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Abstract: Berberis goudotii is an endemic Colombian plant found in the paramo ecosystem. It has
been used in food preparation and as a medicinal plant for diverse treatments. Additionally, it is
used as a mouthwash to strengthen the gums and combat throat irritations and periodontitis.
The present research evaluated Berberis goudotii aerial parts extract and fractions antimicrobial
activities. Ultrasonic-assisted extraction was used to attain total ethanol-water extract. Solid-liquid
fractionation was used to obtain hexane fraction. The residue was dispersed in water and liquid-liquid
fractionation was carried-out to acquire dichloromethane, butanol and water fractions. Preliminary
phytochemical analysis was performed on total extract and phenol, polyphenol, flavonoid,
and proanthocyanidin, while tannin content was quantified. Antimicrobial activity assessment
was performed by agar diffusion method using disks and wells employing Ceftazidime as a positive
control against Streptococcus mutans, Streptococcus sobrinus, Lactobacillus acidophilus, Lactobacillus casei,
Porphyromonas gingivalis, Prevotella intermedia and Fusobacterium nucleatum. Antimicrobial activity
was determined as relative percentage inhibition (RPI), minimum inhibitory concentration (MIC)
and minimum bactericidal concentration (MBC). Phenols (92.5 ± 7.7 mg GA/10 g), polyphenols
(87.7 ± 8.1 mg PG/10 g) and tannins (44.1 ± 4.3 mg PG/10 g) were among the highest secondary
metabolites observed. Total extract presented an MBC of 1.0 µg/µL against cariogenic bacteria
(Streptococcus mutans and Streptococcus sobrinus) and 0.12 µg/µL against bacteria associated with
periodontal disease (Porphyromonas gingivalis, Prevotella intermedia and Fusobacterium nucleatum).
Butanol and hexane fractions showed antiperiodontal activity with MBC of 0.12 and 1.0 µg/µL,
respectively. In conclusion, Berberis goudotii total extract demonstrated antimicrobial activity against
cariogenic and periodontal microorganisms, on the other hand, hexane and butanol fractions
displayed antiperiodontal activity.
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1. Introduction

Oral diseases are registered as some of the most prevalent and high cost public health concerns,
taking into account not only their economic burden, but their impact on the individual’s quality of
life [1–3]. Worldwide tooth loss is attributed to caries and periodontal disease, which causes chewing
dysfunction, malnutrition, low self-esteem and speech difficulties, preventing the individual from
social interaction [4]. Dental caries is a disease that initially produces enamel tissue demineralization,
followed by tooth decay when acidogenic bacteria, mainly Streptococcus mutans and Lactobacillus
acidophilus present in the biofilm remain active in the oral cavity [5–9]. Demineralization ensues
when an equilibrium between mineral loss, caused by these microorganisms, and mineral recovery
aided by saliva is lost [10]. Periodontal disease is a chronic inflammatory disease affecting the tissue
surrounding teeth, resulting in tooth loss [11]. These diseases have been classified as gingivitis,
characterized only by gingival mucosa inflammation and periodontitis, where supporting tissue is
destroyed, such as gum alveolar bone and periodontal ligament [12]. Its etiology has been associated
with biofilm microorganisms, such as Porphyromonas gingivalis, Prevotella intermedia, Fusobacterium
nucleatum and Aggregatibacter actinomycetemcomitans [9,13].

At present caries management is based on bacteria biofilm removal by tooth brushing with tooth
paste, use of fluorinated substances [14,15] and sealant application, among other options that promote
remineralization and preservation of dental tissue [16,17]. In regard to periodontal disease treatment,
in addition to traditional protocols, recent studies report on biofilm, endotoxin and contaminated
cement removal by scaling and root planning (SRP) [18,19]. Various strategies have been proposed to
remove pathogens, especially in deep periodontal pockets of difficult access. One of them is a drying
agent that allows for easier biofilm removal. It is a safe technique, which diminishes bacterial load,
thus reducing inflammation in periodontitis treatment [20–22]. Likewise, other studies propose herbal
chlorhexidine in post-surgery protocols, as biofilm inhibitors, providing comfort to the patient after
surgery [23]. Other studies demonstrate good outcomes in periodontitis treatment using a combination
of diode laser therapy with scaling and SRP [24].

However, another alternative for caries and periodontal disease treatment is based on bacterial
activity inhibition by means of medicinal plants. They provide low cost solutions for the community,
are less invasive and don’t have toxicity associated problems, as is the case of fluoride [25,26].
Various studies with plant extracts and secondary metabolites report high antimicrobial activity. As a
case in point, macelignan obtained from Myristica fragrans acts against Streptococcus mutans [27–29].
Moreover, antibacterial activity was evidenced with bakuchiol (obtained from Psoralea coryfolia) against
Streptococcus mutans, Streptocccus sanguis, Streptococcus salivarus, Streptococcus sobrinus, and Lactobacillus
acidophilus [30]. Hwang et al. described very low isopanduratine A inhibitory concentrations, obtained
from Kaempferia pandurata acting in very short time, against Streptococcus mutans, Streptococcus sobrinus,
Streptocccus sanguis and Streptococcus salivarius [31]. Akhalwaya et al. reported on Spirostachys africana
an effect on Streptococcus mutans reduced adhesion, suggesting potential use of this plant in dental
caries treatment, periodontal disease and possibly cold sores [32]. Recently, Gamboa et al. reported
antimicrobial activities against periodontal disease from Piper marginatum Jacq. and Ilex guayusa Loes
extracts and fractions [33].

Colombia has a privileged geographical location, allowing for great biological resource diversity.
Thus, some authors have called it the “the cradle of modern ethnobotany” [34]. In 2011 authors
such as Bernal et al., reported a total of 2404 medicinal plants, 214 considered exclusive to Colombia,
which have been addressed in some ethnobotanical reports and a few studies related to pharmacognosy,
phytochemistry and toxicology [35]. As far as we know, Berberis rigidifolia and Berberis goudotii are
endemic Colombian plants, commonly known as “Uña de gato”, “Espino” or “Tachuelo”. They have
been used by indigenous, peasant and local communities for treatment or prevention of human or
animal pathologies, such as ulcers, spleen swelling, diarrhea, amoebiasis, gastroenteritis, uterine
hemorrhages, leishmaniasis, malaria, and rheumatic syndrome. They have also been used for
antibacterial and antiprotozoal applications, including to address mouth and/or throat irritations,
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caries and periodontitis. These plants have also been used as febrifuge, hypotensive, diaphoretic,
laxative, tonic, and as hemostatic purgative agents [35–38].

To the best of our knowledge, phytochemical analyses and pharmacognosy of the Berberis
goudotti species (endemic to Colombia) have not been carried-out. Therefore, this work represents
a first approximation to evaluate if the plant shows antimicrobial activity against cariogenic and
periodontopathogenic bacteria, in order to support popular medicinal use for oral cavity disease
prevention and treatment, such as caries and periodontitis [35,38].

2. Materials and Methods

2.1. Acquisition of Plantspecimens

Plant samples corresponding to the aerial parts (leaves, stems, flowers and fruits—Figure 1)
were collected in good condition without mechanical (trauma, defoliation), biological (leaf damage
by herbivores) or microbiological damage (signs or symptoms of phytopathogens). Samples came
from the village of Verjón in the municipality of Bogotá (department of Cundinamarca, Colombia).
This species was taxonomically identified with voucher No. COL600163 (identified by N. Salinas/2017)
at the Colombian National Herbarium.
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Figure 1. Fruits (a), leaves and stems (b) and flowers (c) from Berberis goudotii Triana & Plach. [39].

2.2. Extraction and Fractionation

Collected material was dried at 40 ◦C in an oven with forced air circulation. Dried plant material
was ground to a moderately fine particle size. Then, by triplicate, 100 grams of ground material was
exposed to ultrasound-assisted extraction (Fischer Ultrasonic, Model 60, 50 kHz) for 60 min (20 min ×
1 L × 3 times) using a total of 3.0 liters of ethanol:water (7:3). The extractive solution was concentrated
using rotatory-evaporation at 40 ◦C and water concentrated extract was lyophilized. 15 g of dried
crude extract were fractionated with solvents. The hexane fraction (C6H14, 100 mL × 3 times) was
obtained by solid-liquid fractionation of the extract. The insoluble residue was suspended in 100 mL
of distilled water and fractionated by liquid-liquid fractionation technique, first with dichloromethane
(CH2Cl2, 100 mL × 3 times) then with butanol (BuOH, 100 mL × 3 times). The organic fractions were
concentrated using rotatory-evaporation at 40 ◦C, then evaporated to dryness in a vacuum oven at
40 ◦C, and finally lyophilized to remove the saturation water residue. The residual water fraction was
lyophilized. The extract and all fractions were stored at −50 ◦C in amber bottles [40–43].

2.3. Preliminary Phytochemical Analysis

To qualitatively determine secondary metabolites, such as alkaloids, carbohydrates, coumarins,
cardiotonic glycosides, steroids and triterpenes, flavonoids, phenols, naphtho- and anthraquinones,
saponins, sesquiterpene lactones, tannins, and terpenes in aerial parts (leaves, stems, fruits and
flowers) and total extract were subjected to preliminary phytochemical analysis [41,44–48]. Likewise,
quantification of several secondary metabolites, such as total phenols (Folin-Ciocalteu method),
flavonoids (Aluminum chloride method), proanthocyanidins (Butanol-HCl assay), polyphenols and
tannins (Brazilian Pharmacopoeia method) was carried out [41,45,49,50].
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2.3.1. Qualitative Determination

Alkaloids: Dragendorff’s test was performed using bismuth iodide and potassium.
Coumarins: Fluoresence test was employed using filter paper and 0.1 N NaOH solution.
Cardiotonic glycosides: Kedde test was employed using a mix of 3,5-dinitrobenzoic acid and 10%

NaOH solution at a 2:1 ratio.
Steroids and triterpenes: Liebermann-Burchard test was employed using acetic anhydride and

concentrated sulfuric acid.
Flavonoids: Shinoda’s test was employed using magnesium and concentrated hydrochloric acid.
Phenols: 1% Ferric chloride test.
Naphtho- and anthraquinones: Bornträger-Kraus′s test using 20 volume H2O2, 50% sulfuric acid

and 5% toluene and 5% NaOH.
Saponins: Froth test was performed using strongly agitated water. If the test was positive,

then hemolysis of a red blood cell suspension was performed.
Sesquiterpene lactones: Ferric hydroxamate test using 2 N hydroxamate hydrochloride, 2 N KOH

and 0.5 N HCl, and 1% ferric chloride.
Tannis: Gelatine-salt test using gelatine-salt reagent, 10 M urea and 1% ferric chloride.

2.3.2. Quantitative Determination

Phenols: Approximately 1.0 g of ground plant material was weighed and 10 mL Me2CO:H2O
(7:3) was added. Mix was agitated for 30 min, followed by centrifugation during 3 min at 3000 rpm.
The extraction process was performed three times. At the end of the processes, supernatants were
collected in a 50 mL volumetric flask and volume was completed with deionized water. Final sample
solution was refrigerated at 4 ◦C, until metabolites were quantified. For the sample corresponding to
total extract, a 1000 ppm methanol solution was prepared and stored under refrigeration at 4 ◦C [51].

12 µL sample (plant material or extract) as well as 200 µL distilled water were added in a
microplate. In a dark room 40 µL Folin-Ciocalteu reagent (Sigma, St Louis, MO, USA) was added.
The mix was agitated and incubated for 3 min at room temperature (RT). Subsequently, 12 µL 5%
sodium carbonate were added and incubated at 40 ◦C for 30 min. Absorbance was read at 740 nm after
60-min incubation. Gallic acid solutions between 0.50 and 500 µg/mL were used for a standard curve.
Results were expressed as mg gallic acid per 10 g of sample [33,52].

Flavonoids: Approximately 1.0 g of ground plant material was weighed and 10 mL MeOH was
added, solution was heated under water reflux for 30 min. Solution was cooled and centrifuged
for 3 min at 3000 rpm. The extraction process was carried out three times. At the end of all
processes, supernatants were collected in a 100 mL volumetric flask and volume was completed
with methanol [53]. The final sample solution was stored under refrigeration at 4 ◦C. For a total extract
sample, a 1000 ppm methanol solution was prepared and stored under refrigeration at 4 ◦C.

125 µL sample (plant material or extract) were added in a microplate. In a dark room 125 µL
2% aluminum chloride was added. Mix was agitated and incubated for 15 min at 40 ◦C. Absorbance
was read at 420 nm after 60-min incubation. Quercetin solutions between 1.0 and 50 µg/mL were
employed as a standard curve. Results were expressed as mg quercetin per 10 g of sample [33,50].

Proanthocyanidins: Approximately 2.0 g of ground plant material was weighed and extracted by
sonication with 15 mL Me2CO:H2O (7:3) for 15 min. The extraction process was carried-out three times.
The final solution was filtered and volume was completed in a 100 mL volumetric flask. An extract
solution aliquot of 10 mL was concentrated and 90 mL n-BuOH and 37% HCl at 95:5 ratio was added,
and the solution was heated under water reflux for 2 h at 130 ◦C. At the end of the process the solution
was transferred to a 100 mL volumetric flask and volume was completed with n-BuOH and 37% HCl
at 95:5 ratio. Final solution absorbance was read at 540 nm and proanthocyanidins were quantified
utilizing the equation 1:

%Proanthocyanidins = (Abs/M) × 4.115 (1)
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where, Abs is sample absorbance and M is the sample mass in grams [50,54].
For the sample corresponding to the extract, approximately 100 mg were weighed and 10 mL

Me2CO:H2O (7:3) were added. The sample was sonicated for 15 min at 30 ◦C. Subsequently it was
filtered and a final volume of 50 mL was completed with Me2CO:H2O (7:3). A 20 mL aliquot was
concentrated using a rotary evaporator at 40 ◦C. Residue was dissolved in n-BuOH and 37% HCl at a
95:5 ratio, and the solution was heated under oil reflux for 2 h. The solution was cooled and transferred
into a volumetric flask. A final volume of 50 mL was completed with n-BuOH and 37% HCl at a 95:5
ratio. Absorbance was read at 540 nm using as blanc n-BuOH and 37% HCl at a 95:5 ratio of solution.
Proanthocyanidins content was expressed as cyanogen chloride using equation 2:

%Proanthocyanidins = (Abs/M) × 1.02875 (2)

where, %Proanthocyanidins corresponds to proanthocyanidins percentage, Abs is sample absorbance
and M is the sample mass in grams [50,53].

Polyphenols and tannins: Approximately 250 mg plant material was weighed and 15 mL deionized
water was added. The solution was boiled, followed by water bath incubation at 60 ◦C for 30 min.
The solution was allowed to cool down and then filtered and transferred to 25 mL volumetric flask,
volume was completed with deionized water (solution S1) [53].

For total extract sample approximately 100 mg were weighed, and 5 mL deionized water was
added. Mix was boiled, followed by water bath incubation for 30 min. The solution was allowed to
cool down and then filtered and transferred to 10 mL volumetric flask, the volume was completed
with deionized water (solution S2) [53].

For total polyphenol quantification 2.5 mL (solution S1 or S2) were taken and 5 mL deionized
water was added in a volumetric flask. A 500 µL aliquot was taken and mixed with 200 µL Folin-Denis
reactive. The volume was completed to 10 mL with 15% sodium carbonate (m/v) in a volumetric flask.
Two min after adding sodium carbonate, absorbance (A1) was read at 715 nm.

For tannin quantification 2 mL solution S1 or S2 were taken and 25 mg skin powder were added,
the resulting solution was agitated at 200 rpm for 60 min. Following, a dilution was performed with
1 mL of solution, taking it to a final volume of 2.5 mL. A 500 µL aliquot was taken and mixed with
200 µL Folin-Denis reactive. The volume was completed to 5 mL with 15% sodium carbonate (m/v) in
volumetric flask. Two min after adding sodium carbonate, absorbance (A2) was read at 715 nm.

As a standard 5 mg pyrogallol (Sigma, St Louis, MO, USA) was dissolved in 10 mL deionized
water. 500 µL aliquot was taken and completed to a final volume of 10 mL. A 500 µL aliquot was
transferred to a 5 mL volumetric flask and 200 µL Folin-Denis reactive was added and volume was
completed with 15% sodium carbonate (m/v) solution. Two min after adding sodium carbonate,
absorbance (A3) was read at 715 nm.

Polyphenol percentage (PP) and tannin percentage (T) were expressed as percentages using the
following equations: For %PP for S1 solution equation 3. For %T for S1 solution equation 4. For %PP
for S2 solution equation 5. For %T for S2 solution equation 6.

%PP = (6.56 × A1)/(A3 ×M) (3)

%T = 6.56 × (A1 − A2)/(A3 ×M) (4)

%PP = (2.624 × A1)/(A3 ×M) (5)

%T = 2.624 × (A1 − A2)/(A3 ×M) (6)

where, M is sample quantity in grams, A1 is sample absorbance without treatment, A2 is sample
absorbance with treatment and A3 is pyrogallol absorbance as a standard [49,53].
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2.4. Anticariogenic and Antiperiodontal Activity

Anticariogenic and antiperiodontal activity was determined for total extract and its fractions using
the agar diffusion technique per disc and per well [55–59]. Each assay was performed in biological and
technical triplicates, (n = 3). A susceptibility screening for antimicrobials (antibiogram) was performed
to select the positive control among 18 commercial antibiotics: amoxicillin/clavulanic acid (20/10 µg),
optoquinone (5 µg), penicillin (10 µg), clindamycin (2 µg), ceftazidime (30 µg), ampicillin/sulbactam
(10/10 µg), cefalotin (30 µg), novobiocin (30 µg), oxacillin (1 µg), bacitracin (0.04 µg), erythromycin
(15 µg), chloramphenicol (30 µg), vancomycin (30 µg), streptomycin (10 µg), gentamicin (10 µg),
amikacin (30 µg), ampicillin (10 µg) and amoxicillin (10 µg). As negative controls, C6H14, CH2Cl2,
BuOH and DMSO were used [59].

2.5. Microorganisms

Evaluation of anticariogenic and antiperiodontal activity was performed using certified strains.
Cariogenic bacteria; Lactobacillus acidophilus (ATCC 4365), Lactobacillus casei (ATCC 4646), Streptococcus
mutans (ATCC 25175), Streptococcus sobrinus (ATCC 33478) and periodontal bacteria; Fusobacterium
nucleatum (ATCC 25586), Porphyromonas gingivalis (ATCC 33277), Prevotella intermedia (ATCC 25611)
were purchased from the American Type Culture Collection (ATCC) by the Center for Dental Research
at the Pontificia Universidad Javeriana. Glycerol (25%) was used for strain conservation and storage at
−70 ◦C. These conditions were necessary to maintain the genetic characteristics and bacterial resistance
throughout the study.

2.6. Inoculum Preparation for Cariogenic Bacteria

All strains were reactivated under anaerobic conditions (H2: CO2: N2, 10:10:80) using BHI broth
for 12 h at 37 ◦C. Bacteria grown in the BHI broth were plated on blood agar and incubated for 48 h at
37 ◦C in an anaerobic atmosphere (H2: CO2: N2, 10:10:80). Pure, viable colonies were reconfirmed using
Gram stain and biochemical tests. From a pure culture of each strain to be evaluated, a suspension was
prepared in BHI broth adjusted by turbidometry to a 0.5 McFarland standard (1.5 × 108 cells/mL) [60].

2.7. Inoculum Preparation for Periodontal Bacteria

Thioglycate broth (BBLTM Fluid, Becton Dickinson and Company) supplemented with hemine
and menadione was added to lyophilized strains and incubated at 37 ◦C for 8 days under anaerobic
conditions (H2: CO2: N2, 10:10:80). Then, isolation was carried-out using blood agar and
Wilkins-Chalgren (Oxoid) anaerobic agar supplemented with 1% (v/v) hemin and menadione at
37 ◦C for 8 days under anaerobic conditions (H2: CO2: N2, 10:10:80). Then, isolation was performed
using blood agar and Wilkins-Chalgren (Oxoid) anaerobic agar supplemented with 1% (v/v) hemin
and menadione and incubated at 37 ◦C for 8 days under anaerobic conditions (H2: CO2: N2, 10:10:80).
Finally, obligate anaerobic colonies were selected, and their purity was confirmed by Gram stain. Pure
isolates of obligate anaerobes were identified with the RapIDTM ANA II system (Remel). Inoculum
was obtained by taking 5 morphologically identical colonies from each bacterium and then they were
suspended in 5 mL of BHI broth enriched with Hemin (5 µg/mL) and Menadione (1 µg/mL) and
incubated for 5 days at 37 ◦C in anaerobiosis (H2: CO2: N2, 10:10:80). Suspension was then adjusted to
the McFarland 0.5 scale (1.5 × 108 cells/mL) [58].

2.8. Agar Diffusion Methods—Disk and Well

For cariogenic bacteria, 250 µL microorganism suspension was mixed with 25 mL of
Mueller-Hinton agar and poured into a Petri dish. For periodontal bacteria, 250 µL microorganism
suspension was mixed with 25 mL of Wilkins-Chalgren anaerobic agar supplemented with 1% (v/v)
hemin and menadione. For the disk diffusion method, blank Oxoid discs were taken and placed on
Mueller-Hinton and Wilkins-Chalgren media [57]. For agar diffusion method per well (Mueller-Hinton
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and Wilkins-Chalgren agars), wells were perforated (6.0 mm diameter), in each well 25 µL of extract or
fraction were dosed at concentrations ranging from 1.0 to 50 µg/µL. 25 µL of DSMO, C4H6, CH2Cl2,
BuOH and H2O were used as negative controls and 25 µL of ceftazidime (30 µg), as a positive control.
All Petri dishes were incubated under anaerobic conditions for 48 h at 37 ◦C for cariogenic bacteria
and 8 days at 37 ◦C for periodontal bacteria [59]. Inhibition halos were measured (mm) and the
antimicrobial activity was determined as a relative percentage of the inhibition (RPI) using as a positive
control the selected antibiotic chosen from the antibiogram using the formula:

RPI = [(Di − Dn)/(Dp − Dn)] × 100 (7)

where, Di is the diameter of the inhibition zone of the extract or fraction, Dn is the inhibition zone
diameter of the negative control and Dp is diameter of the positive control inhibition zone [61].

2.9. Minimum Inhibitory Concentration—Minimum Bactericidal Concentration

Minimum inhibitory concentration (MIC) is defined as the lowest concentration of the
antimicrobial agent that inhibits visible growth of a microorganism under defined conditions. For this
purpose, broth microdilution and agar diffusion techniques were used [59,62,63]. Total extract and
fractions ranged between 0.06 and 32 µg/µL. A microplate reader was used for the microdilution
technique (OD600) using 96-well plates and each well. 5 µL of the inoculum were added along
with 220 µL BHI broth (for cariogenic microorganisms) or Wilkins-Chalgren broth (for periodontal
bacteria), then 25 µL of each extract or fraction were added and incubated for 48 h (for cariogenic
microorganisms) and 8 days (for periodontal bacteria) under anaerobic conditions at 37 ◦C. For the
agar diffusion technique, 25 µL of the extract or fraction were taken and placed in 6 mm wells with
BHI (for cariogenic bacteria) or Wilkins-Chalgren (for periodontal microorganisms) agars, previously
inoculated with each microorganism. Once MIC was determined, reseeding was performed with two
different concentrations, one above and one below MIC to evaluate extract and fraction bacteriostatic
or bactericidal effect. Extract and fraction minimum bactericidal concentration (MBC) was determined
based on the one, which did not allow visible growth of colonies in the Petri dish. If colony growth
was observed, then the extract or fraction at the evaluated concentration was described to produce a
bacteriostatic effect, in contrast to a bactericidal effect [64–66].

2.10. Statistical Analysis

All experiments were performed in triplicates (n = 3). Results are expressed as means ± standard
deviations [67]. Subsequently, a completely randomized design was developed, for which parametric
statistic compliance assumptions was determined by performing normality tests (Shapiro-Wilks) and
homogeneity of variance (Levenne). An analysis of variance (ANOVA) was carried out with Tukey′s
HSD post hoc comparison test of means to determine significant differences. For the data that did not
fulfill the assumptions, transformations were performed (square root, natural logarithm, logarithm in
base ten and reciprocal). Tests were performed using InfoStat/P software [67–70].

3. Results and Discussion

3.1. Extraction and Fractionation

In this study ultrasound-assisted extraction (UAE) was used to obtain Berberis goudotii total
EtOH:H2O (7:3) extract [71,72]. This type of extraction (UAE) was used because it is a clean, efficient,
economical, simple and environmentally friendly method, compared with the traditional techniques
used to obtain raw extracts [73–75]. Likewise, UAE increases the content of potentially active
compounds in raw extracts [76–80].

Total extract yield (based on dried herbal material mass) was 18.6 ± 1.6%. Since our study
initiated with the Berberis goudotii phytochemical analysis, there is no information for result comparison.
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However, when comparing with other species of the Berberis genus such as Berberis koreana, extraction
processes yields have been reported to be 8.4% with conventional extraction, 11.04% using high
pressure extraction (HPE) and 12.3% for high pressure extraction with sonication (HPEWS) [81,82].
Using maceration and methanol techniques for Berberis aetnensis and Berberis libanotica extraction yields
were 8.9 and 7.6%, respectively, as specified by Bonesi [83]. Likewise, for Berberis jaeschkeana a 4.5%
extraction yield was described when using maceration with methanol [84]. For Berberis darwinii yields
were 9.5 and 1.5% by maceration and infusion using methanol and water respectively [85]. For Berberis
tabienses a yield of 9.5% was obtained, using the percolation method and ethanol [86]. Yields greater
than 50% were found for Berberis vulgaris (52.4%) and Berberis croatica (52.1%) using 96% ethanol and
UAE [72].

The calculated process yield was taken as a reference crude extract mass used for the fractionation.
The highest extraction yield for the fractions was CH2Cl2 fraction (16.4± 3.1%), followed by C6H14 (9.7
± 2.7%), BuOH (7.2 ± 1.4%) and H2O (4.2 ± 1.2%) fractions, respectively. No significant differences
were observed (p > 0.01) between C6H14 and CH2Cl2 fractions. Also, between BuOH and H2O fractions,
no significant differences were recognized. Significant differences were only detected (p < 0.01) between
CH2Cl2 fraction and BuOH and H2O fractions (see Figure 2), suggesting that medium polar metabolites
were more abundant in the Berberis goudotii extract (see Figure 2).
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3.2. Preliminary Phytochemical Analysis

Total extract qualitative phytochemical analysis revealed the presence of alkaloids, flavonoids,
phenols, tannins, steroids and terpenes, as well as absence of coumarins, cardiotonic glycosides,
naptho- and anthraquinones and sesquiterpenlactones (Table 1).

For Berberis genus protoberberins, isoquinoline, and bisbenzylisoquinoline alkaloids were present
in greater quantities in root and bark [87–91]. In contrast, terpenes, anthocyanins, tannins and
phenolic compounds have been found in leaves and fruits of Berberis vulgaris [92,93]. Coumarins
and phytosterols have been identified from Berberis lycum roots [94]. Total phenols and flavonoids
were found in Berberis aetnensis, Berberis croatica and Berberis libanotica roots, and Berberis microphylla
fruits [72,83,95]. The presence of total phenols, flavonoids and tannins were reported for Berberis
jaeschkeana and Berberis microphylla fruits, and Berberis asiatica leaves [71,95,96]. Alkaloids and saponins
were reported for Berberis microphylla fruits [95].

Considering the presence of phenolic compounds and their antibacterial activity, in this work
several phenolic metabolite classes were quantified in the dried aerial parts (leaves, stems, flowers
and fruits) and in the dried hydroethanolic extract. In all cases the quantities reported for 10 grams
of sample were as follows: milligrams of gallic acid (GA) for phenols, milligrams of pyrogallol
(PG) for polyphenols and tannins, milligrams of quercetin (QE) for flavonoids, and milligrams of
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cyanidin (CI) for proanthocyanidins (Table 1). In all cases the extract contained at least double the
quantity of phenolic metabolites compared to the herbal material, where the largest metabolites
concentration was observed for total tannins with a 2.9 ratio. The extraction process performance
was efficient, due to the solvent being used having a higher content of secondary metabolites in the
extract than in the herbal material used to prepare the extract [53]. As expected, global phenolic classes
(phenols and polyphenols) presented larger quantities than specific classes like flavonoids, tannins
and proanthocyanidins. A larger P/E ratio for total tannins (2.9) than for proanthocyanidins (2.2)
when using different methodologies suggested the presence of hydrolysable and condensed tannins in
Berberis goudotii.

Table 1. Berberis goudotii preliminary phytochemical analysis and phenolic metabolite quantification.

Metabolite Class (Test) Positive, If Result Comments

Alkaloids (Dragendorff′s test) Precipitated orange + Little precipitation
Coumarins (Fluorescence test) Blue or green fluorescence − −

Cardiotonic glycosides (Kedde′s test) Blue or violet color − −
Steroids and triterpenes

(Liebermann-Burchard test)
Blue or green color Purple

color + Purple, possibly
triterpenes

Flavonoids (Shinoda′s test) Red, orange, or violet color + Red, possibly flavones

Phenols (Ferric chloride test) Green, blue, or black color + Blue, possibly derived
from pyrogallol

Naphtho- and anthraquinones
(Bornträger-Kraus′s test) Intense red color − −

Saponins (Foam and hemolysis test) Formation of stable foam.
Hemolysis − −

Sesquiterpene lactones (Ferric
hydroximate test) Violet or coffee color − −

Tannis (Gelatine-salt test) White precipitate + Precipited

Phenolic Metabolite Quantification

Metabolite Class Aerial Parts (P) Extract (E) P/E Relation

Phenols (mg GA/10 g) 41.1 ± 3.3 a,y 92.5 ± 7.7 b,z 2.3
Polyphenols (mg PG/10 g) 38.4 ± 2.9 a,y 87.7 ± 8.1 b,z 2.3
Flavonoids (mg QE/10 g) 10.1 ± 1.2 a,u 24.8 ± 1.5 b,x 2.5

Proanthocyanidins (mg CI/10 g) 4.3 ± 0.5 a,t 9.5 ± 1.2 b,u 2.2
Tannins (mg PG/10 g) 15.1 ± 1.7 a,v 44.1 ± 4.3 b,y 2.9

(+) Presence. (−) Absence. GA = Gallic acid. PG = Pyrogallol. QE = Quercetin. CI = Cyanidine. ANOVA with Tukey
HSD test post hoc was used to identify differences between columns (a, b) and between rows (t, u, v, x, y, z). Means
with different letters are significantly different (p < 0.01).

Phenolic metabolites quantities found in aerial parts of Berberis goudotii were less than the reported
for other Berberis species. Zovko Koncic and collaborators [72] described total phenol content in leaves,
small branches and roots of Berberis vulgaris quantified as 52.5, 12.5 and 10.3 mg of GA/g, respectively,
and total flavonoids as 4.2, 0.5 and 0.2 mg of quercetin/g, respectively. In the roots of Berberis aetnensis
and Berberis libanotica flavonoids (16.2 and 31.5 mg chlorogenic acid/g) and phenols (37.4 and 69.1 mg
quercetin/g) were quantified [83]. Likewise, the content in Berberis jaeschkeana fruit tannins (32.4 mg
tannic acid/g), flavonoids (188.4 mg quercetin/g) and total phenols (108.9 mg GA/g) have been
determined [71]. Arena et al. found in Berberis microphylla fruit monomeric anthocyanins (9.7 mg/g),
7.6 mg catechin/g for flavonoids and 31.2 mg tannic acid/g for polyphenols [95]; for the same species,
39 mg/g of alkaloids were identified in root, 5 mg/g flavonoids, 95 mg/g tannins and 35 mg/g
saponins [97]. In another work, Bewal and colleagues reported for Berberis asiatica leaves 132.6 mg of
GA/g, 31.4 mg of quercetin/g and 145.2 mg of tannic acid/g for total phenols, total flavonoids and
total tannins, respectively [96].

Several authors have established that compounds, such as phenols, polyphenols, flavonoids,
proanthocyanidins and tannins, have antimicrobial activity [46,98,99]. These properties arise from
polyphenol and tannin capacity to inhibit enzymes and alter membrane characteristics. Enzyme
inhibition by phenols results from compound oxidation, possibly through sulfhydryl group reaction
with or through nonspecific protein interactions. Flavonoids can cause cell membrane disruption,
and form complexes with soluble and extracellular proteins as well as with membrane walls [46,99].
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3.3. Anticariogenic and Antiperiodontal Activities

Due to antimicrobial screening results, ceftazidime (30 µg) was selected as a positive control.
Ceftazidime is a beta-lactam antibiotic of the cephalosporins group and is considered a third-generation
antibiotic of broad spectrum against Gram-positive and Gram-negative bacteria. Its mechanism of
action is by cell wall and bacterial septum inhibition, probably by acylation of transpeptidases linked
to the membrane, inhibiting cell division and growth [100,101]. This antibiotic is recommended by the
Clinical and Laboratory Standards Institute (CLSI), the British Society for Antimicrobial Chemotherapy
(BSAC) and Swedish Reference Group for Antibiotics (SRGA) [102]. The negative controls (C6H14,
CH2Cl2, BuOH, DMSO and H2O) did not show activity against the microorganisms evaluated.

In this work the antimicrobial activity of Berberis goudotii extracts and fractions on cariogenic
microorganisms (Streptococcus mutans, Streptococcus sobrinus, Lactobacillus acidophilus, Lactobacillus casei)
and periodontal disease (Porphyromonas gingivalis, Prevotella intermedia and Fusobacterium nucleatum)
was evaluated. To this end, agar diffusion methods by well and disk were employed [103]. Cariogenic
and periodontal disease bacteria employed in this study were obtained from reference strains.

Berberis goudotii antimicrobial activity for total extract and fractions was only observed when well
agar diffusion method was used. Dichloromethane and aqueous fractions did not show activity (see
Table 2).

Table 2. Antimicrobial activity from total extract and bioactive fractions from Berberis goudotii (µg/µL) *.

Microorganism Total Extract (µg/µL) Hexane Fraction (µg/µL) Butanol Fraction (µg/µL)

50 25 1 50 25 1 50 25 1

L. acidophilus - - - - - - - - -
L. casei - - - - - - - - -

S. mutans 51.2 ± 6.3
a,b

36.2 ± 5.7
b,c,d,e,f - - - - - - -

S. sobrinus 38.8 ± 5.7
a,b,c,d,e

23.5 ± 3.2
e,f,g - - - - - - -

F. nucleatum 40.6 ± 6.4
a,b,c,d

28.3 ± 4.5
d,e,f,g

19.7 ±
3.8 g

28.8 ±
3.0 t,u,v

20.8 ±
1.5 v,x,y

12.9 ± 2.5
y,z

33.8 ± 2.0
t

30.0 ± 3.8
t,u

21.5 ± 3.6
u,v,x,y

P. gingivalis 46.5 ± 4.5
a,b,c

25.1 ± 3.1
d,e,f,g

17.9 ±
1.9 g

22.3 ±
1.2 u,v,x

16.1 ±
2.4 x,y,z

7.9 ± 1.6
z

28.1 ± 2.2
t,u,v

22.9 ± 2.4
u,v,x

16.0 ± 2.6
x,y,z

P. intermedia 53.3 ± 6.2
a

32.3 ± 2.4
c,d,e,f,g

22.1 ±
4.1 f,g

35.2 ±
3.5 s,t

24.6 ±
1.5 u,v,x

17.2 ± 0.9
x,y

43.3 ± 2.9
s

28.1 ± 1.6
t,u,v

19.1 ± 2.7
x,y

* Agar diffusion method by well. Activity measured as relative percentage of inhibition. Positive control Ceftazidime
(30 µg). Dichloromethane and aqueous fractions did not present activity. n = 3 ANOVA with Tukey HSD test post
hoc was used to identify differences between columns for total extract (a, b, c, d, e, f, g) and among columns for
bioactive fractions (s, t, u, v, x, y, z). Means with different letter were significantly different (p < 0.01).

The Ibero-American Program of Science and Technology for Development (CYTED) recommends
use of the disk diffusion method [104], due to its reproducibility. Nonetheless, to observe
anaerobic microorganism susceptibility, authors such as Olsson and colleagues consider this method
inappropriate. They estimate slow growing bacteria and antimicrobial substance concentrations are
unsuitable, because the antimicrobial agent around the disk will not be present when bacteria initiate
their growth phase [102]. Additionally, natural product extracts and fractions are complex in their
composition, since they are a mixture of many compounds with structural diversities. Therefore,
there are differences in intermolecular forces; some of these forces are responsible for retaining
compounds within the disk. Paper disc composition is exclusively made of cellulose, a homopolymer
of β-glucose molecules. Each β-glucose has free hydroxyl groups making the surface of the disk
hydrophilic, and each hydroxyl provides hydrogen-bond type interactions. This type of intermolecular
forces retains or absorbs polar compounds on the surface of the disk, preventing diffusion of
compounds in the agar [105,106]. This could explain why agar diffusion method using disks presented
no activity in this study.

Results suggest the agar diffusion method was more sensitive for natural products compared
with the disc diffusion method. The response by agar diffusion method was associated with total
extract solubility and DMSO fractions, since DMSO displayed diffusion on solid agar carrying
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along compounds responsible for antimicrobial activity. Diffusion is a physical irreversible process,
where matter particles are introduced in a media, initially lacking them, augmenting entropy within
the formed system by the diffused particles (DMSO and extract or fractions) and the media where
they are diffused (solid agar). Diffusion is the movement of particles in an area, from an area of higher
concentration to an area of lower concentration until equilibrium is reached [107].

Diffusion depends on numerous factors including molecule number, size and shape. Particle
number is an important factor: molecules diffuse more rapidly at a greater concentration gradient.
Particle volume also influences diffusion velocity: small particles diffuse more rapidly and large
ones diffuse more slowly. With an increasing molecule radius (r), diffusion is expected to decrease
proportionately to the r2, due to an increase in solute-solvent interaction. Additionally, with increasing
temperatures, diffusion is enhanced, due to increased molecule mean kinetic energy. Time is another
parameter having an effect on diffusion velocity: mean diffusion distance varies according to the square
root of time [108]. Therefore, overnight incubation of agar containing Petri dishes with solubilized
extract can increase natural product diffusion. The inoculated system (Petri dish) remains inactive at
2–4 ◦C during 12–16 h before 37 ◦C incubation. This process helps in obtaining better detection limits
(sensibility) [109].

Therefore, data from our work demonstrated that when working with natural products, it is
necessary to carry out more than one method to corroborate if extracts and plant fractions have
antimicrobial activity [105,106,108,110–112].

Berberis goudotii total extract and active fractions (hexane and butanol) antimicrobial activity,
measured as relative inhibition percentage (RPI) data are presented in Table 2. Moreover, results
obtained from minimum inhibitory concentration (MIC) are described in Table 3. Last, total extract and
bioactive fractions bactericidal or bacteriostatic effects are exemplified in Table 3. Some authors report
this effect as minimum bactericidal concentration (MBC) [64,66,113]. In contrast to disk diffusion
method, we observed that Berberis goudotii total extract presented anticariogenic activity against
Streptococcus mutans with concentrations of 25 and 50 µg/µL with an RPI of 36.2 ± 5.7 and 51.2 ± 6.3%
respectively. Bactericidal activity against Streptococcus sobrinus for total extract at 25 µg/µL presented
a 23.5 ± 3.2% RPI and at 50 µg/µL a 38.8 ± 5.7% RPI. Similarly, total extract exhibited antiperiodontal
activity against Fusobacterium nucleatum, Porphyromonas gingivalis and Prevotella intermedia for all
concentrations evaluated (1 to 50 µg/µL). The highest observed activity was against Prevotella intermedia
with RPI values of 22.1 ± 4.1, 32.3 ± 2.4 and 53.3 ± 6.2% for 1, 25 and 50 µg/µL respectively. In this
work antimicrobial activity against Lactobacillus aciophilus and Lactobacillus casei was not observed.

Table 3. Berberis goudotii total extract and fractions (µg/µL)—Minimum Inhibitory Concentration (MIC)
and Bactericidal or Bacteriostatic effects (Minimum Concentration, MBC) *.

Microorganism

Total Extract (µg/µL) Hexane Fraction (µg/µL) Butanol Fraction (µg/µL)

MIC MBC MIC MBC MIC MBC

Agar 1 Broth 2 Agar 1 Broth 2 Agar 1 Broth 2 Agar 1 Broth 2 Agar 1 Broth 2 Agar 1 Broth 2

Lactobacillus
acidophilus >32 >32 >32 >32 >32 >32 >32 >32 >32 >32 >32 >32

Lactobacillus casei >32 >32 >32 >32 >32 >32 >32 >32 >32 >32 >32 >32
Streptococcus mutans 4 1 4 a 1 a >32 >32 >32 >32 >32 >32 >32 >32

Streptococcus
sobrinus 4 1 4 a 1 a >32 >32 >32 >32 >32 >32 >32 >32

Fusobacterium
nucleatum 1 0.12 1 b 0.12 b 1 1 1 a 1 a 1 0.12 1 b 0.12 b

Porphyromonas
gingivalis 1 0.12 1 b 0.12 b 1 1 1 a 1 a 1 0.12 1 b 0.12 b

Prevotella intermedia 1 0.12 1 b 0.12 b 1 1 1 a 1 a 1 0.12 1 b 0.12 b

n = 3 determinations. 1 Agar diffusion method. 2 Broth microdilution method. a Bacd = Bactericidal. b Bact =
Bacteriostatic. (*) Positive control Ceftazidime for cariogenic bacteria (MIC = 0.03 µg/µL) and periodontal bacteria
(MIC = 0.06 µg/µL)

Minimum inhibitory concentration was evaluated by agar diffusion and broth microdilution
methods [55,63]. In addition, MBC was determined by performing a new MIC culture by the agar
diffusion method [59,62,105]. For Berberis goudotii total extract MIC was determined in decreasing
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concentrations starting at 32, and decreasing as follows: 16, 8, 4, 2, 1 and 0.5 µg/µL on cariogenic
bacteria. Additionally, for periodontal disease bacteria concentrations decreased as follows: 4, 2, 1,
0.5, 0.25, 0.12 and 0.06 µg/µL. Differences in concentrations were due to the response for each strain
of bacteria evaluated. That is, periodontal bacteria presented greater susceptibility to antimicrobial
agents (total extract and fractions) in comparison with cariogenic bacteria.

A higher sensitivity was observed for the microdilution method in broth with values of 0.12 µg/µL
against all periodontal bacteria assayed, and 1.0 µg/µL against some cariogenic bacteria evaluated.
In contrast, for evaluating periodontal bacteria by means of agar diffusion method, a MIC value of
1.0 µg/µL was the minimum concentration of total extract sufficient to prevent periodontal bacterial
growth. A MIC of 4.0 µg/µL was required to prevent cariogenic bacteria growth. The difference in
sensitivity between methods can be attributed to final inoculum concentration in the microdilution
method (106 CFU/mL), which was lower than the concentration for the diffusion method (108

UFC/mL). Also, the diffusion phenomenon has an effect since polar compounds diffuse through
the agar’s mesh, while polar and apolar compounds are in direct contact with the microorganism in
the microdilution method [63,105].

Minimum bactericidal concentration showed a bacteriostatic effect against Streptococcus mutans
and Streptococcus sobrinus cariogenic bacteria at concentrations of 1.0 µg/µL (Broth microdilution
method) and 4.0 µg/µL (Agar diffusion method). At lower concentrations a bactericidal effect on
periodontal disease bacteria Porphyromonas gingivalis, Prevotella intermedia and Fusobacterium nucleatum,
was observed at concentrations of 0.12 µg/µL (Broth microdilution method) and 1.0 µg/µL (Agar
diffusion method). According to observed results, Berberis goudotii total extract was ineffective
at killing Streptococcus mutans and Streptococcus sobrinus, it only prevented their growth. Thus,
although microorganisms remained viable, if treatment were to be suspended, bacteria could recover
and proliferate again. On the other hand, Berberis goudotii total extract had a lethal effect against
Porphyromonas gingivalis, Prevotella intermedia and Fusobacterium nucleatum [100,114,115].

Berberis goudotii active hexane and butanol fractions antimicrobial activity data, MIC and MBC are
summarized in Tables 2 and 3. As was described for total extract, fractions only presented antimicrobial
activity when the agar diffusion method per well was employed. No activity was observed when the
disk agar diffusion method was used, possibly due to compound fraction retention, as was previously
explained [105,112].

Berberis goudotii hexane, dichloromethane, butanol and water fractions did not demonstrate
any anticariogenic activity. Nevertheless, only antiperiodontal activity was observed for Berberis
goudotii hexane and butanol fractions. Some reports with plant crude active extracts have described
biological activity as being lost after the fractioning process, considering that activity is the result of an
additive effect of synergy or of structural stabilization between compounds. Thus, at the moment of
fractionation, antimicrobial activity is lost [116–118].

Anti-periodontal activities for all evaluated concentrations are presented in Table 3. It was
observed for hexane and butanol fractions at 1, 25 and 50 µg/µL, with a better response obtained from
the butanol fraction. At a 1.0 µg/µL concentration, butanol fraction had RPI of 21.5 ± 3.6, 16.0 ± 2.6
and 19.1 ± 2.7% against Fusobacterium nucleatum, Porphyromonas gingivalis and Prevotella intermedia,
respectively. Whereas, for the hexane fraction at the same concentration 1.0 µg/µL, RPIs were lower:
12.9 ± 2.5 for Fusobacterium nucleatum, 7.9 ± 1.6 for Porphyromonas gingivalis and 17.2 ± 0.9% for
Prevotella intermedia.

As was observed for total extract, MIC and MBC for fractions was determined by agar diffusion
and microdilution methods, the latter with the greatest sensitivity, due to lower inoculum concentration
and contact phenomenon for all compounds, as aforementioned [105,112]. For hexane and butanol
fractions, the MIC by diffusion method was 1.0 µg/µL, while by the microdilution method they
were 1.0 and 0.12 µg/µL for hexane and butanol fractions, respectively. The minimal bactericidal
concentration effect on periodontal disease associated bacteria was of bacteriostatic type for the hexane
fraction at a 1.0 µg/µL concentration (Agar diffusion and broth microdilution methods). Similarly,
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a bactericidal type effect was observed for the butanol fraction at concentrations of 1.0 µg/µL (Agar
diffusion method) and 0.12 µg/µL (Broth microdilution method). In other words, the hexane fraction
inhibits periodontal disease bacteria proliferation, and thus is a bacteriostatic. In contrast, the butanolic
fraction is a bactericidal agent. Collectively, for antimicrobial agents (extract or fraction) bacteriostatic
or bactericidal effects mainly depend on their mechanisms of action, molecule types and structures,
antimicrobial agent concentration, types of microorganism evaluated, size of the inoculum, time of
action and bacterial growth phase [100,119].

Regarding secondary metabolites Palombo et al, Viera et al, Milonova et al, among others,
have directly associated plant extracts and fractions antimicrobial activity against oral cavity bacteria
with secondary metabolite content, such as phenols, polyphenols, flavonoids, terpenes and alkaloids,
among others [28,120,121].

This research pioneered in evaluating Berberis goudotii extracts and fractions anticariogenic and
antiperiodontal activities. Furthermore, this is the first report on this species, being an important
contribution in the search for new natural products that support Berberis goudotii traditional medicine
use for the treatment and prevention of oral cavity diseases, such as caries and periodontal disease.
However, it would be desirable to perform further studies on isolated and purified compound
antimicrobial activity. Therefore, future studies will be carried out in order to isolate and purify
chemical and biological markers.

4. Conclusions

Berberis goudotii antimicrobial activity was determined against bacteria associated with caries
and periodontal disease. Findings revealed that greater anticariogenic and antiperiodontal activity
was observed by the agar diffusion method per well in total extract. In contrast, no antimicrobial
activity was recognized when using the disk agar diffusion method. The results indicate that the
diffusion method in agar by well was a more suitable assay for plant extract and fractions antimicrobial
activity evaluation. Not all Berberis goudotii fractions in different solvents displayed anticariogenic
activity. Nevertheless, activity against periodontal disease associated bacteria was observed, where
the butanol fraction was the most active, followed by the hexane fraction. The butanol fraction had a
bactericidal effect on periodontal microorganisms, while the hexane fraction evidenced a bacteriostatic
effect. This work is the first study on Berberis goudotii antimicrobial activity of anticariogenic and
antiperiodontal types. Berberis goudotii is a species of the Berberis genus endemic to Colombia.
Additionally, this is the first time that phenols, flavonoids, proanthocyanidins, polyphenols and
tannins contents have been reported for aerial parts and extract of this plant.
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