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Abstract Compatibility studies comprise an important

step in pre-formulation since they allow the identification

of the excipients most compatible with herbal extracts from

different analytical techniques. The objective of this work

is to evaluate the compatibility between the nebulized

extract of S. brasiliensis Engler with pharmaceutical

excipients using analytical techniques associated with

chemometric tools. The extract was nebulized through

aspersion and produced from the hydroalcoholic extract of

the bark of S. brasiliensis Engler. Binary mixtures were

produced in various proportions using the following phar-

maceutical excipients: starch, microcrystalline cellulose

(Avicel� 101 and 102), lactose, magnesium stearate, PVP

K-30 and talc. The samples were analyzed by optical

microscopy, differential scanning calorimetry and X-ray

diffraction (XRD). With the data obtained from DSC

curves, matrices for hierarchical cluster analysis (HCA)

and principal component analysis (PCA) were made. Using

microscopy, an amorphous formation and/or crystalline

components could be seen. In DSC curves, as well as in

PCA and HCA analyses, possible interactions were iden-

tified with starch, lactose and magnesium stearate. This

was confirmed by XRD. The starch showed the greatest

interaction. The results indicate that the DSC technique

associated with chemometric tools contributed to a better

interpretation of compatibility studies and that microcrys-

talline cellulose, PVP K-30 and talc were the most com-

patible excipients in relation to the extract.

Keywords Schinopsis brasiliensis Engler � Dried

extract � Herbal medicine � Thermal analysis �
Chemometric tools

Introduction

Schinopsis brasiliensis Engler is a plant belonging to the

Anacardiaceae family. It is found in the Brazilian semiarid

region, where it is known as ‘‘braúna’’ or ‘‘baraúna.’’

Studies show the antimicrobial activity of its extracts

against strains of Pseudomonas aeruginosa, Staphylococ-

cus aureus, Escherichia coli, Klebsiella pneumonia and

Candida albicans [1–3]. Phytochemical analysis of the

bark of S. brasiliensis allowed for the isolation of a new

alkylphenol and indicated the presence of phenolic com-

pounds, such as gallic acid and methyl gallate [4, 5].

The extract of S. brasiliensis was characterized by

Fernandes [6] using thermal analysis, infrared spec-

troscopy, X-ray diffraction and scanning electron micro-

scopy (SEM). The results suggested that the extract is

stable, with the potential production of a phytotherapic

medicine.

Phytotherapic medicines were obtained exclusively

from plant-originated raw material. They are recognized

either by clinical studies or by ethnopharmacological and
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Paraı́ba 58429-500, Brazil
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technical–scientific knowledge. These products must meet

the requirements of the market while maintaining efficacy,

safety and quality. Thus, pre-formulation studies, espe-

cially compatibility tests, are the starting point for the

development of stable medicines with therapeutic efficacy

in terms of organoleptic properties, polymorphism, crys-

tallinity/amorphicity and release time, among others [7, 8].

Different techniques are used to evaluate potential drug–

excipient interactions, including dry extracts of medicinal

plants used as drugs, among which optical microscopy, X-ray

diffraction (XRD) and thermal analysis stand out [9–12].

Optical microscopy, although it is a simple technique,

allows the visualization of the morphology of active

ingredients. Detoisien [13] used, among other techniques,

optical microscopy in polymorphic crystal visualizations.

Alves-Silva [12] used optical microscopy to visualize

itraconazole/benzinidazole compatibility with different

excipients.

X-ray diffraction is a complementary technique to study

drug–excipient compatibility. Its applicability consist in

the fact that crystalline solids have a defined set of curve

peaks while amorphous solids show a set of unordered

curve peaks. An interaction can be observed through a

modification or a suppression of curve peaks or changes in

amorphous/crystal conditions [14]. Aiming to obtain the

best dry extract by aspersion of Rhamnus purshiana, Gallo

[15] used X-ray diffraction to characterize the product that

proved to be a completely amorphous extract.

In terms of thermal analysis, differential scanning

calorimetry (DSC) and thermogravimetry (TG) are the

most common methods for analyzing the extracts and

active substances of medicinal plants. Medeiros [16]

evaluated the presence of colloidal silicon dioxide and

cyclodextrin while drying Albizia inopinata using TG and

photovisual DSC. The extract with cyclodextrin showed to

be more stable in both techniques. Costa [17], using DSC

and TG, assessed the compatibility of a lyophilized extract

of Heliotropium indicum with hydroxyethyl cellulose,

methyl paraben and propylene glycol; these last two sub-

stances interacted with the extract.

The thermoanalytical techniques are used in the extracts

and excipient compatibility study, but due to the complex

composition of the mixture, the observation of possible

interactions between samples is difficult [17]. Thus, the

application of chemometric techniques allows for a better

interpretation of the results, enabling a further interpreta-

tion of the information from compatibility studies, which

cannot be confirmed with a simple analysis of isolated

results [18].

Different tools, such as principal component analysis

(PCA) and hierarchical cluster analysis (HCA), are simple

chemometric techniques that are used in several studies

related to analytical techniques. Wesolowski [19], applied

PCA on thermogravimetric analysis data and elemental

chemical analytical, obtained from leaves and flowers and

classified 44 different plant species. Melo [20] applied

PCA on near-infrared spectroscopy (NIR) for the classifi-

cation of pill samples containing dipyrone, caffeine and

orphenadrine citrate.

In this context, the aim of this work is to evaluate the

compatibility between the nebulized extract of S.

brasiliensis with pharmaceutical excipients used in solid

forms through analytical techniques using chemometric

tools of pattern recognition.

Materials and methods

Herbal material and extract production

The stem bark of S. brasiliensis was collected from the

region of Campina Grande, state of Paraiba (7 130 5000 S, 35

520 5200 W). The voucher specimen was prepared and iden-

tified by Professor Jayme Coelho de Morais Herbarium

(PRU), Federal University of Paraiba under the EAN-14049.

The herbal material was dried at 40 �C using an air

oven. After drying, the material was reduced in a knife mill

(10-mesh outlet sieve) to a fine powder. The hydroalco-

holic extract was obtained by maceration of the powder in a

water:ethanol (30:70 v v-1) solvent system for 72 h and

then dried by Spray Dryer (LabPlant�), with onset tem-

perature at 140 �C and endset between 90 and 95 �C, under

3.0 mL min-1 flow rate. Colloidal silicon dioxide

(Aerosil�200) was used as a drying agent at 20 % (w w-1).

The drying extract was weighted, protected from light and

stored in closed flasks at room temperature.

Binary mixtures

Binary mixtures were prepared from physical mixtures of the

nebulized extract (BRCA) with the following pharmaceuti-

cal excipients: starch (CS), microcrystalline cellulose 101

(MC 101) and 102 (MC 102), lactose (LA), talc (TALC),

magnesium stearate (MS) and polyvinylpyrrolidone K-30

(PVP K-30). The studies were performed using mixtures in

proportions of 1:1, 1:2, 1:4, 1:6, 1:8 and 1:10 for starch,

microcrystalline cellulose and lactose, and 1:1, 1:2 and 2:1

for talc, magnesium stearate and PVP K-30 based on their

percentage of use in solid formulations [21]. The pharma-

ceutical excipients tested were all purchased from Brazilian

industrial chemicals and pharmaceuticals products.

Optical microscopy

Optical microscopy was performed without prior treatment

of the mixture in the proportion of 1:1 using a video
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microscope Hirox�, model KH-7700, with a 14009

increase.

Differential scanning calorimetry (DSC)

The DSC curves were obtained on a TA Instruments

Calorimeter, model DSC Q20, using aluminum crucibles

with about 2 ± 0.1 mg of samples under nitrogen atmo-

sphere, at the flow of 50 mL min-1. Rising-temperature

experiments were conducted at the temperature range from

25 to 400 �C and heating rate of 10 �C min-1. Indium

(m.p. 156.6 �C) was used as standard for equipment cali-

bration. Data were analyzed using the software TA

Instruments Universal Analysis 2000, 4.7A.

Chemometric analysis

The calorimetric data, excipient and binary mixture, were

subjected to the following chemometric pattern recognition

techniques: hierarchical cluster analysis (HCA), using

Statistica 6.0 software; and principal component analysis

(PCA), using The Unscrambler� 9.8 software. For a better

view of the relations among the extract and excipients, the

data were preprocessed by standard of normal variation

(SNV), which is a transformation that removes scattering

effects and that centers and scales each curve individually.

X-ray diffraction

The analyses of X-ray diffraction were carried out in a

Shimadzu� diffractometer, model XRD-600. The scanning

angle (2h) was from 2� to 70�, with a rate of 2� min-1 and

a Cu system (Ka1). The equipment operated in a 40.00 kV

voltage and with a 30 mA current. Data were analyzed

using Origin� software version 8.0.

Results and discussion

Optical microscopy

Figure 1 shows digital images of the extract BRCA and its

mixtures with the excipients (1:1). Figure 1a displays the

particles with a dark brown uneven staining of dry extract

of BRCA. In Fig. 1b, it is possible to identify the starch

grains, and in Fig. 1c, d, cellulose crystals were observed.

Figure 1e, f shows the presence of crystalline regions,

typical of lactose and magnesium stearate excipients,

respectively. In PVP K-30 (Fig. 1g), some spherical par-

ticles were noticeable in the mixture, possibly from the

povidone production process. However, regarding talc

(Fig. 1h), it is possible to see its crystalline aspect [21].

Differential scanning calorimetry (DSC)

Figure 2 shows the DSC curve of the extract and of binary

mixtures, and Table 1 shows the values of thermal events

that were observed in DSC curves. The BRCA extract curve

(Fig. 2a) showed three endotherm peaks. The most signifi-

cant was at 69.06 �C (DH = 89.96 J g-1), possibly related

to the loss of water, solvent (ethanol) or volatile compounds.

The curve ends with the beginning of the sample degradation

process, which was completed above 400 �C. This behavior

was completely different from that found by Fernandes [6]

with S. brasiliensis curves, but without the presence of

drying aids, which may suggest that there is a greater sta-

bility of the dry extract with the addition of the drying agent.

In the mixture with starch (Fig. 2b), a possible interaction

between the extract and the excipient occurred, and with the

increase of starch proportion in the mixture, there was a

change in heat peaks. Considering the mixtures 1:1 and 1:2,

there was a suppression of peaks related to starch; only the

extract characteristics were visible. A process between 73

and 76 �C was also observed, which is probably related to

the gelatinization of cornstarch and its degradation above

300 �C. In the following mixtures, there were peaks related

to starch, however, these peaks were shown at intensities

completely different from pure starch [21].

It was observed that in microcrystalline cellulose (101

and 102), no changes were present in DSC curves (Fig. 2c,

d) when compared to extract, mixtures and excipients.

There were only small variations in heat flux dehydration.

Types of celluloses differ based on aspects related to their

physical characteristics, such as particle size.

Figure 2e shows the DSC curves of lactose. The first

was related to dehydration at 147.64 �C, and the second

was an endothermic event, possibly from the melting

process anticipation of a-lactose at 217.47 �C,

DH = 117.90 J g-1, followed by its decomposition. In

mixture 1:1, there was the suppression of the melting peak

of lactose and the sample degraded without fusion. In

mixtures 1:2 and 1:4, a small endothermic event happened

that culminated in the degradation of the sample. In mix-

tures 1:6, 1:8 and 1:10, an endothermic peak occurred with

temperatures differing from the original lactose peak at

224.79, 227.51 and 229.15 �C, respectively. Macedo [22]

and Medeiros [9], studying the compatibility between

propranolol and prednisone with lactose, noted a possible

interaction of lactose with the drugs.

The typical magnesium stearate curve (Fig. 2f) showed

loss of water around 100 �C, an endothermic peak with the

possibly of melting at 120.63 �C, and degradation at

349.57 �C. The literature reported that the magnesium

stearate melting range is 117–150 �C. In the three mixtures,

there is a suppression of the melting range and an anticipation

of sample degradation. The interaction of the magnesium
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stearate was described by Bazzo [23] in studies with capto-

pril and by Tita [24] in studies with acetylsalicylic acid.

In the mixtures with PVP K-30 (Fig. 2g) and talc

(Fig. 2h), no significant changes were observed in the

curves if compared when the excipients isolated.

Chemometric analysis

In a thermal characterization of the drug–excipient inter-

action, the mixture curve will be the result of individual

curves of the components involved. The suppression, cre-

ation or movement of thermal events in relation to the drug

or the excipient is considered to be a possible interaction

[14]. Thus, the use of chemometric techniques to rapidly

and easily reduce information in graphs and in interaction

evaluation tables is necessary due to the large amount of

data and the need for comparison of mixture graphs with

different proportions. Thus, with the data from DSC

curves, matrices were constructed and analyzed using

pattern recognition chemometric models, such as HCA

(hierarchical cluster analysis) and PCA (principal compo-

nent analysis).

Figure 3 shows the HCA of the extract, excipients and

mixtures of BRCA. In the graph of starch (Fig. 3a), the

formation of two major groups were observed; the first

extract contained the mixtures 1:1 and 1:2 at a 45 % bond

distance, and the other with starch and other mixtures at

86 % bond distance. Despite this, it was possible to observe

Fig. 1 Optical microscopy of

the extract BRCA a and its

binary mixtures: b starch,

c microcrystalline cellulose 101,

d microcrystalline cellulose

102, e lactose, f magnesium

stearate, g PVP K-30 and h talc

cFig. 2 DSC curves of the extract BRCA a and its binary mixtures:

b starch, c microcrystalline cellulose 101, d microcrystalline cellulose

102, e lactose, f magnesium stearate, g PVP K-30 and h talc
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that the extract contributes little in DSC analyses using

high starch proportions. It is worth mentioning that there is

a greater similarity between the proportions of 1:1 and 1:2

Table 1 DSC data of extract BRCA, excipients and its binary mixtures

Samples Binary

mixtures

Peak 1 Peak 2 Peak 3

Tpeak/

�C
DH/
J g-1

Tonset and endset/

�C
Tpeak/

�C
DH/
J g-1

Tonset and endset/

�C
Tpeak/

�C
DH/
J g-1

Tonset and endset/

�C

BRCA – 69.06 89.96 37.32–121.25 163.63 46.63 127.91–234.82 264.13 5.74 239.12–290.42

CS – 150.79 7.84 150.15–167.60 258.18 2.93 254.16–258.18 274.67 83.28 261.49–310.51

1:1 76.06 181.20 36.69–141.06 – – – – – –

1:2 73.61 84.36 37.56–133.48 – – – – – –

1:4 143.43 8.42 142.61–148.64 205.28 66.52 204.01–215.36 246.53 6.72 241.69–252.16

1:6 144.05 92.57 143.79 - 153.07 – – – – – –

1:8 191.50 117.40 190.44 –203.61 – – – 253.39 6.79 249.44–257.11

1:10 142.01 9.13 140.66–148.15 203.62 80.97 202.36–214.60 256.57 5.76 214.60–251.60

MC 101 – 72.79 136.80 136.80–129.69 334.32 431.20 315.39–356.76 – – –

1:1 68.19 119.5 32.95–127.79 266.19 9.48 240.25–315.16 359.53 53.33 338.94–394.29

1:2 66.55 131.9 32.87–128.31 264.93 5.31 239.15–330.30 358.37 79.39 330.71–380.64

1:4 65.38 79.23 32.85–119.83 354.51 202.7 326.92 - 386.71 – – –

1:6 64.27 72.15 31.89–121.73 352.24 237.1 324.08 - 396.56 – – –

1:8 69.99 127.1 34.80–134.24 356.72 244.5 330.22–377.23 – – –

1:10 68.67 100.6 34.19–131.49 348.51 313.1 321.80–376.09 – – –

MC 102 – 68.77 120.30 36.69–139.55 214.20 361.93 336.83–397.57 – – –

1:1 65.75 85.32 34.09–121.73 264.64 7.63 241.39–304.82 360.13 38.30 338.27–381.78

1:2 63.63 67.37 32.91–121.35 265.03 5.15 240.44–301.83 360.45 57.31 336.35–387.09

1:4 67.33 91.80 35.23–122.11 – – – 358.81 103.50 333.51–374.96

1:6 69.72 94.96 36.08–125.55 – – – 358.70 123.90 331.75–375.71

1:8 69.17 125.30 36.08–125.28 – – – 357.77 130.90 331.65–373.82

1:10 69.65 109.80 35.93–130.83 – – – 359.76 135.90 332.96–376.47

LAC – 147.84 154.80 144.69–155.47 217.47 177.90 211.71–224.08 – – –

1:1 60.63 42.74 33.63–100.77 145.95 65.82 142.30–152.06 – – –

1:2 145.84 104.20 101.25–152.06 211.31 107.0 198.73–218.30 – – –

1:4 146.03 157.70 109.60–152.06 212.62 185.2 200.25–219.91 – – –

1:6 150.13 139.50 139.92–156.98 208.70 28.87 202.97–213.69 224.79 115.10 224.47–323.42

1:8 150.43 138.00 144.31–157.74 210.24 22.00 206.07–214.60 227.51 167.80 226.23–254.41

1:10 149.21 105.20 145.65–156.98 187.80 65.37 156.98–205.51 229.15 74.62 228.90–235.45

MS – 86.02 30.73 73.33–95.57 112.64 65.72 96.00–104.20 342.35 152.40 300.06 –363.58

1:1 87.08 21.22 70.06–100.50 256.72 3.89 233.79–287.39 – – –

1:2 86.30 30.86 77.87–97.85 345.06 44.16 310.17–382.92 – – –

2:1 87.02 21.93 81.16–118.70 200.13 9.66 144.77–236.97 – – –

TALC – – – – – – – – – –

1:1 62.06 40.21 33.19–114.15 261.58 3.19 241.34–285.11 – – –

1:2 63.62 46.33 33.71–119.09 261.40 3.15 242.82–293.45 – – –

2:1 65.30 75.35 34.28–121.35 267.13 13.70 242.34–327.95 – – –

PVP – 79.37 314.70 40.76–130.07 – – – – – –

1:1 79.52 302.37 37.33–131.58 – – – – – –

1:2 81.58 370.90 41.06–139.72 – – – – – –

2:1 73.68 216.80 35.98–126.66 – – – – – –

cFig. 3 Hierarchical cluster analysis (HCA) dendrograms of binary

mixtures: a starch, b microcrystalline cellulose 101, c microcrystalline

cellulose 102, d lactose, e magnesium stearate, f PVP K-30 and g talc
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for BRCA over other mixtures, which more closely

resemble the excipient. Therefore, it is possible to infer an

extract–excipient interaction by the disposition of mixtures

closer to the excipient in dendograms, in particular 1:4, 1:6,

1:8 and 1:10.

In the mixture with celluloses, there was a difference

between 101 (Fig. 3b) and 102 (Fig. 3c). While with the

cellulose 101 the formation of two major groups occurs, in

cellulose 102 the mixtures resemble the excipient very

strongly, isolating the BRCA. The microcrystalline cellu-

lose 101 that is, the first group, formed at a 64 % bond

distance contained 1:1, 1:2 and BRCA mixtures, similar to

starch. The other group is formed by the other mixtures and

by the pure excipient similar to the effect caused by starch

with a 92 % bond distance proportion. The same consid-

eration made regarding starch in the occurrence of the

extract–excipient interaction applied to cellulose 101. In

microcrystalline cellulose 102 (Fig. 3c), the mixtures with

the pure excipient bind at a bond distance of 36 % for 1:4,

1:6, 1:8 and 1:10 form a group that binds with the group of

mixtures 1:1 and 1:2 with a 50 % bond proportion. Thus,

similar to previous dendograms, no organization of dispo-

sition of extract–excipient proportions occurred.

For lactose (Fig. 3d), the mixtures were distributed in

accordance with the excipient. The percent bond distance

between the mixtures 1:1, 1:2 and 1:4 for the excipient

isolated occurred at 63 %, whereas in 1:6, 1:8 and 1:10 it

happened at 74 %.

Analyzing the figures relating to the PVP K-30 (Fig. 3e)

and magnesium stearate (Fig. 3f), it is possible to visualize

the difference of organization of dendograms, when there

are proportional mixtures (1:1, 1:2 and 2:1). In the case of

PVP, the mixtures 1:1 and 1:2 are closer to the BRCA at a

29 % bond distance proportion, and the mixture 2:1 was at

52 % from the group that contains the excipient. On the

other hand, considering magnesium stearate, two large

groups appear, again isolating the excipient. Wesolowski

and Rojek [18] found a similar organizational dendrogram.

Upon examination, using HCA, the interaction occurred

between atenolol and beta-cyclodextrin. The bond distance

between BRCA and the mixture 2:1 to groups 1:1 and 1:2

was 62 %.

With the talc (Fig. 3g), there was the formation of two

groups, one BRCA and the other with and the mixtures and

the excipient. Initially, the mixtures 1:1 and 1:2 are sam-

ples closer in terms of distance, then the excipient and

finally the mixture 2:1. This suggests that BRCA is closer

to the mixture 2:1 than to the others, which seems to be an

influence of the extract–excipient interaction.

In PCA with starch (Fig. 4a), the formation of one

BRCA group containing the mixtures 1:1 and 1:2, another

group with the mixtures 1:4 and 1:10, and a third group

with starch and the mixture 1:8 and isolated 1:6 suggests an

interaction by the spatial arrangement of groups [25]. It is

possible to see the absence of anomalous samples in the

leverage graph (Fig. 5a); DSC curves of BRCA, starch and

the mixture 1:8 are the highest contributors in the spatial

arrangement of the samples. The mixtures 1:6 and 1:10 are

those with higher residues. This distribution of mixtures in

the two-dimensional space PC1 9 PC2, with 47 and 19 %

of explained variance, respectively, points to an extract–

excipient interaction in mixtures with a higher proportion

of excipient, corroborating the HCA.

With celluloses 101 (Fig. 4b) and 102 (Fig. 4c), a group

is formed among mixtures with the extract and the excip-

ient remaining. The PC1 9 PC2 explained variance for

each of the excipients was 54 and 35 % for cellulose 101

and 80 and 12 % for cellulose 102. Moreover, when

observing distances in both cases, a proximity between the

extract and mixture 1:1 and between the excipient and the

mixture 1:10 was noted. Wesolowski and Rojek [18] found

a similar organization of a similar PCA in the mixture with

atenolol and chitosan where no interaction was observed.

This differs from the information presented in corre-

sponding dendrograms to each of the excipients. This dif-

ference occurs because the HCA technique allows for the

visualization of the degree of similarity among samples

only by calculating distances using all the multidimen-

sional space, whereas the PCA technique allows a design of

new axes with respect to the most relevant information for

each one of the variables in this multidimensional space.

The same situation occurred with cellulose 102, with a

greater distance from the extract in relation to mixtures and

proximity to the excipient.

The score graph for PC1 9 PC2 lactose (Fig. 4d), with

38 and 30 % of explained variance, respectively, resulted

in one excipient group with the mixtures 1:1, 1:2 and 1:4,

another with the mixtures 1:6, 1:8 and 1:10, and the iso-

lation of BRCA, suggesting that the mixtures were not

similar to the extract. In the mixture with magnesium

stearate (Fig. 4e), only the mixture 2:1 had a certain

proximity with the BRCA. It was found that both cases

suggest interactions.

With PVP K-30 (Fig. 4f), in accordance with the

PC1 9 PC2 score graph, with 86 and 10 % of explained

variance, respectively, the mixtures 1:1 and 1:2 were close

to excipient, and the mixture 2:1 was isolated. In the score

graph, talc (Fig. 4g) and PC1 (85 %) 9 PC2 (12 %)

showed a mixture group and the separation of extracts,

similar to what occurred with the HCA. Although they

show such grouping, thermal data (Table 1) do not point to

an interaction, and the group must have occurred due to a

high similarity between the mixtures.

In terms of the leverage graph, it is possible to see that a

similar situation occurred with the magnesium stearate,

with a uniform distribution of mixtures, excipient and
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extract, in terms of their influences and the residue from the

PCA model. It was observed that only the data that were

significant in the model were analyzed. Regarding cellulose

101 (Fig. 5b), it was noted that the two mixtures that have a

higher residue after the model was designed were 1:1 and

1:2. The other mixtures, excipients and the extract have a

high influence on the model, excluding the mixture 1:6,

which has a low influence and also a low residue. For

cellulose 102 (Fig. 5c), the leverage graph shows a high

influence of the mixtures 1:1, 1:2 and 1:8 in addition to the

excipient and the extract and low influence and a high

residue for other mixtures. This suggests, as shown with the

HCA, an extract–excipient interaction with low proportions

related to the excipient.

In the leverage graph (Fig. 5d) to lactose, the mixtures

1:1, 1:2 and 1:4 had a high residue and a low influence in

model designing and other mixtures, but the excipient and

the extract have a high influence in the model. For the

magnesium stearate, the leverage graph (Fig. 5e) showed a

homogeneous distribution of the importance of all com-

ponents. Thus, the excipients that showed a greater inter-

action (starch, lactose and magnesium stearate) were

subjected to X-ray diffraction (XRD) in 1:1 binary

mixtures.

Figure 6a shows the XRD pattern of the BRCA extract,

in which the amorphicity of the sample, common in

aspersion-dried plant extracts, was visualized. A greater

inclination in initial diffraction angles forming an
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amorphous aureole is also perceptible [26]. This is pos-

sibly due to the presence of sugars, which prevented the

extract from returning to its crystalline form during the

drying process instead organizing in an amorphous form.

This phenomenon is common during the drying of fruit

pulps using aspersion [27]. Fernandes [6] evaluated the

X-ray diffraction of the dried extract of S. brasiliensis

without the presence of a drying adjuvant. In both

extracts, the conformation was amorphous, formed by a

high noise, suggesting that the presence of the adjuvant

does not affect the amorphous appearance of the extract

by spray drying. Gallo [28] found a similar conformation

with Hamamelis virginiana extract, which was dried with

colloidal silicon dioxide and sodium carboxymethylce-

llulose.

In Fig. 6b–d, it was observed that the binary mixtures

were produced with starch, lactose and magnesium stearate

excipients, respectively. In all of them, intensity changes

were observed in curve peaks, which may suggest an

interaction [24]. However, in the mixture with starch

(Fig. 6d), besides the intensity change, a change in the

orientation of initial and final angles was observed,

although the final appearance remained that of an amor-

phous mixture, suggesting an incompatibility with the

excipient [14].

bFig. 5 Leverage graphs for the binary mixtures: a starch, b micro-

crystalline cellulose 101, c microcrystalline cellulose 102, d lactose,

e magnesium stearate, f PVP K-30 and g talc
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Conclusions

Optical microscopy, although it is a simple technique, allows

for the characterization of amorphous and crystalline solids.

However, it is a supplementary technique in the compati-

bility study. On the other hand, the DSC technique associated

with chemometric tools is very helpful in identifying

incompatibility, especially in more complex active ingredi-

ents such as dry medicinal herbal extracts. Based on these

data, interactions of BRCA extract with starch, lactose and

magnesium stearate were identified due to changes in ther-

mal events and changes in HCA and PCA graphs. The

incompatibilities have been confirmed by X-ray diffraction,

according to which starch had higher interactions.

In this context, microcrystalline celluloses 101 and 102, talc

and PVP K-30 are the most suitable excipients for the further

development of solid formulations with S. brasiliensis Engler.
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28. Gallo L, Piña J, Bucalá V, Allemandi D, Rámirez-Rigo MV.

Development of a modified-release hydrophilic matrix system of

a plant extract based on co-spray-dried powders. Powder Tech-

nol. 2013;241:252–62.

2542 F. H. A. Fernandes et al.

123

http://dx.doi.org/10.1155/2012/681207

	Evaluation of compatibility between Schinopsis brasiliensis Engler extract and pharmaceutical excipients using analytical techniques associated with chemometric tools
	Abstract
	Introduction
	Materials and methods
	Herbal material and extract production
	Binary mixtures
	Optical microscopy
	Differential scanning calorimetry (DSC)
	Chemometric analysis
	X-ray diffraction

	Results and discussion
	Optical microscopy
	Differential scanning calorimetry (DSC)
	Chemometric analysis

	Conclusions
	Acknowledgements
	References




