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Abstract Ximenia americana L. is a plant of the Ola-
caceae family, used in the treatment of infectious diseases.
Dry extracts are API's of great interest for the pharma-
ceutical industry and have been used as final and inter-
mediate products, resulting in different pharmaceutical
forms. The aim of this study is to evaluate the compatibility
of dry extract of X. americana with pharmaceutical
excipients used in the solid forms. The extract was
obtained by spray dryer, and binary mixtures of the dry
extract and pharmaceutical excipients were analyzed. The
studies were obtained using thermal analysis, X-ray pow-
der diffraction and optical microscopy. With the data
obtained from DSC curves, matrices for hierarchical cluster
analysis (HCA) were made. The X-ray diffraction analysis
showed changes in the mixtures’ profile with corn starch,
lactose and magnesium stearate. Thermal behavior of the
mixtures showed incompatibilities between the extract and
lactose, corn starch and magnesium stearate. This study
shows the importance of using instrumental analytical
techniques in the early stages of development of herbal
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medicine to ensure the effectiveness, safety and quality of
the final product.
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Introduction

Ximenia americana L. is a typical plant of the tropics,
being found mainly in parts of Africa, India, New Zealand,
Central America and South America [1]. It is widely used
in the folk medicine of these regions, and its roots are used
to treat fever, jaundice, headaches and mental illness and as
an antiseptic [2]. Studies have found evidence of their
antiviral, analgesic and antimicrobial properties [3-9]
corroborating its popular use in combating infections.
Preliminary studies indicated that the ethanolic extract of
X. americana has as its main constituents: tannins, flavo-
noids, alkaloids, saponins, anthraquinones, starch, glyco-
sides and bitter principles [10]. In the composition of its
essential oil, 33 constituents were identified, being 69.0%
aromatics, 12.5% lipid compounds and 13.0% of terpenoids
[2]. In the seed’s oil, some constituents were identified as
unsaturated fatty acids and other essential fats, such as
linoleic acid, linoleic acid and arachidonic acid [1]. Other
authors indicate the strong presence of vitamin C [11].
Le et al. [12] isolation and identification of the cyanogenic
glycoside (sambunigrin), gallic acid, gallotannins B-gluco-
galline, 1,6-digalloyl-B-glucopyranose, quercetin, quercitrin
(quercetin-3-O-o-rhamnopyranoside), avicularin (querce-
tin-3-O-a-arabinofuranoside), quercetin-3-O-f-xylopyra-
noside, quercetin-3-O-(6"-galloyl)-B-glucopyranoside and
kaempferol-3-O-(6"-galloyl)-B-glucopyranoside. And
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Brandao et al. [13] determined that gallic acid is the most
common chemical compound of X. americana.

In the pharmaceutical industry, the use of suitable tech-
nological adjuvants, along with the technology of spray
drying, represents one important step in the assurance of
the adequate stability and quality of plant extracts [14]. The
incorporation of these dry extracts in formulations is rec-
ommended because they are easily obtained, standardized
and embeddable in dosage forms. It also has high chemical,
physical-chemical and microbiological stability [15].

Preformulation studies were conducted in order to allow
the detection of chemical changes in the formulation of a
compound, even at very low levels [16]. For analysis of
solids, the method should allow for a given property to be
investigated. Most studies of this nature associate particle
characterization techniques (such as x-ray diffraction) with
molecular characterization techniques (such as infrared
spectroscopy) [17].

In this stage of pharmacotechnical development, it is
necessary to evaluate the compatibility between drugs and
excipients. This is because interactions can affect the nat-
ure of the chemical composition and hence its safety and
efficacy [18].

Thermal analysis has been an extensively used analyti-
cal technique to study the sample properties as a function
of temperature. Some authors have shown the applications
of different thermal analysis techniques in pharmaceutical
technology and the study of the compatibility of drugs
[19-23] and the standardization and characterization of dry
extracts from medicinal plants [14, 24-26].

Thus, the aim of this study is to evaluate the compati-
bility of the dry extract of X. americana, with pharma-
ceutical excipients used in the formulation of solid forms
by analytical techniques and assisted by hierarchical cluster
analysis (HCA) as chemometric technique.

Materials and methods
Sample preparation

The bark of Ximenia americana L. (AMCA) was collected
from the semiarid region in the State of Paraiba, Northeast
of Brazil. The voucher specimen was prepared and iden-
tified at the Professor Jayme Coelho de Morais herbarium
(PRU), Federal University of Paraiba, under the number
EAN-100493. The herbal material was dried at 40 °C. The
hydroalcoholic extract was obtained by maceration of
powdered bark in water/ethanol (30:70 v/v) solvent system
for 72 h and then dried by Spray Dryer (Labplant), with
onset temperature at 140 °C and endset between 90 and
95 °C, under 3.0 mL min~' flow rate. Colloidal silicon
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dioxide (Aerosil® 200) was used as a stabilizer for the
preparation of dry extract.

Binary mixtures

The binary mixtures were prepared in different concen-
trations using dry extract (AMCA) and the following
excipients: corn starch (CS), lactose (LA), microcrystalline
cellulose 101 and 102 (MC 101 and 102), magnesium
stearate (MS), polyvinyl pyrrolidone K-30 (PVP K-30),
talc (TAL), colloidal silicon dioxide (CSD), sodium starch
glycolate (SSG), pregelatinized starch (PGS) and sodium
croscarmellose (CRO). The compatibility studies were
obtained using binary mixtures at the following proportions
(w:w): 1:1, 1:2, 1:4, 1:6, 1:8 and 1:10 for CS, MC 101, MC
102 and LA, and 1:1, 1:2 and 2:1 for TAL, MS, AER, SSG,
PGS, CRO and PVP K-30.

Thermal analysis parameter

The DSC curves were obtained on a TA Instruments
calorimeter, model DSC Q20, using aluminum crucibles
with about 2 4+ 0.1 mg of samples under nitrogen atmo-
sphere, at the flow of 50 mL min~'. Rising temperature
experiments were conducted in the temperature range from
25 to 400 °C and heating rate of 10 °C min~'. Indium
(m.p. 156.6 °C) was used as a standard for equipment
calibration. Data were analyzed using the software TA
Instruments Universal Analysis 2000, 4.7A.

The thermogravimetric curves were obtained with a
simultaneous thermobalance module TG/DTA, model
Q600 (TA Instruments), using alumina crucibles with
about 8 + 0.1 mg wunder a nitrogen atmosphere at
50 mL min~'. Rising temperature experiments were con-
ducted in the temperature range from 25 to 900 °C and
10 °C min~" heating rate. The apparatus was calibrated
with calcium oxalate monohydrate.

Chemometric analysis

HCA as unsupervised pattern recognition technique anal-
ysis was applied to the calorimetric data of extract,
excipients and binary mixtures. For a better view of the
relations among the extract and excipients, the data were
non-preprocessed. The models were built using Statistica
6.0 software, and the dendrogram was conducted in single
linkage mode as amalgamation rule and Euclidian distance.

Fourier-transformed infrared spectroscopy (FTIR)
This analysis was performed using a Spectrum 400 spec-

trometer (PerkinElmer®) FTIR/FTNIR Spectrometer. The
spectra of the samples were plotted in the range between
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4000 and 500 cm_l, with a resolution of 4 cm™!

sampled in powder form.

, and

X-ray powder diffraction (XRPD)

The XRPD analysis was carried out in a XRD 6000
diffractometer (Shimadzu) with adopted scanning from
10° to 50° (2° min~') on the 20 scale and Cu (Kol)
radiation. The equipment was operated on 40.0 kV and
30.0 mA. The data were plotted by means of the software
Origin® version 8.1.

Results and discussion

The DSC data of X. americana extract (Figs. la, 2a)
demonstrate the presence of an endothermic peak at a
temperature of 83.60 °C (AH = — 270.50 J g~ '), which is
probably related to the loss of volatile constituents in the
sample, such as ethanol and water. This event, shown in the
thermogravimetric curve (Fig. 2a), corresponds to the loss
of 7.92% of the sample mass. The decomposition process
of the organic compounds starts at 157.11 °C and continues
until the end of the analyzed range, representing a loss of
40.57% of the sample mass, resulting in a residue of
43.52%. This significant residue is probably due to the
content of the drying adjuvant (20%), which increases the
stability of the extract as it is very stable itself (m.
p. 1600.0 °C) [27].

According to the results, most of the extract—excipient
mixtures exhibit no significant variations in the expected
thermal profiles. Enthalpy values varied proportionally to
the active substance content. Some changes concerning
enthalpy are expected in such experiments due to problems
in content uniformity of small samples used in DSC anal-
ysis [28].

The corn starch DSC profile exhibited its first
endothermic peak at 150.79 °C, although an event related
to the gelatinization process was not manifested. Differ-
ences in the thermal behavior of different corn starch lots
are explained by the fact that starches from different plant
sources differ in amylose/amylopectin ratios. These dif-
ferences modify the physical properties of the starches, and
the various types may not be interchangeable for a given
pharmaceutical application [29]. The DSC analysis of
binary mixtures between the extract and starch (Fig. 1b)
demonstrates that the mixture assumes the characteristics
of the excipient. Due to increasing the concentration of the
starch in the study, the same event moves from 201.07 °C
to the temperatures of 170.21, 176.21, 140.99, 143.92 and
211.49 °C, respectively, for 1:2, 1:4, 1:6, 1:8 and 1:10
mixtures. In this case, variations occur in the heat peaks,
within a fairly wide range between 62.84 and 148.20 J g~ .

Other characteristic processes of starch are also anticipated
by the mixtures, but within a growth rate smaller than the
event described above. In the DSC profiles, no events
related to the extract are presented in any of the curves.
This suggests incompatibility between the extract and the
excipients in the proportions tested.

In the TG curve, it was observed that the binary mix-
tures with starch showed no change in the profile of the
initial mass loss of the extract. In all curves, it is possible to
identify the dehydration process of starch, up to about
100.00 °C, besides the main stage of mass loss between
256.06 and 338.91 °C, also characteristic of the excipient,
followed by a slow degree of mass loss shown by the
extract, which extends through the end of the curve. The
sample’s mass lost at this stage (40.00-60.00%) is con-
sistent with the amount of starch present in the sample
(Fig. 2b).

The binary mixtures produced with lactose (Fig. Ic)
expressed predominantly the characteristics of the excipi-
ent. The typical events of dehydration (147.84 °C), inter-
conversion (217.47 °C) and decomposition (245.74 °C) are
expressed by the lactose binary mixtures in the same
temperature range. This profile characterizes the suppres-
sion of the extract characteristics, showing incompatibility
between these components. Once there is no emergence of
peaks in different temperature ranges, it will be possible to
infer that this interaction is not chemical [30]. Due to the
agglutinative function of lactose, the observed effect may
indicate that this component can damage the liberation of
the extract in the fluids of an organism, causing undesirable
effects in the functionality of the formulation. Figure 2c
shows changes in the properties of the extract, being the
predominantly observed events of the excipient. Between
1:2 and 1:10 mixtures, a clear suppression of the first step
of mass loss of the extract is visible, whereas it is more
intense in the dehydration stage of lactose, which occurs
between 129.01 and 152.22 °C. An important step in the
decomposition of the extract, which occurs between 218.13
and 318.66 °C, is suppressed in the first mixture resulting
in the manifestation of only the steps of the excipient
degradation, occurring in two steps (the first between
211.62 and 252.32 °C and the second from approximately
252.32 °C). These thermogravimetric data confirm the
incompatibility inferred by the DSC data, due to the dis-
tortion of the normal degradation profile of the extract.
Interactions between other API’s and lactose are frequently
reported in the literature [31-33].

The MC 101 (Fig. 1d) did not interact with the extract.
This was based on the thermal profile of the mixtures,
which have retained the characteristics of the extract, while
expressing the endothermic peak of the excipient. For these
mixtures, both the first (between 68.00 and 75.00 °C) and
the second endothermic peaks (around 357.00 °C) of the
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Fig. 1 DSC curves: a—extract (AMCA); b—CS and its binary mixtures; c—LA and its binary mixtures; d—MC 101 and its binary mixtures;

e—MC 102 and its binary mixtures; f—MS and its binary mixtures

excipient are expressed at the same temperature with no
significant change in the height or the onset temperature of
the event. Figure 2d shows that there was no change in the
water loss during the first stage of the extract and excipient.
It was detected in the mixtures that the main stage of mass

@ Springer

loss of cellulose has its onset within normal temperature
range (from 252.37 °C), being only slightly shifted to
higher temperatures, and extending up to 372.79 °C. The
percentage of mass lost in this step or the residue of the
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Fig. 2 TG curves: a—extract (AMCA); b—CS and its binary mixtures; c—LA and its binary mixtures; d—MC 101 and its binary mixtures; e—
MC 102 and its binary mixtures; f—MS and its binary mixtures

sample (ranging between 40 and 70%) is consistent with
the amount of excipient contained.

In the MC 102 and its mixtures (Fig. le) the first peak,
characteristic of loss of water, was expressed in tempera-
ture between 62.00 to 74.00 °C, while the second event is

expressed between 352.00 and 360.00 °C with no signifi-
cant change in the onset temperature of the events. In both
cases, MC 101 and 102, the profiles show desirable com-
patibility, which indicate that the combination of the
extract with these components may not modify its
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characteristics, while these diluents will perform an
essential function in the solid formulation. The thermo-
gravimetric curves obtained from mixtures with micro-
crystalline cellulose 102 (Fig. 2e) showed characteristics of
both components. The 1:1 mixture expresses a character-
istic mass loss of the extract in the temperature range
between 30.00 and 126.49 °C. It was observed that the
decomposition of the samples began to be recorded near
the range 169.53-241.27 °C, resulting in a mass loss of
40-60%. As the concentration of excipient in the mixture
was increased, the greater percentage of the sample was
degraded in the range of decomposition of cellulose,
between 238.40 and 388.57 °C. The percentage of residue
at 900 °C ranged between 33.71 and 15.10% between 1:1
and 1:10 mixtures. Once no significant shifts were detected
in the temperature range of events of both components, the
thermal compatibility between the extract and microcrys-
talline cellulose 102 can be restated without compromising
the thermal stability of these components when combined.

The magnesium stearate mixtures (Fig. 1f) showed that
in the ratios of 1:1 and 1:2, the excipient influences the
characteristics of the extract, while in the proportion of 2:1,
the intensity of this interaction is reduced. This excipient is
widely related to incompatibilities [18, 33], with various
substances. However, in a solid formulation, it is used at a
low concentration, causing interaction, but at a negligible
magnitude. Probably, the products of the interaction in this
ratio of components are not capable of causing significant
change in the profile of the extract. Thermogravimetric
data of magnesium stearate mixtures (Fig. 2f) showed
different behaviors according to the variation in the pro-
portion of the components. In the 1:1 mixture, it was
possible to view characteristic events of both components.
The first mass loss of the extract and excipient occurred
between 30.00 and 104.49 °C. In the 1:2 mixtures, we can
notice a mass loss that begins at a temperature of
157.09 °C, probably due to an event of the extract, since
the carrier is stable at the same temperature. The combi-
nation 2:1 profile showed characteristic events of the
extract with the same mass loss temperatures of this event.
These data show that the interaction of the extract with ME
occurs as a function of the excipient concentration in the
formulation, reinforcing earlier observations. Therefore,
once this excipient is used at low concentrations, the
interaction can be reduced at negligible levels, without loss
of its function.

The excipient PVP K-30 (Fig. 3a) displayed thermal
compatibility with the extract, once it had stopped detect-
ing changes in their thermal profile except for a slight
anticipation of the event of loss of water from the mixture,
which now occurs at about 75.00 °C. In Fig. 4a, there were
no observable changes in the events that suggested com-
promising of the extract’s stability. The mass loss in the
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temperature range from 389.22 to 460.20 °C, characteristic
of the excipient degradation, has not changed, nor the loss
of water. The percentage of mass loss and residue between
13.52 and 21.34% is consistent with the proportion of the
components in the mixtures. The conservation of the
extract’s stability and its degradation profile confirm the
compatibility between PVP K-30 and the extract, indicat-
ing a possible agglutinant which can be used in the solid
formulation.

Possible incompatibilities between the binary mixtures
produced by the extract and talc were not observed
(Fig. 3b). In Fig. 4b, mixtures with talc also showed mass
loss in temperature ranges related to events of the extract
(30.00-110.65 °C) and the beginning of the main stage of
mass loss, near 138.92 °C. Shifts were not detected during
any of the events. The proportion of waste was also pro-
portional to the concentration of the components (between
58.96 to 77.13% for 2:1 and 1:2). The non-detection of
distortions in the degradation profiles confirms the com-
patibility between talc and the X. americana extract.

The absence of alterations in the thermal profile of the
extract when it was included in binary mixtures with CSD
(Fig. 3c) is evidence of compatibility of the extract with
this excipient. At all proportions studied, a characteristic
endothermic event of the extract is identifiable at temper-
atures between 30.00 and 120.00 °C. Similarly, the TG
curves of the binary mixtures (Fig. 4c) showed in its pro-
files all characteristic events of the extract with no stability
loss of this component.

The DSC profiles of the binary mixtures with sodium
starch glycolate (Fig. 3d) showed characteristic events of
both components. In these profiles, it is possible to identify
the endothermic event of moisture loss in the two com-
ponents (both amorphous) at temperatures between 30.00
and 164.00 °C and the thermal decomposition of the
excipient, an exothermic event between 263.36 and
364.24 °C. The events are also shown in the TG curves
(Fig. 4d), in which is possible to notice that the decom-
position events occur at the same temperature intervals
with only differences in the mass loss at each event due to
the different proportions of the samples. However, the
thermal profile of the 1:1 mixture presented a decomposi-
tion event between 333.16 and 634.70 °C with greater
mass loss by the sample (38.26%). This event is probably
attributed to an anticipation of the extract decomposition,
once the final residue of the sample is of 10.09%, when the
1:2 and 2:1 mixtures presented residues of 29.32 and
40.27%, respectively. The unexpected behavior of the 1:1
mixture provided evidence of incompatibility between the
extract and sodium starch glycolate.

In Fig. 3e, the DSC profiles of the binary mixtures with
pregelatinized starch show the suppression of the thermal
events between 141.54 and 177.68 °C, characteristic of the
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Fig. 3 DSC curves: a—PVP K-30 and its binary mixtures; b—TAL and its binary mixtures; c—CSD and its binary mixtures; d—SSG and its
binary mixtures; e—PGS and its binary mixtures; f—CRO its binary mixtures

beginning of the excipient decomposition. This event is not
observed in any mixture studied [34, 35]. In the TG curves
of the mixtures (Fig. 4e), there are no signs of stability loss
of the components. Incompatibility with this excipient is

reported in some studies, but the origin of the

incompatibility is uncertain and probably related to the
nature of the involved API in the binary mixture.

The DSC curves of the binary mixtures with sodium
croscarmellose (Fig. 3f) showed characteristic events of
the extract (moisture loss at 30.00-148.63 °C) and the
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excipient (thermal decomposition at 229.61-340.08 °C)
with no displacement in the characteristic temperature
intervals. In the TG curves (Fig. 4f), it is shown that the
decomposition events of the samples occurred at the same
temperature intervals (182.85-328.43 °C and
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316.14-619.58 °C), corresponding to excipient and extract
decomposition, respectively, and indicating no stability
loss of these components.
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Chemometric analysis

The thermal analysis allows to obtain a great quantity of
data, and these data are often not available directly. Thus, it
is necessary that the data treatment uses mathematical and
statistical procedures, such as chemometric methods. The
interaction between extracts and excipients can be better
observed using pattern recognition techniques that present
results as graphs [36]. To build the HCA dendograms, all
data were used, including not only peaks but also other
parts of the DSC curves that don’t contain thermal events.
Figure 5 shows the HCA dendograms of the extract,
excipients and mixtures of AMCA.

In the dendogram of mixtures with starch and extract
(Fig. 5a), it was not possible to verify the formation of
groups, and all mixtures were near excipient. This result
shows that the starch profile was dominant over the extract,
even at low concentrations, suggesting that starch interacts
with the extract in these mixtures.

In the mixtures with microcrystalline celluloses 101
(Fig. 5b) and 102 (Fig. 5¢), the resulting dendograms were
very similar. With the cellulose, the formation of two major
groups occurs separating the mixtures from pure extract
and pure excipient, indicating the differentiation of the
mixture’s profile. This can be attributed to the fact that all
mixtures showed a characteristic thermal profile, resulting
from the presentation of peaks of both the extract and of the
excipient.

For lactose (Fig. 5d), the mixtures 1:1, 1:6 and 1:10
were distributed closer to the extract. The mixture 1:8 was
between extract and lactose, indicating the interaction. The
mixtures 1:2 and 1:4 were closer to lactose, indicating that
the excipient contributes strongly in the DSC curves. The
lack of a logical distribution of the mixtures in relation to
the excipient indicates the absence of a pattern in the DSC
curves, which suggests the interaction between these
components.

The pregelatinized starch (Fig. Se), sodium starch gly-
colate (Fig. 5f), magnesium stearate (Fig. 6a) and mixtures
with AMCA demonstrate that the excipient was closer to
one of the mixtures. This indicates the prevalence of the
excipient profile in the mixture, indicating the interaction
between excipient and extract.

The corresponding dendograms of the mixtures with
PVP K-30 (Fig. 6b), sodium croscarmellose (Fig. 6¢) and
colloidal silicon dioxide (Fig. 6d) were similar to those of
CMC 101 and CMC 102, with the separation of the mix-
tures from the pure extract and pure excipient, which
indicates that the mixtures showed unique thermal profiles
due to the association of characteristics from the DSC
profiles of the extract and the excipient.

The mixtures with talc (Fig. 6e) behaved similarly to
those of CMC-101, with the separation of the mixtures of

the pure extract and pure excipient, except for the mixture
2:1, which was further from all DSC curves.

FTIR

In the FTIR spectrum related to a nebulized extract, a broad
band is presented between 3800 and 3000 cm ™' which is
indicative of hydroxyl groups (O-H stretch) [37]; those
groups are attributed both to hydroxylated molecules of the
extract (such as polyphenols) and to the moisture content of
the extract, due to its amorphous nature. The peaks in the
range from 2974 to 2847 cm™!, characteristic of carbon—
hydrogen bonds [37], are attributed to the nature of the
organic compounds contained in the extract. The sharp
peaks in the region of 1702-1685 cm ™', relative to carbon—
oxygen bonds (C=0) [38] as present in ethers, esters and
carboxylic acids, are indicative of a variety of metabolites,
such as tannins, flavonoids and anthraquinones, among
others [39]. This range is also indicated by peaks in the
regions 1307-1025 cm™' (carbonyl), 1607-1516 cm™'
(C=C bonds in aromatic rings) and 788-674 cm™! (sub-
stituted aromatic C-H bonds) [36].

In addition to the dry extract, the samples suspected of
incompatibility were selected for analysis by FTIR. The
spectrum of the binary mixture with corn starch (Fig. 7a)
showed no alterations in the profile of the nebulized
extract; the above-described extract bands were expressed
in the spectrum, with superimposition of those relative to
the excipient, suggesting no evidence of interactions
between the functional groups of these components. Sim-
ilar profiles were observed for the mixtures with sodium
starch glycolate (Fig. 7d) and pregelatinized starch
(Fig. 7e).

The mixture with lactose showed, in its FTIR spectrum
(Fig. 7b), absorption bands predominantly characteristic of
the excipient, such as those in the regions of
3600-2700 cm ™" and 1500-800 cm™'. The extract char-
acteristic bands at 1702-1685 cm™" are expressed in the
mixture spectrum, indicating a preservation of the carbonyl
groups present in many compounds of the extract. How-
ever, the formation of a strong absorption band at the
region below 800 cm ™' is indicative of chemical interac-
tions between these components, which suggest
incompatibility.

The FTIR spectrum of the binary mixture with magne-
sium stearate (Fig. 7c) occurred at 3000 cm~ L. At the
region of 3000-2700 cm ™', two sharp peaks are presented,
which suggests the strong formation of terminal C-H
groups. (The peaks may be due to its axial and angular
deformations.) The suppression of the peak relative to the
carbonyl group at the region of 17021685 cm™" was also
observed. These alterations are indicative of chemical
interactions between the compounds of the extract and
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magnesium stearate, which allows for the classification of =~ X-ray diffraction (XRPD). The binary mixtures in the ratio

this mixture as incompatible. 1:1 (w/w) were chosen for analysis in order to avoid any
deviation on the diffraction profiles by the amount of the
XRPD components. The diffraction profile of the dry extract was

found to be predominantly amorphous, with three crys-
In order to prove possible extract crystallinity, the samples  talline regions. This is probably due to the large number of
suspected of incompatibility were selected for analysis by ~ compounds present in the amorphous phytocomplex, which
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is expected in plant extracts. The crystalline regions are
attributed to the carbohydrates present in the extract, which
may have crystallized during the drying process.

When combined with corn starch (Fig. 8a), the profile of
the amorphous starch is expressed at the beginning of the
curve with the expression of the crystalline regions of the
extract at angles above 37.5°. The maintenance of both
components’ structures in the mixture is evident that the

interaction between the extract and starch detected on the
thermal profiles is not of physical nature.

Lactose (Fig. 8b), being a disaccharide, has a stronger
profile of crystallinity, which is mainly expressed in the
mixture diffractogram. However, the characteristic crys-
talline peak of the extract above 42.5° is expressed in the
mixture, which indicates conservation of the extract
structure in the presence of this excipient.
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In the mixtures with magnesium stearate (Fig. 8c), the
profiles indicate certain amorphization of the sample,
probably due to the amorphous phase of the extract, but
also influenced by the conservation of the crystalline
structures of the excipient and extract, which can be

@ Springer

observed in the expression of the crystalline peaks at 37.5°
and 42.5°.

Sodium starch glycolate (Fig. 8d) presents a crystallo-
graphic profile with multiple regions of crystallinity and
amorphicity. These regions are expressed in the mixture
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profile, but those characteristics of the extract are sup-
pressed in this sample, indicating an interaction between
solid state, which implies

these components in

incompatibility.

The diffractographic profile of the mixture with prege-
latinized (Fig. 8e) starch shows a completely amorphous
profile, with suppression of the crystalline phase of the
extract, which indicates a physical interaction between
these components.
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Conclusions

The use of instrumental analytical techniques is a valuable
tool for the pharmaceutical industry. With some of these
methods, it was possible to indicate excipients that may
facilitate a solid formulation of the dry extract from X.
americana, outlining a pharmaceutical form for this plant
whose pharmacological activities have long been known by
people from different regions of the world and proven by
several studies.

The results show that lactose, starch and magnesium
stearate showed incompatibility with the extract, causing
considerable changes in the profile of diffraction and
thermal properties with the suppression of the character-
istics of the extract. Probably the inclusion of this excipient
in the formulation would change the characteristics of
bioequivalence and bioavailability of the extract, which is
the criterion for the elimination of this excipient in the
formulation.

This study also demonstrates the importance of using
instrumental techniques in the early stages of development
of herbal medicine, selecting excipients that can optimize
the activity of the extract of medicinal X. americana.
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