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Green Tea and Oral Health-A Review
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ABSTRACT

Green tea is a popular health drink which is routinely consumed by many people. It is derived from the dried
leaves of the plant Camellia sinensis and is a leading beverage in the Far East for thousands of years. Green
tea is usually available in the form of beverage, mouthwash containing extract of green tea, and chewing gum.
Green tea is an important source of polyphenol antioxidants. Polyphenols including epigallocatechin 3 gallate
(EGCQG) constitute the most interesting components in green tea leaves. Green tea has the potential to protect
against various malignant, cardiovascular, and metabolic diseases. It has been suggested that green tea
promotes periodontal health by reducing inflammation, preventing bone resorption, and limiting the growth
of certain bacteria associated with periodontal diseases. Green tea is renowned for its antioxidant, anti-
carcinogenic, anti-inflammatory, and antimicrobial properties. This traditional beverage is also used in the
management of chronic systemic diseases including carcinoma. Recent studies have emphasized that in
addition to the microbial activity, the host immuno-inflammatory reactions destroy the oral tissues to a
greater extent. In such cases, green tea is considered to be a natural preventive and curative agent. There is a
growing search of evidence for understanding the beneficial role of green tea and its polyphenols in oral
health.
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Introduction

Before the event of the pharmaceutical business, seasoning products were used for activity varied conditions
in earlier days. In terms of oral care, the most commonly used herbal product is “Miswak” that has become
popular in several communities as an effective, cheap, and efficient way of maintaining oral hygiene.?-10
Similarly, the beneficial effects of using various types of tea leaves have been a common topic of discussion in
the general public and professionals. According to Chinese legend, tea has a known history of over 4000 years
ago which was discovered accidentally by an emperor, while according to other sources the Chinese have been
drinking tea since 3000 B.C. and over millions of acres are devoted to its cultivation. Currently, it is being used
in almost every country around the world and is now been grown in India, Sri Lanka, Iran, Java and Japan.5

Green tea is obtained from the leaf of a tree in Southeast Asia, Camellia sinensis.!! It will be on the market as a
ligneous plant or evergreen tree. Its leaves might vary from exstipulate, simple to undivided up to thirty cm
long, 2-5 cm broad, pubescent, generally changing into hairless, serrate, acute, or acuminate.2

Effect of Green Tea on Oral Health

Dental Caries: Various oral pathologies such as dental caries, periodontal diseases, and teeth loss can greatly
influence human health. Amongst those, dental caries are caused as a result of infectious diseases caused by
numerous reasons related to nutrition and bacterial infections. According to the available literature reported
that tea consumption may decrease dental caries in humans and laboratory animals. Magalhaes et al.
documented that mouth rinsing with green tea extract (0.61%) protected from erosion and abrasion of the
tooth dentine similarly to mouth rinsing with fluoride extract (250 ppm) or chlorhexidine extract (0.06% as
found in oral hygiene products).!3 In addition, one week of mouthwash with green tea (1.6 g of pulverised
green tea in 40 ml DDW, 3 times a day) significantly reduces the salivary levels of the virulent cariogenic
pathogens Streptococcus mutans and lactobacilli. Such a reduction of those pathogen levels will very likely
decrease the susceptibility to dental caries.!

Tea catechins also prevent the attachment of oral streptococci to tooth surfaces and inhibit streptococcal
glucosyltransferase. EGCG in specific concentration and application interval can prevent acid production by
cariogenic bacteria via inhibition of lactate dehydrogenase (LDH) and increases the minimum pH of the oral
cavity from 4.8 to 6.5.14 This LDH converts pyruvic acid to lactic acid. Although fluoride existing in green tea is
a useful component for tooth caries resistance, it is suggested that the main component responsible for anti-
cariogenic properties of green tea are polyphenols and tannins.!s Daneshyar et al. suggested that green tea
varnish was used to prevent root surface caries.1¢ In recent studies, the antimicrobial effects of green tea
against Streptococcus mutans, Lactobacilli spp. and Candida albicans were compared with the gold standard
antibacterial material, chlorhexidine (CHX). The various authors reported that green tea was more effective
than CHX for inhibition of Streptococcus mutans and less effective about Lactobacilli spp. The authors
suggested green tea as a cost-effective material for caries prevention.*17

Antiviral Effects

Green tea is known for its antiviral properties which are based on the polyphenols ability to act as
antioxidants, inhibit enzymes that damage cellular membranes and prevent binding and penetration of viruses
to cells.1* This property of green tea is quite essential and able to prevent oral viral diseases. A study revealed
that EGCG, EGC, and ECG were found potent to inhibit the influenza virus by hemagglutination inhibition. EGCG
and ECG suppress the viral RNA synthesis, while EGC fails to exhibit this property. Green tea and its effect
against human immunodeficiency virus type 1, herpes simplex virus, Epstein-Barr virus, and adenoviruses.é
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Antifungal Effects

Candida albicans, is a part of the indigenous microbial flora in humans, is unique among opportunistic
pathogens because it is a part of the normal microbial flora of the host.18 Candidiasis is the most common
outbreak of C. Albicans in the oral cavity. Amphotericin B (polyene antibiotics) and fluconazole (azole
antifungal agent) have the strongest antifungal activity, especially against C. Albicans. Antimycotic-resistant
isolates of C. Albicans have appeared which act as a major drawback.?® Hence, a crude substitute was
considered necessary. A study showed synergic antifungal activity when a combination of EGC and
antimycotics was used against C. Albicans. It also concluded that the combined use of EGC and low dosage of
amphotericin-B inhibited the growth of C. Albicans, and the action was proved to be fungicidal.®

Halitosis

Halitosis is one of the disturbing problems that is caused as a consequence of dental caries. Bacterial halitosis
is caused mainly as a result of volatile sulphur compounds such as asH2S and CH3SH that is produced by decay
processes that are created by oral microorganisms. breath refreshing chewing gums and mouth spray contain
polyphenols, which are a major ingredient of green tea.!3

Several studies have reported that the victimization of tea leaf gargle considerably reduces the volatile sulphur
parts level in patients with periodontal disease and it also has incontestable that tea leaf extract had the power
to get rid of odorant sulphur.6

Gingival and Periodontal Health

Gingival sulcus, which harbors numerous microorganisms (mainly anaerobes), deepens forming a periodontal
pocket in cases of periodontitis. In periodontitis, local infiltration of polymorphs and serum exudates takes
place. Anaerobic black-pigmented bacteria such as Prevotella sp. and Porphyromonas digitalis are commonly
associated with periodontal disease. In vitro studies showed that green tea catechin inhibits the growth of
Porphyromonas gingivalis, Prevotella intermedia, and Prevotella nigrescens, by inhibiting the adherence of P.
gingivalis onto human buccal epithelial cells and also by inhibiting the production of toxic metabolites of P.
gingivalis.6

Due to the wide range of antibacterial effects of green tea against gram-positive and gram-negative micro-
organisms, it is suggested as a useful antiplaque agent. Catechins keep the salivary and plaque pH at about
neutral, so they prevent the colony growth and activity of streptococcus mutans. EGCG may inhibit the activity
of matrix metalloproteinase-9 (MMP-9) which helps the formation of osteoclasts in periodontal disease, and
therefore prevents alveolar bone resorption.*

Protection from Oral Oxidative Stress and Cigarette Smoke Induced Inflammation

Cigarette smoke destroys oral cavity homeostasis. It decreases salivary antioxidant status, initiates oral
inflammatory diseases, and promotes oral malignancies. Many authors have documented that cigarette smoke
causes a significant decrease in the activity of numerous oral cavity and saliva enzymes that are responsible
for the protection against oxidative damage.13-14 Preliminary experiments in labs have shown that adding
green tea and EGCG to saliva in vitro or mouth rinsing with green tea infusion in vivo were beneficial in
providing significant protection of these enzymes against cigarette smoke damage. Cigarette smoke contains
active reactive oxygen species (ROS) such as hydrogen peroxide, hydroxyl radical, and superoxide. In addition,
cigarette smoke constitutes the major source of nitric oxide (NO) that humans are exposed to. NO and
superoxide may react with one another and form peroxynitrite (ONOO_). It may cause induction of the
inflammatory transcription factor NF Cigarette smoke destroys oral cavity homeostasis. It decreases salivary
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antioxidant status, initiates oral inflammatory diseases, and promotes oral malignancies. It contains active
reactive oxygen species (ROS) such as hydrogen peroxide, hydroxyl radical, and superoxide. In addition,
cigarette smoke constitutes the major source of nitric oxide (NO) that humans are exposed to.

Nitric oxide and superoxide may react with one another and form peroxynitrite (ONOO_). This leads to
amplification of the expression and the activity of iNOS which contributes to chronic inflammation in subjects
that are exposed even to low levels of cigarette smokes:

Green tea and its catechins have the ability to scavenge NO, superoxide oxide, and ONOO_ himself ( Fig A). In
addition, EGCG also suppresses NF-kB activation by preventing the phosphorylation and breakdown of the
inhibitory subunit IkB-a in human dental pulp cells in vitro and others. The subunit IkBa is responsible for
suppressing nuclear transport of the NF-kB functional subunit (p65, p50). Activation of p65 and p50 leads to
the activation of pro-inflammatory genes. Correspondingly, Syed et al. documented that EGCG led to a
reduction in NF-kB expression and as a consequence, reduction in the proteins mediated by it, such as matrix
metalloproteinase-9 (MMP-9) - involved in the extracellular matrix breakdown process, IL-8 (interleukin-8),
and iNOS in bronchial epithelium.!
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Figure. A - A putative mechanism of green tea protection against cigarette smoke damage. In cigarette
smoke there is an increased production of NO and superoxide which react together to produce
ONOOS. ONOOS enters the intracellular compartment and activates IKK protein. IKK phosphorylates
IKB-a and consequently NF-KB is activated. Chronic NF-kB activation induces chronic inflammation
and may terminate in the development of malignancy. Green tea scavenges extracellular NO and
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superoxide and thus prevents the production ONOOS. It also scavenges ONOOS. Green tea polyphenols
are also able to prevent intracellular phosphorylation of the inhibitory subunit IkBa. Thus they
prevent activation of IKK and IkBa breakdown with reduction of NF-kB expression. All together, such
mechanisms may explain the protection of green tea and its active constituents against toxic
cigarettes’ injury.

Dental Erosion

MMPs in dentin and saliva is responsible for the degradation of the organic matrix of dentin. They activate
when the oral cavity pH drops by the acids produced during the cariogenic challenge. MMPs help the
progression of dentin caries. MMPs responsible for the organic matrix degradation of dentin are MMPs 2, 8,
and 91819, Using materials that inhibit MMPs, such as CHX, can be helpful for caries prevention. The proposed
mechanism of action for MMP inhibitors is the maintenance of the demineralized organic matrix on dentin
surface.20 EGCG extract in green tea is reported as an MMP inhibitor.

Oral Malignancies Prevention & Regression

Many animal experiments using biomarkers associated with the risk of cancer or development were
investigated by green tea extracts. Many of these studies reported that green tea extracts or EGCG are
protected against chemical carcinogens in several organs such as the intestine, lung, liver, prostate, breast,
and mouth. Oral squamous cell carcinoma (SCC) is the most common head and neck malignancy, with a
worldwide incidence of more than 300,000 new cases a year. It is characterized by high rates of morbidity
and mortality (over 50%). Hamsters with buccal pouch tumour that was induced by 7, 12-dimethylbenz (a)
anthracene (DMBA), were given an oral dose of green tea before and until the end of the experiment.>

There are several authors reported that link tea polyphenols and the formation of reactive oxygen species
(ROS). Yamamoto et al. suggested that a high concentration of EGCG will cause a similar effect in different
cells; they tested oral cell carcinoma, normal epidermis keratinocytes, and normal salivary gland cells that
have lost their ability to die (immortalised). The researchers found that high concentrations of EGCG did not
lead to ROS formation and even lowered them in normal cells. In contrast, in carcinoma cells, ROS
concentrations increased after adding EGCG and led to increased apoptosis in a dose-dependent manner.

Other studies suggested that tea polyphenols may induce apoptosis and cell cycle delay in tumour cells but
not in normal cells thus affecting the number of biological pathways.5> Hepatocyte growth factor (HGF) is a
stromal cell-derived mediator that involves in cancer invasion and metastasis. Overexpression of HGF leads to
constitutive activation of several downstream signaling pathways, contributing to invasion and metastasis.!

In cigarette smoke, there is an increased production of NO and superoxide which react together to produce
ONOOS which enters the intracellular compartment and activates IKK protein and its phosphorylates initiates
IKB-a and consequently, NF-kB is activated. Chronic NF-kB activation induces chronic inflammation and may
terminate in the development of malignancy. Green tea scavenges extracellular NO and superoxide and thus
prevents the production of ONOOS. It also scavenges ONOOS and Green tea polyphenols are also able to
prevent intracellular phosphorylation of the inhibitory subunit [kBa. Thus they prevent activation of IKK and
IkBa breakdown with the reduction of NF-kB expression. Altogether, such mechanisms may explain the
protection of green tea and its active constituents against cigarette injury-induced tumour growth and
invasion through suppression of the HGF signaling pathway. In light of this evidence, green tea may also be
useful in the prevention of cancer metastasis. Despite the promising evidence on the benefits of green tea in
preventing oral and other cancers in animal models and cell cultures, this potential benefit is not strong
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enough for a universal recommendation to drink green tea in order to prevent oral cancer.! Tea polyphenols
have also been shown to inhibit tumor cell proliferation and induce apoptoasis in laboratory and animal
studies. In other laboratory and animal studies, tea catechins have been shown to inhibit angiogenesis and
tumor cell invasiveness. Although many of the potential beneficial effects of tea have been attributed to the
strong antioxidant activity of tea polyphenols, the precise mechanism by which tea might help prevent cancer
has not been established.?!

Other Health Benefits
Apart from oral health, a review of the literature shows various general health befits of consuming green tea.
Some of them include Anti-inflammatory activity, antimicrobial activity, antidiabetic activity, anti-obesity
effect, antihypertensive effect, cardiac effects, blood pressure control, gastro and hepatoprotective effect, and
neuroprotective effect.

Conclusion

Drinking green tea is a healthy habit to maintain a healthy life. Various studies have proved that green is an
antioxidant, antimutagenic, antidiabetic, anti-inflammatory, antibacterial, and antiviral, and above all, cancer-
preventive properties. Exposure of certain virus species to green tea may interfere with viral activity in the
oral cavity. It might be interesting to explore the effects of green tea drinking on specific viruses in
experimental animals. Additional in vitro studies on this issue is necessary.

Green tea also has the ability to oxidise odorant sulphur compounds, resulting in the abolition of halitosis;
therefore some commercial oral hygiene products contain green tea extracts.! Green is a miracle medicine for
oral health as it can be used in a variety of conditions affecting the oral cavity as well as our body.
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