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Objectives: Dental caries is a prevalent chronic human infection worldwide and several 
plants have shown anticariogenic properties through antibacterial activity against oral 
pathogens. The present study aimed to assess anticariogenic activity of Verbascum spe-
ciosum, in search of novel agents for the prevention and treatment of dental caries.
Methods: Hydro-alcoholic extracts from flowers and total aerial parts of the plant were 
prepared by maceration. Antibacterial activity of the extracts against Streptococcus mu-
tans (ATCC 35668) and Streptococcus sobrinus (ATCC 27607) was investigated by agar 
diffusion and microdilution techniques. Inhibitory concentration-fifty values of the flowers’ 
extract against Streptococcus mutans glucosyltransferase enzymes were determined. The 
total flavonoid content of the extracts was determined using an aluminum chloride reac-
tion.
Results: Verbascum speciosum flowers’ extract showed significantly higher flavonoid con-
tent and antibacterial activity; with minimum inhibitory concentrations of 100 and 200 
µg/mL for Streptococcus mutans and Streptococcus sobrinus, respectively. The extract in-
hibited the synthesis of glucan by cell-associated and extracellular glucosyltransferase en-
zymes in a dose-dependent manner with higher activity against the extracellular enzyme.
Conclusion: This study indicated effective anticariogenic activity of Verbascum speciosum 
flowers extract. This extract can be considered as an alternative to current anticaries ther-
apies or an additive to dental care products.
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INTRODUCTION

Dental caries is one of the most prevalent chronic human 
infections worldwide. It begins with bacterial adherence to the 
tooth surface and formation of dental plaque/biofilms. Car-
iogenic bacteria within these dental plaques produce acid by 
metabolizing carbohydrates. Persistent acidification drops the 
plaque pH under the critical pH 5.5, which destroys enamel 

surfaces. Demineralization of enamel and degradation of den-
tine organic matrix leads to development of carries and inflam-
mation of pulp that can end with tooth loss [1, 2].

Among various microorganisms, mutans streptococci, 
consisting mainly of Streptococcus mutans and Streptococcus 
sobrinus, are the principal oral microorganisms involved in the 
initiation and development of dental caries [3]. Epidemiological 
studies have shown a direct correlation between salivary levels 
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of these microorganisms and the number of decayed teeth. 
These microorganisms can easily adhere to enamel surfaces and 
form a high cell density biofilm through irreversible interac-
tions between bacterial cells. Their other virulence factors are 
acidogenicity, acid tolerance, and synthesis of water-insoluble 
glucan from sucrose [4].

Glucans are polymers of individual glucose units synthesized 
from sucrose by the enzymatic action of glucosyltransferase 
(GTF). They facilitate bacterial aggregation in stable biofilms 
and favour their adhesion to the tooth enamel by binding to 
hydroxyapatite minerals [5, 6]. Both S. mutans and S. sobrinus 
synthesize extracellular GTFs that promote bacterial adher-
ence via glucan synthesis in the presence of sucrose. S. mutans 
also produces significant amounts of insoluble glucan by cell-
associated GTFs [7]. 

Phytochemicals possess antibacterial properties against a 
wide range of microorganisms [8, 9]. They can prevent and 
treat dental caries without the associated adverse effects and 
risk of the development of antibiotic resistant bacterial strains 
associated with conventional antibiotics [10]. Antibacterial ef-
fects on oral pathogens and inhibition of bacterial GTFs for 
glucan synthesis are the main mechanisms whereby natural 
products prevent biofilm formation and the development of 
dental caries [6]. 

Verbascum L. is the largest genus of the Scrophulariaceae 
family, with 360 different species native to eastern Europe and 
western Asia [11, 12]. Verbascum species contain a wide range 
of compounds such as flavonoids, saponins, alkaloids, and gly-
cosides. They have traditionally have been used as expectorants, 
mucolytics, analgesics, and antiviral and antiseptic agents [13]. 
A notable member of this genus, Verbascum speciosum, was 
traditionally used to treat wounds, cuts, and skin disorders [14]. 
Previous studies have also reported on the remarkable antifun-
gal and antibacterial activity of this plant against Escherichia 
coli, Bacillus cereus, bacillus subtilis, Haemophilus Influenza, 
and Pseudomonas aeruginosa [14, 15]. 

The aim of this study was to investigate anticariogenic activ-
ity of different parts of V. speciosum against two cariogenic 
streptococci, S. mutans and S. sobrinus. Initial susceptibility 
testing was followed by determination of the minimum inhibi-
tory concentration (MIC) and minimum bactericidal concen-
tration (MBC) of the plant extracts against these bacteria. The 
extracts were also investigated for total flavonoid content. The 
inhibitory effect of the extract obtained from flowers of the 
plant on S. mutans extracellular and cell-associated GTF en-

zymes for glucan production was also investigated. 

MATERIALS AND METHODS

1. Drugs and chemicals

Amoxicillin reference standard powder was kindly provided 
by The Accredited Laboratory for Food and Drug Quality Con-
trol (Tehran, Iran). Ethanol, sodium hydrogen monobasic, so-
dium hydrogen phosphate dibasic, sucrose, aluminum chloride, 
and sodium acetate were supplied from Merck (Dartmouth, 
Germany). Quercetin reference standard, dextran T10, so-
dium azide, and dialysis bags (15,000 cutoff) were from Sigma-
Aldrich (St Louis, MO, USA).

2. Preparation of V. speciosum extracts

V. speciosum was collected at the flowering stage in June 
2019 from Hamedan, Iran. A voucher specimen of this plant 
(voucher number PMP-1803) is available in the Herbarium 
of the School of Pharmacy, Hamadan University of Medical 
Sciences, Hamadan, Iran. Plant materials were dried at room 
temperature in the dark and ground using a mortar. 100 g of 
flowers and combined aerial parts of the plant were extracted 
separately in 2,000 mL ethanol/water (70:30 v/v) using the mac-
eration method [16]. Plant powder and hydro-alcoholic solvent 
were placed in a 5 L Erlenmeyer flask and kept in darkness for 
3 days with occasional mixing. Extraction was repeated three 
times on the initial plant material and extracts were combined. 
After removing the solvent under decreased pressure at 50℃, a 
waxy material was obtained. Extracts were further dried in an 
electric oven at 40℃ and ground in a mortar to a fine powder 
[17]. After weighing, the percentage of dry hydroalcoholic ex-
tract obtained from 100 g of plant material sample was 26.7 g; 
extraction yield was thus calculated as 26.7% (W/W).

3. Bacterial strains and growth media

Standard strains of S. mutans (ATCC 35668) and S. sobrinus 
(ATCC 27607) were obtained from the Persian Type Culture 
Collection of the biotechnology department at the Iranian Re-
search Organization for Science and Technology (IROST), Teh-
ran, Iran. Blood Agar Base supplemented with 5% sheep blood 
and Tryptic Soy Broth (TSB) and incubation at 37℃ for 24 h 
were used for growing bacteria throughout the study. Nutrient 
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Agar (NA) and Brain Heart Infusion (BHI) broth were used for 
susceptibility testing and determination of MIC and MBC. Iso-
lates were maintained in TSB containing 15% glycerol at –80℃ 
until use.

4. Disc diffusion susceptibility tests

Susceptibility testing was carried out by the standard disc 
diffusion method for various concentrations of both extracts 
prepared from flowers and combined aerial parts of V. spe-
ciosum. NA plates were inoculated by spreading 100 µL of S. 
mutans and S. sobrinus suspensions at half McFarland (1.5 × 
108 cfu/mL) bacterial concentration. Sterile blank discs (6 mm 
diameter) were impregnated with extract solutions in DMSO at 
10, 25, 50, and 100 mg/mL concentrations. Impregnated discs 
were placed on the inoculated plates and plates were incubated 
at 37℃ for 24 h. A 10 µg/mL amoxicillin solution (AMX) and 
DMSO were investigated as positive and negative controls, re-
spectively. Antimicrobial activity was evaluated by measuring 
inhibition zone diameters at 0.1 mm accuracy. This test was 
conducted in three separate experiments, each one in triplicate.

5. Determination of MIC and MBC

MIC of V. speciosum flower extract and total extract against 
S. mutans and S. sobrinus was determined on sterile 96 well 
microdilution plates according to the Clinical and Laboratory 
Standards Institute (CLSI) Guidelines [18]. 100 mg/mL extract 
stock solution in DMSO was further diluted in normal saline to 
a series of concentrations. 100 µL of each extract dilution was 
mixed with 100 µL BHI broth medium inoculated by bacterial 
suspension (containing 1.5 × 106 cfu/mL) in an eight well row 
of the microdilution plate. Final concentrations of the extract in 
the microdilution wells were 0.025, 0.05, 0.1, 0.2, 0.5, 1, 2.5, 5, 
10, 15, and 20 mg/mL. Four wells were not treated with extract 
in order to permit maximum bacterial growth, and four oth-
ers containing uninoculated medium were used as a control 
for monitoring of aseptic conditions. After incubation of the 
plates at 37℃ for 24 h, the concentration at which no growth 
was observed was designated as the MIC. Bacterial growth was 
investigated by measuring the absorbance of the contents of the 
wells before and after incubation at 550 nm using an automatic 
micro plate reader. 

Determination of MBC was performed by adding 100 
µL from the constituents of the wells not showing microbial 

growth in the MIC test to nutrient-supplemented agar plates. 
After incubation at 37℃ for 24 h, the lowest concentration of 
the extracts that did not form any colonies was designated as 
the MBC. These tests were conducted in three separate experi-
ments, each one in eight replicates.

6. GTF inhibition activity

1) Preparation of S. mutans GTF enzymes
Extracellular and cell-associated GTF enzymes of S. mutans 

were obtained from culture in BHI broth. Suitable numbers of 
S. mutans bacteria were cultured in 1 L of BHI broth in 37℃ 
for 24 h. Broth culture was divided in 50 mL falcon tubes and 
centrifuged at 9,000 rpm for 15 minutes to separate supernatant 
and bacterial cells. 

Supernatant was salted out by adding ammonium sulfate to 
achieve 50% saturation. After stirring for 1 h, extracellular GTF 
was collected by centrifugation at 9,000 rpm for 15 minutes. 
Precipitated enzyme was dissolved in 10 mL of 10 mM sodium 
phosphate buffer (pH = 6.5) and dialyzed against the same buf-
fer in order to remove excess ammonium sulfate. 

Cell-associated GTF was obtained from S. mutans cells sepa-
rated from the broth culture. Bacterial cells were washed three 
times with 10 mM sodium phosphate buffer (pH = 6.5) by cen-
trifugation, in order to remove the remaining culture medium. 
The centrifuged pellet was dispersed in 30 mL of 8 M urea solu-
tion as the extraction fluid and kept at 25℃ for 1 h with occa-
sional shaking. Bacterial cells were separated by centrifugation 
at 9,000 rpm for 15 minutes. Extraction of cell-associated GTF 
from S. mutans cells was repeated three times and supernatants 
were mixed. Cell associated GTF was obtained by 50% satura-
tion ammonium sulfate precipitation of supernatant mixture 
and subsequent dialysis of the precipitate against 10 mM sodi-
um phosphate buffer, pH = 6.5 [7]. The dialyzed solutions were 
used as crude GTF enzymes and kept at 4℃ until use.

2) Inhibitory activity against S. mutans GTF enzymes
Six different dilutions (0.05, 0.1. 0.25, 0.5, 1, 2 mg/mL) of 

V. speciosum extract in 10 mM sodium phosphate buffer (pH 
= 6.5), containing 1% (w/v) sucrose, 0.5% (w/v) Dextran T10, 
and 0.02% (w/v) sodium azide were prepared. Two mL from 
each dilution was mixed with 2 mL of extracellular and cell-
associated GTF crude enzymes separately, and incubated at 
37℃ for 18 h [19]. Insoluble glucan synthesis in the presence of 
different concentrations of the extract was determined by mea-
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suring the absorbance of assay mixtures at 500 nm against the 
blank mixtures that were prepared in the same manner as the 
assay mixtures without incubation. Enzyme activity percent at 
each concentration was determined according to Equation (1). 
In this equation, A represents absorbance of the assay mixture 
and A0 represents absorbance of the control that was prepared 
by the same method as the assay mixture without adding V. 
speciosum extract. 

 % Enzyme activity = (A/A0) × 100 Equation (1)

7. Total flavonoid content

The aluminum chloride colorimetric method was used for 
determining total amounts of flavonoid compounds in the ex-
tracts obtained from flowers and total aerial parts of V. specio-
sum. Two hundred µL of 10 mg/mL solution of the extract was 
mixed with 1.5 mL methanol, 0.5 mL of 1 M sodium acetate, 
and 100 µL of 10% (w/v) aluminum chloride solution. After 
adding 2.8 mL distilled water to the above mixture and incubat-
ing at room temperature for 1 h, absorbance was measured at 
415 nm against the blank that was prepared by replacing alumi-
num chloride with an equal volume of distilled water [20]. Total 
flavonoid content was determined using the plot of absorbance 
against various concentrations of the reference compound 
quercetin. The result was expressed as mg quercetin equivalent 
per g of dry weight. 

8. Statistical analysis

Statistical analysis was performed in SPSS 16.0 software, us-
ing one-way ANOVA followed by Tukey’s test to compare mul-
tiple groups. IC50 determination and plotting were performed 
in GraphPad Prism (version 8.3).

RESULTS

1. Extracts from V. speciosum 

Maceration extraction from 100 g of dried aerial parts and 
flowers of V. speciosum yielded 4.7 g and 3.3 g dried extracts, 
respectively. Extracts were dark green powders which were 
stored in airtight containers in the refrigerator until use.

2. Antibacterial activity of V. speciosum extracts against  
S. mutans and S. sobrinus

Antibacterial activity of hydro-alcoholic extracts prepared 
from flowers and total aerial parts of V. speciosum against S. 
mutans and S. sobrinus was investigated using the disc diffu-
sion susceptibility test. Fig. 1 shows a diagram of diameters of 
inhibition zones obtained for four different concentrations of 
the extracts along with 10 µg/mL amoxicillin solution used as 
a positive control. Results of this test showed poor antibacte-
rial activity of the aerial parts’ extract on both microorganisms. 
Inhibition zones were observed only at 50 and 100 mg/mL con-
centrations of this extract, without a significant difference be-
tween different concentrations or against different microorgan-
isms. On the other hand, the extract obtained from flowers of 
the plant showed dose-dependent antibacterial activity against 
both microorganisms. S. mutans was more susceptible to the 
flower extract compared with S. sobrinus at every investigated 
concentration (p < 0.05). 

DMSO did not show any antibacterial effect, while amoxicil-
lin showed apparent antibacterial activity against both microor-

Figure 1. Average diameter of inhibition zones obtained from V. spe-
ciosum extracts and 10 µg/mL amoxicillin solution (AMX) on (a) S. 
mutans and (b) S. sobrinus. Data are expressed as mean of inhibi-
tion zones obtained in three separate days; error bars show SD.
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ganisms with higher activity against S. mutans (p < 0.05).

3. MIC and MBC of V. speciosum extracts on S. mutans and  
S. sobrinus

Table 1 shows estimated values for MIC and MBC for the 
extracts obtained from flowers and aerial parts of V. speciosum. 
These tests were conducted in three separate experiments and 
results that were repeatable in at least two replicates were re-
ported as MIC and MBC.

4. Inhibitory activity of V. speciosum flower extract on  
S. mutans GTF enzymes

Fig. 2 shows plots of enzyme activity percent of S. mutans 
GTF enzymes in the presence of different concentrations of V. 
speciosum flower extract. Enzyme activity in the control sample 
was assumed to be 100% and incorporated in the plot data 
against a very small number as extract concentration, as a zero 
value cannot be plotted in logarithmic charts. Concentrations 
of the extract that lowered activity of cell-associated and extra-
cellular GTF enzymes by 50% (IC50) were estimated as 160 and 
70 µg/mL, respectively.

5. Total flavonoid content of V. speciosum extracts

Total flavonoid content of V. speciosum flower extracts and 
total aerial part extracts were calculated as 1.45 and 0.38 mg 
quercetin/g dry weight.

DISCUSSION

Several plant extracts have been shown to exert antibacterial 
effects on cariogenic mutans streptococci, and are also capable 
of inhibiting bacterial GTFs, the critical enzymes in adher-
ent glucan production and subsequent plaque formation [5-7, 
19]. Previous studies have shown that plants belonging to the 
Verbascum genus possess promising antibacterial properties. 

In line with these findings, the present study was conducted to 
investigate anticariogenic properties of V. speciosum, the most 
prevalent species of this genus in Hamadan province, Iran [21, 
22].

Hydro-alcoholic extracts from the flowers and aerial parts of 
V. speciosum were prepared separately and investigated for an-
tibacterial properties against S. mutans and S. sobrinus. Results 
of antimicrobial susceptibility tests, shown in Fig. 1, indicate 
that the flowers possess greater antibacterial activity than the 

Table 1. MIC and MBC of V. speciosum extracts against S. mutans and S. sobrinus
Flowers extract Aerial parts extract

MIC (µg/mL) MBC (µg/mL) MIC (µg/mL) MBC (µg/mL)

S. mutans 100 200 5,000 15,000

S. sobrinus 200 1,000 5,000 ND¶

¶Not determined in the range of concentrations investigated in the present study.

Figure 2. Plots of (a) cell associated and (b) extracellular enzyme 
activity percent in the presence of different concentrations of V. spe-
ciosum flowers’ extract.
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aerial parts. This observation agrees with findings of a previ-
ous study that showed higher antibacterial activity for extract 
of Verbascum viedemannianum flowers compared with the 
extract obtained from the leaves [23]. Flavonoids seem to be the 
most important antibacterial constituent of the flower extract. 

Dental caries is one of the most widespread and costly 
biofilm-mediated oral infectious diseases, affecting people of all 
ages worldwide. Among the several hundred bacterial species 
that constitute dental plaque, Streptococcus mutans (S. mutans) 
is a principal causative agent of caries [24].

As polyphenolic compounds, flavonoids encourage the accu-
mulation of free radicals such as superoxides [25]. The presence 
of flavonoids confers antibacterial, antifungal, and even anti-
tumorigenic effects on plants enriched in such compounds [25]. 
Antimicrobial activities in particular are attributable to pheno-
lic compounds, flavonoids, and phenylethanoids [26, 27]. Sapo-
nins are glycosides with high molecular weight, and their most 
important physical attribute is that they produce foams when 
dissolved in water. Saponins are biologically active compounds 
that act as a defensive agent against pathogens [28]. Studies 
have shown that saponins are highly toxic to fungi [25]. It is 
therefore likely that many of the antimicrobial effects observed 
in Verbascum spp. stem from the presence of a variety of gly-
cosides and alkaloids in these plants [14]. Verbascum phenolic 
compounds have also received considerable attention for their 
antioxidant properties. These compounds, including flavonoids 
in the form of crude extract or isolated pure ingredients, are 
suggested to be even more powerful antioxidants than vitamins 
C, E, and β-carotene [29].

HPLC-DAD analysis has shown that different species of 
Verbascum plant found in Iran are enriched in flavonoids and 
active phenolic compounds in different parts of the plant, espe-
cially the aerial organs [30]. Verbascum species contain caffeic 
acid (0.022 g/kg–1 DW), chlorogenic acid (2.649 g/kg–1 DW), p-
coumaric acid (0.253 g/kg–1 DW), apigenin (0.066 g/kg–1 DW), 
gallic acid (0.134 g/kg–1 DW), rutin (5.254 g/kg–1 DW), quer-
cetin (1.303 g/kg–1 DW), and cinnamic acid (1.031 g/kg–1 DW) 
[30].

A previous study on the flavonoid content of three Verbas-
cum species showed that V. speciosum had higher flavonoid 
content than the other studied species [15]. Antibacterial prop-
erties are most likely due to the higher concentration of these 
compounds in flowers relative to other aerial parts. Flavonoids 
exert their anticariogenic activity through both antibacterial 
and GTF inhibitory activities [31, 32]. 

Susceptibility tests also indicated higher antibacterial activ-
ity of V. speciosum flower extract on S. mutans compared with 
S. sobrinus. S. mutans was also more susceptible to the 10 µg/
mL amoxicillin solution used as a positive control. These results 
were consistent with the lower MIC and MBC values found in 
S. mutans. Different susceptibility of these microorganisms to 
antibacterial agents was reported previously by de Araújo et al. 
[33]. In this study, S. mutans showed two-fold higher suscepti-
bility to Anacardium occidentale extract than S. sobrinus, while 
S. sobrinus was more susceptible to 0.12% chlorhexidine solu-
tion [33]. 

As previously mentioned, inhibition of mutans Streptococci 
GTF enzymes can enhance the anticariogenic potential of plant 
extracts. These bacteria produce both cell-associated and extra-
cellular GTF enzymes responsible for insoluble glucan synthesis 
[7]. The presence of water-insoluble, adherent glucan in saliva 
and tooth enamel surfaces promotes accumulation of mutans 
streptococci and plaque formation [6]. It is noteworthy that 
antibacterial and GTF inhibitory activities are not always con-
comitant. Several compounds with antibacterial activity against 
cariogenic microorganisms do not effectively lower glucan syn-
thesis. Conversely, other bioflavonoids such as apigenin, found 
in plants and propolis, disrupt formation and accumulation of S. 
mutans biofilms without killing the organism [34]. 

A comparison of the IC50 values of V. speciosum flower 
extract for S. mutans GTF enzymes indicated higher inhibitory 
activity of the extract against the extracellular GTF enzyme. 
Previous studies have reported a wide range of IC50 values for 
plant extracts or their pure constituents on S. mutans GTF en-
zymes. For example, apigenin inhibited both cell-associated and 
extracellular GTF enzymes within an IC50 range of 16-26 µg/
mL [34]. In another study, IC50 values of two green tea poly-
phenols for extracellular and cell-associated GTF enzymes of S. 
mutans were 250 and 500 µg/mL, respectively [35]. Results of 
this study showed that V. speciosum flower extract was a highly 
effective inhibitor of S. mutans GTF enzymes. Further, the ex-
tract lowered glucan synthesis by both GTF enzyme types at 
concentrations around its MIC for S. mutans, with higher activ-
ity against the extracellular enzymes. From the dose-dependent 
inhibitory activity of the extract on glucan synthesis, it can be 
assumed that irreversible bonds between the active ingredients 
of the extract and GTF enzymes leads to decreased glucan syn-
thesis.
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CONCLUSION

The results presented here demonstrate that V. speciosum 
flower extract possesses strong anticariogenic activity. Specifi-
cally, this effect can be attributed to antibacterial activity against 
cariogenic mutans Streptococci and inhibition of glucan syn-
thesis by the GTF enzymes present in these organisms. This 
extract can be considered as an alternative to current anticaries 
therapies or as an additive to dental care products. 
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