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ABSTRACT

Introduction: The Combretaceae family species Terminalia chebula is
frequently referred to as the “king of medicine” utilised throughout
Tibet to treat a variety of conditions like diabetes, depression, leprosy,
cardiovascular disease, inadequate memory etc due to its alluring
antibacterial, antifungal, anticariogenic, anti-inflammatory, antimicrobial
activity. Terminalia chebula fruits are rich in tannins, flavonoids, and
essential oils.

Aim: To study the antibacterial and cytotoxic characteristics of Terminalia
chebula aqueous extract

Method: Aqueous extracts of Terminalia chebula were tested using a
brine-shrimp lethal assay for cytotoxicity and antimicrobial activity.
In this present study on antibacterial activity, the effectiveness of T.
chebula’s aqueous fruit extract against gram +ve and gram -ve bacteria
(Staphylococcus aureus and Pseudomonas aeruginosa) was assessed
using the Agar well diffusion method at different concentrations.

Results: Aqueous Terminalia chebula showed good effects as both
antibacterial and cytotoxic using brine shrimp lethality assay.

Conclusion: Terminalia chebula aqueous extract showed an efficient
antibacterial and cytotoxic effect and hence can be used for different
biomedical applications.

KeYWOI"dS: Antibacterial, Cytotoxicity, Aqueous Extract of T. chebula
(AETC), S. aureus, Pseudomonas

Introduction

Chebulae fructus, also known as Terminalia chebula, is a
member of the Combretaceae family, which has its roots

in India. In the mouth, saliva, acid, germs, and food waste
combine to generate a sticky substance called “plaque” that
sticks to the teeth. This not only leads to tooth decay but
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also results in the difficulty of elimination of plaque.! It is
generally known that medicinal plants have an antibacterial
effect on oral microorganisms.?® Dried Terminalia
Chebula fruit is used to cure a variety of ailments, such
as dermatitis, diabetes, cardiovascular diseases, urinary
tract diseases, and liver disorders.*®

Studies on the fruit Terminalia chebula conducted in vitro
and in vivo revealed the fruit’s therapeutic benefits, such as
its antimutagenic properties, antidiabetic, antiproliferative,
antioxidant, antimicrobial, and hepatoprotective activities,
and the reported toxicity data for this plant are sparse.”*?

Traditional remedies for asthma, sore throat, vomiting,
hiccough, diarrhoea, bleeding piles, gout, and heart and
bladder problems included the dried, ripe fruit of the T.
chebula plant.*?

Numerous gram-positive and gram-negative human
pathogenic bacterial species were susceptible to Terminalia
chebula’s antibacterial properties. Additionally, it has
antiviral and antifungal effects.'

The most prevalent inflammatory diseases brought on by
plaque are gingivitis and periodontitis. The most prevalent
anaerobic gram-negative bacteria in the subgingival
area are Tannerella for synthesis, Prevotella intermedia,
Aggregatibacter actinomycetemcomitans, Prophyromonas
gingivalis, and Tannerella for osmoregulation.?

The T. chebula aqueous extract minimised the microbial
population and was found to be a powerful anti-cariogenic
agent.'® T. chebula’s aqueous extract has the capacity to
prevent the growth of cancer cells in culture.'’

In this present study, the antibacterial and cytotoxic efficacy
of Terminalia chebula aqueous extract has been evaluated.

Materials and Method
Plant Extraction and Sample Preparation

The pulverised dried fruit of Terminalia chebula was
obtained from Poonamalle, Tiruvallur District, India. The
Saveetha Dental College and Hospitals in Chennai provided
the Staphylococcus aureus and Pseudomonas aeruginosa
and other human oral pathogens used in this investigation.

Fruit Aqueous Extract Planning

5 g of dried fruit powder of T. chebula was weighed and
dissolved in 100 mL of distilled water, heated to 50 °C in
a heating mantle for 1 hour. The mixture was allowed to
cool to room temperature, filtered using Whatman No. 1
filter paper, and then the filtered solution was stored in an
airtight container and refrigerated for further experiments.

Antimicrobial Activity Evaluation

The antimicrobial capacity was assessed using the agar-
based well diffusion technique of Terminalia chebula
aqueous extract using Pseudomonas aeruginosa and
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Staphylococcus aureus. Different concentrations of the
freshly prepared bacterial suspension were spread evenly
over the entire surface of nutrient agar plate extract (25, 50,
100 and 150 pL) was added to the wells, and the resulting
plates were then incubated for 24 hours at 37 °C. After 24
hours, the area of inhibition in each plate was recorded.

Evaluation of Cytotoxicity by Brine Shrimp Lethality
Assay

5 g of sea salt was measured using an electronic weighing
scale and 500 mL of distilled water was combined. Five wells
were designated as 5 mL, 10 mL, 20 mL, 40 mL, and 80 mL,
respectively, in a medium along with one well marked as
control. The wells were filled with prepared salt solution
and 10 nauplii were added to each well respectively. Then
the prepared Terminalia chebula aqueous extract was
added to each well with respective measurements using the
micropipette. The plate is kept undisturbed and observed
after 24 hours.

b.

Figure |.Zone of inhibition for the aqueous extract
of Terminalia chebula (a) Staphylococcus aureus (b)
Pseudomonas aeruginosa
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Figure 2.Comparison of Antibacterial activity
of Terminalia chebula Fruit Extract against Oral
Pathogens

Results and Discussion
Antibacterial Action

The Agar well diffusion method was used to conduct the
antibacterial activity test. For determining the inhibitory
action over Staphylococcus aureus and Pseudomonas
aeruginosa, two agar plates were employed, respectively.
Each plate included four wells with varying plant extract
concentrations, such as 25 pL, 50 pL, 100 pL, and 150
pL. The diameter of the detrimental zone against
Staphylococcus aureus measured 20 mm, 23 mm, 25 mm,
and 27 mm, respectively. The diameter of the plant extract’s
detrimental zone against Pseudomonas aeruginosa was
20 mm, 22 mm, 26 mm, and 28 mm. When compared to
other concentrations, 150 pL concentration produced the
highest activity for both organisms. Figure 1 depicts the
antibacterial activity of Terminalia chebula’s aqueous fruit
extract against Staphylococcus aureus and Pseudomonas
aeruginosa. When used against oral infections, the aqueous
extract demonstrated effective antibacterial properties as
shown in Figure 2 and Table 1.

Table I.Results Indicating the Fruit Extract from
Terminalia chebula, which Contains S. aureus and P.
aeruginosa, having Antibacterial Activity

Concentration (uL) S. aureus P. aeruginosa
25 20 21
50 24 23
100 25.2 26.8
150 27.8 29.2

Cytotoxicity by Brine Shrimp Lethality Assay

In order to test for cytotoxicity, brine prawn nauplii were
used. Each well contained ten nauplii with aqueous extract
concentrations of 5, 10, 20, 40, and 80 mL. The LD50
concentration was attained at 80 L concentration, and half
of the nauplii in each well survived during incubation of 24
hours. Results are shown in Figures 3 and 4 and Table 2.

Figure 3.Cytotoxic effect of Terminalia chebula fruit
extract with varying concentrations
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Figure 4.Percentage of Lethality against Different
Concentrations of Aqueous Extract of Terminalia
chebula Fruit

Existing research works stay concordant with the current

cytotoxic activity results.’ The fruits of Terminalia chebula
have a high content of tannings which is hydrolysable
Pyrogallol type which has enormous activity and other
constituents such as polyphenols.'® Besides antimicrobial
activity, T. chebula also has antimutagenic activity. It
is a putty-like plant used for various pharmacological
effects.?’ The methanolic and aqueous extract of leaves
also produced enormous antibacterial activity against
gram-negative bacteria.? The traditional preparations of
T. chebula have various properties like anti-ageing activity
and topical applications. If the dose of T. chebula increases,
it causes digestive discomfort.?2 Terminalia chebula fruit
aqueous extract can be used as a potential anti-cariogenic
mouthwash and in gel or varnish form.?2
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Table 2. Outcome of the Aqueous Extract of Terminalia chebula Fruits’ Lethality for Brine Shrimp

Dose Initial Nauphili Number Survived Number Died A\{erage Numbers . % .
(ppm) after 24 Hrs after 24 Hrs Died after 24 Hrs Mortality/ Lethality
5 10 9 1 1 10
10 10 8 2 2 20
20 10 5 5 5 50
40 10 2 8 8 80
80 10 0 10 10 100
Conclusion 5. Chang CL, Lin CS. Phytochemical composition,

The aqueous extract of Terminalia chebula fruit used in
this investigation displays extremely high antibacterial
action against Staphylococcus aureus and Pseudomonas
aeruginosa. The direct anti-viral activity of the 50%
ethanolic extract prepared from the fruits of Terminalia
chebula on Herpes Simplex Virus-2 (HSV-2) viruses has
also been reported. With regard to Staphylococcus aureus
and Pseudomonas aeruginosa, the aqueous fruit extract of
Terminalia chebula has demonstrated good antibacterial
activity in the current study. Because these medications
are plant-based, they can be regarded as being safe for
humans and less hazardous, and they can be employed
for further research.

Acknowledgement

The authors sincerely thank Saveetha Dental College
for pathogens and Chettinad Academy of Research and
Education for guidance related to manuscript preparation.

Source of Funding: None
Conflict of Interest: None
References

1. Hardie JM. Oral microbiology: current concepts in
the microbiology of dental caries and periodontal
disease. Br Dent J. 1992;172(7):271-8. [PubMed]
[Google Scholar]

2. Kelmanson JE, Jager AK, van Staden J. Zulu medicinal
plants with antibacterial activity. J Ethnopharmacol.
2000;69(3):241-6. [PubMed] [Google Scholar]

3. SmullenJ, Koutsou GA, Foster HA, Zumbe A, Storey DM.
The antibacterial activity of plant extracts containing
polyphenols against Streptococcus mutans. Caries Res.
2007;41(5):342-9. [PubMed] [Google Scholar]

4. Bag A, Bhattacharyya SK, Pal NK, Chattopadhyay RR.
Anti-inflammatory, anti-lipid peroxidative, antioxidant
and membrane stabilizing activities of hydroalcoholic
extract of Terminalia chebula fruits. Pharm Biol.
2013;51(12):1515-20. [PubMed] [Google Scholar]

ISSN: 2278-2044

10.

11.

12.

13.

antioxidant activity, and neuroprotective effect of
Terminalia chebula Retzius extracts. Evid Based
Complement Alternat Med. 2012;2012:125247.
[PubMed] [Google Scholar]

Sasidharan |, Sundaresan A, Nisha VM, Kirishna MS,
Raghu KG, Jayamurthy P. Inhibitory effect of Terminalia
chebula Retz. fruit extracts on digestive enzyme related
to diabetes and oxidative stress. J Enzyme Inhib Med
Chem. 2012;27(4):578-86. [PubMed] [Google Scholar]
Kaur S, Grover IS, Singh M, Kaur S. Antimutagenicity
of hydrolyzable tannins from Terminalia chebula in
Salmonella typhimurium. Mutat Res. 1998;419(1-
3):169-79. [PubMed] [Google Scholar]

Sabu MC, Kuttan R. Anti-diabetic activity of medicinal
plants and its relationship with their antioxidant
property. J Ethnopharmacol. 2002;81(2):155-60.
[PubMed] [Google Scholar]

Saleem A, Husheem M, Harkonen P, Pihlaja K. Inhibition
of cancer cell growth by crude extract and the phenolics
of Terminalia chebula Retz. fruit. J Ethnopharmacol.
2002;81(3):327-36. [PubMed] [Google Scholar]

Lee HS, Jung SH, Yun BS, Lee KW. Isolation of chebulic
acid from Terminalia chebula Retz. and its antioxidant
effect in isolated rat hepatocytes. Arch Toxicol.
2007;81(3):211-8. [PubMed] [Google Scholar]

Kim HG, Cho JH, Jeong EY, Lim JH, Lee SH, Lee HS.
Growth-inhibitory activity of active component from
Terminalia chebula fruits against intestinal bacteria.
J Food Prot. 2006;69(9):2205-9. [PubMed] [Google
Scholar]

Panunto W, Jaijoy K, Lerdvuthisopon N, Lertprasertsuke
N, Jiruntanat N, Soonthornchareonnon N, Sireeratawong
S. Acute and chronic toxicity studies of the water
extract from dried fruits of Terminalia chebula Rezt. in
rats. Int J Appl Res Nat Prod. 2011;3(4):36-43. [Google
Scholar]

Kannan P, Ramadevi SR, Waheeta H. Antibacterial
activity of Terminalia chebula fruit extract. Afr J
Microbiol Res. 2009;3(4):180-4.

DOI: https://doi.org/10.24321/2278.2044.202438


https://pubmed.ncbi.nlm.nih.gov/1576024/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Hardie+JM.+Oral+microbiology%3A+current+concepts+in+the+microbiology+of+dental+caries+and+periodontal+disease&btnG=
https://pubmed.ncbi.nlm.nih.gov/10722206/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Jonathan+EK%2C+Anna+KJ%2C+Johannes+VS.+Zulumedicinal+plants+with+antibacterial+activity&btnG=
https://pubmed.ncbi.nlm.nih.gov/17713333/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Smullen+J%2C+Koutsou+GA%2C+Foster+HA%2C+Zumb%C2%B4e+A%2C+Storey+DM.+The+antibacterial+activity+of+plant+extracts+containing+polyphenols+against+Streptococcus+mutans&btnG=
https://pubmed.ncbi.nlm.nih.gov/24004166/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Bag+A%2C+Bhattacharyya+SK%2C+Pal+NK%2C+Chattopadhyay+RR.+Anti-inflammatory%2C+anti-lipid+peroxidative%2C+antioxidant+and+membrane+stabilizing+activities+of+hydroalcoholic+extract+of+Terminalia+chebula+fruits&btnG=
https://pubmed.ncbi.nlm.nih.gov/21754945/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Chang+CL%2C+Lin+CS.+Phytochemical+composition%2C+antioxidant+activity%2C+and+neuroprotective+effect+of+Terminalia+chebula+Retzius+extracts&btnG=
https://pubmed.ncbi.nlm.nih.gov/22512724/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=I.+Sasidharan%2C+A.+Sundaresan%2C+V.+M.+Nisha%2C+M.+S.+Kirishna%2C+K.+G.+Raghu%2C+and+P.+Jayamurthy.+Inhibitory+effect+of+Terminalia+chebula+Retz.+fruit+extracts+on+digestive+enzyme+related+to+diabetes+and+oxidative+stress&btnG=
https://pubmed.ncbi.nlm.nih.gov/9804945/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Kaur+S%2C+Grover+IS%2C+Singh+M%2C+Kaur+S.+Antimutagenesity+of+hydrolyzable+tannins+from+Terminalia+chebula+in+Salmonella+typhimerium&btnG=
https://pubmed.ncbi.nlm.nih.gov/12065146/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Sabu+MC%2C+Kuttan+R.+Antidiabetic+activity+of+medicinal+plants+and+its+relationship+with+their+antioxidant+properties&btnG=
https://pubmed.ncbi.nlm.nih.gov/12127233/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Saleem+A%2C+Husheem+M%2C+Harkonen+P%2C+Pihlaja+K.+Inhibition+of+cancer+cell+growth+by+crude+extract+and+the+phenolics+of+Terminalia+chebula+Retz.+fruit&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Lee+HS%2C+Jung+SH%2C+Yun+BS%2C+Lee+KW.+Isolation+of+chebulic+acid+from+Terminalia+chebula+Retz.+and+its+antioxidant+effect+in+isolated+rat+hepatocytes&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Kim+HG%2C+Cho+JH%2C+Jeong+EY%2C+Lim+JH%2C+Lee+SH%2C+Lee+HS.+Growth+inhibitory+activity+of+active+component+from+Terminalia+chebula+fruits+against+intestinal+bacteria&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Kim+HG%2C+Cho+JH%2C+Jeong+EY%2C+Lim+JH%2C+Lee+SH%2C+Lee+HS.+Growth+inhibitory+activity+of+active+component+from+Terminalia+chebula+fruits+against+intestinal+bacteria&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Panunto+W%2C+Jaijoy+K%2C+Lerdvuthisopon+N%2C+Lertprasertsuke+N%2C+Jiruntanat+N+et+al.+Acute+and+chronic+toxicity+studies+of+the+water+extract+from+dried+fruits+of+Terminalia+chebula+Rezt.+in+rats&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Panunto+W%2C+Jaijoy+K%2C+Lerdvuthisopon+N%2C+Lertprasertsuke+N%2C+Jiruntanat+N+et+al.+Acute+and+chronic+toxicity+studies+of+the+water+extract+from+dried+fruits+of+Terminalia+chebula+Rezt.+in+rats&btnG=

14.

15.

16.
17.
18.
19.
20.
21.
22.
23.

24.

25.

Azmathullah R et al.
Chettinad Health City Med. J. 2024; 13(3)

Thirumoorthyswamy S. Pleiotrophic evaluation of
Haritaki. Am J Phytomed Clin Therap. 2014;2(1):33-44.
[Google Scholar]

Sanz M, van Winkelhoff AJ, Herrera D, Dellemijn-Kippuw
N, Simén R, Winkel E. Differences in the composition
of the subgingival microbiota of two periodontitis
populations of different geographical origin. A
comparison between Spain and the Netherlands. Eur
J Oral Sci. 2000;108(5):383-92. [PubMed] [Google
Scholar]

Jagadish L, Kumar VK, Kaviyarasan V. Effect of triphala
on dental bio-film. Indian J Sci Technol. 2009;2:30-3.
Nishakavya S, Girigoswami A, Gopikrishna ADeepa
R, Divya A, Ajith S, Girigoswami K. Size attenuated
copper doped zirconia nanoparticles enhances
in vitro antimicrobial properties. Appl Biochem
Biotechnol. 2022;194(8):3435-52. [PubMed] [Google
Scholar]

Waghulde S, Kale MK, Patil VR. Brine shrimp lethality
assay of the aqueous and ethanolic extracts of the
selected species of medicinal plants. Proceedings.
2019;41(1):47. [Google Scholar]

Bag A, Bhattacharyya SK, Chattopadhyay RR. The
development of Terminalia chebula Retz.
(Combretaceae) in clinical research. Asian Pac J Trop
Biomed. 2013;3(3):244-52. [PubMed] [Google Scholar]
Mostofa MG, Rahman M, Karim MM. Antimicrobial
activity of Terminalia chebula. Int J Med Arom Plants.
2011;1(2):175-9. [Google Scholar]

Perera MG, Soysa SS, Abeytunga DT, Ramesh R.
Antioxidant and cytotoxic properties of three traditional
decoctions used for the treatment of cancer in Sri
Lanka. Pharmacogn Mag. 2008;4(15):172-81. [Google
Scholar]

Carounanidy U, Satyanarayanan R, Velmurugan A.
Use of an aqueous extract of Terminalia chebula as
an anticaries agent: a clinical study. Indian J Dent Res.
2007;18(4):152-6. [PubMed] [Google Scholar]

Rai AK, Joshi R. Evaluation of antimicrobial properties of
fruit extracts of Terminalia chebula against dental caries
pathogens. Jundishapur J Microbiol. 2009;2(3):105-11.
[Google Scholar]

Badria FA, Zidan OA. Natural products for dental caries
prevention. ] Med Food. 2004;7(3):381-4. [PubMed]
[Google Scholar]

Kesharwani A, Polachira SK, Nair R, Agarwal A, Mishra
NN, Gupta SK. Anti-HSV-2 activity of Terminalia
chebula Retz extract and its constituents, chebulagic
and chebulinic acids. BMC Complement Altern Med.
2017;17(1):110. [PubMed] [Google Scholar]

ISSN: 2278-2044
DOI: https://doi.org/10.24321/2278.2044.202438


https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Thirumoorthyswamy+S.+Pleiotrophic+Evaluation+of+Haritaki&btnG=
https://pubmed.ncbi.nlm.nih.gov/11037754/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Sanz+M%2C+van+Winkelhoff+AJ%2C+Herrera+D%2C+Dellemijn-Kippuw+N%2C+Sim%C3%B3n+R%2C+Winkel+E.+Differences+in+the+composition+of+the+subgingival+microbiota+of+two+periodontitis+populations+of+different+geographical+origin.+A+comparison+between+Spain+and+the+Netherlands&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Sanz+M%2C+van+Winkelhoff+AJ%2C+Herrera+D%2C+Dellemijn-Kippuw+N%2C+Sim%C3%B3n+R%2C+Winkel+E.+Differences+in+the+composition+of+the+subgingival+microbiota+of+two+periodontitis+populations+of+different+geographical+origin.+A+comparison+between+Spain+and+the+Netherlands&btnG=
https://pubmed.ncbi.nlm.nih.gov/35366183/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Nishakavya+S%2C+Girigoswami+A%2C+Gopikrishna+A.+et+al.+Size+attenuated+copper+doped+zirconia+nanoparticles+enhances+in+vitro+antimicrobial+properties&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Nishakavya+S%2C+Girigoswami+A%2C+Gopikrishna+A.+et+al.+Size+attenuated+copper+doped+zirconia+nanoparticles+enhances+in+vitro+antimicrobial+properties&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Brine+Shrimp+Lethality+Assay+of+the+Aqueous+and+Ethanolic+Extracts+of+the+Selected+Species+of+Medicinal+Plants&btnG=
https://pubmed.ncbi.nlm.nih.gov/23620847/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Bag%2C+Anwesa%3B+Bhattacharyya%2C+Subir+Kumar%3B+Chattopadhyay%2C+Rabi+Ranjan+%282013%29.+The+development+of+Terminalia+chebula+Retz.+%28Combretaceae%29+in+clinical+research&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Mostofa%2C+Md+%26+Rahman%2C+Mahdia+%26+Karim%2C+Muhammad.+%282011%29.+Antimicrobial+activity+of+Terminalia+chebula&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=M.G.A.N.+Pereraa*%2C+S.S.S.B.D+P.+Soysab%2C+D.T.U.+Abeytungac+and+R.+Ramesha+Antioxidant+and+cytotoxic+properties+of+three+traditional+decoctions+used+for+the+treatment+of+cancer+in+Sri+Lanka+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=M.G.A.N.+Pereraa*%2C+S.S.S.B.D+P.+Soysab%2C+D.T.U.+Abeytungac+and+R.+Ramesha+Antioxidant+and+cytotoxic+properties+of+three+traditional+decoctions+used+for+the+treatment+of+cancer+in+Sri+Lanka+&btnG=
https://pubmed.ncbi.nlm.nih.gov/17938489/
https://scholar.google.com/scholar?q=Kamal+RA,+Radhika+J.+2009.+Evaluation+of+antimicrobialproperties+of+fruit+extracts+of+Terminalia+chebula+against+dental+caries+pathogens&hl=en&as_sdt=0,5
https://pubmed.ncbi.nlm.nih.gov/15383236/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Badrina+FA%2C+Zidan+OA.+Natural+products+for+dental+caries+prevention&btnG=
https://pubmed.ncbi.nlm.nih.gov/28196487/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Ajay+Kesharwani%2C+Suja+Kizhiyedath+Polachira%2C++Reshmi+Nair%2C+Aakanksha+Agarwal%2C+Nripendra+Nath+Mishra+and+Satish+Kumar+Gupta+Anti-HSV-2+activity+of+Terminalia+chebula+Retz+extract+and+its+constituents%2C+chebulagic+and+chebulinic+acids&btnG=



