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ABSTRACT
Background

Periodontitis is probably one of the most common diseases occurring worldwide
caused by interaction of anaerobic and aerobic microorganism found in dental
plaque. Medicinal plant extracts, rooted in traditions like Ayurveda, provide a
promising avenue for antimicrobial study against periodontal pathogens.

Objective

To assess the antimicrobial properties of extracts from indigenous medicinal plants
against Actinobacillus actinomycetemcomitans (ATCC: 29522) and Prophyromonas
gingivalis (ATCC: 33277), two potent periodontal pathogens.

Method

Four medicinal plants grown in different altitudes of Nepal were selected Tejpatta
(Cinnamomum tamala), Vajradanti (Barleria prionitis), Danti (Baliospermum
montanum), and Ghotape (Centella asiatica), henceforth denoted as GP1, GP2, GP3
and GP4 respectively), and their extracts were prepared using standard biochemical
protocol. Phytochemical composition was analyzed through Fourier Transform
Infrared Spectroscopy (FTIR) and Liquid Chromatography-Mass Spectrometry (LC-
MS). Antimicrobial activity against A. actinomycetemcomitans and P. gingivalis was
assessed through MIC, MBC, and zone of inhibition assays.

Result

All of the four extracts were found to have antimicrobial activities against A.
actinomycetemcomitans and P. gingivitis. The dry extract of Tejpatta was the most
effective for zone of inhibition with minimal concentration of 187.5 ug/ml for MIC
and 750 pg/ml for MBC. Additionally, Vajradanti and Danti were also effective against
P gingivalis with the highest zone of inhibition (25 mm) followed by the dry extract of
Tejpatta (22 mm) at a concentration of 100 mg/ml.

Conclusion

Phytochemical analysis revealed diverse chemical compounds in the plant
extracts, indicating a potential therapeutic value. Among the four herbal
plants, GP1 (Cinnamomum tamala) was found as the most potent against A.
actinomycetemcomitans. GP2 (Barleria prionitis), GP3 (Baliospermum montanum)
and GP1 (Cinnamomum tamala) displayed significant inhibition zones against both
the periodontal pathogens A. actinomycetemcomitans and P gingivalis.
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INTRODUCTION

Periodontitis is one of the most common diseases globally
and is also the most prevalent oral disease.! Approximately
24.2% to 63% of people worldwide suffer from periodontal
disease.? In Asia, the prevalence is 62.4%, while in Nepal,
it ranges from 47.5% to 71.6%.>* Periodontitis and dental
caries are widespread oral health issues.® Periodontitis is
more common in adults, whereas dental caries are more
frequently seen in children and adolescents.® Periodontitis
is one of the leading causes of edentulism in humans.
Unlike dental caries, periodontitis is a multifactorial
disease. Although bacteria are the major etiological agents
of periodontitis, the multifactorial theory better explains its
development. Interestingly, around 500 species of bacteria
have been isolated from dental plaque and calculus.” Not
all the bacteria are detrimental to periodontal health.
Within dental plaque, there are certain bacteria that exist
to actually help regulate other harmful bacteria. However,
the endotoxins and enzymes released by bacteria can
cause damage to both soft tissues (collagen matrix) and
hard tissues (alveolar bone), ultimately contributing to the
progression of periodontitis.®

The most common periodontal pathogens so far known are
Actinobacillus actinomycetemcomitans and Prophyromonas
gingivalis.® A. actinomycetemcomitans is frequently
associated with aggressive and acute periodontitis,
whereas P. gingivalis is linked to chronic periodontitis.™®
At present, the cornerstone of periodontal therapy is the
control of bacteria using mechanical debridement and
the host defense mechanism. Systemic antibiotic therapy
has limited application due to side effects and the limited
penetration of antibiotics into the crevicular fluid which
is the primary site of periodontal pathogens.!' These
pathogens reside in dental plaque, which is a biofilm
aggregate of bacteria. Aerobic, anaerobic, and facultative
bacteria are found in dental plaque. The subgingival plaque
and plaques in deep periodontal pockets primarily harbor
anaerobic species of bacteria.??

Controlling bacteria and plaque accumulation is extremely
difficult due to the diverse makeup of bacterial populations
in deep periodontal pockets. Local administration of
antibiotics has been attempted but with limited success,
mainly due to difficulties in retaining medication in the
crevicular fluid.®®* Although localized sustained release
of antibiotics may be an efficient means of controlling
bacteria, research on the mechanisms involved in
establishing sustained release is still in its early phases.
Many pharmaceutical agents have adverse effects on
the body’s normal commensal flora.** However, natural
products are believed to have specific actions against
harmful bacteria while causing less disruption to normal
flora. Ayurveda, a traditional medicinal practice particularly
prevalent in Nepal and India before modern medicine, is
known for its natural remedies. Therefore, this research

aims to assess the efficacy of four herbal plant extracts
against P. gingivalis and A. actinomycetemcomitans. The
reason for choosing these two periodontal pathogens is
because of their potent pathogenicity and involvement on
acute as well as chronic periodontitis.®

METHODS

Four indigenous medicinal plants traditionally used for
oral cure are collected from different locations of Nepal
and coded as GP1, GP2, GP3, and GP4, corresponding
to Tej Patta (Cinnamomum tamala), Vajradanti (Barleria
prionitis), Daanti (Baliospermum montanum), and Ghotape
(Centella asiatica), respectively as shown in (Table 1).

The study was conducted in Department of Biotechnology,
Kathmandu University and Dhulikhel Hospital, Kathmandu
University Hospital from January 2023 to January 2024.
The selected plants are collected, washed and dried at
room temperature under the shade. The dried plants were
then finely powdered using a mechanical grinder (Fig. 1).

Fifty grams of finely powdered plant samples were weighed
into 1000 ml screw-capped reagent bottles of methanol.
Maceration was carried out for 4 days at room temperature
using methanol as the extraction solvent, maintaining a
1:10 ratio of plant material to the solvent.

During maceration, occasional shaking at 150 rpm was
performed. The content of each bottle was filtered through
Muslin cloth and further filtered thrice using Sartorius
grade 292 filter papers. The solvent was removed by
rotatory evaporation under reduced pressure to obtain the
crude extract. The concentrated crude extracts were stored
at -20°C until further use. Dry extracts were suspended
in High-performance liquid chromatography (HPLC)
grade methanol for most experiments. For antibacterial
activity testing, the extract was dissolved in Dimethyl
sulfoxide (DMSO). The phytochemical composition of the
plant extracts was determined using Fourier Transform
Infrared (FTIR) Spectroscopy at Kathmandu University.
Liquid Chromatography—Mass Spectrometry (LC-MS)
was performed at IIT Mumbai with reference number
EXT.SAIF-Mumbai.REF.8659/2022-12-05/HRLCMS to
separate, identify, and quantify known and unknown
compounds in the plant extracts. Antimicrobial activity
of the plant extracts were assessed against Actinobacillus
actinomycetemcomitans (ATCC 29522) and Prophyromonas
gingivalis (ATCC-33277) purchased from Global Bioresource
Center, ATCC, USA. Both aerobicandanaerobiccultureswere
conducted at the Department of Microbiology, Dhulikhel
Hospital, Kathmandu University Teaching Hospital. The
aerobic culture was carried out using the blood agar
method. Anaerobic culture was performed on sheep blood
agar plates with vitamin K supplement. The qualitative
estimation of antimicrobial potential of the plant extracts
was determined using the agar well diffusion method. A
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Table 1. Details of Medicinal Plants and Sample Collection Sites.

Sample Code Common Name Scientific Name Sample Collection Site  Altitude Latitude Longitude
GP1 Tejapatta Cinnamomum tamala Dhulikhel 1550 m 27°37°0”N 85°33'0"E
GP2 Vajradanti Baleria prionitis Gosaikunda 4421 m 28°5’3”N 85°24'31"E
GP3 Danti Baliospermum montanum Syangja 800 m 27°58'59.99" N 83°46'0.01"E
GP4 Ghotape Centella asiatica Syangja 800 m 27°59'59.4"N 83°46'58.0"E

GP

2

CLP«_L

GP1

GP2

Graph 1. lllustrating MIC and MBC of different plant extract against Actinobacillus actinomycetemcomitans

concentrated stock solution of the plant extract (12,000
pg/mL) was prepared using 2% Dimethyl sulfoxide from
Merck Life Science Pvt. Ltd. (India). In 96-well microplates
by Tarsons (India), 150 uL of BHI broth enriched with 1 pg/
mL Vitamin K1 was dispensed. The plant extract underwent
sequential two-fold dilution within the microplate, yielding
final concentrations ranging from 6000 to 93.75 ug/ml.
Bacterial strains (1-2x108 CFU/ml) were introduced, and
incubation occurred in an anaerobic environment at 37°C
for 48-72 hours within the Anaoxomat® Ill Jar System.
Sterility control, growth control, and negative control with
2% DMSO were implemented. The microdilution procedure
was conducted in triplicate, and observations were made
to determine Minimum Inhibitory Concentration (MIC).

Following MIC, a 10 pL sample was taken from the 96-
well microplate at the MIC concentration and two dilution
steps above and below. These samples were evenly spread
onto Mueller-Hinton Agar enriched with 1 pg/mL Vitamin
K1. The culture plates were placed in the Anaoxomat®
Il Jar System at 37°C for 3-7 days. Minimum Bacterial
Concentration (MBC) was determined based on the
lowest concentration of the plant extracts that exhibited
no discernible bacterial growth on the agar plates. These
experiments were conducted in triplicate for reliability and
consistency.

Agar plates were prepared with Mueller-Hinton and
Anaerobic Blood Agar, both enriched with 1 pg/mL Vitamin
K1. Inoculated with microbial culture (1-2x108 CFU/mL),
the plates were air-dried, and wells were created. Plant
extract solutions with concentrations of 50 mg/mL, 70
mg/mL, and 100 mg/mL were introduced into the wells.

GP4

GP3

These solutions were prepared by dissolving the plant
extracts in DMSO. DMSO served as a negative control,
while positive controls included Amoxicillin/Clavulanic
acid and Tetracycline antimicrobial susceptibility discs
from Oxoid Ltd. (United Kingdom). The agar plates were
incubated anaerobically at 37°C for 2-3 days. Tests were
conducted in triplicates, and resulting inhibition zones
were measured using the HiAntibiotic Zone Scale from Hi
Media Laboratories Pvt. Ltd. (India).

RESULTS

The phytochemical analysis of the four selected
indigenous medicinal plant extracts revealed the presence
of several chemical compounds, including alkenes,
carbonyl compounds, and aromatic compounds (Table 2).
Additionally, Tejpatta exhibited alcohol and alkyl halides,
Vajradanti contained aldehyde and carboxylic acid, Danti
was found to possess nitrile, amides, and alkyl halides,
while Ghotape was found to possess tannins, steroids,
terpenoids, cardiac glycosides. These findings indicated
the diverse chemical composition of these traditional
remedies, suggesting potential for therapeutic uses.

In terms of their antibacterial properties, the plant
extracts were evaluated for minimal inhibitory
concentration (MIC), minimal bacterial concentration
(MBC), and zone of inhibition (ZOl) against Actinobacillus
actinomycetemcomitans and Prohyromonas gingivalis, a
significant contributor to periodontitis. The results for MIC,
MBC and ZOl are shown in table 3, 4, Graph 1,2,3 and 4.

Page 168



KATHMANDU UNIVERSITY MEDICAL JOURNAL

Table 2. Major phytochemical compounds found in plant extracts

Plant Scientific name Compounds Test done
GP1 Cinnamomum tamala Alkaloids, flavonoids, alcohol and alkyl halides FTIR, LC-MS
GP2 Baleria prionitis Alkaloids, flavonoids, aldehyde and carboxylic acid FTIR, LC-MS
GP3 Baliospermum mon-tanum Alkaloids, flavonoids nitrile, am-ides, and alkyl halides FTIR, LC-MS
GP4 Centella asiatica Alkaloids, flavonoids, tannins, steroids, terpenoids, cardiac gly-cosides FTIR, LC-MS
Table 3. Aggregatibacter actinomycetemcomitans (b) ATCC 29522
Ex-tract ID MIC MBC Z01
100 mg/ml 70 mg/ml 50 mg/ml AMC TETR
GP1 187.5 pg/ml 750 pg/ml 20 mm 12 mm 12 mm 32 mm 50 mm
GP2 750 pg/ml 750 pg/ml 20 mm 16 mm 12 mm
GP3 375 pg/ml 750 pg/ml 22 mm 22 mm 20 mm
GP4 750 pg/ml 750 pg/ml 20 mm 20 mm 16 mm
Note:BHI,VITAMIN K1, ANBA
Table 4. Porphyromonas gingivalis ATCC 33277
Extract ID MIC MBC Z01
100 mg/ml 70 mg/ml 50 mg/ml AMC TETR
GP1 750 pg/ml 3000 pg/ml 15 mm 12 mm 10 mm 56 mm 40 mm
GP2 750 pg/ml 3000 pg/ml 25 mm 24 mm 20 mm
GP3 750 pg/ml 3000 pg/ml 25 mm 22 mm 20 mm
GP4 750pg/ml 1500pg/ml 18mm 14mm 14 mm

Note: BHI,VITAMIN K1, ANBA

In the present study, all tested samples were effective in
inhibiting A. actinomycetemcomitans and P. gingivalis
growth with MIC and MBC values ranging from 187.5 ug/
ml to 750 pg/ml and 750 pg/ml to 3000 pg/ml respectively
(Table 3). Among the four different plant extracts, GP1
exhibited the lowest MICand MBCvalues of 187.5 pg/mland
750 pg/ml, respectively against A. actinomycetemcomitans
(Graph 1). GP2, GP4 showed similar MIC and MBC value of
750 pg/ml and 750 pg/ml. The MIC and MBC values of GP3
had 375 pug/ml and 750 pg/ml, respectively.

Their antibacterial potency was quantitatively confirmed
by an inhibition zone absence or presence all over the
disc, loaded with the extract. All herbal products were
found to have variable antimicrobial activity against
A. actinomycetemcomitans. In this study, GP3 extract
was reported to be the most significant against A.
actinomycetemcomitans. Mean zone of inhibition after 24
hours incubation of GP3 plant extract was 22 mm, 22 mm,
22 mm at a concentration of 100 mg/ml, 70 mg/ml, 50 mg/
ml respectively. Details of other plant extracts are shown in
table 3, graph 2.

The effect of plant extracts on P. gingivalis is shown in table
4. MIC and MBC were similar in all the four samples except
GP4 which had MBC of 1500 pg/ml (Graph 3). In term of
zone of inhibition Gp2 and Gp3 had higher inhibitory zone

MIC and MBC of different plant extract against Actinobacillus

fiia actinomycetemcomitans

900
800
700
600
500
400
300
200

|

i

- mll
5 \

MIC MBC

pg/ml

mGP1 mGP2 mGP3 mGP4

Graph 1. lllustrating MIC and MBC of different plant extract
against Actinobacillus actinomycetemcomitans

Zone of inihibition of Actinobacillus actinomycetemcomitans at different concentration
of plant extract
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Graph 2.  Zone of inhibition of Actinobacillus
actinomycetemcomitans at different concentration of plant
extract
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MIC and MBC of different plant extract against Porphyromonas gingivalis
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Graph 3. Graph illustrating MIC and MBC of different plant
extract against Porphyromonas gingivalis

Zone of inihibition of Porphyromonas gingivalis at different concentration
of plant extract
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Graph 4. Zone of inhibition of Porphyromonas gingivalis at
different concentration of plant extract.

(25 mm, 22 mm and 20 mm) at the concentration of 100
mg/ml, 70 mg/ml, 50 mg/ml respectively followed by GP4
and GP1 (Graph 4).

DISCUSSION

Periodontitis, commonly referred to as pyorrhea or
gum disease, is a widespread oral health problem that
affects individuals of all ages globally especially adults.?
While there are no specific primary etiological agents
solely responsible for periodontitis, P. gingivalis and A.
actinomycetemcomitans stand out as particularly potent
and virulent bacteria associated with the disease. It is
an established fact that periodontitis is a multifactorial
disease. The accumulation of dental plaque with
periodontal pathogen, lack of mechanical debridement and
poor oral hygiene leads to rapid periodontal breakdown.
Moreover, there are systemic links to periodontitis as well.
The degraded body defense mechanism, such as in case of
diabetes mellitus, immune deficiency syndromes etc. have
high risk of having periodontal diseases. In addition to that,
genes, stress and occlusal factors should also be taken into
consideration.

Periodontal microorganisms thrive in the oral cavity,
specifically in dental plaque, and play a pivotal role in bone
and soft tissue breakdown mediated through endotoxins,
acid and alkaline phosphatases, lipases etc. While bacterial
factors are the primary cause of periodontitis it is important
to acknowledge the other contributory elements like
genetics, immune system, dietary habits, oral hygiene

practices, host factors and deleterious habits like smoking,
chewing tobacco, etc.’>"’

In our study, we have taken the extracts of Vajradanti,
Danti, Ghotape and Tejpatta to see the effectiveness
against potent periodontal bacteria P. gingivalis and A.
actinomycetemcomitans. Nepal, a country known for
its diverse flora and indigenous knowledge of medicinal
plants, there is a wealth of botanical resources spread
across different ecological zones.*®**° There is high potential
that these huge resources can be used for naturopathy.
Most of the herbal extracts contain secondary metabolites
like tannins, terpenoids, alkaloids, and flavonoids, which
have demonstrated antimicrobial properties in laboratory
studies.??!

Scientific studies have revealed that the leaves, stem, and
roots of Baleria prionitis possess antibacterial and anti-
inflammatory properties. Although number of applications
and researches have been done on B. prionitis, the unique
feature of this plant available in Nepal is its availability
in high altitude and extremophilic weather condition.
It is our belief that this species found in Nepal has more
medicinal properties compared to the species found in
other part of the world. Apart from this, we have chosen
other three plants used for toothache traditionally.
Cinnamomum tamala, commonly known as Indian bay
leaf or Tejpat, is a versatile and aromatic spice that holds
a significant place in the culinary and medicinal traditions
of the Indian subcontinent. This evergreen tree, native
to the Indian subcontinent, is characterized by its glossy,
elliptical leaves, which exude a warm and spicy fragrance
when crushed. Beyond its culinary significance, C tamala
also possesses various therapeutic properties, making it
an essential ingredient in traditional Ayurvedic and herbal
medicine systems.?? Another plant selected in our study is
Danti, scientifically known as Baliospermum montanum, is
a versatile herb with a rich history in traditional healing,
especially in Ayurveda. Extracting beneficial compounds
from Danti involves methods such as cold pressing for oil,
maceration for tinctures, and steam distillation for essential
oils. It shows various therapeutic properties as it possesses
alkaloids, flavonoids nitrile, amides, and alkyl halides.?*?
Ghotape, scientifically known as Centella asiatica, is a
remarkable herb deeply rooted in the annals of Ayurveda,
India’s ancient system of natural medicine. This versatile
plant, native to various parts of Asia, including India, has a
rich history of traditional use. It’s adaptogenic and healing
properties have earned it the moniker “herb of longevity.” It
is believed to have potential to enhance cognitive function,
facilitate wound healing, alleviate anxiety, and improve skin
health. In recent years, C. asiatica has garnered attention in
dentistry for its antimicrobial properties, showing promise
in combatting dental caries and periodontitis. This fact has
been proved in our study. A similar study done by our team
has found potent activity against S mutans as well. The
phytochemical analysis of the four indigenous medicinal
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plant extracts, uncovered a diverse array of major
compounds. alkenes, carbonyl compounds, and aromatic
compounds were present in all extracts. Specifically, C.
tamala exhibited alcohol and alkyl halides, while B. prionitis
contained aldehyde and carboxylic acid. B. montanum was
found to possess nitrile, amides, and alkyl halides, and
C. asiatica showed the presence of alkaloids, flavonoids,
tannins, steroids, terpenoids, and cardiac glycosides.
Similar types of results were also obtained by Hassan et al.,
Sharma et al., Johnson et al., and Arumugam et al.*>®

Current study showed the potential antibacterial
capabilities of the four herbal extracts against A.
actinomycetemcomitans, with GP1 (C. tamala) as the
most effective, requiring lower concentrations (187.5 pg/
ml for MIC and 750 pg/ml for MBC) to inhibit bacterial
growth. The results of inhibition zone assays show GP3
(B. montanum) is one of the effective plants against A.
actinomycetemcomitans. Similarly, B. prionitis and B.
montanum are found to be most effective against P
gingivalis with highest diameter of zohe of inhibition
among four herbal extracts. Despite these findings, the
observed variability among the extracts necessitates
exploration into influencing factors such as geographical
origin and cultivation conditions.

The study done by Gupta et al. has found the B. prionitis
mouth is as effective as chlorhexidine mouth wash.?
Till today, 0.2% chlorhexidine is taken as gold standard
chemical agent for plaque control. In a recent publication
the contribution of B. prionitis has been acknowledged in
an article called B. prionitis : a journey form Ayurveda to
modern medicine by Pandey et al.*

In our study, Barleria prionitis exhibited significant
antibacterial activity against periodontal pathogens
which is likely attributed to its elevated levels of alkaloids,
flavonoids, aldehyde, and carboxylic acid. A study done by
Sawarkar et al. in 2016 showed that the ethanolic extract of
B. prionitis was highly effective against different oral micro
bacteria.!

A study done on cinnamon by Wang et al. has found that
cinnamon oil is effective against P. gingivalis which is similar
to our study. In our study, the MIC of cinnamon is very low
as compared with other plant extracts. This fact has been
well reviewed by Yanakiev recently.?? The effect on different
species of cinnamon on controlling periodontal disease has
been well studied by Mosaddad et al. who have similar
finding like of ours.®

In our study, B. montanum was found to exhibit good
effectiveness to both the periodontal pathogens A.
actinomycetemcomitans and P. gingivalis. The flavonoids

and terpenoids of B. montanum are the main components
to have antimicrobial activity which is reviewed in an
article by Radhakrishna et al.?* It has also found to possess
antibacterial and antifungal properties.?

This research also explored the chemical composition
and antimicrobial potential of Tejpatta, Vajradanti, Danti,
and Ghotape plants which are abundantly available in
Nepal. While the study provides promising results, several
considerations and limitations must be acknowledged. The
variability among extracts necessities further investigation
into influencing factors, including geographical variations
and cultivation conditions. Current focus only on
periodontal pathogens need to be evaluated in detail.
Additionally, the study does not delve into potential side
effects or cytotoxicity, emphasizing the importance of
safety assessments before integrating these remedies into
modern healthcare practices. The research opens avenues
for the integration of indigenous medicinal plants into oral
health practices. The antimicrobial potency demonstrated
against A. actinomycetemcomitans and P. gingivalis
suggests a potential role of natural products on controlling
periodontists and gingivitis. However, the complex nature
of oral health and the multifactorial causes of periodontitis
necessitate comprehensive studies to establish the safety,
efficacy, and broader applications of these plant extracts.

The research has been able to find out the antimicrobial
properties of plant extracts however still there need to work
a lot before bringing into clinical practice. The cytotoxicity
test as well as clinical trials should be done before product
formulation.

CONCLUSION

Tejpatta (Cinnamomum tamala) exhibited the highest
effectiveness, requiring lower concentrations to hinder
bacterial growth. In addition, Danti (Baliospermum
montanum)and Vajradanti(Barleria prionitis) demonstrated
higher inhibition zones across different concentrations,
indicating its potency against A. Actinomecemcomitans
and P. gingivalis. So it can be concluded that C tamala, B
montanum and B prionitis can have the future application
in controlling periodontitis. This study can be an excellent
starting point in connecting indigenous Ayurveda into
modern medicine.
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