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Abstract

Background: Kavais a beverage made from the ground roots of the plant Piper Methysticum
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Methods: We conducted a systematic review to summarize available evidence of the an-

ticancer effects of kava components and investigate their potential use for oral squamous
cell carcinoma (OSCC) treatment. Eligible studies were identified through a comprehen-
sive search of OVID EMBASE, OVID MEDLINE and Web of Science, as at April 2018.

Results: Of 39 papers that met the inclusion criteria, 32 included in vitro models and
13 included animal studies. A total of 26 different cancers were assessed with 32 stud-
ies solely assessing epithelial cancers, 6 mesenchymal cancers and 1 study including
both. There was only one report assessing an OSCC cell line. Antiproliferative proper-
ties were demonstrated in 32 out of 39 papers. The most researched constituent of
kava was flavokavain B followed by flavokavain A. Both were associated with increased
expression of pro-apoptotic proteins and decreased expression of anti-apoptotic pro-
teins. Further, they were associated with a dose-dependent reduction of angiogenesis.
Conclusion: There was heterogeneity of study models and methods of investigation
across the studies identified. Components of kava appear to present an area of inter-
est with chemotherapeutic potential in cancer prevention and treatment, particularly
for epithelial neoplasms. To date, there is a paucity of literature of the utility of kava

components in the prevention and treatment of oral squamous cell carcinoma.
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1 | INTRODUCTION Kava-kava; Ava-ava; Antares; Ava; Ava pepper; Ava root; Awa; Fijian
kava; Gea; Gi; Grog; Kao; Kava kava rhizome; Kava root; Kavapiper;

Kava is a beverage made from the ground roots of the plant Piper Kavapyrones; Kavarod; Kavekave; Kawa; Kawa kawa; Kawa pepper;

Methysticum (Figure 1), directly translated as “intoxicating pepper.” Kawa Pfeffer; Kew; Macropiper latifolium; Malohu; Maluk; Maori

The word ‘Kava’ originates from Tongan and Marquesan and means kava; Meruk; Milik; Pepe kava; Rhizoma piperis methystici; Sakaua;

“bitter”* Common names of Kava include the following: Kava; Sakau; Tonga; Yagona; Yangona; and Yongona.
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Kava has long-held a significant place within Pacific island com-
munities, being consumed for more than 2000 years by individuals
of Polynesian, Micronesian and Melanesian descent.?

The kava beverage is commonly drunk for social, ceremonial and
medicinal purposes, acting as a muscle relaxant and inducing sleep-
iness and relaxation.® Kava plays a valuable role as an item for ex-
change within political, religious and economic spheres. Traditional
regulations existed on kava usage regarding gender, social class, re-
ligion and age.1 The use and cultivation of Kava has extended from
traditional to recreational use, particularly in the last couple of de-
cades.** South Pacific islanders can consume Kava on a daily basis.
Pacific island economies are reliant upon Kava both as a means of
traditional subsistence and as a contemporary cash crop and valu-
able export commodity.!

Recreational Kava usage has reached regions of Australia and New
Zealand partly due to migration of Pacific Islander communities to
these areas.” Kava was also introduced as an alcohol alternative to
Australian Aboriginal communities residing in Arnhem Island in 1982
in an attempt to reduce alcohol-related harm in the community.%” The
import and purchase of Kava in Australia was unregulated until 6th of
April 1998. The National Code of Kava Management's standard 2.6.3%
enabled individual states and territories to implement more restrictive
measures. Revelation of hepatotoxicity risk followed safety assess-
ments of adverse changes associated with excessive consumption.®
WHO's safety review of Kava has held concerns over the introduction
of non-traditional preparations of kava into "exposure regions" such as
Arnhem Island, in the Northern Territory where excessive consump-
tion occurs. Currently, import, advertising and sale of Kava in Australia
and New Zealand are strictly controlled under the Customs (Prohibited
Imports) Regulations Act.? Commercial importations are no longer al-
lowed, with the exception of medical or scientific purposes and traffi-
cable quantities for those without a licence or permit is 2 kg.’

Kava is traditionally prepared using the rhizome of the plant,
which can be used fresh or dried. If using fresh preparations, the
roots are macerated and the resultant juices mixed with other sol-
vents such as coconut milk or water. The more common style of con-
sumption is obtained by adding water to finely ground kava roots
followed by filtration to obtain the desired beverage.'® Fresh prepa-
ration produces a stronger beverage than when prepared from dried
starting material.®

Active compounds extracted from kava include 18 kavalac-
tones, three chalcones, cinnamic acid derivatives and flavanones.
Recent studies have identified 30 secondary metabolites, expand-
ing to 19 kavalactones, 3 dihydrochalcones and 8 minor compo-
nents.'? Ninety-six per cent of the organic extract derived from
kava rootstock consists of six major kavalactones, methysticin,
dihydromethysticin, kavain, dihydrokavain, desmethoxyyangonin,
and yangonin (Figure 2).22 Traditional kava preparations contain
0.3%-20% kavalactones. Kavalactone and chalcone concentrations
are increased when extracts are unfiltered.}? Commercialized kava
preparations extracted by organic solvents demonstrate a similar
compositional ratio, excluding greater kavain and dihydrokavain
content.*

Kava is commonly known for its anxiolytic relaxant effects, and
these are achieved by kavalactone ligation to the central nervous
system (CNS) GABA receptors.’®> Modulation of GABA activity is
mediated via alteration of lipid membrane structure, sodium chan-
nel function, MAO-B inhibition, and sodium and dopamine re-
uptake inhibition within the brain.® This disruption of the GABA
cerebellar function induces impaired movement coordination and
visual attention that accompanies Kava inebriation. Further side ef-
fects associated with excessive consumption are dryness and skin
ulceration.®

In addition to its psychotropic effects, recent evidence has shown
that some of the Kava components exert anticancer effects. There
is growing interest about their potential impact on malignant cell
proliferation, signalling, resistance to apoptosis, evasion of growth
suppressors and angiogenesis. However, the potential antiprolifera-
tive effects on oral squamous cell carcinoma (OSCC) have yet to be
investigated. This systematic review aimed to present the current
literature surrounding Kava and its potential anticancer effects with

a specific focus on OSCC.

2 | OBIJECTIVES

This qualitative systematic review aims to collate scientific evidence
that constituents of Kava have anticancer properties and may be po-
tential chemotherapeutic agents.

The specific questions addressed in this systematic review were

as follows:

1. Do the constituents of Kava have antiproliferative effects on
cancer cells in vitro?

2. Do the constituents of Kava have antiproliferative effects on tu-
mours in animal studies?

3. Do the constituents of Kava have cancer prevention properties?

4. What known anticancer pathways do the constituents of Kava in-
teract with?

5. Which Kava constituents have the greatest anticancer potential?

3 | METHODS

The Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA Statement) was used for the data collection and
sorting process. A table based on the PRISMA flow diagram is in-
cluded (Figure 3).

3.1 | Literature search

On 9 April 2018, a comprehensive search of electronic data-
bases OVID EMBASE, OVID MEDLINE and Web of Science was
performed. An identical search strategy was employed across all
databases.
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FIGURE 1 Piper Methysticum pressed
plant specimens dated back to 1886,
from the collection of the National
herbarium of Victoria collection. Images
were captured with a Leaf Aptus-1l 10
Digital Back camera. Reproduced with
permission from the Royal Botanic
Gardens Victoria

NATIONAL HERBARIUM OF
VICTORIA (MEL), AUSTRALIA

The aim of the search was to find in vivo and in vitro experimen-
tal studies, allowing a summative evaluation of the preventive and
treatment effects of Kava on cancer.

Search queries involved keyword searches for all cancer related
terms and various Kava names: anticancer OR anti-cancer OR anti-
proliferative OR antiproliferative OR cancer OR carcinoma OR tum-
origenesis OR neoplasm OR malignan* OR metastas* AND yaqona
OR sakau OR rauschpfeffer OR kava OR kawa OR piper methysti-
cum OR tudei OR piper wichmannii.

A second keyword search query was also performed for all can-
cer related terms and various active Kava constituents: anticancer OR
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anti-cancer OR anti-proliferative OR antiproliferative OR cancer OR
carcinoma OR tumorigenesis OR neoplasm OR malignan* OR metas-
tas* AND chalcones OR flavokawain OR flavokavain OR kavalactones
OR desmethoxyyangonin OR 5,6-dehydroka* OR dihydromethys-
ticin OR dihydrokavain OR dihydrokawain OR kavain OR kawain OR
methysticin OR yangonin OR hydroxykavain OR hydroxykawain.

3.2 | Selection criteria

No limits were placed on the search, and all languages were ac-
cepted. Papers that studied interactions between major kava
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FIGURE 2 Structures of the major
kavalactones occurring in kava rhizome;
(below) ground kava root
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constituents and cancer cells, in vitro or in animal models, were in-
cluded. Technical reports were accepted. Studies using Kava con-
stituents originating from other plant species were also included. No
restriction was placed on what types of cancers were involved. Cell
markers, cell proliferation/apoptosis and tumour sizes (in vivo) were
common biomarkers. No restrictions were placed on the study de-
sign employed.

Studies were excluded if they were irrelevant to the cancer and
Kava association. Papers studying the interaction of Kava or its
constituents in non-cancer areas such as anxiety, hepatotoxicity or
structure-activity relationships were disregarded. However, the as-
sociation between cancer and inflammation led to inclusion of pa-
pers discussing inflammatory effects of kava constituents if there
was a concurrent focus on cancer. Studies of synthesized analogues
of Kava constituents were not included, nor were studies solely fo-
cused on whole Kava extracts or fractions due to the large num-

ber of unknown variables that would be introduced. Case reports,

letters, conference abstracts, reviews, epidemiological studies and
retracted studies were excluded.

3.3 | Data collection and sorting

The literature search identified a total of 2952 papers. Search results
were imported into Endnote X8, compiled, and duplicates removed
by the software, and then further scanned individually to remove
manually undetected duplicates by two blind reviewers. A total of
1834 unique articles were found.

Utilizing the PRISMA protocol, 2 independent and blinded re-

viewers were enlisted to sort the relevance of articles by title.

3.4 | Title screening

Out of the 1834 papers, 107 unique articles were selected with an

inter-rater reliability (IRR) of 98.26%. If there was no accordance on
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FIGURE 3 PRISMA flow chart of the
systematic review

[ 9 April 2018
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one paper, it was evaluated by a third reviewer. A final total of 94

articles were unanimously selected for abstract screening.

3.5 | Abstract screening

Of the 94 articles screened, a combined total of 55 articles were
accepted (IRR: 92.55%). Disagreements were due to each reviewer's
subjectivity. Discussion of the 7 differences resulted in a consensus
of 3 articles being accepted. A final total of 51 articles were unani-

mously selected for full-text screening.

3.6 | Full-text screening

4 reviewers screened the articles for data extraction to be included
in the systematic review. Contentious articles were discussed by all
reviewers. Unanimous agreement was required for the articles to be

included in the final result.

Of the 51 articles screened, a combined total of 39 articles were
accepted by the reviewers.

Data extracted from each article were recorded on the data col-
lection table displayed as Table 1.

The following information was collected from each article: active
kava molecules, model systems employed consisting of in vitro and
in vivo models, experimental model as well as major findings incor-

porating anticancer mechanisms identified.

3.7 | Risk of bias across studies

As with other bodies of scientific evidence, the potential effect of
publication bias, favouring reporting of positive outcomes, cannot be
excluded. Likewise, it is not known whether the authors reported only
their most favourable results. Therefore, included studies underwent
quality assessment according to QUIPS guidelines. Averaged across
each risk of bias domain, we evaluated 85.9% per cent of articles as
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having a low risk of bias, 11.54% of articles were identified to have a

moderate risk of bias, and 2.56% were at a high risk of bias (Appendix 1).

4 | RESULTS

The initial search strategy identified 2952 potentially relevant cita-
tions of which 1118 duplicates were removed. Following screen-
ing by title and abstract, 51 publications were included for full-text
screening by 4 independent reviewers against the eligibility criteria.
12 publications were excluded and the remaining 39 were included
for data extraction in the systematic review. Rationale for exclusion
is presented in Appendix 2.

Of the 39 included studies, flavokavain B (FKB) was the most
studied constituent (21 articles); followed by flavokavain A (FKA) (12
articles); dihydromethysticin (DHM) (7 articles) and desmethoxyyan-
gonin (DMY) (4 articles); dihydrokavain and kavain (5 articles each);
flavokavain C (FKC) (4 studies); methysticin (4 articles); yangonin (3
articles); and yangonindimers (1 article). A single study was also con-
ducted on the recently isolated yangonindimers. A complete list of
the included studies are presented in Table 1.

Fourteen articles included animal models; these included tu-
mour-inoculated and dietary NNK-induced mice models (A/J, TRAMP,
C57BL/6, UPII-SV40T),1718:28:30.34.37-3943 4 ity human cancer tis-
sue xenografted into SCID mice and nude mice and the Balb/C
strain®%24%°0. and the zebrafish model.*> Of the 14 articles con-
ducting animal studies, 7 also studied the effects of kava constituents
on cancer cells in vitro.1#18:30-324950 Qyerall, 32 papers studied the
effects of Kava constituents in vitro. Multiple cancer cell lines were
studied, each representing diverse cancer types: breast cancer, col-
orectal cancer and lung cancer were commonly studied, while oral

cancer was only studied in one publication.?®

4.1 | Flavokavain B (FKB)

The most heavily researched constituent of Kava was found to
be FKB. A total of 21 studies, comprising 15 in vitro (including
2 in situ; 1 ex vivo), 1 in vivo, and 5 that assessed both models,
examined the anticancer effects of FKB. Across these studies,
there was unanimous agreement that FKB had antiproliferative
ability with the majority of papers reporting induction of G2/M
arrest.1¢:20:21,23.25.27.29.32.5153 e paper suggested FKB induced
GO/G1 arrest.®® Additionally, there was a general consensus that
FKB induced apoptosis,16:18:20.21,23.2527.29,32.35.4950,53,54 pro e
mechanisms included increased expression of pro-apoptotic
proteins, such as PUMA, Bim and Bax expression?3274%50:33; da.
creased expression of anti-apoptotic proteins, such as survivin and
XIAP,2%2327 ROS production?t?>2932:50; or increase in caspase 3,
7, 8, and or 9.27°° Three studies suggested apoptosis may have

been induced via PARP cIeavage,ZO'SZ"“’)'50

although interestingly a
single study reported that apoptosis was induced in the absence
of PARP cleavage.?! A single study found that FKB did not induce

apoptosis.?® Other proposed anticancer effects of FKB included

16,18,45 16,45

prevention of metastasis, anti-angiogenic effects,

18

as

well as regulation of immune and inflammatory functions.

4.2 | Flavokavain A (FKA)

A total of 12 studies comprising of 6 in vitro (including 1 ex vivo), 2 in
vivo and 4 that assessed both models examined the anticancer proper-
ties of FKA. FKA was found to induce apoptosis*”1?2634°1 and inhibit
proIiferation.17'1[”'26’34'54 Proliferation inhibition was reported mainly
through G2/M,263%%1 and G1 cell cycle arrest,®° as well as c-myc inhi-
bition.!” Reported pathways inducing apoptosis included caspase ac-

1954 increase in pro-apoptotic protein expression such as Bim,

tivation,
Bax, DR5 and p27,2¢3* decrease in anti-apoptotic protein expression
namely survivin and XIAP*** and various mitochondrial membrane
changes.19 Liu et al (2017) found evidence of synergism in apoptosis
induction between FKA and Yangonin.®® Other anticancer findings of
FKA included the prevention of metastasis, inhibition of angiogene-
sis, reduction in inflammation and enhanced immune function.t”1%3*
Solely, Johnson et al (2011) concluded that FKA did not have signifi-

cant antiproliferative effects or apoptosis-inducing capabilities.?

4.3 | Flavokavain C (FKC)

A total of 4 studies, 3 in vitro and 1 that assessed both in vitro and in
vivo, examined the anticancer properties of FKC. There was a consist-
ent suggestion that FKC inhibited cell proliferation in various cancer
cell lines via G1 and G2/M arrest due to p21, p27, p53 upregula-
tion.*®>* Furthermore, FKC in vitro induced apoptosis via downreg-
ulation of apoptosis inhibitors XIAP, c-IAP1, c-IAP2, upregulation of
pro-apoptotic signals, such as CHOP and GADD153, increasing ROS
and decreasing superoxide dismutase.*>**** In vivo, FKC did not show

antiproliferative activity when administered alone to A/J mice.?®
4.4 | Dihydromethysticin (DHM)
22,24,47 37-39,43

A total of 7 studies, including 3 in vitro and 4 in vivo,
examined the anticancer properties of DHM. All of the studies dem-
onstrated that DHM had chemopreventive effects, with one study
suggesting induction of apoptosis by GO/G1 arrest.?? The remaining in

vitro studies reported weaker anticancer effects of DHM.24%7

4.5 | Methysticin

A total of 4 studies, 3 in vitro and 1 in vivo, examined the anticancer
properties of methysticin. Methysticin has shown inhibition of NF-kB,
a protein involved in cell survival, in A549 human lung adenocarcinoma,
and on K562 chronic myelogenous leukaemia cell lines.24*” Methysticin
resulted in downregulation of androgen receptor genes, but not actual
androgen receptor mRNA expression in prostate cancer cell lines.3! It
was suggested methysticin's bioactivity is non-conformational®* and
that its dioxymethylene group is essential to its activity.47 All studies
suggested methysticin may have promising anticancer activity; however,

the concentration tested and reported potency varied between studies.
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4.6 | Kavain

A total of 5 studies, 4 in vitro and 1 in vivo, examined the antican-
cer properties of kavain. Kavain was found to enhance growth in-
hibition of cancer cells, however with lesser potency than FKB and
methysticin.3>*” Minimal to no antiproliferative or apoptotic effects
of Kavain were observed on three different bladder cancer cells in
contrast to similar doses of flavokavain A, B and C.>* Finally, a single

study found no effect of kavain on cell viability.24

4.7 | Dihydrokavain

A total of 5 studies, 3 in vivo and 2 in vitro, examined the anticancer
properties of dihydrokavain. The studies unanimously agreed that

dihydrokavain showed no significant anticancer effects.237-3%47

4.8 | Desmethoxyyangonin (DMY) (also known as
5,6-dihydrokavain)

A total of 4 studies, 3 in vitro and 1 in vivo, examined the antican-
cer properties of DMY. DMY demonstrated a highly selective anti-
proliferative effect in ovarian cancer and lung cancer.** In contrast,
one study found that DMY concentrations of 5-20 pg/mL did not
have any effect on human squamous cell carcinoma of the cervix.*?
Finally, a study reported that DMY showed 100-300 times less NF-

kB inhibitory activity than methysticin.47

4.9 | Yangonin

A total of 3 studies, all in vitro, examined the anticancer properties of
yangonin. Yangonin was found to enhanced growth inhibition when
combined with FKB, but demonstrated less potent growth inhibi-
tion independently.®* In comparison with FKB, yangonin had weaker
bioactivity in both prostate cancer and K562 human chronic mye-
logenous leukaemia cell lines.?*3! Yangonin alone showed variable
growth inhibition on murine cell lines as well as time- and dose-de-
pendent inhibition of human cell line growth.>® When combined with
docetaxel and FKA, yangonin synergistically induced autophagic cell

death in bladder cancer cell lines.*®

4.10 | Yangonindimers

One in vitro study assessed yangonindimers, involving the combi-
nation of recently isolated dimers of yangonin and desmethoxyyan-
gonin. The study showed no significant antiproliferative activity on

several human tumour cell lines.*®

4.11 | Oral squamous cell carcinoma

Hseu et al (2012) was the only identified study to investigate compo-
nents of Kava in OSCC.?° The study assessed the chemopreventive
effect of FKB on two human tongue oral squamous carcinoma cell
lines, HSC-3 and Cal-27. Major antiproliferative measures assessed
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included cell viability determined by 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyl tetrazolium bromide (MTT) assay, cell cycle analysis
by FACScan cytometer and apoptosis by terminal deoxynucleotidyl
transferase dUTP-fluorescein nick end-labelling (TUNEL) with frag-
mented DNA detection kit.2® It was found that FKB significantly in-
hibited growth of HSC-3 cells and Cal-27. However, the effect was
more pronounced in HSC-3 cells, where it caused accumulation of
cells in G2/M phase.?® Dose-dependent induction of apoptosis was

also observed.?

5 | DISCUSSION

Kava has been of interest for its established anxiolytic effects.’>>¢
However, there is now a growing recognition of its potential anti-
cancer effects. This systematic review evaluates the current lit-
erature on the anticancer properties of Kava constituents, their
possible mechanisms of action and areas that require further in-
vestigation. This review was focused on individual constituents as
opposed to extracts. This has allowed identification of molecules
of greatest chemotherapeutic significance and comparison be-
tween papers.

The gathered publications strongly supported that multiple
constituents of Kava possess significant antiproliferative and apop-
totic properties that warrant further research. Anticancer proper-
ties were mainly assessed by cytotoxicity evaluation through cell
viability tests, such as MTT assays, with protein analyses used to
assess potential mechanisms involved in apoptosis. Numerous stud-
ies also investigated the impact on proliferation regarding the pos-
sible cell cycle inhibition by Kava including stage of cell cycle arrest.
Methodological heterogeneity limited direct result comparison be-
tween studies, although this may be reflective of the novel interest
in the anticancer properties of Kava.

Chemoprevention refers to the administration of an agent
intended to reduce or delay the initiation of carcinogenesis.57
Substances demonstrating antiproliferative or apoptosis-inducing
mechanisms, such as constituents of Kava, could have potential as
chemopreventive therapeutics. Antiproliferative properties were
demonstrated in 32 out of the studied 39 papers. Of these papers,
27 presented in vitro assessment and 10 in vivo, which were mainly
conducted in mice, and a zebrafish model.1718:28.30-32,34,37-39.43,45,49,50

Fourteen papers reported cell cycle arrest by FKA, FKB and/or
FKC, at G2/M18:20:21,23,25-27.29,30,32,51-53 - 51 30.35 Cel|s accumulated
inthe G2/M phase undergo apoptosis through the Bax-initiated mito-
chondrial pathway.zo’z‘{"53 Apoptosis was investigated in 24 out of 39
papers, 21 of which included in vitro components and 7 in vivo com-
ponents. Apoptosis is characterized by key features, such as caspase
activation, DNA fragmentation and chromatin condensation.?*
Many of kava's active compounds instigate apoptosis through DNA
fragmentation and mitochondrial membrane permeability via upreg-
ulation of the mitochondrial apoptosis cascade and Fas-mediated
apoptosis of caspase 8.252782 FK A, FKB and FKC induce apoptosis
via the intrinsic pathway, associating with an increase in cytochrome
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c release leading to activation of caspase 3, 7, 8 and 9,19.20,25,27,29,32,
40:41,49,50,52,54 Caspase activation has numerous effects; however,
the main mechanisms highlighted include PARP cleavage, increased
ROS production, and consequent inhibition of PI3K/Akt phosphor-
ylation in keratinocytes, reducing tumorigenesis.2%-21:25:29:32,:40.49.50

In addition to increased caspase activation, FKA and FKB were
associated with increased expression of pro-apoptotic proteins
and decreased expression of anti-apoptotic proteins. Specifically,
there was an increase in Puma, Bim and Bax, activating BAK and
BAX proteins responsible for the initiation of apoptosis at the mito-
chondrial outer membrane.?326:274950.53 There were further reports
of increased DR5 expression and subsequent caspase 8 activation,
and upregulation of p21, p27 and p53, all which play a role in gene
inhibition/cell cycle arrest and antiproliferative pathways.2330:32:50
FKA and FKB decreased the expression of anti-apoptotic proteins
such as Bcl-2, BelX/L and Cdc2.26:27:29:32 Exposure to flavokavains
proposedly leads to downregulation of the inhibitor of apoptosis
(IAP) protein family, allowing for progression of apoptosis along
with decreased inflammation.”® BclX/L prevents the release of mi-
tochondrial contents, such as cytochrome C, while Cdc2 triggers
entry into the M phase of the cell cycle and suppresses the action
of Wee1.26272%32 \\ee1 typically slows admission into M phase to
ensure adequate cell growth.?43%32 Thus, Kava compounds have the
capability to both downregulate anti-apoptotic and upregulate pro-
apoptotic proteins with the potential to influence numerous apop-
totic pathways.

A number of studies investigated angiogenesis-inhibitory prop-
erties and found Kava compounds successfully inhibited vessel for-
mation in vivo and in vitro. 1618193445 Both FKA and FKB were shown
to reduce angiogenesis in a dose-dependent manner.}6:18:17:32:34:45
For instance, FKA was found to downregulate the androgen recep-
tor and subsequently alter angiogenesis in bladder tumour tissues.*

No studies reported the comparison of the anticancer capabil-
ities of the constituents as a primary outcome. However, selected
papers suggest that FKB may be the most potent constituent stud-
ied.®! One study concluded that kavain, DHK, DHM and DMY are
approximately 100-300 times less active than methysticin®’ while a
further study commented on the lesser toxicity of FKA in compari-
son with FKB.*?

Interestingly, a study undertaken by Johnson et al (2011) on the
effects of whole Kava extract in A/J mice found a statistically sig-
nificant reduction in tumour multiplicity. However, they found that
individual administration of FKA, FKB and FKC did not impact on
adenoma multiplicity even at concentrations above that naturally
occurring in Kava extracts.?® Factors influencing these results could
include variation in Kava extract, processing artefacts, strain of
mice, tumour type and interactions of constituents and host ligands.
This reveals the complexity of in vivo models and the need for fur-
ther studies to translate in vitro findings.

Within the included publications, a total of 26 different cancers
were assessed across the 32 studies solely on epithelial malignancies,
6 on mesenchymal malignancies and one study including both.** A
single publication analysed the effect of the Kava constituent FKB in

ectodermal-epithelial cancers, particularly oral squamous cell carci-
noma and melanoma.?” In contrast, the study of mesodermal-epithe-
lial cancers and Kava constituents has been moderately established,
particularly in colorectal and breast cancers.}71%:2126:29.40,41,44.48
Malignant epithelial lines studied may have potential mechanistic
correlations in OSCC.

Mesenchymal cancer studies were the least investigated with
primary focus on leukaemia.2****’ Consideration can be given,
however, to their potential application in the context of epithelial-
mesenchymal transition in epithelial malignancy (EMT). The effect
of Kava in sarcoma studies could reveal target pathways in invasive
carcinomas, such as OSCC, demonstrating EMT with mesenchymal
traits. For example, EMT has been implicated in metastasis and inva-
sion by the PI3K/Akt pathways in OSCC.%

6 | CONCLUSION

This systematic review found that particular constituents of Kava
consistently displayed anticancer effects in vitro and in vivo. The
current body of evidence primarily features the induction of apop-
tosis and cell cycle arrest in epithelial malignancy. These promising
findings highlight an avenue for further research of Kava constit-
uents in the prevention and treatment of OSCC. There remains a
paucity of literature surrounding the chemotherapeutic potential of

Kava in the field of oral oncology.
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