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Abstract

Objectives: The present study was designed to analyse the effect of curcumin on certain periodontopathic pathogens in vitro.
Material and Methods: 25% Curcumin was employed to analyze its Minimal Inhibitory Concentration (MIC) potential against
the selected micro-organisms.Gram negative oral bacterial strains which included primary colonizers namely, Aggregatebacter
actinomycetemcomitans, Streptococcus mitis, Streptococcus sanguis and secondary colonizers which are Porphyromonas
gingivalis, Tannerella forsythia, Fusobacterium nucleatum and Prevotellainter media were cultured using thioglycollate growth
medium under anaerobic conditions. Broth microdilution susceptibility test method was employed in order to determine the
antimicrobial effectiveness of bacterial responses at growing dilutions of curcumin. After incubation in tubes, the antibacterial
activity of curcumin was detected by the lack of turbidity, which indicated the inhibition of bacterial growth.

Results: The curcumin MIC values were 12.6 pg/mL, 25 pg/mL, 50 pg/mL, 50 pg/mL, 0.4 pg/mL, 25 pg/mL and 50 pg/mL
against P. gingivalis, P. intermedia, T. forsythia, F. nucleatum, A. actinomycetemcomitans, S. sanguis and S. mitis respectively.
Conclusions: Curcumin inhibited the growth of all the selected bacterial strains at growing dilutions and is therefore a potent agent
against periodontal diseases. There is a need for further in vivo studies to assess the experimental observations on antibacterial

effects of curcumin.
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Introduction

Periodontal disease is a chronic inflammatory disease
of the supporting tissues of the teeth, triggered by the
host’s immune response to microbial plaque. Gingivitis
and periodontitis, which are the two most common forms
of periodontal diseases, are caused by the bacteria present
in the plaque biofilm. This biofilm community is initially
formed through bacterial interactions with the tooth and
then through physical and physiologic interactions among
different species within the microbial mass.

Various pathognomic microorganisms are known to
be associated with periodontitis.? Scaling, root planning
(SRP) and meticulous oral hygiene techniques aim at
reducing the pathogenic bacteria levels to proportions
manageable by the host innate immune system.3* SRP
sometimes fails to eliminate the bacteria in inaccessible
areas, leading to recurrence of disease.

Hence, the use of antimicrobial agents, both systemic
and topical, has eventually increased because of the
realization that periodontal disease is not only an
overgrowth of bacteria, but also a shift in bacterial
species.®

Systemic administration of antimicrobial drugs has
been useful in treating periodontal diseases. However, it
involves consumption of a relatively high dose with
repeated intake over a prolonged period of thus increasing
the possibility of development of resistance, alteration of
commensal flora and increased potential for adverse
effects.’ Local administration of these antimicrobial drug
provides answers to problems of systemic administration
with no systemic side-effects. At the same time, this

approach again relies on the ability to control and prolong
the release rate of the therapeutic agent from the device.

In recent years, the use of natural plant products has
attracted increased attention among clinicians in the
treatment of various chronic diseases. In this context,
Curcuma longa, a medicinal plant that botanically is
related to Zingiberaceae family,” was the need of the hour.
Curcuma longa, commonly known as ‘turmeric’, is widely
used as a spice and coloring agent, and is well known for
its medicinal properties® Components of turmeric are
called curcuminoids, which mainly include curcumin
(diferuloylmethane), demethoxycurcumin and
bisdemethoxycurcumin.® Among the three components,
curcumin is the most important fraction which is
responsible for the biological activities of turmeric.
Curcumin action in suppressing the activity of Toll like
receptors (TLRs) has initiated great interest in identifying
and expanding its therapeutic potential in limiting or
halting the destruction in periodontitis. It has been shown
that curcumin has a wide spectrum of biological actions,
such as antibacterial, anti-inflammatory, antioxidant,
antidiabetic, anti cancer.

Hence, the current study was undertaken to check the
efficacy of Curcumin against primary and secondary
colonizers in plaque.

Material and Methods

The present study was conducted at Department of
Microbiology and Immunology, NGH Institute of Dental
Sciences and Research Centre, Karnataka. The study was
approved by the ethics board of Krishna Institute of
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Medical Sciences, Mabharashtra, India.
[KIMSDU/IEC/04/2016].

In the current study, anti-microbial effectiveness was
assessed in terms of MIC and OD assays using curcumin
against periodontopathic microrganisms. The study
focused on the effectiveness of curcumin on primary and
secondary colonizers which included Aggregatebacter
actinomycetemcomitans (Aa), Streptococcus mitis (Sm),
Streptococcus sanguis (Ss), Porphyromonas gingivalis
(Pg), Tannerella forsythia (Tf), Prevotella intermedia (Pi)

and Fusobacterium nucleatum (Fn).

Bacterial strains and culture conditions: Seven
representative strains of gram negative periodontopathic
bacteria comprising of primary colonizers which included,
Aggregatebacter  actinomycetemcomitans ~ (ATCC®
43718™), Streptococcus mitis (ATCC® 49456™),
Streptococcus sanguis (ATCC® 10556™) and secondary
colonizers which are Porphyromonas gingivalis (ATCC®
33277™), Tannerella forsythia (ATCC® 43037™),
Fusobacterium nucleatum (ATCC® 25586™) and
Prevotella intermedia (ATCC® 25611™) were procured
from NGH Institute of Dental Sciences and Research
Centre, Belgaum, Karnataka. Periodontopathic bacteria
were grown in thioglycollate medium containing 15¢/L
tryptose, 10 g¢/L yeast extract, 0.5 g/L Sodium
thioglycollate, 2.5 g/L sodium chloride, 0.5 g/L L-cystine
HCI, 0.4 g/L Sodium bicarbonate, 0.001 g/L Resazurine,
0.005 g/L hemin, 0.0005 g/L Vitamin K and 0.75 g/L agar.

MIC assays (Broth dilution method)

Minimum inhibitory concentration (MIC) is defined
as the lowest concentration which results in reduction of
inoculums' viability.

Antimicrobial agent: The test agent used in the study is
25% curcumin (Melzer Chemicals Private Limited Pune).
The rhizomes of Curcumin longa were extracted using
acetone as a solvent and the extract was then treated with
isopropyl alcohol.

Preparation of antimicrobial stock solution and serial
dilution: A master test tube was prepared by combining
380 pL of Brain Heart Infusion Broth (BHI) and 20 pL of
antimicrobial agent. 9 MIC dilution blanks of 200 pL, BHI
(HIMEDIA M210-500G) with a final pH of 7.2-7.6 at
25°C were prepared. Two fold serial dilution of each
antimicrobial agent was achieved at different
concentrations of 0.2, 0.4, 0.8, 1.6, 3.2, 6.25, 12.5, 25, 50,
100 pg/mL. Three different sets of 9 tubes were used per
dilution set for different strains of micro organisms.
Nutrient broth without curcumin in turbidity measurement
method was used as a negative control.*

Preparation of standard bacterial suspension: From
the maintained stock cultures of each organism, 5 uL of
each was taken and added into 2ml of BHI broth (with

dextrose 2g/L, supplemented with protease peptone). The
inoculums size was adjusted to match 0.5 McFarland
turbidity standards. The final inoculums concentration of
the periodontopathic bacteria was 3 x 10° CFU/mL. Each
serial dilution was then challenged with small inoculums
(200pL) of an overnight sterile diluted broth culture of the
test organisms. The last tube or the last dilution of
mouthwash at which turbidity was not observed after 24h
incubation, was considered as the MIC.*2

Statistical analysis

The present study is just simple and straightforward.
The aim (null hypothesis) is to test curcumin against
standard strains of periopathogens; hence, no statistical
intervention is needed to draw any sensible conclusion.

Results
Antibacterial  Activity of
Periodontopathic Bacteria

Curcumin significantly inhibited the growth of the
tested periodontopathic bacteria. All the organisms,
primary and secondary colonizers are sensitive at
minimum concentration of 50ug/mL. The MIC of
curcumin against tested periodontopathic bacteria.

This inhibition resulted in an outgrowth of S. mitis of
OD up to 1.4112 (+ 0.4265) logioCFU/ml and T.
forsythia,S. sanguis and P. gingivalis respectively of up to
1.3791 (+0.5827), 1.352 (+0.4183) and 1.3287 (+0.66299)
|0g10 CFU/ml.

At 25 pg/mL, P. gingivalis, P. intermedia, A.
actinomycetemcomitans and S. sanguis were sensitive
while T. forsythia, S. mitis and F. nucleatum are resistant.

S. sanguis comprised a larger proportion than P.
gingivalis. However, both the bacterial species showed an
increased susceptibility with decrease in concentration of
the drug curcumin.

Among the periodontopathic  bacteria, A.
actinomycetemcomitans is considered to be the most
influential microorganism. Their growth was inhibited by
curcumin at all dilutions except at 0.2 pg/mL, there was a
significant inhibition of the bacterial growth. These results
indicate that curcumin exerted strong antibacterial activity
against A. actinomycetemcomitans even at low
concentrations.

The data obtained for P. intermedia strain after 48 h
of incubation showed that for all tested dilutions from 12.6
pg/mL up to 0.2 pg/mL, only a non-significant reduction
of bacteria growth was observed, indicating a
relative resistance of P. intermedia strain to Curcumin
below 12.6 pg/mL dilution. In addition, a graphical
comparison  between P. intermedia and A.
actinomycetemcomitans depicted that he drug curcumin
was more effective against A. actinomycetemcomitans.

Curcumin  against
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Table 1: MICs and Optical density of Curcumin

Curcumin 100pg/ml 50 25 12.6 6.25 3.12 1.6 0.8 0.4 0.2
Pg S S S S R R R R R R
2.623 1.899 | 1.742 | 1.436 | 1.374 | 1.279 | 0.933 | 0.900 | 0.880 | 0.221
Pi S S S R R R R R R R
2.478 1.460 | 1.375 | 1.012 | 0.860 | 0.704 | 0.688 | 0.586 | 0.421 | 0.210
Tf S S R R R R R R R R
2.554 2.041 | 1,727 | 1556 | 1.179 | 1.043 | 1.143 | 0.995 | 0.812 | 0.741
Fn S S R R R R R R R R
3.346 2.170 | 1.436 | 0.979 | 0.817 | 0.757 | 0.715 | 0.688 | 0.610 | 0.586
Aa S S S S S S S S S R
2.236 1.656 | 1522 | 1.319 | 1.289 | 1.189 | 0.990 | 0.861 | 0.714 | 0.621
Ss S S S R R R R R R R
2.009 1.691 | 1591 | 1.587 | 1.468 | 1.260 | 1.190 | 0.961 | 0.871 | 0.712
Sm S S R R R R R R R R
2.180 1983 | 1.721 | 1.353 | 1.345 1.33 | 1.203 | 1.175 | 0.981 | 0.841
S, Sensitive; R, Resistant

Table 2: MICs and Mean and Standard Deviation of
curcumin against test organisms

Curcumin | MIC (ug/mL) Mean = SD

Pg 12.6 1.3287+0.66299
Pi 25 0.9794+0.6555
Tf 50 1.3791+0.5827
Fn 50 1.2104+0.8953
Aa 0.4 1.2352+0.4896
Ss 25 1.352+0.4183

Sm 50 1.4112+0.4265
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Fig. 1: Graphical representation of average optical
density
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Fig. 2: Graphical comparison of optical density in S.
sanguis and P. gingivalis
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Fig. 3: Graphical representation of optical density in
P. intermedia

Discussion

The present analysis is focused on the study
inhibitory  potentials of curcumin at different
concentrations against certain microbial isolates like
Aggregatebacter actinomycetemcomitans, Streptococcus
mitis, Streptococcus sanguis, Porphyromonas gingivalis,
Tannerella forsythia, Fusobacterium nucleatum and
Prevotella intermedia. The results of the present study
showed that curcumin extract was able to show
antimicrobial activity against the selected oral pathogenic
bacteria in vitro. On comparing the different
concentrations of curcumin it was possible to produce a
significant 6 log reduction of bacterial counts
(significantly higher percentages of bacterial viability) at
higher dilutions for all bacterial samples and decreased on
lower dilutions. The previous literature reviews use of
Curcumin in dental practice as an adjunct to mechanical
periodontal therapy (SRP), Sub gingival irrigant, pit and
fissure sealant, dental- plaque detection system, local drug
delivery system, obturating material for primary teeth and
as a treatment modality in various oral infections and
periodontal diseases.® It has been known to possess
antioxidant, anti-tumor, anti-inflammatory, antibacterial,
antifungal properties, analgesic, anti-allergic properties.
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The properties of Curcumin are widely documented by
many in vitro studies assessing primarily its anti-
inflammatory properties including inflammatory bone
resorption.’ Research has revealed curcumin to be a
highly pleiotropic molecule capable of numerous
molecular actions including the regulation of numerous
transcription factors, cytokines, protein kinases, adhesion
molecules, redox status and enzymes that has been linked
to inflammation.*® The primary mechanism of action of
Curcumin is NF-kB modulation following Toll like
receptor (TLR4) inactivation by lipopolysaccharide (LPS)
in affecting periodontal disease. Guimaraes MR et al,
(2011) reported that systemic administration of curcumin
in lipid vehicle inhibited activation of NF-kB
infammatory  bone  resorption in  LPS-induced
experimental model of periodontal disease' ¢ Similar
results were observed in ligature induced periodontal
disease after administering curcumin.*”*® The advent of
chemically modified curcumin (CMC) has demonstrated
better inhibition of MMPs and proinflammatory cytokines
including MMP9, 13, TNFaq, IL1p, MCPI1, IL6, PGE2
compared to free curcumin.'® Although previous studies
have investigated the effects of curcumin on
microorganisms, available knowledge on the effects of
curcumin on periodontopathic bacteria is still limited.
According to current study curcumin exhibited a broad
inhibition spectrum toward all selected gram negative
bacterial strains based on serial dilution method. The
extract curcumin showed an effective antimicrobial
activity on the oral flora with a progressive recovery in
bacterial viability at higher dilutions. Studies have also
demonstrated an equivalent antibacterial effectiveness of
1% curcumin when compared to 0.2 % chlorhexidine
containing mouthwashes,?- 22

Various studies have reported MIC values of
curcumin but most of these studies are in vivo studies. The
current study demonstrated that Curcumin has the ability
to exert antibacterial activity aganst one of the most tissue
invasive periodontal pathogen - A.
actinomycetemcomitans at a minimum inhibitory
concentration of 0.4 pg/mL. However, reports by
Abdulpur MS et al (2015) suggested the ability of
curcumin to achieve MIC even at a dilution of 0.2
ug/mL.Z In addition, previous studies have also reported
a MIC of 12.5 pug/mL against Aa.?* Curcumin was also
found to be more effective against A.
actinomycetemcomitans as compared to P. intermedia. A
study by Rai et al suggested that curcumin strongly
inhibited the formation of cytokine Z-ring, which would
prove lethal to bacteria, thus, accounting for curcumin’s
antibacterial activity.?® Another reason which might be
suggested is the property of polyphenolic compound of
curcumin which aids in possessing antibiofilm activity.?®

In addition, the results of the present study
demonstrated an MIC of 0.4 pg/mL of curcumin against
Aa and 25 pg/mL against Ss. In contrast, Savita AM et al
(2015) reported that curcumin showed an inhibitory
potential against Aactinomycetemcomitans at a dilution of

100 pg/mL.?" Also, Vieira et al (2018) observed that
curcumin displayed a moderate antibacterial activity
against Ss (MIC= 100 pg/mL) which is in contrast with
the present observation. However, the results are in
agreement for the organism Sm in the current study
(MIC=50 pg/mL).% Further observations revealed that at
adilution of 25 pg/mL, Pi, Pg, Aaand Ss were susceptible
whereas Tf, Fn and Sm were resistant. This observation
puts light on its application in a dose dependent manner.
Meanwhile, both the primary and secondary colonizers
were found to be sensitive to curcumin at a minimum
dilution of 50 pg/mL. Lipopolysaccharide (LPS) is a
major component of the outer membrane of gram-
negative bacteria, including P.intermedia. LPS have the
potential to induce host cells to release prionflammatory
cytokines, including tumor necrosis factor alpha (TNF-4),
IL-14, IL- 6, and IL-8. According to Sung-Jo Kim et al
(2011) curcumin significantly suppressed the activation of
IL-6 production induced by LPS from P. intermedia in
Macrophages which in turn could be the explanation for
the reduced levels P. intermedia in the present study. 2
Hence, the present study demonstrated the microbial
efficacy of curcumin on the periodontopathic
microorganisms; however one must consider the
limitations of the experimental approach.

Conclusion

In conclusion, this proof of principle study
demonstrates that local application of curcumin in cases
of experimental periodontal disease inhibits bacterial
growth, which is associated with destructive changes. The
clinical application of curcumin is based on its non-
invasive, topical application to the diseased areas of
gingival sulcus as an adjunct of mechanical periodontal
treatment. This perspective of clinical application requires
further research and development regarding the local
absorption of the curcumin that may improve its efficacy
to enhance its anti-microbial properties, such as photo
activation.

Funding: No funding sources.
Conflict of interest: None declared.

References

1.  Kuramitsu HK, He X, Lux R, Anderson MH, Shi W.
Interspecies interactions within oral microbial
communities. Microbiol Mol Biol Rev 2007;71(4):653-70.

2. Van Winkelhoff AJ, Loos BG, Van Der Reijden WA, Van
Der Velden U. Porphyromonas gingivalis,
Bacteroidesforsythus and other putative periodontal
pathogens in subjects with and without periodontal
destruction. J Clin Periodontol 2002;29(11):1023-8.

3. Ryan ME. Nonsurgical approaches for the treatment of
periodontal diseases. Dent Clin 2005;49(3):611-36.

4. Nandini N, Vidya D, Komal A. Comparative evaluation of
1% Curcumin solution and 0.2% Chlorhexidine irrigation
as an adjunct to scaling and root planing in management of
chronic periodontitis: A clinico-microbiological study. J
Pharm Biomed Sci 2012;14(14).

International Journal of Periodontology and Implantology, July-September 2018,3(3):100-104

103



Chaudhari P et al.

Antimicrobial efficacy of curcumin on periodontopathic microorganisms: An In-vitro study

10.

11.

12.

13.

14.

15.

16.

17.

18.

Puri K, Dodwad V, Bhat K, Puri N. Effect of controlled-
release periochip™ on clinical and microbiological
parameters in patients of chronic periodontitis. J Indian Soc
Periodontol 2013;17(5):605.

Heitz-Mayfield LJA. Systemic antibiotics in periodontal
therapy. Aust Dent J 2009;54Suppl 1:596-101.
Leszczynska A, Buczko P, Buczko W, Pietruska M.
Periodontal pharmacotherapy—an updated review. Adv Med
Sci 2011;56(2):123-31.

Salvi GE, Lang NP. Host response modulation in the
management of periodontal diseases. J Clin Periodontol
2005;32:108-29.

Kirkwood KL, Cirelli JA, Rogers JE, Giannobile WV.
Novel host response therapeutic approaches to treat
periodontal diseases. Periodontol 2000 2007;43(1):294-
315.

Hayakawa H, Minaniya Y, Ito K, Yamamoto Y, Fukuda T.
Difference of curcumin content in Curcuma longa
L.(Zingiberaceae) caused by hybridization with other
Curcuma species. Am J Plant Sci 2011;2(02):111.
Schwalbe R, Steele-Moore L, Goodwin AC (2007)
Antimicrobial susceptibility testing protocols. CRC Press,
Boca Raton, p 414.

Wormser GP, Stratton C. Manual of Clinical Microbiology,
9th Edition Edited by Patrick R. Murray, Ellen Jo Baron,
James H. Jorgensen, Marie Louise Landry, and Michael A.
Pfaller Washington, DC: ASM Press, 2007:24-88 pp. Clin
Infect Dis 2008;461-53.

Jaleel SM, Mahmood MS. The Effect of Curcumin
(Turmeric) on Oral and Periodontal Diseases. IntJ Sci Res
2017;6(10):1126-30.

Zambrano LM, Brandao DA, Rocha FR, Marsiglio RP,
Longo IB, Primo FL, Tedesco AC, Guimaraes-Stabili MR,
Junior CR. Local administration of curcumin-loaded
nanoparticles effectively inhibits inflammation and bone
resorption associated with experimental periodontal
disease. Sci Rep 2018;8.

Aggarwal BB, Harikumar KB. Potential therapeutic effects
of curcumin, the anti-inflammatory agent, against
neurodegenerative, cardiovascular, pulmonary, metabolic,
autoimmune and neoplastic diseases. Int J Biochem Cell
Biol 2009;41(1):40-59.

Guimardes MR, Coimbra LS, de Aquino SG, Spolidorio
LC, Kirkwood KL, Rossalr C. Potent anti-inflammatory
effects of systemically administered curcumin modulate
periodontal disease in vivo. J Periodontal Res
2011;46(2):269-79.

Zhou T, Chen D, Li Q, Sun X, Song Y, Wang C. Curcumin
inhibits inflammatory response and bone loss during
experimental periodontitis in rats. Acta Odontol Scand
2013;71(2):349-56.

Corréa MG, Pires PR, Ribeiro FV, Pimentel SZ, Casarin
RC, Cirano FR, Tenenbaum HT, Casati MZ. Systemic
treatment with resveratrol and/or curcumin reduces the

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

progression of experimental periodontitis in rats. J
Periodontal Res 2017;52(2):201-9.

Jacob P, Nath S, Sultan OS. Use of curcumin in periodontal
inflammation. Interdiscip J Microinflammation.
2014:1(114):2.

Elavarasu, S. et al. Evaluation of superoxide dismutase
levels in local drug delivery system containing 0.2%
curcumin strip as an adjunct to scaling and root planing in
chronic periodontitis: A clinical and biochemical study. J
Pharm Bioallied Sci;8(Suppl 1):S48-S52.

Waghmare PF, Chaudhari AU, Karhadkar VM, Jamkhande
AS. Comparative evaluation of turmeric and
chlorhexidinegluconate mouthwash in prevention of plaque
formationand gingivitis: a clinical and microbiological
study. J Contemp Dent Pract 2011;12(4):221-4.

Suhag A, Dixit J, Dhan P. Role of curcumin as a
subgingivalirrigant: a pilot study. Periodont Pract Today
2007;4(2):115-21.

Izui S, Sekine S, Maeda K, Kuboniwa M, Takada A,
Amano A, Nagata H. Antibacterial activity of curcumin
against periodontopathic bacteria. J Periodontol
2016;87(1):83-90.

Bomdyal RS, Shah MU, Doshi YS, Shah VA, Khirade SP.
Antibacterial activity of curcumin (turmeric) against
periopathogens - An in vitro evaluation. J Adv Clin Res
Insights 2017;4:175-80.

Rai D, Singh JK, Roy N, Panda D. Curcumin inhibits FtsZ
assembly: an attractive mechanism for its antibacterial
activity. Biochem J 2008;410(1):147-55.

Chusri S, Sompetch K, Mukdee S, Jansrisewangwong S,
Srichai T, Maneenoon K, Limsuwan S, Voravuthikunchai
SP. Inhibition of Staphylococcus epidermidis biofilm
formation by traditional Thai herbal recipes used for wound
treatment. Evid Based Complement Alternat Med 2012.
Savita AM, Dawra C, Bhat K. An in vitro Evaluation of
Antibacterial Activity of Curcumin against Aggregatibacter
actinomycetemcomitans. World J Dent 2015;6(1):16-19.
Vieira TM, dos Santos IA, Silva TS, Martins CH, Crotti
AE. Antimicrobial activity of monoketonecurcuminoids
against cariogenic bacteria. Chem Biodivers 2018;Jun 5.
Kim SG, Veena MS, Basak SK, Han E, Tajima T, Gjertson
DW, Starr J, Eidelman O, Pollard HB, Srivastava M,
Srivatsan ES. Curcumin treatment suppresses IKKf kinase
activity of salivary cells of patients with head and neck
cancer: a pilot study. Clin Cancer Res 2011:clincanres-
1272.

How to cite the article: Chaudhari P., A. Keshava, Koli
J., V. Siddhartha. Antimicrobial efficacy of curcumin on
periodontopathic microorganisms: An In-vitro study. |P

Int J Periodontol Implantol 2018;3(3):100-104.

International Journal of Periodontology and Implantology, July-September 2018,3(3):100-104

104



