CHAPTER I

LITERATURE REVIEW
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2.1  Dental Caries
Dental caries and dental plaque are common diseas Cpp to humans and

involve a relatively high cost of treatment. It is consideredie be a awem in life,

although it is rarely life-threatening. Iheozor-Ejiofo I. (2015) st ed tk&élental

caries has affected almost 60-90% of young stfa ro a over the

world. Caries is a microbial disease that a@t&? an auses@mnerallzatlon

of the inorganic part of the tooth as S d olution 0 org@ part of the tooth.

The presence of dental plaque is ost importa Yac r plays a role in the
€

development of dental caries |s a deposit or bi that can appear as a

4@
yellowish-white or white s tan ani ms-@n the t@h or any other hard structure
in the oral cavity. It is % of a t:a teri co‘mn@nty that is predominately present

in a matrix that i fohate@se S, Sgﬂy proteins, polysaccharides, lipids,
calcium, and p &s O

The %n of enta Iaq'ueg:ans with the formation of acquired pellicle, a
glycopr %k

bru he teeth. This saliva licle coating aids bacterial adhesion to the tooth via

that’coat surface of the tooth enamel and forms immediately after

aE r that recognises the bacteria's adhesin molecule (Chawhuaveang et al., 2021).
Q e initial bacteria, also known as primary colonisers in dental plaque, will then
ecrete extra-cellular polysaccharides that will help the adhesion of more bacteria to the

existing bacteria in the plaque. Afterwards, the second coloniser fits in and bacteria



continue to stick to each other. Bacteria, along with metabolites and other proteins,
accumulate and together form the plaque mass, which continues to grow and m :

It has been suggested that Streptococcus mutans and variou@\sks of
Lactobacillus are responsible for dental caries (Caufield et al., 2015; S & Madfa,
2020). In order to satisfy its requirements for energy, S. mutans metabalises most of the
sucrose and produces lactic acid. In addition, some of the sucrosewis utilised in the
synthesis of extra-polysaccharides like glucans and fructa Xt:n are soluble and
have been used as reservoirs for further energy needs, reas Iuw insoluble

@
Yv
occi that ¢ tjar@s for

r e@ S. (Q/Y§hahrani,

n-bindl prote@‘\:hich help in
their adhesion. Because of this, the inwaactic acid wi res@’(a decrease in the

pH of the surrounding environmen%ing it reagidic. Those bacteria that
j y N,

cause caries can thrive and proki in su@h an viro% and start to increase in

population. Besides strivin@lso[ uc or@s and this ecological shift to

an acidic environment s the cariogeni lba@ria population and decreases the
' $ &

non-cariogenic bac ﬁelter@al\a ce (gameostasis of the bacterial community

and contribute to the further accumulation of more str

fructans, they have been used as reservoirs f

2019; Alejandra et al., 2020). Glucans co

>3
o))

o

(Chen et al., 2021).
5 ‘ i
Whe relis anjincre iﬂ'a((flji conditions, the pH is usually neutralised by
NN
dilution% i t yaque-tln\mrface, and this causes the saliva to begin to lack
in rmg&

s (Pitts et al., 2017; A@derson, 2019). Then, to meet the mutual demand of

N

thessaliva, hydroxyapatite crystals from the tooth start to disintegrate and move to the
& a. Once the acids have been neutralized, the saturated minerals in the saliva will
en go back to the enamel to remineralize it (Valente et al., 2018). However, the

problem arises when the pH drops below 5.5 and the minerals from the saliva keep
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moving to the tooth plaque interface in order to buffer the acidic environment. As for
that, the saliva begins to lack minerals, and the hydroxyapatite crystals cont?m

disintegrate. Finally forming dental caries and cavities on the tooth surfac(ﬁ\

-\
N3

2.2  Saliva
Saliva is a mouth fluid that contains almost 90% wa Izrol es and enzymes

that are produced by a group of cells called salivary g (de GW& B
L ]

reslin,

T
ecessary t#)n_ie}bh as

lubricating the mouth, moistening the food, assisti d@ otec@?he teeth

ereate fou@g of salivary

in@i‘bacterial proteins

2016). Saliva is a complex fluid that facilitates m

and even defending the mouth from micro@kganisms.

glands: (1) the parotid gland, which s

and compounds that remineralize g@ibular glands, which
N,

produce a more viscous fluid t bric outh; (3) the sublingual
gland, which produces sim%;hcatl 4) the minor salivary gland,
which covers the tong% Iinin‘g fo }nblﬁ@With hundreds of tiny glands and

&
functions to protect wm@m ctioﬁ.ahannam & Singh, 2019; Thimmappa
et al., 2021). & &
| G\ e 0

Sali ntains calcium Czﬁ'a@osphates (PO4), which are also the building
blocks Qi%evth aﬂMeep e\enamel strong and healthy (Vasudevan et al.,
201DAwever, bacteria, aci s(a@diugar from foods found in your mouth are the major

‘%ents that cause plaque formation by a process called demineralization. This
roeess occurs when the acidic conditions are at a higher level and attract the mouth
icrobes to continue propagating in the mouth. These oral microbes can withstand acid,

but not the teeth. At this point, saliva will remineralize the tooth by keeping Ca and PO4
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circulating throughout the mouth to strengthen the enamel. Furthermore, this process

helps to keep the mouth's pH between 6.2 and 7.4, reducing the survival of caw

bacteria (Ramsay et al., 2019). (’}
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2.3  Cariogenic Bacteri e Dental ies %\
e
Dental caries, a Wn as cavities, are Q%J ed by bacterial infections and lead

to the destruction N strugturé™t is esti@ted that our mouths are home to over
N
0

700 distinct s N cger ~each oé)@hlch serves a specific purpose (Apoorva,
% '

2020). Pe are’born withthese b@ia because they are usually passed from the

mothe Waby sgo er| birtltzﬁpecially when the baby is breastfed. Some other
? N

co ays in which the ba(c:t?)ria are passed are when the baby is kissed near the

When a person's teeth first emerge from their gums, they already have a head

Ort on the process of naturally harbouring communities of bacteria. Cavities are a

dental disease caused by an overpopulation of certain microbes, which can occur when

a person consumes an abnormally high amount of sugar (Bowen et al., 2018; Jayadevan
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et al., 2019; Bilbilova, 2020; Nakai & Mori-Suzuki, 2022). This tooth decay is caused
by the metabolic activity of bacteria that live in the mouth and on the teeth. W w
teeth are exposed to saliva and food, a layer of proteins and carbohydrates @y}n the
surface of the teeth (Pedersen & Belstrem, 2019). As a result, at this . mutans
and lactobacilli strains are more attracted to foods high in sugar, whichhéventually leads

to plaque formation (Esberg et al., 2020; Butera et al., 2022).

2.3.1 Streptococcus mutans

It is widely believed that Streptococcu
dental caries. It is a member of the Gram-p@sitiv i
naturally in the oral flora of virtuall ery_uman bel

either in the absence or presenc Xygen, \[‘hrves |;Ke vironments that are
N,

ec@ it can reproduce

facultatively anaerobic. S. mut |keQ)ther reptooqga are referred to as such
because they are in the sh occ, up I halns (in Greek, streptos =
necklace). '
‘ <v
As previo tated, has . ed the most attention as the most
important spec aus V|t|e exa et al., 2019; Nomura et al., 2020).

Unlike othe S fSt ptoc usrbaej a, S. sobrinus has only been found in places
Where i appeni mut on the other hand, has been discovered in both
actl non carious sites (S{%V 2021). This is why scientists state that S. mutans is
‘% nating bacteria for dental caries, as it is much easier to grow on teeth. Parents
Q sually responsible for making the first contact with S. mutans in infants, for
xample, by sharing a spoon with the baby or putting a pacifier in the mouth, where

bacteria can be found in abundance (Damle et al., 2016).
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However, the presence of S. mutans does not continue to cause the development
of caries. These bacteria must first be given the right conditions for them to reactwﬂus
et al., 2019). For example, consuming sugary foods and drinks will help% teria
create an acidic environment that causes demineralization of the tootWAqel. Based
on the Stephan curve, it takes about 30—40 minutes for the saliva pH t@’get back to the
safe zone for the remineralization process to occur. Therefore, Mr you snack, the
longer it takes for your saliva pH to recover (Hariyani et al.; ). This may result in
an increase in the number of bacteria in the saliva, whi ay increase_t I‘ikelihood

of caries occurring. However, Kim (2021) did ment at the exc v{ riia-}te on

the Stephan Curve leads to describing food as "safe. when thefe | dro;@zﬁH below
T

the so-called “critical pH". Acid productiw t om\of mam@her biological
processes that occur in plague when ew;}sugar. Th re a@ther methods that

help in the production of acids ar@ﬁn alka \hat$o dg'g\roduce other research
o >

evidence. % q (&
Sucrose is a sugar tr@e ez:li M@cid. Therefore, the presence
of S. mutans causes SL% be converted to 1ae®acid, resulting in a rapid drop in

4 -‘40

pH (Matsumoto-% 201&1). rom é&l S. mutans is also able to convert
sucrose into ex% rp rides(:‘}%ﬁ/saccharides, as we know, are made up
¢
of monosac % ins, whi a{e s(r-r‘;ae sugars like glucose and fructose. Thus, in
NN

}nver e of S. mutans can hydrolyze the sucrose to both

other caonditions, the &



2.3.1.1 Biofilm Formation by S. mutans

Dental plaque is a type of biofilm that forms specifically on teethw

primarily composed of bacteria and their extracellular products. Normal@

layer called the pellicle that covers the tooth and bacteria in the mouth, mple the

is a

viridans group of streptococci settle on that pellicle layer. These bacteridare called early

colonizers and they attach to surfaces using bacterial surface E(M called adhesin

(Kreve & Dos Reis, 2021). As the S. mutans are on the pe the teeth, they come
into contact with sucrose, a sugar found in various foods rinks. IWns, sugars

"X
are utilised both intracellularly and extracellularly. ' _\‘-}

sis, Whi S to{fi-(presence
N Olg)érsq)iochemical

reaction causes demineralization of cwaosphate I th @o the decrease in

pH. S. mutans are able to metabolis@ﬁvate (p?__ru\'rs

In the cell, sucrose is primarily used for

of lactic acid, a major virulence factor for S

and more acid byproducts (Ah When therg isian &g}@s of sugars, they tend to
use the lactate dehydrogenai PL ) j’ﬂ%ﬁ)@ctic acid (Chen et al., 2020).
Lactic acid productior‘%x I pla(} canlledd Q’cid accumulation. When the pH

f &
falls below 5.5, de raIiza@g ooth&hce occurs, which then leads to tooth
decay (Larsen iehny 201 (5'9
#

!
As %ed above cﬁse([]ja a glucose molecule bound to a fructose
hk

N
actegfa.us P enzywl? called invertase to cut the bond between those

Y-
twomhwaccharides (You, ngorming polysaccharides, fructans and glucans with
t%xh of fructosyl transferase (FT) and glycosyltransferase (GTF), respectively.
r

@ tans are soluble polysaccharides that can easily be converted back to fructose. As
r

esult, fructans were used as a food reserve for the bacteria and when they required

energy, particularly for growth (Cheng et al., 2020).



Glucans, on the other hand, are more difficult to dissolve than fructans (Ishimoto
et al., 2018). Therefore, glucans have been used as extracellular polysacchariwt
allow the bacteria to attach firmly to the surface of the tooth and form d@hque,
which is a sticky collection of the bacteria, proteins from saliva and de from the
lining of the mouth (Bowen et al., 2018; Mieher et al., 2018). Banay adhere
considerably more easily to dental plaque in the presence of gl Mich then mature
quickly. With the addition of the first effect, in which sucro %

C ver'ed to lactic acid,

the environment becomes more acidic, allowing the pat to gro and create

dental plaque, which is also known as biofilm. é ' _\(—}
4 b
N

2.3.1.2 Role of Gene Expression in 'im Pormation

S. mutans adhesion and cr%ation on tgo ;@\‘ace go through both
S

sucrose-independent and suct: ndent interaction dhesion of a sucrose-

&

independent toward the sali MOnT cqu@namel pellicle will cause the
Zer dhesion o

initial adhesion proces% : ths‘ 3 fsbrose-dependent is responsible for
&
the S. mutans colj@] on tlie \hs rfac%&he existence of S. mutans in infants is
initiated by transmis fro ther Cﬁi&‘khe rate of bacterial colonisation will be
r& ¢ ' C%
related to tE: mption of crgsed ability of S. mutans to synthesise glucans
ith%ad

NN
hesion_a fhangsgh the proportion of S. mutans in dental plaque.
X

main role of sucros@ﬁendent adhesion is to create a plaque ecology that

increas

Th

7

rigger dental caries (He et al., 2019; Lemos et al., 2019).

Y

The presence of sucrose along with glucotransferase B, C and D will form

(/

pecific glucan binding proteins (GBPs) (Lemos et al., 2019). The gtfB uses sucrose as

a substrate to produce water-insoluble glucans composed of al,3-linkages, gtfC
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produces glucan with mixed a1,3- and al,6-linkages and the gtfD converts sucrose into
water-soluble al,6-linked glucans (Bowen & Koo, 2011). This contributesw
adhesion and accumulation of biofilm. The glucotransferase enzyme in S.%\ also
initiates the action of the fructosyltransferase enzyme in producing a polymer,
which will be used as a nutrient supply and colonisation of oral Strepte€occus. Besides

the gtf, they have been found to be active in acquired enamel IMEP), providing

binding sites to oral microorganisms and even having the a t ind'to other bacteria

OWefore, the
.y

interactions between gtf and another microorganis il allow t orfn@ of a

strongly attached plate to the tooth surface Wivp b% en b@ial cells

(Philip & Walsh, 2019). NV {\T
In addition, surface-associate teiE)’l/SpaP, no 4% antigen I/11, is a
gene associated with the attachmen : mutans\we 91\ rfaces covered with
N

saliva. The protein is a multifu% adh&in th ciI(i'Q bacterial binding to the
pellicle component of too Mel. I es the pro@hs and enzymes in sucrose-
rote

that may or may not produce gtf themselves (Krzyscia

dependent adhesion, t)% evera'l' i i‘ i‘m@d in the metabolism of sucrose,

glucans and carb@s, Tf" M wilgﬁect the virulence level of S. mutans,
namely fructosydiransferase anas A), extracellular dextranase (dexA), and

!
cuﬁlu@m of intracellular polysaccharides.
NN
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Figure 2.2: S. mutans Virulence Factor i% to S‘Ear tf: G;u Syltransferase

IPS: Intercellular PolysacchaK Extrac charide.

Sucrose can enter S. mu a gh nt %&hways The presence of

N

operons containing sucrose p ylase d inttacellular dextranase indicates

l

the presence of multipl m tabo'sm t m B). This system can transport
;lch> )«A' siextracellular dextranase activity. In

isomaltosaccharides, w
other words, th n ate f‘ucta from @ose allowing fruA to enter the cell

O
(Kawada-M |, 16). ',' -

of carbohydr. entation, S. mutans has a complex glycolytic
’
e chtat

pathwsI|I can prod é;;"'formate acetate, and ethanol. When glucose is
ab dant,"the exact dlstrlbut\cr?of the fermented product depends on the growing

%ons with lactate being the main product. A lack of lactate dehydrogenase strain

Ouces S. mutans' cariogenic potential (LDH). As a result, the lack of LDH in the



biofilm can kill S. mutans. This is the foundation for the advancement of genetic

2.4 Toothache Treatments Q

Biofilm formation on the teeth is a significant issue in maintaining the health of

engineering for the prevention of dental caries.

the teeth and gums. This biofilm, as previously stated, is m fa (iroup of bacteria

mul pwy BIOfIlm

| plague, which c&ﬁ%ad to

gum disease and tooth decay. As a result, vario % n\%mres have

been implemented to address this issue. Th re vermﬁtre W@; for biofilm
formation on the teeth, including the &ac use of ide @ﬁpaste and mouth
washes. Y

that adhere to the surface of the tooth and allow the bacte

can also serve as the foundation for the formation o

s

l —:>
2.4.1 Fluoride Toot%Y.. [ 0’

It has been chat[ oth@elps stop biofilm from building up
on teeth. Whengactefia ma & néé(olve the minerals in the tooth structure.
This process,_ IS Called d/mlne |z£|oba d it can lead to tooth decay. At this point,

fluorld Ily o€ mlnené\may help lower the amount of acid in the mouth

(Namhxto et al., 2019). Th{s}ﬁeans that fluoride toothpaste can be beneficial in

i \g the demineralization of tooth structure by reducing the acid production of

@ ria in the mouth.
Besides that, studies have shown that fluoride toothpaste helps make and keep

teeth healthy and strong by strengthening the tooth enamel (Clark-Perry & Levin, 2020).
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This is known as remineralization, where it is a process of replacing minerals lost from
the enamel. When fluoride is present in the mouth, it can be taken up by thw
structure and incorporated into the enamel, which helps to strengthen it. T@ition
is known as fluorapatite formation, which is more resistant to acid attacks.

Fluoride is generally safe and effective when used in theyright amounts.
However, there are some things that could go wrong if you use it excessively, for
example, fluorosis (Whelton et al., 2019; Fiorillo et al., 2 Eo.ro is is a cosmetic
condition that can occur if too much fluoride is consu urin tr.kdgdopment of

@

s on the to s;’rf&ée)%ile

the teeth. Mild fluorosis appears as white specks or s

severe fluorosis can cause brown discoloration

that, Biria et al. (2022) reported that r% ailyuﬁtoo rushiué;/{l:h fluoride-

containing toothpastes can also cause™allergi¢ reactions™ om@bple who may be

allergic to fluoride or other ingredie(%fluorideﬁﬁa%i

a skin rash or hives. ‘% 4
Z N
4 ¢ &
2.42 Mouth W&x | g ) @)
Mouthwash is‘also a proeﬁ-%(/used to help maintain the health of teeth

e
and gums. cally, mouth sh’amt}a' s antibacterial ingredients that help Kkill

oducts, which can cause

bacteria% outlI*(Su y 20@ As we all know, bacteria in the mouth are the
initiating, cause of dental pr@s. Therefore, developing a method to kill those
b can help prevent plaque formation, bad breath, and other dental and gum

roblems. Besides that, it can also reduce the risk of tooth decay and gum disease

ecause the bacteria and debris that accumulate on the surface of the teeth cannot form



a sticky layer on the surface of the gums that has been called plaque (Alshehri, 2018;
Halboub et al., 2020). Y-

While mouthwash can be an effective part of a good oral hygiene r@gs here
are also some potential disadvantages to using it. Some types of mo h contain
alcohol, which can be harsh and irritating to the tissues in the mouthy(Aspinall et al.,
2021). This can make your mouth feel dry or burn, and peoplg with%sensitive gums or
mouth sores may not be able to use it (Kaur & Sharma, 202 y;ali, 2020). Besides
that, many mouthwashes contain artificial colours and rst tw‘e allergic
reactions or other sensitivities in some people (Ra & Muthur,

itis o@usly able

to kill both harmful and beneficial bactetia in,the nxout Meyerglgnax 2019),

potentially disrupting the natural balar@l flora. é

Apart from having antibi%there \1% qz@washes that contain
N,

antiseptics. Antiseptics are su thafhstop

mentioned earlier, most mouthwash contains anti al %

Ieroo sms from growing and

&

spreading on living tissues. E&ﬂj tion o films by killing or inhibiting

the growth of the fmi ganis by dis ng the bacteria's and other
4 ’ &
raking th

microorganisms' Kmbrani egeis able to adhere to surfaces and form
biofilms (Zayed%, 023): i

¢
as cetylpyri 'sﬂachlo de (CRC orehj(Brhexidine (CHX) that helps to kill bacteria
%v NN
and red% e and gingi '}tis (\/&ﬁ)echt etal., 2019; Tsuda et al., 2020). This type
of m

ash is often recomn{@i’ed for people with gum disease or those who are at

tic @Hwash contains an active ingredient such

r eveloping gum disease.
Q For example, Rajendiran et al. (2021) stated that CPC has been shown to be
ffective at stopping biofilms from forming and killing microorganisms in biofilms. The
positively charged molecule of CPC sticks to the negatively charged cell surface of a
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microorganism (Mao et al., 2020). This breaks the cell membrane and lets intracellular
parts leak out, which kills the cell. CPC has broad-spectrum antimicrobial w
against gram-positive and gram-negative bacteria, fungi, and viruses. Don@OZO)
found in their study that CPC was effective in reducing the viability domonas
aeruginosa biofilms after 2 hours of treatment. Y'

Like other antimicrobial agents, there is a risk of developing/resistance to the
CPC of CHX with repeated and prolonged use. The way &(:s is similar to how

other quaternary ammonium compounds work, which ca eM types of
"AX

20). Verspeght ft 382019)

b% i ant.@E'HX after

disinfectants or antiseptics to stop working (Mao et

have reported that some of the oral bacterial is
being exposed to it. For instance, Porph 0 isola@?r;:rease their
minimal inhibitory chlorhexidine co ration u old@ exposure to 20
passages. Cf) \>Y
@ “ QL
\ N\’w
[73) $
2.5 Toothache PI ( 0’
4 ’ &
The tootha Wnt is;a Speci efined as any species in the genus

|

ae), Acmella paniculata being one of these

!
h tfo 'c‘aPand subtropical regions. It has been reported

soci worldwide. But in@"past, the scientific names Acmella olearcea and

Nes acmella were often used in phytochemical and ethnobotanical studies

0 yadee & Inta, 2022).
The widespread use of this toothache plant in modern medicine has made it

necessary for the confirmation of this particular species at the molecular level to avoid



confusion regarding the prevailing taxonomic position worldwide. According to Paulraj

et al. (2013), there is frequent confusion among these species and name mi
common among traditional and complementary medicine practitioners, @sers,
and especially anonymous sources of information on the i Similar
morphological and spectral characteristics of these species and e genera, have
continued to mislead. Patel et al. (2019) stated in their writing that there are differences
based on morphology, chromosomes and molecules in Y.the'se species. For
example, Genus Acmella has a luminous head and no us, iwi@“[hes has a

@
discoid head. At the chromosome level, Spilanthes h chromosomes #n&%}mella

has 12-13 (Reshmi & Radhakrishnan, 2016; roe< 016)Qﬁ1erefore,

>

differences in chromosomes can also play agle in'the an rentiation of

species and can affect the physical aw' logical ¢ teri@s’, growth patterns

and reproduction of plants. HoweveC%re cleﬁn- epth,sCi ntific studies are still
N,

lacking and limited. Accordiny%/adeeo& In 02@2@0re comparative studies

of Acmella spp. are still ne \ \A

In spite of this, considlred be s@nyms because of the similarities
4 ¢ &
i uncﬁuﬁs a "toothache plant" and existing

erap, tﬁf effect that these two plants are capable

that exist between , suchl

studies that pro&th is a'siqTi

of producin MSed tr‘ea

etal.,Z% ul Rahi
A\

l
oﬁa(‘é\:&saset al., 2019; Rani et al., 2019; Salehuddin
o

?., Z@ishwanathan etal., 2021, Patel et al., 2022).

65 Acmella paniculata
Acmella belongs to the family Asteraceae and as a genus, it comprises over 60

species that are widely distributed in tropical and subtropical regions of the world, such
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as Africa, America, Brazil, Malaysia, Borneo, India, Sri Lanka and Asia (Singh &
Upadhyay, 2018; Abdul Rahim et al., 2021). A. paniculata is an annual or sho

herb that is 40-60 centimetres tall. It is grown in damp areas and has fﬂ%\te of
germination or poor vegetative propagation. In other words, this plan up in the

wild and can be cultivated as well. The flowers and the leaves have aWnt taste and

when consumed, cause tingling and numbness (Uthpala & Navarat 021).

) 4 ¢ &
As menti@lier@ulataédso known as the "toothache plant”
because of its \ﬂ{ by ‘tri cureﬁw%thache and gum infections. The other

¢
common names include/Eyeba F’fan@pot Plant, Brazil Cress, Alphabet Plant and
N

Austral% (Paﬂr j a; Z@While it is known in Hindi as "Akarkara," it is

wi d in traditional an@bal medicine to help regulate the immune system

‘@I et al., 2016; Arif et al., 2017). However, the local Malaysians called it the
Gj ang nenek™ plant (Ong et al., 2011; Anee et al., 2018)
A. paniculata is a food product that is believed to have many therapeutic effects,

primarily in pain-relieving properties. Many studies have found that A. paniculata can

24



help treat rheumatic, diuretic, anti-inflammatory, fever, flu, cough, and even dental
problems (Singhal et al., 2016; Uthpala & Navaratne, 2021). Therefore, it h?!m
recognised as an important medicinal plant and is increasingly well receiv@}ople
worldwide. Traditionally, the native people used this plant to make ue to its
spicy aroma and some cooked it as part of their meals. Because bioactives are absorbed
topically, eating them in salads has been claimed to help with %1\1@5 and other oral

diseases that cause pain. As a result, it became much e opu'ar to be called

"toothache plant™ by the practitioners. \d
23

DS
4 \/"("

NN WY

Phytochemicals are bioactive abalites foun raIl@“n« plants that have

protective or disease-preventive pr%es. Uth \& y@\a{ne (2020) report the
S

flavonoids, glycosides,

2.5.2 Bioactive Metabolites of A. panic%z 0\

(72}

chemical contents of this pl alkaﬁids, rpeno

&

carbohydrates, fatty acids }no 1 idS. They ar major compounds that are
considered to be respo% the p:l ma I'géicab'ctivity of the plant. Alkaloids are

EN; >
the most common ents for S geﬁ.@f Acmella and have proven to have
diverse biological actiwities i 'I., 2 “However, alkamides, on the other hand,
AJia (')

#
are often fo hants om t @e and Asteraceae families. Amides are derived
\
from fa%k
 lih

and ar i ?Ily less potent than alkaloids and the fatty acid portion of
th des gives them spec@z’);erties and biological activity. Many reports stated
t have anti-inflammatory, immunostimulatory, and analgesic effects. The most

ommon alkamide presence in Spilanthes acmella (A. paniculata) is spilanthol (Barbosa

t al., 2016; Patel et al., 2019), and it is believed that the pungent effect that causes the

taste of the plant to be "spicy" comes from this compound (Figure 2.4). Xu et al. (2019)
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mentioned that fatty acid amides produce numbing and tingling sensations by inhibiting

2-pore-domain potassium leak channels on trigeminal sensory neurons, Tﬁg

depolarization and triggering an action potential that transmits a signal ‘e%&d as

numb or tingling to the brain. *

Figure 2.4: N-Isobutyl-2,6,8-decatrienamid lan :ﬁ)t ame& ponent Found

in Spilanthes acnkan Acmella ceao

\z ik
According to research, spig is %h i enas)'}to affinin (Figure 2.5)
Y
iz'etal.,

(Barbosa et al., 2016; Castro-\

the major alkamide pre ent?%liops’s lo
20,7 . ipes, d'Ist)anown as chilcuague, is a perennial

2014; Castro-Ruiz et al., (_;

)
herbaceous plant }‘@ter@ily th@a common spice and a medicinal plant

N
widely used i &oa Sout ‘;ﬂeri@()idr its anaesthetic, analgesic, antiulcer, anti-

20 ny o&ﬂi%—articles describe affinin as

NN .
es b- d of spilanthol (Castro et al.,

I

inflammat anti rasi’c roperties (Willig et al., 2019; Parola-Contreras et al.,

4
2021):&0 used as'a ca'lin'a\r/S('Seasoning and insecticide (Correa-Delgado et al.,

demonstrates thatﬁn addition to having the same chemical structure, these

ZOQK
%kamides have the same properties in medicine related to their function as

Omactive compounds. On the other hand, affinin is the term that is used in the species

Heliopsis longipes, whereas spilanthol is a term that is found in the Spilanthes plant;
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however, in the field of phytochemistry, the two terms are typically related to one

another (Maggini et al. 2021).

Figure 2.5: Chemical Structure of affinin, (2
decatrienamide with CAS Number 25394-57-4.

Roots. Y.

Sharma & Arumugam (2021), infthei dy Whe anolic extract from the

plant S. acmella, used LC-MS (liqui Mt w sp‘)_e&c metry) to separate
and identify the different compoUnds esen t traqt})w&hich revealed that the
“« Q-
extract contained seven differ kylami ich i&a type of natural compound
N
often found in plants. CRI.N, the }xtra C n@ five N-isobutylamides (IBA),
one 2-methylbutylamide (MBA), a@ -pH'e lethylamide (PEA), and one of them
is spilanthol. &\ Q
N
N N O
< S
Q- &
’ >
ies

2.5.3 4Bi ical Acti ‘rof A. paniculata
\ e presence of bioactive compounds within a plant is the primary factor
sible for the plant's pharmacological activity. These compounds may influence

Qlcial physiological processes that take place in the human body. It is essential to

conduct research into the nature of a plant's phytochemical constituents in order to gain



an understanding of both the chemistry of the plant and the potential pharmacological
action it may have. Yv

A. paniculata is widely used in India as a natural remedy to treat to@That
is why A. paniculata is famously known as the "toothache plant," beca@&@ reason is
that the flowers contain a natural anaesthetic that will numb the gumWhe teeth and
cause at least a comfort situation in that localised region. The roots¥and flowers have
the most medicinal value. Researchers believe that the mc lled spilanthol,
which is a fatty acid amide, is responsible for the local aest tlwles of the
plant. It can reduce the pain by blocking the recept at produc e'se_r@)n of

aching in the gums and even induce the secretl \Y; (X e|n etal.,

((\»1 "\ T
Krishna et al. (2014) mvestk e basis

antimicrobial activity of agueous ts from % P r@f A. paniculata. The

N,
screening was done by usmg‘%r dlﬁusm metho@gamst some pathogenic

bacteria such as Bacillus s MSCT 1a‘eoli, S neIIa typhi, Staphylococcus
aureus, Vibrio choler% |brlo‘e rah 6I The result concludes that the

crude extract of A iculatal
S0 pr that all parts of A. paniculata have

pathogenic bac {&ted.
! ('R/
potential as i ces of nt|m| ol‘al @t ity, as the screening results show the A.
\
a }almd&i

panicul ct coftain nnins, saponins and flavonoids.

2021).

hno@%’macological and

nt an roblal activity against most of the

n| et al. (2019) i u@t’lgated the impact of varying concentrations of

‘% es acmella flower head extract on the ability to inhibit the growth of certain

Q These species included Fusarium oxysporium, Fusarium moniliformis,
spergillus niger, and A. paraciticus. All of the concentrations of the test solution were

effective in preventing the fungi from reproducing. The highest concentration resulted
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in the largest inhibition zone, which grew proportionally with increasing dose. Among
the organisms that were put to the test, F. oxysporium and F. moniliformis Werw
to have the highest inhibition zones, followed by A. niger and A. paraiticuc’}

As for anaesthetic activity of Spilanthes acmella was carrief;\using two
different animal models: (i) intracutaneous wheals in guinea pigsvetermine the
degree of anaesthesia and (ii) plexus anaesthesia in frogs to_determine the onset of

OY;e esult shows that

anaesthesia. Both models used 2% xylocaine as the standar

the aqueous extracts of S. acmella produced 7 0% nw by the

Ly
intracutaneous wheal and the mean onset of local a etic agtio aslv@trong
with P<0.001 (Chakraborty et al., 2010). This
(2017), where their study found that the extracti

induced deep anaesthesia in juvenlle\aopomum,

an@%ant components

reducing or maintaining lipid pero ion in as $r n@k concentration of 10
N,
mg L—1 of S. acmella extract le fcfrl fast stheqcaoand safe recovery, while

&

lower concentrations enhan \ectI gainst oxi e damage and have potential

for use as chemoprote ing transpor '
g %

Antipyretic %B of S' was mined by using a general procedure

in detecting the /(&&)n 0 i

K ¢ (?

etal., 2017) study invol g{Ob 0 and 400 mg of aqueous S. acmella extracts

with as%kthe rug SE\WS that the extracts produced dose-dependent
Y-

red in mean temperatur@v’arlous periods of observation (Vishwanathan et al.,

hlcE:tf;ﬁén called as yeast induced methods (Liu

Anti-inflammatory effects in some cases show that in vitro and in vivo studies
f S. acmella has been shown to inhibit nitric oxide (NO) release, prevent inflammatory

cytokines (IL-1, IL-6, and TNF-a), weaken COX-2 and iNOS expression, suppress NF-
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kB, and inhibit MAPK signalling pathways (Rahim et al., 2021). Researchers believe
that spilanthol is responsible for causing the anti-inflammatory effects (Bakon I,
2019). To date, Sharma et al. (2021) have done a study to evaluate the anti-i@tory
activities of the S. acmella ethanol extract using the carrageenan-induc w edema
method. This method is a suitable test and is frequently used evaluate anti-
inflammatory drugs. The results showed the extract at doses_of and 400 mg/kg
significantly suppressed the edema in the rats by 52% and sY:pe(]tively.

There is also a diuretic effect on S. acmella, whe res ts.bﬂqdlidy found
that there is a group of various compounds capable reasing uri pbc@b‘zr: In
traditional medicine, S. acmella flowers are behi h% diu@activity.

This has been proven by conducting a StUdW uatsThe ential,é;i;nt diuretics
m@‘of flowers tested

on rats using cool water extract, wher Fiaest dose
0Se (Sruthietal., 2017).

possessed strong diuretic activity W%ven ora \h'ﬁgn
S

Ali et al. (2015) also concludec%cmena plant has 20 a diuretic effect on the
n i0

rats, where there was a signi '%creL h @um and ion potassium levels
in the urine when trea% hree ‘9 erent db@oo mg/kg, 300 mg/kg, and 500

£ &y
mg/kg). \ (J
K& ¢
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