys-
talline water was verified in the range of 139.00–151.23 °C 
with Δm = 5.23%, corresponding to the crystalline water 
content of α-lactose monohydrate [31, 32]. Thermal 
decomposition occurred in two major steps in the range 
of 225.76–319.33  °C (Δm = 59.51%) and gradually 

Table 1   Abbreviations and functional categories of the solid pharma-
ceutical excipients used in the compatibility study

Excipients Abbreviation Functional category

Colloidal silicon dioxide CSD Disintegrant
Croscarmellose sodium CCS Disintegrant
Lactose monohydrate LAC Binder, diluent
Magnesium stearate MS Lubricant
Mannitol MAN Diluent
Microcrystalline cellulose 

101
MC101 Diluent, disintegrant

Microcrystalline cellulose 
102

MC102 Diluent, disintegrant

Polyvinylpyrrolidone  k-30 PVP Disintegrant
Pregelatinized starch PgSTA Diluent, disintegrant, 

binder
Sodium starch glycolate SSG Disintegrant
Starch STA Diluent, disintegrant, 

binder
Talc TAL Diluent, lubricant
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continued with increasing temperature. In DEX + LAC 
mixture, the decomposition process was slightly antici-
pated (Tonset = 227.50 °C).

The TG profile of mannitol (MAN) was characterized 
by a single-step decomposition event at 311.53–335.48 °C 
(Δm = 91.92%) (Fig.  3d). DEX thermal stability was 
increased in the binary mixture with this excipient. The 
decomposition process started at 266.67 °C—higher Tonset 
than that individually detected for DEX.

Microcrystalline cellulose 101 and 102 (MC101 and 
MC102, respectively) are excipients with the same chemi-
cal composition, but different particles size, and thus simi-
lar thermogravimetric profiles, were found for both com-
pounds (Fig. 3e, f). Each curve showed mass loss events 
related to dehydration (Tpeak/DTG MC101 = 40.45  °C; 
Tpeak/DTG MC102 = 40.33 °C) and decomposition (Tpeak/DTG 
MC101 = 345.46 °C; Tpeak/DTG = 364.42 °C). TG profiles 
of both compounds are in agreement with that reported by 
Roumeli et al. [33]. DEX thermogravimetric profile was 
unaltered in the binary mixtures with both excipients, and 
therefore, no signs of interactions were found (Fig. 3e, f).

The TG profile of magnesium stearate (MS) was char-
acterized by four mass loss events: The loss of superficial 
water was detected at 100.39–112.92 °C (Δm = 2.22%), 
followed by three decomposition steps in the range of 
331.17–453.26 °C (Δm = 81.89%). In DEX + MS curve, 
a major decomposition step was detected in the range of 
276.95–330.38 °C (Δm = 54.81%). Therefore, DEX ther-
mal stability was not affected by the mixture with this 
excipient (Fig. 4a).

Polyvinylpyrrolidone K-30 (PVP) showed a dehydration 
event at 50.23–82.59 (Δm = 12.20%) followed by a single-
step decomposition event in the range of 411.23–457.12 °C 

(Δm = 81.24%) (Fig. 4b). Decomposition of DEX + PVP 
mixture started at lower temperature (Tonset = 241.49 °C), 
indicating a slight decrease of DEX thermal stability.

Sodium starch glycolate (SSG) curve exhibited loss of 
surface water (44.99–74.33 °C; Δm = 10.49%) followed 
by a single-step decomposition event (265.56–306.46 °C, 
Δm = 49.03%). Decomposition of DEX + SSG mix-
ture started at a lower temperature (Tonset = 231.13 °C) 
than that detected for each individual component (Tonset 
DEX = 256.60 °C; Tonset SSG = 265.56 °C) (Fig. 4c).

Corn starch (STA) showed two mass loss events: 
The first one (38.95–79.80 °C; Δm = 11.08%) is attrib-
uted to dehydration, and the second (302.59–326.68° 
C; Δm = 66.79%) is related to its decomposition [21]. 
DEX + STA mixture exhibited a single-step decomposition 
event in the range of 287.49–331.52 °C (Δm = 64.79%), 
followed by continuous mass loss with increasing tem-
perature (Fig. 4d). Similar results were found for pre-gelat-
inized starch (PgSTA) and its binary mixture (Fig. 4e). 
Thus, DEX thermal stability was not affected in the mix-
tures with these excipients.

Talc (TAL) did not exhibit mass loss events within the 
studied temperature range (Fig. 4f). Due to its mineral 
nature (Mg3Si4O10(OH)2), thermal events only occur at 
temperatures above 800 °C [34]. In the binary mixture 
with this excipient, DEX decomposition was slightly antic-
ipated (Tonset = 241.46 °C).

In general, DEX thermal stability was not abruptly 
affected in the binary mixtures with all excipients tested. 
Only slightly anticipations of the decomposition Tonset 
were observed and they are not enough to characterize 
API–excipient interactions. Hence, compatibility should 
be assessed using others analytical techniques.

100

80

60

40

20

0

0

– 5

– 10

– 15

exo up

DTA

100 200 300 400 500 600 700 800 900 50 100 150 200 250 300 350 400 450

0.004

0.002

0.000

– 0.002

– 0.004

– 0.006

– 0.008

– 0.010

– 0.012

DTG
TG

(a)
M

as
s/

%

D
er

iv
.m

as
s/

%
 °

C
–1

T
em

pe
ra

tu
re

 d
iff

er
en

ce
/µ

V

Temperature/°C

(b)

Temperature/°C

Fig. 2   TG/DTG (a) and DTA (b) curves of DEX
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Thermal compatibility by DTA

The DTA parameters (Tonset, Tendset, Tpeak and ΔH) of each indi-
vidual component and its binary mixtures are shown in Table 3.

The DTA profile of CCS was characterized by three 
events: one endothermic (Tpeak1 = 92.29  °C) attributed 
to dehydration and two exothermic (Tpeak2 = 296.58 °C; 
Tpeak3 = 317.39 °C) related to sample decomposition. CCS 
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thermal profile obtained in our research is in agreement with 
other studies reported in the literature [35, 36]. No evidence 
of interactions was found between DEX and CCS. In the 
DTA curve of the mixture, DEX melting peak was detected 

at 252.99 °C and the exothermic peak detected at 281.14 °C 
can be attributed to an overlapping of DEX and CCS decom-
position peaks (Fig. 5a).
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As already mentioned in TG results, no thermal events 
were detected for CSD due to its inorganic nature. The 
DTA curve of the binary mixture showed the DEX melt-
ing and decomposition peaks at 255.92 and 294.75 °C, 
respectively (Fig. 5b). However, there was an abrupt reduc-
tion in DEX melting enthalpy when compared to the indi-
vidual curve. Although DEX + CSD mixture has been pre-
pared in equal mass proportions (1:1), DC density is lower 
(0.029–0.042 g cm3 −1) than DEX (1.32 g cm3 −1), and con-
sequently, its volume in the mixture was so much higher [23, 
37]. It is possible that this volume difference has led to the 
detection of lower melting enthalpy for DEX in the binary 
mixture. Therefore, this result is not sufficient to characterize 
incompatibility between these compounds.

LAC exhibited a typical α-lactose DTA profile, as already 
verified in TG curve. The crystalline water desorption event 
was verified at 146.52 °C and the melting peak was detected 
at 219.34 °C. The third endothermic peak (Tpeak = 304.85 °C) 
is related to sample decomposition, as also confirmed by 
TG curve. Thermal events from DEX and LAC were main-
tained in the DTA curve of their binary mixture, and thus no 
signs of interactions were found. The peaks corresponding 

to LAC crystalline dehydration and melting were detected 
at 148.74 °C and 217.61 °C, respectively, and DEX melting 
peak was detected at 251.36 °C (Fig. 5c).

MAN curve showed a melting peak at 170.27 °C and 
an endothermic peak attributed to sample decomposition at 
322.84 °C. Similar thermal profiles for MAN have already 
been reported in the literature [21, 35]. In the binary mix-
ture with this excipient (Fig. 5d), DEX melting peak was 
anticipated at approximately 12.00 °C (Tpeak = 243.24 °C). 
Other authors have identified, using thermal analysis, inter-
actions of MAN with atorvastatin, levodopa, nortriptyline, 
and omeprazole [38–41].

Similar DTA profiles were obtained for MC101 and 
MC102 (Fig. 5e, f, respectively). The first endothermic 
peak—detected at 84.32 °C for MC101 and at 76.57 °C for 
MC102—is characteristic of surface water loss. The sec-
ond endothermic peak (Tpeak MC101 = 336.22 °C; Tpeak 
MC102 = 360.54 °C) is attributed to thermal decomposi-
tion, with higher enthalpy (ΔH) detected for MC101. Lavor 
et al. [42] and Lima et al. [35], using the DSC and DTA 
techniques, verified similar thermal profiles for MC101 and 
MC102, respectively. DEX thermal profile was affected 

Table 3   DTA parameters of DEX, pharmaceutical excipients and its binary mixtures

Samples Peak 1 Peak 2 Peak 3

Tonset–Tendset/°C Tpeak/°C ΔH/J g−1 Tonset–Tendset/°C Tpeak/°C ΔH/J g−1 Tonset–Tendset/°C Tpeak/°C ΔH/J g−1

DEX 248.76–260.27 254.86 − 388.79 262.59–296.50 270.48 – – – –
CCS 47.58–125.28 92.29 − 509.16 272.83–308.68 296.58 91.96 313.41–327.08 317.39 18.79
DEX + CCS 65.19–110.30 94.39 − 225.33 243.40–262.47 252.99 –183.71 269.24–327.72 281.14 –
CSD 29.37–48.72 34.59 12.48 – – – – – –
DEX + CSD 248.03–263.11 255.92 − 43.80 290.65–334.15 294.75 162.66 – – –
LAC 142.41–157.28 146.52 − 298.70 214.47–227.92 219.34 − 439.31 282.77–324.51 304.85 − 120.99
DEX + LAC 143.42–155.28 148.74 − 187.62 209.57–224.20 217.61 − 139.86 245.40–260.05 251.36 − 262.74
MAN 166.01–178.39 170.27 − 1.020.00 285.87–344.60 322.84 − 1.720.00 – – –
DEX + MAN 165.69–175.88 169.18 − 423.49 240.55–251.02 243.24 − 257.79 – – –
MC101 37.89–116.10 84.32 − 357.80 318.60–353.87 336.22 − 1310.00 – – –
DEX + MC101 245.12–265.24 259.20 − 116.47 285.33–320.44 308.57 − 229.27 – – –
MC102 36.85–109.29 76.57 − 340.35 330.08–376.62 360.54 − 870.71 – – –
DEX + MC102 251.84–268.04 262.85 − 43.05 279.53–320.03 307.45 − 136.87 – – –
MS 118.00–137.00 129.00 − 330.98 331.32–390.79 356.96 497.90 414.46–443.17 429.85 308.72
DEX + MS 119.57–136.30 127.93 − 220.66 265.62–291.36 274.91 77.17 – – –
PVP 37.50–125.04 97.61 − 750.84 408.04 – 431.40 – – – –
DEX + PVP 87.23–129.99 109.35 − 233.05 266.08–307.04 286.83 318.07 – – –
SSG 46.30–127.66 92.01 − 589.69 274.47–298.55 283.28 146.94 317.62–350.24– 327.78 49.50
DEX + SSG 49.95–109.90 98.42 − 296.66 233.00–252.82 247.65 − 101.46 266.99–330.27 294.06 395.21
STA 40.72–140.97 88.36 − 733.54 287.30–327.19 315.33 − 300.98 – – –
DEX + STA 60.29–127.85 91.36 − 259.40 252.39–287.01 268.78 − 425.11 – – –
PgSTA 41.16–129.46 88.84 − 624.27 286.75–294.15 289.32 − 101.58 322.70–394.87 348.92 194.30
DEX + PgSTA 50.29–143.90 96.15 − 319.51 250.96–282.71 261.32 − 407.92 – – –
TAL 37.80–49.89 44.70 − 10.61 – – – – – –
DEX + TAL 240.10–260.63 252.59 − 151.41 258.62–302.88 273.53 – – – –
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by the mixture with both excipients. Briefly, DEX melting 
peaks were shifted to higher temperatures, which at first 
could indicate an improvement of thermal stability, but the 
melting enthalpy abruptly decreased in both mixtures. In 
addition, decomposition peaks of the excipients were antici-
pated to lower temperatures and also had abrupt enthalpy 
reduction.

MS first exhibited a melting peak at 129.00 °C, fol-
lowed by a discrete endothermic peak possibly related 
to the melting of palmitate salt impurity [43]. At higher 
temperatures, two exothermic peaks attributed to sample 
decomposition were verified. This excipient induced the sup-
pression of DEX melting peak, as shown in Fig. 6a. DTA 
curve of DEX + MS mixture only showed the melting peak 
of MS (Tpeak = 127.93 °C) and a discrete exothermic peak 
(Tpeak = 274.91 °C) at temperature near to DEX degradation. 
It is possible that the drug was dissolved in the previously 
molten excipient, assuming that both have certain miscibil-
ity. Another theory is that possible API–excipient interac-
tions have altered the crystalline structure of DEX, making it 
more fragile and susceptible to fusion at lower temperatures 
[34]. In other studies, this excipient also induced the melting 
suppression of ibuprofen, meloxicam, tenofovir desoproxil 
fumarate, and diethylcarbamazine citrate [14, 44–46].

The DTA profile of PVP was characterized by two endo-
thermic events: the first one is attributed to dehydration 
(Tpeak = 97.61 °C) and the second is related to decomposition 
(Tpeak = 431.40 °C), as confirmed by TG curve. This excipi-
ent induced the suppression of DEX melting peak, as shown 
in Fig. 6b. A possible explanation for this phenomenon is 
that the water emerged from PVP dehydration has induced 
the heat-facilitated dissolution of DEX [21]. Another theory 
is that DEX was dissolved in the elastic state of the polymer 
after its glass transition [47]. Other authors have reported 
thermal interactions of PVP with lipoic acid, diethylcarba-
mazine citrate and kaempferol [46, 48, 49].

SSG showed a melting peak at 91.01 °C and two exo-
thermic peaks at 283.28 and 327.78 °C—both attributed 
to sample decomposition (Fig. 6c). Similar DTA curve for 
SSG was verified in Soares-Sobrinho et al. [50] study. In 
the binary mixture, DEX melting peak was slightly shifted 
to lower temperature (Tpeak = 247.65 °C). However, small 
shifting or broadening of melting peaks do not characterize 
thermal incompatibility and can simply be attributed to the 
mixing process, which decreases the API purity in the binary 
mixture [51]. The exothermic peak detected at 294.06 °C is 
possibly an overlapping of DEX and SSG decomposition 
events.

Thermal profile of STA showed an endothermic peak 
characteristic of dehydration (Tpeak = 88.36  °C) and 
another attributed to decomposition (Tpeak = 315.33 °C). 
In the binary mixture, the endothermic peak detected at 
268.78 °C is possibly an overlap of DEX melting peak and 

STA decomposition peak (Fig. 6d). Thus, DTA curves did 
not provide conclusive information about DEX + STA ther-
mal compatibility. Similar results were obtained for PgSTA 
binary mixture (Fig. 6e).

No thermal events were verified for TAL, as previously 
described in the TG results. Furthermore, no evidence of 
interaction was found in DEX + TAL curve (Fig. 6f). The 
characteristic DEX melting and decomposition peaks were 
verified at 252.59 and 273.53 °C, respectively.

Compatibility study by FTIR

DEX FTIR spectra showed absorption bands character-
istic of its chemical structure (Fig. 7). The broad band 
at 3390 cm−1 is attributed to the hydroxyl groups (O–H) 
stretching. The bands at 3000–2800 cm−1 are attributed to 
the stretching of C–H bonds of sp3 carbon. Stretching vibra-
tions of C-20 and C-3 carbonyl (C=O) groups were veri-
fied at 1707 and 1662 cm−1, respectively. Absorption band 
at 1621 cm−1 is attributed to double bonds (C=C) conju-
gated to C-3 C=O group. Stretching and axial deformation 
bands from C–F bond were verified at 1269 and 893 cm−1, 
respectively. Similar FTIR spectra for DEX were reported by 
Kumar et al. [52], Rodrigues et al. [53] and Silva et al. [54].

In DEX + CSD mixture, there was an overlapping of the 
Si–O stretching band from CSD (1250–1000 cm−1), and 
consequently, it was not possible to assess some bands from 
DEX that absorbs in the same region (Fig. 7b). However, the 
overlapping of bands from inorganic compounds does not 
characterize API–excipient interactions in the binary mix-
ture [41]. In addition, characteristic DEX absorption bands 
were maintained unchanged in other spectral regions.

Overlapping of excipient absorption bands was also veri-
fied in DEX + MS mixture at 3000–2810 cm−1 (C–H bonds 
stretching) and 1600–1450 cm−1 (COO− stretching) regions 
(Fig. 8a). However, simple overlapping of bands is not con-
clusive evidence of API–excipient interactions.

Binary mixtures of DEX with CCS (Fig.  7a), LAC 
(Fig.  7c), MAN (Fig.  7d), MC101 (Fig.  7e), MC102 
(Fig. 7f), PVP (Fig. 8b), SSG (Fig. 8c), STA (Fig. 8d), 
PgSTA (Fig. 8e) and TAL (Fig. 8f) showed no evidence of 
API–excipient interactions. In these binary mixtures, DEX 
infrared profile was maintained without changes like shift-
ing, broadening, appearance or disappearance of vibrational 
bands.

Compatibility study by XRD

The XRD patterns of DEX, excipients and its binary mix-
tures are shown in Figs.  9 and 10. DEX diffractogram 
showed two intense peaks at 14.24 and 16.92° 2θ and 
secondary peaks at 7.56°, 10.72°, 12.60°, 13.72°, 15.18°, 
15.70°, 17.80°, 18.58°, 22.84°, 23.56°, 26.78°, 28.02°, 
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28.64°, and 30.20° 2θ. High-intensity sharp peaks followed 
by lower intensity peaks confirm the crystalline state of 
the sample [44]. The diffraction pattern obtained in our 

research is in agreement with the polymorphic form B of 
DEX reported by Oliveira et al. [29].

The main crystallinity peaks of DEX were identified in 
the diffractograms of all binary mixtures. Peaks intensity 
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decreased due to the lower API amount in the mixture (50%) 
when compared to the individual analysis (100%). Conse-
quently, in most binary mixtures, low-intensity peaks were 

not identified. However, no interactions with modifications 
of DEX crystalline state were found.
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Conclusions

Compatibility of dexamethasone with several solid excipi-
ents was assessed through different analytical techniques. 
Drug decomposition profile was not considerably affected 
by any excipient tested, as verified in TG curves. DTA tech-
nique pointed out alterations of drug melting temperature 
and/or enthalpy in the mixtures with mannitol, magnesium 
stearate, microcrystalline cellulose 101/102, and polyvi-
nylpyrrolidone, which may characterize thermal interaction. 
FTIR and DRX were used as complementary techniques 
to confirm the interactions indicated by DTA and also to 
search for new interactions signs. Dexamethasone infrared 
absorption profile was not affected by the mixture with most 
tested excipients. FTIR spectra of magnesium stearate mix-
ture did not provide conclusive information due to bands 
overlapping. X-ray diffractograms of all binary mixtures 
did not exhibit signs of interactions with changes of dexa-
methasone crystalline state. These results pointed that the 
interactions found by DTA technique were probably heat-
induced. Therefore, the above-mentioned excipients should 
be carefully used in DEX solid dosage forms, especially in 
heat-based manufacturing processes as wet granulation. Fur-
ther research should investigate the heat influence in these 
interactions.
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