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Spondias mombin L. (Anacardiaceae) is a tree known in Northeast Brazil as “cajazeira”. Besides producing fruit
that is widely consumed (yellow mombin or hog plum in English, caja in Portuguese, among others), its leaves
are extensively used in traditional medicine for its anti-inflammatory, antimicrobial and antiviral properties. This
study aimed to develop a standardized hydroalcoholic extract of S. mombin leaves and to investigate the anti-
inflammatory activity of the extract and geraniin from S. mombin in human neutrophils. The authors used an
integrative approach, including histological and histochemical examination, HPLC analysis and microbiological
control. The anti-inflammatory bioactivity of the standardized extract of S. mombin and geraniin was evaluated in
a degranulation assay in human neutrophils. The leaves of S. mombin exhibited distinguishable histological
features compared with other Spondias species. Idioblasts with phenolic compounds were histochemically
identified. Purity parameters were determined in the drug as well as the total polyphenol content in the plant
extract. HPLC analysis allowed detection and quantification of two bioactive phenols, geraniin and chlorogenic
acid. The hydroalcoholic extract of S. mombin leaves and geraniin exhibited significant anti-inflammatory ac-
tivity in human neutrophils. This study establishes an interdisciplinary method along with unprecedented
specifications for the quality control of S. mombin and demonstrates that both standardized plant extract and
geraniin showed anti-inflammatory activity.

juice and leaf powder are traditionally used topically for healing and
anti-inflammatory activity. The home-made preparations (teas) of the

1. Introduction

In common with drugs, it is vital to ensure the quality, safety and
efficacy of botanical preparations for human consumption (Schilter
et al., 2010). To date, various macroscopic and microscopic techniques,
molecular marker authentication methods and chromatographic anal-
ysis, including the use of HPLC, have been established as powerful tools
for comparing the chemical profiles of herbal medicines, by identifying
and measuring the content of chemical markers (Araruna et al., 2013;
Costa et al., 2015; Lin et al., 2015).

Spondias mombin L. (Anacardiaceae) is a tree extensively used in
herbal medicine programs in Brazil (Matos, 2000; Brasil, 2010). The

trunk bark, leaves or flowers are utilized for treating diarrhea, emesis,
hemorrhoids and throat inflammation. In addition, the leaves are also
used as antiviral (herpes simplex 1) by the public phytotherapy program
called “Farmdcias Vivas” (Akubue et al., 1983; Villegas et al., 1997;
Matos, 2000).

Chemical studies (Corthout et al., 1991, 1992; Silva et al., 2012) of
S. mombin leaves showed the presence of various phenols including
phenolic acids (chlorogenic and caffeic acids), flavonols (quercetin) and
ellagitannins (geraniin and galoilgeraniin). Several pharmacological
actions of organic or aqueous extracts of S. mombin (not standardized)
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have been demonstrated, such as antibacterial and antifungal (Osunto-
kun et al., 2018), leishmanicidal (Accioly et al., 2012), gastroprotective
(Sabiu et al., 2016), anti-inflammatory (Cabral et al., 2016) as well as
antiviral against poliomyelitis, coxsackie B4 and herpes simplex 1 vi-
ruses (Corthout et al., 1991, 1992).

For the development of phytomedicine, clear and systemic charac-
terizations of the taxonomy, phytochemical components and the bio-
activities of the candidate medicinal plant are needed. In the present
study, an integrative approach was used, including histological, histo-
chemical and physicochemical analysis, to authenticate S. mombin
leaves. Also, the anti-inflammatory effects of this standardized plant
extract were evaluated in human neutrophils as a basic and preliminary
way to establish quality standards of pharmacological effect.

2. Materials and methods
2.1. Plant material

Leaves of Spondias mombin L. were collected during the winter in the
Medicinal Plant Garden of Ceard Federal University (UFC), Fortaleza,
Ceard, Brazil (3°44 °50° S and 38° 34’ 22’ W). A voucher specimen was
deposited in the Prisco Bezerra Herbarium of UFC, under EAC no.
38575.

2.2. Histological and histochemical analysis

The histological analysis used fully expanded leaves of three plants.
Fragments of the middle region of the lamina were fixed in 4% para-
formaldehyde, 1% glutaraldehyde and phosphate buffer pH 7.2 (Kar-
novsky, 1965), dehydrated in ascending ethanol series, and infiltrated
and embedded in methacrylate resin (Historesin, Leica®). Transections
of 5 pm, obtained with an auto-advance rotary microtome (Leica® RM
2245) were stained with Astra blue and safranin 9:1 (Bukatsch, 1972).
Histochemical tests for total phenolic compounds were performed using
ferrous sulfate (Gerlach, 1984). The reagent Sudan IV was used for
cuticle evidence (Gerlach, 1984). The slides were analyzed, and pho-
tomicrographs obtained with a Leica DM4000 B LED optical microscope
coupled to an image capture system.

2.3. Preparation and characterization of the plant drug

Leaves of S. mombin were dried in a forced-air oven with continuous
renewal of air for 2-120 h at 60 + 5 °C and monitored for moisture. The
moisture was determined using an infrared balance, whereas the mean
size of the particles, total ash content, acid insoluble ash, and microbi-
ological parameters were determined as previously described (Brazilian
Pharmacopoeia, 2010). The phytochemical profile was ascertained as
described by Matos (2009), by identification reactions based on the
chemical group to be investigated.

2.4. Preparation of the S. mombin extract and characterization

The biological activities of S. mombin extract have been related at
least in part to the presence of phenols, as determined in hydroethanolic
extracts. Based on these chemical characteristics of the plant and in its
traditional use, the present study prepared a hydroethanolic extract
from the leaves of S. mombin by dynamic maceration at room temper-
ature. The plant drug from the leaves (3 g) was macerated in 70%
ethanol (10 mL) in water during 2.5 h. The extract was submitted to
vacuum filtration and the ethanol was evaporated with the aid of rotary
evaporator (60 °C) and the volume was brought to the desired concen-
tration before biological assays. The yield was 6.6 + 0.53 % (w:v) based
on solid residues. The extract was maintained under refrigeration at 4 °C
until the assays were carried out.
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2.4.1. Total phenol content of the hydroalcoholic extract (HAE) of
S. mombin leaves by spectrophotometry

The total polyphenol content in extracts was determined by the
Folin-Ciocalteu colorimetric method (Fogliano et al., 1999). An aliquot
(100 pL) of sample was mixed with 250 pL of Folin-Ciocalteu reagent,
400 pL of water, and 500 pL of NayCOgs (10 %). After one hour standing
in the dark, the color was measured in a spectrophotometer (Genesys
10S UV-Vis, Thermo Scientific, USA) at 715 nm. The content of total
polyphenols was calculated from the regression equation of the cali-
bration curve of the gallic acid standard (dissolved in Milli-Q water), at
concentrations ranging from 2 to 8 ug/mL. The analyses were performed
in triplicate and the data were expressed as mg of gallic acid equivalents
(GAE) per mL of extract. The method was validated according to the ICH
guidelines and Brazilian regulations, including specificity, linearity,
precision, accuracy and robustness (ICH, 2014;Brasil, Ministério da
Satide. Agéncia Nacional de Vigilancia Sanitdria, 2017).

2.4.2. Chromatographic analysis of the HAE of S. mombin leaves by HPLC-
PDA

This analysis was performed to identify and quantify two bioactive
markers (geraniin and chlorogenic acid) in the HAE of S. mombin leaves.
HPLC analysis was carried out with an Alliance HPLC-PDA system
(Waters, USA) using a 5 pm Phenomenex Kinetex Evo C18 column (4.6
mm x 250 mm). The gradient elution was performed, while the detec-
tion of geraniin and chlorogenic acid were at 276 and 325 nm,
respectively.

2.5. Anti-inflammatory activity: effect on neutrophil degranulation

Human blood was obtained from the Hematology and Hemotherapy
Center of the Ceara State. The cells suspension containg predominantly
neutrophils (80-90%) with viability of 97.7 &+ 0.94 % (Trypan blue test)
were isolated according to a previously described method (Lucisano and
Mantovani, 1984). The study was approved by the Human Research
Ethics Committee of Federal University of Ceara.

2.5.1. Degranulation assay

The cells (5 x 10° cells/mL) were incubated with HAE of S. mombin
leaves (1 - 200 pg/mL), geraniin (1 - 100 pg/mL), indomethacin (36 pg/
mlL, standard drug), DMSO (1% v/v, vehicle-control group) or HBSS
(untreated cells) for 15 min at 37 °C. Human neutrophils were stimu-
lated by the addition of 12-phorbol 13-myristate acetate (PMA) (0.1 g/
mL) for 15 min at 37 °C. The reaction was stopped by cooling, the cell
suspension was centrifuged (2000 g, 10 min, 4 °C) and the supernatant
obtained was used to determine the concentration of myeloperoxidase
(MPO) was measured at 620 nm according to the methodology described
by De Young et al. (1989). The results are expressed as percentage of the
release of MPO.

2.5.2. Cytotoxicity assay: MTT test

Neutrophils (2.5 x 10° cells/mL) were incubated at 37 °C with HAE
of S. mombin leaves (1- 200 pg/mL), geraniin (1 - 100 pg/mL), HBSS
(untreated cells), DMSO (1% v/v, vehicle-control group) or Triton X-100
0.2% (cytotoxic standard) for 30 min at 37 °C. After this period, the plate
was centrifuged, and the supernatant discarded and a new incubated
solution (200 pL) containing 10% of MTT (10 mg/mL). Finally, the plate
was centrifuged again, the supernatant was discarded and then added to
150 ppL of pure DMSO for cell lysis and solubilization of the formazan.
At this time, the plates were shaken for 15 minutes. The absorbance was
measured at 540 nm (Mosmann, 1983). Cell viability was expressed by
percentage.

2.6. Statistical analysis

The results were submitted to analysis of variance (ANOVA), fol-
lowed by the Tukey post hoc test (GraphPad Prism, USA), used for
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multiple comparisons. Whenever needed, the unpaired Student t-test
was used for comparisons between two means. Differences were
considered significant at p < 0.05.

3. Results
3.1. Histological and histochemical characterization

Transections showed that the leaf blade epidermis is uniseriate on
the adaxial and abaxial faces (Fig. 1A-C). Thickened cuticle is observed
covering the epidermal cells (Fig. 1E). Short or long non-glandular tri-
chomes occur on both leaf blade faces (Fig. 1E).

The mesophyll is dorsiventral with a one-layered palisade paren-
chyma on the adaxial face and five-layered spongy parenchyma on the
abaxial face (Fig.1A, B). Collateral vascular bundles are encircled by a
parenchymatous sheath, with sheath extension on the adaxial face
(Fig. 1C). Idioblasts with druses are observed in both palisade and
spongy parenchyma (Fig. 1A-C).

The midrib has a biconvex transection plane. Collateral vascular
bundles in a U-arrangement pattern occur centrally. Three groups of
accessory collateral vascular bundles are also observed (Fig. 1D).

Reddish-colored idioblasts with acidophilic content are observed in
the mesophyll and midrib (Fig. 1C, D). In the mesophyll, they occur
among the parenchyma cells of the vascular bundles, as well as along the
vascular bundle sheath (Fig. 1C). In the midrib, they are mainly present
surrounding the vascular system and also occur among the parenchyma
cells of the vascular bundles (Fig. 1D). The histochemical tests indicated
these idioblasts are rich in total phenolic compounds (Fig. 1F-H). Some
palisade cells of the mesophyll rendered positive results for total
phenolic compounds (Fig. 1F).

3.2. Preparation and characterization of the plant drug

The preparation of the plant drug from S. mombin was carried out in a
forced-air oven with continuous renewal of air. The moisture content of
the fresh plant material (75.13 + 1.3 %) declined significantly (4.39 +
0.14 %). The moisture content of the plant drug decreased in the first 4
hours and remained almost constant thereafter (Table. 1).

After drying, the material was ground to an average particle diam-
eter of 0.369 mm (Table 2), characterized as a moderately coarse
powder. Other parameters, such as total and acid-insoluble ash were also
determined (Table 2).

The results of the analysis of dried S. mombin material showed there
was no microbial growth of Salmonella spp or Escherichia coli, both
considered pathogenic microorganisms. In the total count of bacteria
and fungi/yeasts, the contamination level found was < 10 CFU/g
(Table 2), lower results than the pharmacopoeia specifications (Brazil-
ian Pharmacopoeia, 2010), both for the hot extraction process 1o°
CFU/g) and cold extraction process (10° CFU/g).

3.3. Phytochemical profile

A preliminary chemical analysis of the leaves of S. mombin was also
performed which confirmed presence of phenols in the plant extract,
particularly tannins, besides other chemical constituents, such as
alkaloids.

3.4. Total phenol content of the HAE of S. mombin leaves by
spectrophotometry

To determine the content of polyphenols in the S. mombin extract, a
spectrophotometric method was developed and validated. Analysis of
the results of the specificity test indicated that the conditions were
satisfactory. The method was linear (y = 0.1063x + 0.0898, r > 0.99).
The limits of detection and quantification were 0.28 pg/mL and 0.86 pg/
mL, respectively. The repeatability and the intermediate precision were
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17.63 + 0.2 (1.15%) and 17.42 + 0.27 (1.58%) GAE mg/mL of extract,
respectively, with no significant difference between them (p = 0.0946).
The accuracy, determined by a recovery study, presented an average
recovery in about 100% (100.4 + 3.5%). Alterations in volumes of Folin-
Ciocalteu reagent and Na,COs, as well as the change of the wavelength
used (715 to 785 nm), did not result in significant variation in terms of
quantification according to the p-values obtained in the statistical
analysis by the T-test (p = 0.3441) and F-test (p = 0.2480), showing that
the method was robust for the parameters evaluated. The results indi-
cated 17.5 mg/mL of total phenols in the HAE of S. mombin leaves.

3.5. Chromatographic analysis of the HAE of S. mombin leaves by HPLC-
PDA

The chromatographic analysis allowed simultaneously detecting
geraniin and chlorogenic acid (retention time of peaks: 22.93 min and
9.17 min, respectively) (Fig. 2), which presented satisfactory peak purity
since the purity angles were lower than the threshold angles and the
threshold curves did not intersect the purity curves. The chromato-
graphic method was linear, and the correlation coefficients were above
0.99. The concentrations of geraniin and chlorogenic acid in the
S. mombin extract were 7.3 + 1.9 mg/mL and 0.8 + 1.8 mg/mL,
respectively.

3.6. Anti-inflammatory activity: degranulation and citotoxic assays

The effect of HAE of S. mombin or geraniin on neutrophil degranu-
lation was measured by MPO release after exposure to PMA. The addi-
tion of PMA to the cells suspension caused a significant increase in the
MPO release (control group: 100 + 8.4%) compared with basal condi-
tion (HBSS group: 19.7 + 1.2%). The addition of HAE from S. mombin (1,
10, 50, 100 and 200 pg/mL) to the cell before PMA exposure partially
reversed the increase in MPO release compared to that produced by PMA
(control group) showing maximal inhibitions at concentrations of 100
and 200 pg/mL (20.3 and 45.2% inhibition, respectively). The addition
of geraniin (1 — 100 pg/mL) in the cell suspension induced a dual effect,
increasing the MPO release at lower concentrations (1 to 25 pg/mL) and
reducing it by 37.7 and 83.9% at the highest concentrations (50 and 100
pg/mL, respectively). The anti-inflammatory effect of geraniin at 100
pg/mL was better than that of indomethacin (36 pg/mL), a non-selective
inhibitor of cyclooxygenase (73.9% inhibition) (Fig. 3).

The addition of HAE of S. mombin or geraniin to the cell culture at
concentrations ranging from 1 to 100 pg/ml produced no effect on cell
viability evaluated by MTT test. However, the MTT absorbance at 200
pg/mL HAE concentration was lower as compared to control group
which is indicative of a reduction in the number of viable cells (HAE
200: 80.9 + 1.9%; control: 94.4 + 5.1%) (Fig. 3). So, the anti-
inflammatory effect of HAE in the highest concentration is partially
related to its toxicity.

4. Discussion

The initial analysis of medicinal plants consists of confirming their
identity, based on macro and microscopic descriptions associated with
chemical analysis of the vegetal organs, and in some cases, molecular
analysis (Lin et al., 2015). Such information is important in the phar-
macobotanical quality control of plant raw materials, providing condi-
tions for the identification of adulterated lots (Sanches et al., 2007).

The leaf anatomical features of cultivated S. mombin are described for
the first time here. Mesophyll organization, vascular system pattern of
the midrib, and idioblasts as accumulation places of phenolic com-
pounds are notable histological and histochemical differences in com-
parison with S. mombin harvested in the wild (Chisom et al., 2014; de
Vasconcelos et al., 2016) and with others species of the Spondias genus,
such as S. purpurea L., S. tuberosa Arruda, and S. dulcis Forst. F. (Barrios
and Hernandez, 2003; Silva and Paiva, 2007; Santos et al., 2012).
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Fig. 1. Photomicrographs of transections of the leaf blade of Spondias mombin L. (Anacardiaceae). A; B; C and F. Mesophyll. D; E; G and H. Midrib. A-E. Structural
characterization. A; B; C and D. An overview of the histological organization. Note reddish-colored idioblasts with acidophilic content (arrows). E. Details of the non-
glandular trichome and cuticle. F-H. Positive results from histochemical tests for total phenolic compounds. Arrows indicate some idioblasts with intensive positive
reaction. Adaxial epidermis (AdEp). Abaxial epidermis (AbEp). Palisade parenchyma (Pp). Spongy parenchyma (Sp). Idioblasts with druse (DId). Vascular bundle
(Vb). Accessory vascular bundle (AVb). Central vascular bundle (CVb). Parenchymatic sheath (PSh). Bundle sheath extension (ShE). Non-glandular trichome (Tc).
Cuticle (Ct).
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Table 1

The moisture content of the plant drug from S. mombin deter-
mined by the method of drying on an infrared balance and
prepared in an oven with circulation and continuous renewal
of air.

Oven time (h) Moisture content (%)

0 75.13 £ 1.3 (1.74)
2 36.6 + 1.16 (3.16)
4 7.45 £ 0.06 (0.79)
6 5.12 + 0.19 (3.63)
8 4.83 £ 0.13 (2.64)

24 4.87 £ 0.21 (4.27)
48 4.72 £ 0.10 (2.12)
72 4.52 + 0.18 (4.03)
96 4.43 £ 0.15 (3.42)
120 4.39 + 0.14 (3.13)

The results were expressed as mean =+ standard variation (co-
efficient of variation). Analyses were carried out in triplicate.

Table 2
Pharmacognostical and microbiological parameters of the plant drug of
S. mombin.

Parameters Results

0,369 + 0,007 (2,01)
5,79 + 0,180 (3,10)
0,629 + 0,039 (6,25)

Mean diameter of particles
Total ashes
Ashes insoluble acid

Microorganism aerobic bacteria < 10' CFU/g
Fungi/Yeats < 10' CFU/g
Escherichia coli Absent
Salmonella spp Absent

The results were expressed as mean + standard variation (coefficient of vari-
ation). Analyses were carried out in triplicate.

Therefore, differences between wild and cultivated S. mombin must be
considered for botanical authentication purposes. Furthermore, the data
that was obtained will be useful to distinguish S. mombin from closely
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related Spondias species.

In order to guarantee the quality of raw material, the results pre-
sented here enable the standardization of a drying method to attain
moisture content close to the minimum level (8-14%) established in
different pharmacopoeias (Simoes et al., 1999). They also support
evaluation of the purity of the plant material (Brasil, 2014) determined
through tests, such as ash content, acid insoluble ash content and
determination of microbiological contaminants. In this context, the ash
content of S. mombin determined in this study is important for the
standardization of the raw material, by indicating previously unpub-
lished specifications for quality control, since there is no pharmacopeia
monograph of the species or data of these parameters in the literature.

Further studies allowed the determination of the phytochemical
profile of the S. mombin hydroalcoholic extract, corroborating the results
of previous studies that also observed the presence of tannins, flavo-
noids, and saponins in Anacardiaceae (Silva et al., 2012) as well as
phenolic, ellagic and chlorogenic acids (Cabral et al., 2016). The chro-
matographic profile of HAE of S. mombin leaves was also determined,
where it was possible to identify and quantify for the first time the
bioactive marker geraniin. This substance was not identified in chro-
matographic studies (Cabral et al., 2016) and other species of the
Spondias genus like S. tuberosa (Silva et al., 2011), S. purpurea (de
Almeida et al., 2017) and S. venulosa (Pereira et al., 2015). Therefore,
the botanical description, the purity parameters, and the chromato-
graphic analysis performed in the present study produced a group of
results that together will certainly differentiate S. mombin from other
species.

After being fully characterized, the in vitro anti-inflammatory activity
of HAE S. mombin leaves was evaluated. The results showed that the
extract was able to modulate neutrophil activation, determined by
reduction of the MPO release by neutrophils, which may play an
important role in the in vivo anti-inflammatory activity of the species
described by Cabral et al. (2016). Part of the observed effect is related to
geraniin (in the highest concentrations), as well as the possible presence
of other compounds, such as chlorogenic acid (Hwang et al., 2014;
Ohkawara et al., 2017). In addition, these results corroborate previous
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studies (Krakauer, 2002; Wang et al., 2015) that showed the potential of
other plant extracts.

5. Conclusions

This study establishes an interdisciplinary method and specifications
for quality control of the traditional medicinal plant, S. mombin, which
has anti-inflammatory activity. The histological and histochemical
characteristics of the leaves of S. mombin described in the present study
are certainly useful to support this quality control. Both the standardized
HAE of S. mombin leaves and geraniin inhibited the human neutrophil
pro-inflammatory response.
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