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Abstract

Dental decay or dental caries, is a condition where dental bacteria produce acids that break
down tooth enamel. This may cause the teeth to develop cavities or holes in them. One
important bacteria, Streptococcus Mutans, is typically responsible for this caries. Dental
caries can be caused by germs in the mouth, fluoride deficiency, regular consumption of
sugary food and drink, and poor oral hygiene. In cases where medicines such as amoxicillin
or, clavulanate are administered for infections that result in adverse effects such as
Constipation, vomiting, nausea, and so on, to combat these side effects, the herbal plant
Andrographis paniculata is discussed in this paper as a potential treatment for dental caries.
Andrographis paniculata, sometimes referred to as green Chiretta, is a South Asian native
and member of the Acanthaceae family of medicinal plants. Majorly utilized in traditional
medicine, especially in Thai, Traditional Chinese, and Ayurvedic medicine. With its anti-
inflammatory, antiviral, and antioxidant qualities, andrographolide is the primary active

ingredient in Andrographis paniculata.
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Introduction

Tooth decay is among the most significant and harmful illnesses on oral health in today’s
world, a chronic condition that exclusively affects humans. Tooth decay and oral pain are
commonly associated with dental caries, which is a common and preventable disorder. It is a
serious oral disease that makes it challenging for individuals of all ages to achieve and
preserve optimal oral health. Bacterial fermentation of carbohydrates in food induces dental
caries, which are localized acidic byproducts that cause the weakening of the hard tissues in
the teeth. A chronic illness that advances slowly affects the majority of those who have it.
The balance between plaque, and tooth minerals is out of balance on an ecological level [1].
In US youngsters, the frequency of untreated caries is still high (41.4 to 45.7% among 1 to 9
year old). SM. of children wasted school hours annually due to dental health issues being
predicted [2]. It is determined that oral health issues cause more than 51M. lost school hours
annually [3]. Due to microorganisms illness attacks the tooth's rigid tissue directly and, a
cavity is created due to an intricate procedure that occurs over time between bacteria that
generate acid and fermentable carbohydrates [4]. Dental caries is a non-transmissible disease
worldwide public health problem. In the 2015 literature research were held on the theme
“Global Burden of Disease”, it was also ranked as the most common ailment, ranking first for
Perennial tooth decay, which impacts 2.3B. human beings, and 12th for caries of deciduous
teeth, which affects 560M. children. The issue is required more to treat, accounting for 5
to10% of healthcare spending in affluent nations and frequently leading to hospital
admissions [5,6,7].

In 1634 during the literature, the Latin term “Caries” was first introduced, meaning decay.
Cariogenic bacteria that adhere to teeth and break down saccharides to produce acid, which
progressively removes minerals from tooth structure, cause dental caries, a prevalent and
chronic infectious disease. Carious lesions have a greater proportion and incidence of certain
bacterial species that have been identified from advanced caries [8]. Amoxicillin/clavulanic
acid, a combined penicillin antibiotic being given in microbial illnesses, is an allopathic
treatment for dental caries, it works by inhibiting the growth of microbes but doesn't work for
communicable diseases like the flu or the common cold. Any overused antibiotic may lose its
ability to prevent further infections. There may be vomiting, nausea, or diarrhoea. To get past
these challenges It is recommended to use effective herbal remedies. Many plants and species
have been used, including Andrographis Paniculata (Kalmegh), which is significant plant’s

for treating dental caries. However, more research is needed to determine which specific
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plant species can effectively treat dental caries without causing negative side effects [9].
Numerous clinical symptoms and indicators, including spontaneous pain, discomfort at night,
transferred pain, temperature sensitivity, and percussion pain, can manifest as tooth caries
progresses. These symptoms, to some degree, represent the pulp's state [10]. This review
subjected to give brief information on Andrographis paniculata as a means of overcoming
adverse effects, such as nausea and diarrhea, that are connected with the use of Amoxicillin
and Clavulanic acid. There is a tremendous chance for more research here because the

antibacterial activity of Andrographis Paniculata against dental caries is unknown.
Pathophysiology of Dental Caries

De- Mineralization and Re- Mineralization

The mechanism that causes dental caries is the demineralization of the tooth's crystalline
mineral structure by organic acids generated by biofilm bacteria from the metabolism of
fermentable carbohydrates, mostly sugars, in the diet. This process usually begins at its
enamel surface and under it (the earliest demineralization occurs subsurface). The primary
byproduct of sugar metabolism [11], lactic acid is thought to be a key component in tooth
cavities. When the pH drops to the point where undersaturation at the biofilm—enamel
interface takes place, acids build up in the fluid phase of the biofilm and significantly
demineralize the tooth's surface layer. As minerals are lost, the enamel's surface softens, the
gaps between its crystals widen, and it becomes more porous. Demineralization of the
mineral under the surface, or subsurface demineralization, results from the acids' ability to
penetrate deeper into the tooth. Fluoride can also stop the demineralization of the surface
layer [12]. Streptococcus mutans (S. Mutans) and several Lactobacillus species which
metabolize dietary sugar to make lactic acid—are the predominant pathogenic bacteria in
deposits. According to epidemiology, the most common bacteria is S. mutans, and its
prevalence affects caries risk more than sugar intake and inadequate dental care [13]. Dental
decay is undoubtedly a plaque-dependent process that starts with a pellicle, an acellular
proteinaceous film produced by saliva that covers all oral mineralized surfaces. This is
relevant to the concept of mineralized tissue infection. Microorganisms adhere to the pellicle
and create a biofilm, which grows in size and develops into dental plaque with a deep

anaerobic layer near to the enamel surface and a superficial aerobic zone [14].
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Figure 1: The graphical form of the pathophysiology of Dental Caries
Prevalence of Dental Caries

According to certain research, the prevalence rate among 13—-19-year-olds in poor nations
like India is 36.7%, whereas in Saudi Arabia, the prevalence among 6—8-year-olds is as high
as 83% [15,16]. Globally, 486M. children have primary tooth decay and around 2.4B. adults
have permanent dental decay [17]. India's dentist population ratios range from 1:20,000 to
more, depending on the state [18]. Only 10% of the 30,570 dentists that are employed in
India each year work with patients in rural regions [19]. Although most studies have focused
on dental caries in children under the age of 18, there was an age-specific prevalence of 62%
in patients over the age of 18 and 52% in those between the ages of 3 and 18 (P < 0.0001).
The mean prevalence was 49% in the 5—12 age group and gradually rose from 60% to 84% in
the 15-74 age group [20]. According to a 2019 UN prediction, one in six people will be 65 or
older by 2039, doubling the number of individuals in the elderly demographic [21]. A
countrywide survey carried out in the United States between 2001 and 2012 found that, even
though dental caries have been declining, around 37% of children aged 2 to 8 and 60% of
teenagers aged 12 to 19 had dental caries in their primary teeth [22].

About Andrographis Paniculata

Many people consider Andrographis paniculata, also called Kalmegha in Sanskrit, to be a
helpful plant because of its many medical uses. Found in abundance across India belongs to
the Acanthaceae family and is referred to as the "Bitter of King." [23] Herpes, fever,
gastrointestinal issues, upper pneumonia, and other infectious and chronic illnesses are only a
few of the conditions for which Andrographis paniculata has a substantial therapeutic

promise [24]. The primary location of the presence is Bengal [25]. In Bengal, it is referred to
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as a "Kalmegha" and the "king of bitter"; another name for it is Bhuineem. Ent-labdane is the
main bioactive component of diterpenoid lactone. In South Asia, the Kalmegh is the primary
traditional drug. In England, it is utilized as a Quinine replacement [26]. Mostly found in the
leaves and roots, andrographolide is used for a variety of medicinal purposes in the Ayurvedic
and Unani systems. It is primarily utilized for newborns. The Indian Pharmacopeia (IP)
address states that it is a powerful combination that is utilized in over 26 Ayurvedic
formulations [27]. Andrographis Paniculata is used for its Immunostimulants [28],
cardiovascular [29], anticancer [30], anti-microbial [31,32], Free radical scavengers [33],
antiviral [34], and Hypo-glycemia [35] properties. Below Table 1 and Table 2 depict the

taxonomical classification and morphology of the Andrographis Paniculata plant.

Table.1 The Taxonomy Classification of Andrographis Paniculata

S.no | Scientific classification Name
1. Domain Eukaryote [36]
2. Kingdom Plantae
3. Sub- kingdom Tracheophytes
4. Divisions Angiosperms
5. Super divisions Spermatophyta
6. Class Dicotyledons [37]
7. Subclass Gamopalatae
8. Series Bicarpellate
0. Order Lamiales
10. Family Acanthaceae
11. Sub-family Acanthoideae
12. Tribe Justiciae
13. Sub-tribe Andrographideae
14. Genus Andrographis
15. Species Paniculata [38]
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Table. 2 The Morphology of Plants
S. no Traits Characteristics
1. Plant Height 30-110 cm [39]
2. Stem Dark Green [40]
Length 30-100 cm
Diameter 2-6 mm
Shape Quadrangular, longitudinal furrow,
wings on the angles, and slightly
swollen nodes.
3. Leaves Glabrous
Length 2-12 cm
Width 1-3 cm
Arrangement Lanceolate
Shape Pinnate, acute apex, entire margin
4. Flower The petals are white with purple
spots [41].
Size Axillary and terminal racemes or are
small, laxly spreading racemes or
panicles.
5. Seed Linear oblong capsules with acute
Size ends.
Colour 1.9 cm length, 0.3 cm width.
Shape Yellowish brown
Sub-quadrate
6. Flowering and December to April [42]
fruiting

Phytochemistry of Andrographis Paniculata

Andrographolide, the primary active ingredient in Andrographis paniculata, is present
throughout the entire plant. The properties of andrographolide include being an Ent-labdane
diterpene lactone compound that is bitter and colourless. Andrograpanin, Andrographiside,
andrographolide, bis-andrographolide, iso-andrographolide, neo-andrographolide, 14-deoxy-

11oxoandrographolide, 14-deoxy-11, 12-di-de-hydro-andro-grapholide, and 14-deoxy
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andrographolide are a few of the chemical components of Andrographis paniculata [43,44].
The most noticeable component with the highest amount from the leaves is andrographolide
(diterpenoids), which is also obtained from the aerial portions or the entire plant. It readily
separates into a crystalline crystal from the crude extracts [45,46]. From ethanol and
methanol extract, more than 20 diterpenes, 10 flavonoids, xanthones, noriridoides, and other
substances have been identified. The list of diterpenes and flavonoids is shown in the graphic

below [47,48] i.e.

Compounds in Andrographis Paniculata

Diterpenes Flavonoids
Andrographolide -7-O- Methyl-wogonin
14-deoxy andrographolide -Apigenin
Neo-andrographolide - Onysilin
14-deoxy-11, 12 di-de-hydro-andrographolide -3,4, Di-Caffe-Oylquinic

14-deoxy-14, 15 di-de-hydro-Andrographolide
Iso-andrographolide

Andrograpanin

YV V. V V V V VYV VY

14- acetyl-andrographolide

The Medicinal Plants and Extracts Used to Treat Dental Caries
The list of medicinal plants that are used in dentistry to treat specific microorganisms is

shown in Table No. 3

Table No.3 The list of Medicinal plants used in dental caries.

S. no Medicinal Plants Microorganisms
1. Glycyrrhiza glabra [49], Cinnamomum burmannii Streptococcus
[50], Cocos nucifera [51], Liquorice Root [52], mutans

Sterculia lychnophora Hance [53], Pongamia Pinnata
[54], Acacia Catechu [55], Bauhinia Forficata [56],
Bauhinia Forficata [57].

2. Erythrina variegate, Helichrysum italicum, Thymus Streptococcus

vulgaris, Rhus corriaria, Rhus corriaria, Melissa Sanguis

officinalis, Magnolia grandiflora, Melissa officinalis,
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Harungana madagascariensis.
3. Erythrina variegata, Polygonum cuspidatum, Mikania Streptococcus
lavigata, Harungana madagascariensis, Mentha sobrinus
arvensis, Helichrysum italicum.
4. Caesalpinia Martius Lactobacillus
casei
5. Hamamelis virginiana, Harungana madagascariensis Actinomyces
odontolitycus
6. Hamamelis virginiana, Harungana madagascariensis Preveotella spp.
7. Harungana madagascariensis Fusobacterium
8. Harungana madagascariensis Propioni
bacterium
9. Pistacia lentiscus Porphyromonas
gingivalis
10. Tanacetum vulgare, Thuja plicata, Ziziphus joazeiro, Streptococcus
Syzygium aromaticum aureus
11. Mikania glomerata [58] S.cricetus.

Pharmacological Activity of Andrographis Paniculata

Antibacterial Activity of Andrographis Paniculata

Using the agar well diffusion method, the effects of Andrographis paniculata methanol leaf
and stem bark extract on Bacillus subtilis, Streptococcus Aureus, Enterococcus,
Pseudomonas aeruginosa, Klebsiella pneumoniae, and Escherichia coli were investigated. As
per the results, it shows that Andrographis paniculata extract's antibacterial activity is
concentration-dependent and more effective against Gram-negative bacteria than Gram-
positive ones. Significant antibacterial activity was demonstrated by Andrographis paniculata
extracts at different four concentrations: 100, 75, 50, and 25 mg/ml [59]. At 500 mg/ml, 750
mg/ml, and 1000 mg/ml concentrations, antibacterial discs derived from Andrographis
paniculata leaf aqueous extracts did not show any zone of inhibition even after 48 hours of
incubation.

The leaves of Andrographis paniculata were extracted with ethanol, and the results varied
depending on the concentration. While plant extracts at doses of 1000 mg per millilitre

generated very less intense effects, plant extracts at 500 mg and 750 mg per milliliter did not
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exhibit any zone of inhibition against the test organisms. A plant leaf methanolic extract
charged at 750 mg/ml in the disc showed a zone of inhibition of 6.16 + 0.089 and 7.08 +
0.083 mm against strains of Staphylococcus aureus and Escherichia coli, respectively,
following quintuplicate testing [60]. Utilizing the agar well diffusion method, Andrographis
paniculata leaves, roots, stem, and complete plant extracts were tested for their antibacterial
qualities against gram-positive (Bacillus subtilis and Streptococcus aureus) and gram-
negative (Escherichia coli, Klebsiella pneumoniae, and Proteus vulgaris) bacteria using
methanol and water extracts. They concluded that the entire plant and leaf methanolic extract
had stronger antibacterial action against gram-positive bacteria. Conversely, no antibacterial
activity was demonstrated by the root and stem's aqueous extract. The leaves' ethanolic
extract shown encouraging antibacterial activity against Pseudomonas aeruginosa and
Staphylococcus aureus using the disc diffusion technique [61]. Methanol, ethanol, and
aqueous extracts of Andrographis paniculata and Piper betle were first tested for their
antibacterial activity against Escherichia coli UST- collection of microbial stain [UST-CMS
1030], Pseudomonas aeruginosa UST- collection of microbial stain [UST-CMS 10013], and
Staphylococcus aureus UST- collection of microbial stain [USTCMS 1097] using the disk
diffusion method. The sole methanol extract from Piper betle that demonstrated an inhibitory
zone against Escherichia coli UST collection of microbial stain [UST-CMS1030] 1030 was
found. The inhibitory zone against Escherichia coli UST collection of microbial stain [UST-
CMS1030] was not detectable in the other plant extracts. When compared to the P. betle
methanol extract, the amoxicillin exhibited a larger zone of inhibition, with an average of 19
mm. Only one of the six extracts exhibited antibacterial activity against Pseudomonas
aeruginosa UST collection of microbial stain USTCMS 10013, as shown by the disk
diffusion experiment. The average inhibitory zone of Piper betle methanol extract was 7.66 +
0.6 mm; however, Pseudomonas aeruginosa USTCMS 10013 was resistant to amoxicillin.
The investigation's findings, which revealed significant antibacterial activity against
Pseudomonas aeruginosa, differed from those of the Piper betle ethanol and methanol
extracts. Their findings also run counter to the findings of the current investigation regarding
Andrographis paniculata extracts, since they discovered that the plant's water extract had

antibacterial activity against Pseudomonas aeruginosa [62].
Anti-inflammation Action

Among the main causes of bacterial illnesses, pathogenic bacteria are the main culprits. It

typically triggers an inflammatory response in living things and associated illnesses [63].
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Andrographolide has strong bioactivities against this kind of illness. By altering the nuclear
factor-kB (NF-xB) and mitogen-activated protein kinase (MAPK) signalling pathways and
reducing pro-inflammatory expression at the protein and mRNA levels, andrographolide
chemical components prevent lipopolysaccharide (LPS)-induced inflammation in RAW264.7
cells [64].

Furthermore, andrographolide decreases by preventing periodontal ligament fibroblasts'
activation of NF-kB and signal transducer and activator of transcription 3 (STAT3) [65].
BABL/c mice were utilized to test the effects of Andrographis paniculata at dosages ranging
from 0.78 to 6.25 mg/kg on inflammation brought on by soybean oil. By decreasing the blood
levels of proinflammatory cytokines tumour necrosis factor (TNF)-a and IL12-p40, as well as
the synthesis of macrophage inflammatory protein (MIP-2) mRNA, they discovered that

Andrographis paniculata successfully reduced the mouse model [66].

Anti- Diabetic Effect

At a certain dosage, the pure extract and andrographolide dramatically reduced blood
glucose, triglycerides, and LDL [67]. Compared to petroleum ether and chloroform, the ethyl-
derived alcohol and aqueous extracts demonstrated a notable decrease in systemic sugar
levels. In comparison to the control group, the Ethanolic extract of aerial portions
significantly decreased the level of glucose in empty stomach blood in rats with diabetes
treated with Streptozotocin (STZ), but it did not affect normal rats [68]. When
andrographolide's anti-diabetic action was studied in rats with STZ diabetes, the results
indicated that it might enhance glucose consumption and lower plasma glucose in rats with
insulin-deficient diabetes [69].

Anti-Fungal & Anti-Oxidant

For decades, traditional remedies have utilized crude extracts of Andrographis paniculata to
treat fungus-related infections. At 3% (v/v) concentration, the ethanol crude extract of the
whole plant displayed significant antifungal effectiveness against Aspergillus oryzae,
showing 60% inhibition, Aspergillus Niger, showing <60% inhibition, and Penicillium
saprophytic, showing <40% inhibition [70]. Using the radical scavenging technique 2, 2-
diphenyl-1-picrylhydrazyl-hydrate (DPPH) experiment, the aqueous extract demonstrated
strong antioxidant properties because of its flavonoid and phenolic acid content. Various
fractions extracted from a hydro-alcoholic extract have been shown to exhibit antioxidant
activity. The increased phenolic content of both aqueous and t-butanol extracts resulted in

enhanced antioxidant activity compared to other extracts and fractions [71].
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Extraction Method of Andrographis Paniculata
To increase extraction yield and achieve high extraction selectivity, parameter adjustment is
essential. However, altering the extraction procedure is necessary to boost extraction

efficiency. The different extraction methods included in Andrographis Paniculata is

Maceration

Maceration is a straightforward stable state extraction technique that requires little
experimental setup. It involves putting whole or powdered medicinal materials and pouring
the solvent into a sealed container letting it at room temperature for at least three days, and
stirring until the chemical dissolves [72,73]. After seven days of room temperature cultivation
with periodic stirring and 100 millilitre’s of methanol, just 1.8% weight percent of AG was

produced from 10 grams of Andrographis paniculata [74].

Soxhlet Apparatus Extraction

Ethanol and methanol were used as solvents in the Soxhlet extraction process. The Soxhlet
equipment was used to extract the dry powder of Andrographis paniculata. At a steady 60°C,
the extraction procedure was carried out for six hours [75]. A rotary evaporator was used to
evaporate the Andrographis paniculata crude extract. Following solvent evaporation, the
extract's weight was determined and stored in an airtight container [76].

Ultrasonic Assisted Extraction of Andrographis Paniculata

Fisher FB705 sonic dismembrator, an AY2 inch ultrasonic probe sonicator operating at 40
kHz, was utilized for the extraction of Andrographis paniculata. The apparatus was
configured with an amplitude range of 10 A to 100 A. 50 millilitre of solvent (solid-to-liquid
ratio of 1:17) were combined with three grams of powdered Andrographis paniculata in a
100-centimeter beaker. 3 mm of the ultrasonic probe's horn was immersed below the
solution's surface. Following the ultrasonic irradiation process, vacuum filtration was used to
filter the mixture. An oven was used to dry the filtrate at 50 + 2 °C after it was concentrated
using rotary evaporators [77].

Marketed Formulation of Andrographis Paniculata

Around 5000 papers from Elsevier (2382) and Scopus (2623), and the findings were limited
to standard dose forms. Regarding the search, we came across a variety of solid dosage
forms, including andrographolide pills and capsules as well as extracts from Andrographis
paniculata. There is, however, some research on marketed medicines and liquid dosage forms
that use the extract from Andrographis paniculata with andrographolide. The same is true for

semi-solid dosage forms like gels, creams, or patches; however, studies on gaseous dosage
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forms like aerosols are essentially non-existent [47]. Solid dosage forms are the most often
recommended and favoured by the majority of medical professionals in the pharmaceutical
business because of their precise dosing, exceptional stability, and high accuracy [78,79]. In
October 2015, the Therapeutic Goods Administration (TGA) regulatory body approved 59
types of solid dosage forms of Andrographis paniculata [80,81]. Looking at Table 5.1 details

of the dosage form is

Table 4 The Marketed Products of Andrographis Paniculata

S.no | Dosage | Country | Brand name Ref. No
Form

1. Solid China Chuan Xin Lian Tablets, Xiaoyan Lidan Tablets, | [82]

KanJang tablets

2. Solid China, film-coated tablets, sugar-coated tablets, hard and | [83]
India soft capsules, enteric-coated capsules, and granules,
3. Liquid | India Kalmegh Syrup (500 mL), Homeopathic Mother | [84]
Tinctures Kalmegh Q (30 mL, 100 mL), Vasuliv
syrup, HAPDCO Kalmegh’s Drop, and Hahnemann

Laboratory’s Kalmegh Drop (15 mL)

4. Liquid | Globally | Andrographis Tincture, 1 fl oz (30 mL), and Chuan | [85]
Xin Lian, Andrographis paniculata Tincture,
Nanhua Qianmu Andrographis paniculata liquid

injection and Chuanxinlian injections

5. Semi- Fiog Kang Wang Ke Ji Andrographis paniculata | [86],[87],
Solid Cream 10 g (skincare set) and Bianca Rosa | [88],[89]
Andrographis 3% Cream (2 oz) 50 mL, AP gel, AP

ointments, AP Cream

Future Perspective
Research in several areas is required to determine whether Andrographis paniculata can be used
to treat dental caries. It is a promising challenge for the future to assess the anti-bacterial
activity, anti-swelling properties, and effectiveness of Andrographis paniculata extracts against
oral microbes, such as Streptococcus Mutans, that cause dental caries. By carrying out these

studies, a thorough grasp of the possible advantages and restrictions of Andrographis paniculata
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in treating dental caries will be possible, and it may also open up the opportunity for its
incorporation into contemporary dental care procedures.

Conclusion

Lastly, it is common knowledge among clinicians, researchers, and the general public that
Amoxicillin antibiotics can have adverse outcomes. Bacterial infections have become more
pathogenic as a result of the development and spread of antibiotic-resistant components. Due to
its ability to treat the underlying cause of the condition, lack of adverse effects, and affordability
for patients, Ayurvedic drugs can be used in conjunction with Andrographis Paniculata as a
therapeutic option.
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