Biointerface Research in Applied Chemistry
Platinum Open Access Journal (ISSN: 2069-5837)
Article
Volume 11, Issue 1, 2021, 8210 - 8217
https://doi.org/10.33263/BRIAC111.82108217

Phytochemical Aspects, Cytotoxicity and Antimicrobial
Activity of the Methanolic Extract of Tropical Fruit Pulps
on Clinical Isolates of Escherichia coli

Lorena Kimberly Silva Alcantara 12¢@ |z Felipe Carreiro Machado 12t@® | |sabela Penna
Ceravolo %, ® Renan Martins dos Santos 224® | Marcus Vinicius Dias-Souza 124 ®

1 PharmBSc Program, Pitagoras College, 789 Carlos Chagas Av., Ipatinga, MG, Zip: 35162-359, Brazil

2 Reference Center for Drug Information (CRIMED), Pitagoras College, 789 Carlos Chagas Av., Ipatinga, MG, Zip: 35162-
359, Brazil

René Rachou Institute, 1715 Augusto de Lima Av., Belo Horizonte, MG, Zip: 30190-002, Brazil

Integrated Pharmacology and Drug Interactions Research Group (GPgFAR), Brazil

Correspondence: souzamvd@gmail.com;

Authors contributed equally to this work

-+ % N W

Scopus Author ID 56543795600
Received: 3.07.2020; Revised: 19.07.2020; Accepted: 20.07.2020; Published: 22.07.2020

Abstract: Escherichia coli is naturally present at the gastrointestinal tract of humans, but is also
involved in diseases such as urinary tract infection. The current scenario of bacterial resistance to
antimicrobials raises the demand for new drugs, and natural products represent interesting sources of
bioactive compounds. Here we investigated the cytotoxicity and antimicrobial potential of 80%
methanolic extracts of Spondias tuberosa (umbu), Spondias purpurea (seriguela), and Theobroma
grandiflorum (cupuagu) fruit juice pulps against clinical isolates of uropathogenic E. coli.
Phytochemical aspects of the pulps were elucidated, and their antioxidant properties were analyzed.
The minimal inhibitory concentration (MIC) of the extracts was of 500 pg/mL, and no toxicity was
observed against BGM cells. Vitamin C and total carbohydrates were not in accordance to the levels
determined in the legislation. We used HPLC to confirm the presence of flavonoids. To the best of our
knowledge, this is the first report of the antimicrobial potential of these fruit pulps. Our data open doors
for more studies with chromatographic fractions and isolated flavonoids from these pulps.
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1. Introduction

Escherichia coli is a relevant Gram-negative commensal microorganism actively
involved in colonizing the gastrointestinal tract of humans, precluding the entry of pathogenic
species. However, E. coli may reach other body sites and behave as a pathogen, causing
diseases such as urinary tract infection (UTI) [1-3]. UTI is a common bacterial infection,
especially in women, and results in decreased quality of life because of the symptoms, which
include dysuria, increased urinary frequency, suprapubic pain, and hematuria [2, 4, 5].
Uropathogenic E. coli (UPEC) strains are mostly detected in uncomplicated cystitis cases, but
might also be found at the kidneys, bladder, and even at the blood on complex cases [5-7].

The treatment of UTI is largely dependent on antimicrobial drugs, but bacterial
resistance makes it technically difficult [2, 8]. Several genetically regulated mechanisms have
been described in UPEC, including efflux pumps and -lactamases [6, 8-10]. A recent WHO
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Global Surveillance of Antimicrobial Resistance reported high rates of E. coli resistance to
third-generation cephalosporins and fluoroquinolones, the standard choices for the treatment
[11]. Incorrect prescription and use of antimicrobials are widely recognized as the main causes
of bacterial resistance [5, 6]. Thus, beyond the education of prescribers and patients on this
topic, there is an urgent need for new antimicrobial drugs. Plant-derived metabolites are
promising compounds in the antimicrobial research context. Reports on resistance to natural
products are rare, and many of them present broad-spectrum activity [12]. Roots, stems, and
leaves of plants, which are not always edible, are commonly explored for phytochemical and
pharmacological studies with microorganisms.

Our group has been prospecting antimicrobial extracts of edible parts of plants such as
fruits, which have extensive culinary and cosmetic use but are far less investigated for
biological properties such as antimicrobial, antioxidant, and wound healing. Here we report the
cytotoxicity of the methanolic extracts of Spondias tuberosa (umbu), Spondias purpurea
(siriguela), and Theobroma grandiflorum (cupuacu) fruit juice pulps, and their antimicrobial
activity on UPEC strains. Their pulps are widely used for preparing juices, ice-cream, and other
food preparations that are economically important in several Brazilian cities, especially in the
northeast (siriguela/umbu) and north (cupuagu) regions [13]. Non-edible parts of these plants
are popularly used on the treatment of inflammatory and infectious diseases, but no
investigation has been conducted so far with the fruit pulps. Phytochemical analyses indicated
the presence of tannins and flavonoids, and a comparative analysis of their antioxidant potential
was conducted. To the best of our knowledge, such evidence are being provided for the first
time, making our work even more relevant concerning the treatment of UT].

2. Materials and Methods
2.1. Pulps samples.

The pulp samples used in this study belong to a brand widely sold in Brazil. Samples
were purchased (10 units each) from local markets at Minas Gerais State and consisted of
integral frozen pulps in vacuum-sealed plastic containers, which require adding water and
culinary sugar prior to consumption, as recommended by the manufacturer. Products were of
the same batch code. All pulps were stored at -20 °C until used, and defrosted in a refrigerator
prior to the tests.

2.2. Biochemical assays with the whole pulps.
2.2.1. Carbohydrates.

Total carbohydrates were determined in each sample using the phenol-sulphuric method
[14]. A calibration curve was prepared using glucose as a standard.

2.2.2. Vitamin C quantitative detection.

Vitamin C (ascorbic acid) content was determined in triplicate, as previously described
[15]. A total of 35 mL of starch-sulphuric acid solution was added to 25 g of each pulp and
mixed. The solution was titrated with 0.1M iodine solution while stirring until the first stable
blue color was seen.
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2.3. Preparation of methanolic extracts.

The extracts were prepared at home temperature with 80% methanol solution through
magnetic stirring at maximum speed for 24 h. The solution was then rotavaporized to dryness
under vacuum at 50 °C. The final product was weighed and stored at 4 °C until used.

2.4. Qualitative phytochemical screening.

The extracts were analyzed through classical methods [16]. Shinoda method for
flavonoids was conducted as follows: the dried extracts were suspended in enough quantity of
water and mixed with fragments of magnesium ribbon. HCI was dropped until the pink color
was seen, indicating a positive result. For tannins, the suspended extracts were boiled in water
for 10 minutes, filtrated in Whatman paper (n#10), and 0.1% ferric chloride was dropped on
the filtrate. A brownish-green or a blue-black color indicated a positive result. For saponins,
olive oil was added to the filtrate and agitated using a vortex at maximum speed. The formation
of an emulsion showed a positive result.

2.5. Antioxidant activity.

The antioxidant activity of the extracts at 1 mg/mL was analyzed in duplicate by the -
carotene bleaching assay, as described [15]. The antioxidant chloroform solution was prepared
with B-carotene, linoleic acid and Tween 40, and readings were taken in a spectrophotometer
at 470 nm at 0, 15, 30, 45, and 60 min intervals.

2.6. High-Performance Liquid Chromatography coupled to diode array (HPLC-DAD)
analysis.

We conducted HPLC analysis to detect polyphenols in the samples following the
extract preparation method and equipment program as described by our group [17]. Aliquots
of 20 uL of the extracts were injected in a C18 column (Shim-pack ODS) of a SPD 20A HPLC-
DAD system (Shimadzu), and fractions were separated with gradient elution consisting in
water and methanol at a flow rate of 0.5 mL/min. Polyphenols were detected at 254 nm.

2.7. Bacterial strains.

Clinical UPEC isolates were from the collection of the clinical laboratory of Pitagoras
College. The strains were cultured in nutrient broth (Difco) overnight and were tested for
identity confirmation using VITEK 2 system (version R04.02, BioMérieux SA, Marcy-1’Etoile,
France) with identification cards, following the manufacturer's instructions.

2.8. Minimal inhibitory concentration (MIC) assay.

The MIC of the extracts was determined in untreated sterile 96-well polystyrene
microtiter plates using an adapted CLSI protocol published by our group [18]. Bacterial
cultures were prepared in Mueller Hinton broth (Difco, Becton Dickinson, USA) in 1
McFarland scale by adjusting the optical density to 1 at 600 nm wavelength. The wells received
each of the extracts serially diluted, creating a final concentration of the bacterial inoculum
equal to 0.5 McFarland scale and final concentrations of drugs ranging from 1 mg/mL to 7.8
pg/mL (final volume of 200 pL). MIC was established as the lowest concentration in which
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resazurin (0.1g/L) staining was unaltered (no color modification from blue to pink) in all
strains. The extracts were used as a negative control.

2.9. Cytotoxicity of the extracts.

The cytotoxic effect of the extracts was tested in triplicate using immortalized
fibroblast-like BGM cells, as described previously [17]. The cells were treated with 20 puL of
each extract in concentrations ranging from 500 to 7.81 pug/mL. The plates were incubated for
24 h. Cell viability was assessed by resazurin staining (0.1 g/L). The plates were then incubated
for four h, and readings were taken in a fluorimetric microplate reader (Aex570 nm, Aem590 Nm).
Untreated cells were used as the control group.

3. Results and Discussion

3.1. Biochemical analyzes, antimicrobial activity, and cytotoxicity.

Vitamin C was not detected in the pulps, and the total carbohydrate levels were lower
than the ranges determined by the Brazilian laws (Table 1). All the extracts were effective
against the clinical isolates of E. coli. The extracts were not cytotoxic to BGM cells: cell
viability was not statistically different from the untreated control (data not shown).

Table 1. Antimicrobial and biochemical parameters of the fruit pulps.

Parameter T. grandiflorum S. purpurea S. tuberosa
MIC“ 500 pg/mL 500 pg/mL 500 pg/mL
Vitamin C ND ND ND
Reference Value X > 18 mg/100g A X >12.9 mg/100g
Carbohydrates 3.74 g/100g 5 g/100g ND
Reference Value X >6g/100g A X > 2.4 g/100g

A — Reference values for S. purpurea are not available in the current legislation. ND: not detected. MIC: Minimal
inhibitory concentration. o.: Values for all bacterial strains.

3.2. Phytochemical profile of the pulps.

The qualitative tests indicated the presence of flavonoids and tannins in all samples, but

saponins were not detected in any of the pulps. HPLC analysis confirmed the presence of
polyphenols on the samples at 254 nm (Fig.1). The identification of the flavonoids is being
conducted for further studies.

w m

Figure 1. HPLC chromatograms of the extracts. A: T. grandiflorum, B: S. purpurea, C: S. tuberosa.
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3.3. Antioxidant activity.

The extracts presented interesting antioxidant activity (Fig. 2), and all were statistically
significant when compared to the untreated (-carotene solution used as control (p<0.05). T.
grandiflorum presented 48.21% of antioxidant protection, whereas S. tuberosa and S. purpurea
presented 67.64% and 68.17% of antioxidant protection, respectively. Differences between S.
tuberosa and S. purpurea results were not statistically significant, although their protective
effect was superior to T. grandiflorum (p>0.05).
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Figure 2. Antioxidant potential of the pulp extracts. CUP: T. ganrdifolium sample (cupuacu); UMB: S. tuberosa
(umbu); SER: S. purpurea (seriguela).

3.4. Discussion.

S. tuberosa provides its fruits in dry seasons under considerable salt and hydric stress
[19]. The pulp is rich in flavonoids, minerals, ascorbic acid, and carotenoids, and its exotic
flavor reached from juices to ice-creams [19, 20]. T. grandiflorum, as the name suggests, is
genetically close to Theobroma cacao (chocolate), albeit there are phytochemical differences
[21]. A chocolate-like product can be prepared using T. grandiflorum seeds [22]. T.
grandiflorum is mostly explored for juice, ice-cream, and butter, used in both food and
cosmetic industries [21, 22]. S. purpurea is rich in phenolic molecules and is traditionally used
for gastrointestinal disorders and parasitic infections [23]. Fruit pulps, however, remain poorly
explored. To the best of our knowledge, this is the first study on the antimicrobial activity of
S. tuberosa, T. grandiflorum, and S. purpurea fruit pulps hydromethanolic extract. The leaf and
stem bark extracts of these plants are traditionally used for several conditions such as diarrhea
and other intestinal disorders, diabetes, and infectious diseases, and some evidence has
suggested their antimicrobial potential [19-25]. The juices of these fruits are rich in several
phytochemical molecules, and thus, we hypothesized that the pulps could present antimicrobial
potential as well.

The antimicrobial activity of the 80% methanolic extracts of the fruit pulps was
assessed using broth microdilution, and a 500 pg/mL MIC was found for all extracts. Although
some strains were susceptible to the extracts in lower concentrations (data not shown), MIC
values were analyzed considering all the microorganisms. As the clinical isolates are from
different patients with different backgrounds concerning the immune system and the use of
antimicrobial drugs, some variability on MIC values amidst the isolates were expected.
Previous studies of our group with fruit pulp-based extracts reached lower MIC values, such
as for cashew apple and acai pulps [15, 17]. The nutritional quality of the pulps is probably the
https://biointerfaceresearch.com/ 8214
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most plausible explanation for these differences and can be influenced by several factors such
as soil nutrition, time of harvesting, and industrial processing steps. These factors, especially
the last one, might also explain the unexpected absence of vitamin C, an important
immunomodulatory and antioxidant nutrient.

One might ask why we did not perform minimal bactericidal concentration (MBC) or
minimal biofilm eradication concentration (MBEC) tests. Previous findings from our group are
in agreement with the observation of others that MIC and MBC values of crude phytoextracts
are rarely equal or close, suggesting a bacteriostatic profile [26]. A possible explanation is that
bacteria may use harmless phytomolecules as carbon and nitrogen sources to keep growing, in
spite of the presence of antimicrobial secondary metabolites as tannins and flavonoids.

We conducted an MBC experiment, but the highest concentration of the extracts (1000
pg/mL) was ineffective in inhibiting bacterial growth on agar plates (data not shown). MBEC
can be up to 1000 times higher than MIC values [15, 17]. Therefore, an antibiofilm activity of
the crude extracts could not be expected. However, preliminary antimicrobial experiments
conducted at our laboratory with chromatographic fractions, which can concentrate on
structurally similar secondary metabolites, resulted in considerably lower MIC values
[Alcantara et al., unpublished data]. These findings open doors for more studies with the pulps.

The extracts were efficient antioxidants. The presence of phytomolecules such as
flavonoids and tannins helps to explain this result, as confirmed by HPLC (Fig.1).
Carbohydrate levels were unexpectedly low in all pulps (Table 1), and at least two hypotheses
may explain this result. First, the maturation level of the fruit used for manufacturing was
inadequate. Old fruits present lower levels of carbohydrates, as well as total acidity [27].
Second, the pulps could have been prepared with an increased proportion of water, leading to
a final product diluted to some extent. This may have affected vitamin C levels as well.

Most of the studies on antimicrobial properties of natural herbal products explore leaves
and stem barks extracts, generally following ethnopharmacological data [12, 13]. Nevertheless,
leaves and stem barks may have cytotoxic effects in fibroblast-like cells due to the presence of
secondary metabolites. The extracts had no toxic effect on BGM cells in our tests. Such tests
help to predict adverse reactions resulting from the use of the tested items as drugs. Exploring
edible fruit as sources of antimicrobial compounds can be an interesting pathway, as the
presence of toxic secondary metabolites is unlikely [23, 27].

4. Conclusions

The three pulp extracts were effective against clinical isolates of UPEC, and more
studies with chromatographic fractions are being conducted in order to reach even lower MIC
values. This study, nevertheless, is not without limitations. It is possible that artisanal pulps of
fresh fruit could provide lower MIC values, as the manufacturing processes can impact on the
level of bioactive molecules. Moreover, in vivo studies with animal models of urinary infection
are necessary to investigate the antimicrobial potential of the extracts considering the hepatic
metabolism and the immune system. These limitations, however, has no implication on our
measuring of the antimicrobial activity of the extracts on UPEC strains.
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