
      

The Official Publication of the American Herbal Products Association
March 2011	 www.ahpa.org	 Volume 26, Number 3

Special Report:

Kava and the Risk of Liver Toxicity:  
Past, Current, and Future 

by Rolf Teschke, MD

A review of the recent research regarding  
the safety of kava (Piper methysticum G. Forster)

Excerpted from the March 2011 issue of the AHPA Report

© copyright 2011 The American Herbal Products Association

Articles may not be reproduced or reprinted without written permission from AHPA.



March 2011 • Page �

Kava and the Risk of  
Liver Toxicity: Past, Current, 
and Future Aspects 

by Rolf Teschke, MD, Department of 
Internal Medicine II, Division of  
Gastroenterology and Hepatology, Klinikum 
Hanau, Teaching Hospital of the Goethe 
University of Frankfurt/ Main, Germany

Editor’s Note: In the process of reviewing the litera-
ture for the AHPA Report, I found numerous re-
cent papers on the topic of kava and liver toxicity. 
Instead of trying to cover them individually I asked 
the primary author of most of the articles to consider 
writing a guest article for AHPA. We are proud to 
feature that article here. –Steven Dentali, PhD, 
Chief Science Officer

Kava refers to both the South Pacific herb 
(Piper methysticum G. Forster) and the prod-
ucts prepared from its rhizomes and roots 
that contain the psychoactive kavalactones 
(1). Due to their tranquilizing, sedative, and 
anxiolytic properties, kava is widely used all 
over the world for recreational and medici-
nal purposes. In the South Pacific, tradi-
tional aqueous kava extracts are part of the 
social and ceremonial life whereas in Western 
countries kava extracts are used as anxiolytic 
drugs, kava dietary supplements, and as rec-
reational drinks (1-3). Various clinical trials 
have shown efficacy of kava for treatment of 
patients with anxiety disorders (2), but a 
current overarching concern with kava is 
the rare occurrence of hepatotoxicity (4) 
and the need to determine causation (5). 

This review presents some highlights of  
the kava mystery related to the observed  
adverse reaction of rare toxic liver injury  
after kava use in a few susceptible patients. 
An approach is also made to promote future 
strategies for safe human kava use and im-
provement of kava quality standards.

Historical Facts

For centuries, kava has attracted the interest 
of physicians, pharmacologists, botanists, 
and agriculturists, and the obtained results 
of their studies have been summarized in 
excellent reviews (6,7). In the past, major ef-
forts have been undertaken to identify those 
kava varieties, called also cultivars, which 

are most safe for human use (8,9). Early pi-
oneering work has established the chemo-
typing of kava plants (6,10-13) that contain 
18 kavalactones, but only the six major kav-
alactones are used to define a particular kava 
chemotype. They are: kavain (K), dihy-
drokavain (DHK), methysticin (M), dihy-
dromethysticin (DHM), yangonin (Y), and 
desmethoxyyangonin (DMY). The individ-
ual kava chemotype may be established by a 
system of kavalactone signatures, attribut-
ing to each lactone a number in the sequence 
of its elution from the High Performance 
Liquid Chromatography (HPLC) column 
(3): DMY corresponds to 1; DHK to 2; Y to 
3; K to 4; DHM to 5; and M to 6. When 
the figures are sorted in the sequence of de-
creasing quantities of individual lactones in 
the sample, a signature is formed by this 
method of chemotype coding. Based upon 
this assessment, it became evident that kava 
exists in more than 200 variant strains or 
cultivars (9), categorized as noble cultivars, 
medicinal cultivars, Two-Day cultivars, and 
the wild species Piper wichmannii C.DC, an 
ancestor of the domesticated kava Piper 
methysticum (14,15). Moreover, the chemo-
type may vary between roots, rhizomes, and 
basal stems (8,13). The multiplicity of kava 
cultivars used for medicinal purposes is the 
consequence of fragmentary standards of 
regulatory agencies and manufacturers (14-
18) and rarely allowed causality attribution 
to a single kava cultivar (9). Therefore, it is 
apparent that any clinical or experimental 

kava-related study and each kava product 
should provide the chemotype of the in-
volved kava cultivar.

In 2003, the opinion was expressed that in 
the South Pacific islands, consumption of 
aqueous kava extracts had a long tradition 
of safe usage to include lack of liver injury 
(19,20), even when higher amounts were 
consumed daily over many years (19). In 
the same year, however, case reports ap-
peared showing toxic liver disease in two 
patients originating from New Caledonia 
due to kava use in the form of the tradition-
al aqueous beverages derived from an un-
known kava cultivar (21), possibly a 
non-drink Two-Day cultivar (8), with sub-
sequent confirmed causality evaluation 
(4,22,23). In these two cases, there were in-
creased levels of two liver values commonly 
known as transaminases, alanine aminotran-
ferase (ALT) and aspartate aminotransferase 
(AST) (21). The transaminases were mark-
edly elevated between 13 and 42 times the 
upper limit of the normal ranges, findings 
that are in line with severe liver-cell injury. 
This particular enzyme constellation (21) 
was quite different from the pattern of cor-
responding liver values reported in other 
publications after the use of traditional 
aqueous kava beverages (21,24-26). There 
were either no activity changes of ALT (24-
26) and of AST (26), or there were only 
marginally elevated ALT and AST levels in  
a few heavy kava users (21). These results 
indicated little if any signs of clinically  

Disclaimer

The views presented in this guest article are those of the author and do not necessarily 
reflect those of AHPA or its members. AHPA’s current Code of Ethics expects members 
in good standing of the association that offer kava products for sale for internal use and 
that contain kava (Piper methysticum) to label such products so they bear the following 
or significantly similar statement:

Caution: US FDA advises that a potential risk of rare, but severe, liver injury may be associ-
ated with kava-containing dietary supplements. Ask a healthcare professional before use if you 
have or have had liver problems, frequently use alcoholic beverages, or are taking any medica-
tion. Stop use and see a doctor if you develop symptoms that may signal liver problems (e.g., 
unexplained fatigue, abdominal pain, loss of appetite, fever, vomiting, dark urine, pale stools, 
yellow eyes or skin). Not for use by persons under 18 years of age, or by pregnant or breastfeed-
ing women. Not for use with alcoholic beverages. Excessive use, or use with products that 
cause drowsiness, may impair your ability to operate a vehicle or dangerous equipment.
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relevant liver-cell injury (4) in the study 
groups (21,24-26), as opposed to the two 
cases from New Caledonia with severe liver 
toxicity (21).  

A clinical and scientific highlight was the 
unexpected observations stemming from 
five studies (21,24-27) that the use of tradi-
tional aqueous kava extracts derived from 
non-specified kava cultivars caused marked-
ly increased levels of γ-glutamyltranspepti-
dase (γGT), another liver enzyme commonly 
used in routine liver-assessment conditions. 
Among these five reports, three were 
Australian studies involving Aborigines in 
Arnhem Land who consumed traditional 
aqueous kava extracts prepared with kava 
raw material imported from Pacific Islands 
(24,25,27). The fourth report studied in-
habitants of New Caledonia who consumed 
traditional aqueous kava beverages prepared 
from plants imported from Vanuatu (21), 
and the fifth study provided data of a pre-
dominantly Tongan population of Hawaii, 
consuming traditional aqueous kava extracts 
prepared from plants of Hawaii (26). 
Considering these five studies with increased 
γGT levels (21,24-27), serum activities of 
another liver enzyme—the alkaline phos-
phatase (ALP)—were presented as increased 
(24-26), unchanged (21), or not evaluated 
(27). The observed increased levels of both 
γGT (21,24-27) and ALP (24-26) deserve 
further evaluation and are likely to be due to 
either malnutrition, alcohol, hepatic en-
zyme induction, enzyme adaptation, or 
cholestasis (4,5) in the investigated study 
groups (21,24-27). Since this particular en-
zyme constellation of increased γGT and 

ALP is not found in European cases of kava 
liver disease (4,28), the underlying mecha-
nisms may be different.

There were no case reports of liver disease 
associated with the use of acetonic and eth-
anolic kava extracts as anxiolytic drugs in 
Western countries prior to 1998 when the 
first case of liver disease associated with the 
use of a non-specified kava cultivar was 
published (29). Consecutively, other case 

reports and spontaneous reports communi-
cated to regulatory health agencies followed, 
but again lacking cultivar specifications 
(4,28,30-32). In 2002, these reports led to 
withdrawals of kava from various European 
countries (1,30,31); to a Food and Drug 
Administration (FDA) consumer advisory 
in the US (33,34); and to a practitioner 
alert, consumer advisory, and voluntary  
recall in Australia (19). Since 2005, aqueous 

Legend to Figure 1:

HPLC Chromatogram of the Noble Cultivar Borogu
There are six major peaks with retention times of 11.28, 12.28, 15.25, 17.57, 19.57, and 25.75 min-
utes, corresponding to desmethoxyyangonin, dihydrokavain, yangonin, kavain, dihydromethysticin, and 
methysticin, respectively. Details are derived from a previous report (3).

Figure 1

http://www.cpgjoblist.com
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kava products are available again in Australia 
as Therapeutic Goods Administration 
(TGA) approved medicinal over-the-coun-
ter products (35,36).

Cases of primarily assumed liver disease 
caused by kava use (30) have been a matter 
of international discussions (31,32,37-41). 
Criticisms focused on the poor quality of 
the regulatory data presented (31,32,37,40), 
of it being highly selective (42), insufficient-
ly evaluated (43), and with inappropriate 
causality-assessment methods used on an 
ad-hoc basis or with the unspecific liver 
scales of Naranjo and the World Health 
Organization (WHO) (44). Subsequent 
analysis using a structured, quantitative, 
and liver-specific assessment method estab-
lished overall causality for kava in only a few 
patients (4,22,23,28). Surprisingly, liver in-
jury observed in these few cases was causally 
related to the use of traditional aqueous 
kava extracts as well as to the use of acetonic 
and ethanolic kava drugs. The primary cause 
of the toxic event obviously resides with the 
crude material used to prepare the various 
kava extracts and may be attributed to poor 
quality (5), possibly caused also by mold 
hepatotoxins (45,46) rather than to any pri-
mary constituent of kava (Table 1) (1,47,48) 
as discussed in recent reviews (45,46).

The Pacific kava paradox—based on kava 
liver disease that was observed following the 
use of Western acetonic and ethanolic kava 
drugs but not of traditional aqueous kava 
extracts in the Pacific region (19,20)—was 
suggested in 2003. However, subsequent re-
ports (4,22,23) and cases of the World 
Health Organization (WHO) (1) revealed 
that traditional aqueous kava extracts also 
used in New Caledonia, Australia, the US, 
and Germany may rarely exhibit potential 
hepatotoxic properties (49). The clinical 
characteristics were similar whether the 
hepatotoxic reactions were caused by aque-
ous, acetonic, or ethanolic kava extracts, 
and identical causality for kava was estab-
lished for all cases and extract varieties 
(4,22,23). Since kava hepatotoxicity also 
occurred after the use of traditional aqueous 
kava extracts in the Pacific region, there is 
no basis to support the previously proposed 
Pacific kava paradox (49). 

Table 1 
Compounds Detected in Kava Roots Extracted with  

Water and Various Organic Solvents

	 Compounds	 Detection in various extracts obtained with
	 Water	 Acetone	 Ethanol	 Others
	 1.	 10-Methoxyyangonin	 +	 -	 -	 -
	 2.	 Hydroxykavain	 -	 -	 -	 +
	 3.	 Dihydro-5,6-dehydrokavain	 +	 +	 +	 +
	 4.	 7,8-Dihydrokavain	 +	 +	 +	 +
	 5.	 7,8-Dihydroyangonin	 -	 +	 -	 +
	 6.	 Kavain	 +	 +	 +	 +
	 7.	 7,8-Dihydro-5-hydroxykavain	 -	 +	 -	 +
	 8.	 5,6-Dihydroyangonin	 -	 +	 -	 +
	 9.	 11-Hydroxy-12-methoxydihydrokavain	 -	 +	 -	 +
	10.	 11-Methoxyyangonin	 -	 +	 -	 +
	 11.	 Desmethoxyyangonin	 +	 +	 +	 +
	12.	 5,6,7,8-Tetrahydroyangonin	 +	 +	 +	 +
	13.	 Methysticin	 -	 +	 -	 +
	14.	 Dihydromethysticin	 +	 +	 +	 +
	15.	 11,12-Dimethoxydihydrokavain	 -	 -	 -	 +
	16.	 Yangonin	 +	 +	 +	 +
	17.	 11-Methoxy-12-hydroxydehydrokavain	 -	 -	 -	 +
	18.	 11-Hydroxyyangonin	 +	 +	 -	 +
	19.	 5,6-Dehydromethysticin	 -	 +	 -	 +
Non-kavalactones				  
	 1.	 Flavokavain A	 -	 -	 -	 +
	 2.	 Flavokavain B	 +	 +	 -/+	 +
	 3.	 Flavokavain C	 -	 -	 -	 +
	 4.	 Cinnamic acid bornyl ester	 +	 +	 +	 +
	 5.	 5,7-Dimethoxyflavanone	 -	 +	 +	 +
	 6.	 2,5,8-Trimethyl-1-naphthol	 -	 -	 -	 +
	 7.	 5-Methyl-1-phenylhexen-3-yn-5-ol	 -	 -	 -	 +
	 8.	 8,11-Octadecadienoic acid-methyl ester	 +	 +	 +	 +
	 9.	 Pinostrobin chalcone	 +	 +	 +	 +
	10.	 5-hydroxy-4´-7-Dimethoxyflavanone	 +	 +	 +	 +
	 11.	 5,7(OH)2-4´-one-6,8-dimethylflavone	 +	 +	 -	 +
	12.	 Cupric acid	 ?	 ?	 +	 ?
	13.	 Pipermethystine	 ?	 ?	 +	 ?
	14.	 Glutathione	 +	 -	 -	 -
	15.	 Chromic acid	 ?	 ?	 ?	 ?
	16.	 Aflatoxins of Aspergillus varieties	 ?	 ?	 ?	 ?
	17.	 Hepatotoxic mycotoxins of other fungus  
		  var. and other mould hepatotoxins    	 ?	 ?	 ?	 ?
The data in Table 1 are primarily derived from two reports, mainly from the study of Xuan et al., 2008 (47), 
but also from the compilation presented by the World Health Organization, 2007 (1). The following details 
of the assessed kava roots and the used solvents have been communicated: extraction  
of medium water, acetone, 95% ethanol, and others as are chloroform, methanol, and hexane, but  
no details regarding chemotype and part of roots (47); extraction of medium 95% ethanol, and dried, prob-
ably unpeeled roots of undeclared chemotype (1). Data for flavokavain B are also derived from the reports 
of Zhou et al., 2010 (48). Details of the table are derived from a previous report (45).
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The Current Situation 

Based on current knowledge, the clinical 
characteristic of kava-related liver disease is 
now fairly well described (4,5,28) and docu-
mented as possessing features similar to 
those observed in toxic liver disease due to 
the use of other herbs, dietary supplements, 
and synthetic drugs (4,5,46). Herbal hepa-
totoxicity is normally quite difficult to de-
fine regarding its typology, since herbs 
represent a combination of various ingredi-
ents rather than one single compound as 
with synthetic drugs (50-52). In cases of 
kava liver disease, assignment was made ei-
ther to the predictable, intrinsic, and a dose-
dependent form that requires an 
overdose-treatment regimen and is therefore 
basically preventable, or to the unpredicta-
ble, idiosyncratic, and a dose-independent 
form associated with a metabolic subgroup 
that therefore is not preventable (5,46). 
Contributing causative factors are overdos-
es, prolonged kava use, and co-medication 
with other herbs and synthetic drugs (5,6). 
Yet questions still remain that relate to poor 
kava quality including adulteration, misi-
dentification, impurities, and mold hepato-
toxins (1,3,5,9,15,18,45,46,49). 

Good evidence is now available that the 
kava problem was not limited to the kava 
pharmaceutical markets in Germany and 
Switzerland (22,28,30,32) but may have 
also extended to the kava dietary supple-
ment markets with polyherbal kava mix-
tures such as in the Unites States (22,23,53), 
Australia (22,23,54), and the traditional 
kava markets such as New Caledonia in the 
South Pacific Islands (21-23).

At present, an abundance of information 
and proposals are now available regarding 
kava quality standardization (3,14-18,33-
35,45,55,56) and legislation (14,33-35,56), 
which are prerequisite conditions to im-
prove both the safety of kava consumers and 
the quality of kava raw material (1,3,45,55). 
Based on the Republic of Vanuatu Kava Act 
No. 7 of 2002, only noble kava cultivars are 
to be used as kava drugs or kava dietary sup-
plements and they must meet various other 
quality specifications before export from 
Vanuatu (14). Names and the respective 
chemotypes of all noble kava cultivars in 
Vanuatu are available (Table 2) (6,8,10,12-
15,45). This is useful information for local 
farmers, distributors, manufacturers, regu-
latory agencies, and physicians (3,45,55). 
Noble kava cultivars have a long tradition of 
safe use (3,6,9,13) and can easily be differ-
entiated and identified by their characteris-
tic chemotype (3,6,8,9,13) using standard 
methods that are described in detail (Table 
3) (3,6,10,12,45,57). In addition to Vanuatu 
(3,13,14), noble kava cultivars also exist in 
other South Pacific islands that lack appro-
priate kava legislation (56), a problem at 
least for the present (45). According to the 
Vanuatu Kava Act, other kava cultivars such 
as medicinal cultivars, Two-Day cultivars, 
and Wichmannii varieties (14) are now pro-
hibited for export (14). 

Another kava quality standard pertains to 
the strict use of peeled subaerial rhizomes 
and roots (3,34,45,55). In the past, kava 
products occasionally contained aerial parts 
of kava plants (1,5,8,9,15,18,55) that con-
tain the hepatotoxic compound piperme-
thystine (1). Aerial parts include in particular 

Table 2
Noble Kava Cultivars of Vanuatu  

Noble cultivar	 Origin	 Chemotype
Ahouia	 Tanna	 426531
Amon	 Tanna	 246513
Asiyai	 Aneityum	 246531
Bir Kar	 Santo	 246513
Bir Sul	 Santo	 246531
Biyai	 Aneityum	 426531
Borogoru	 Maewo	 425361
Borogu	 Pentecost	 423561
Gegusug	 Gaua	 246531
Ge vemea	 Vanua Lava	 245631
Ge wiswisket	 Gaua	 246513
Kelai	 Epi	 423516
Leay	 Tanna	 246351
Melomelo	 Ambae	 245361
Melmel	 Pentecost	 246531
Miela	 Emae	 426351
Naga miwok	 Vanua Lava	 246351
Olitao	 Emae	 245631
Palarasul	 Santo	 246531
Palasa	 Santo	 246531
Paliment	 Emae	 426351
Pia	 Tanna	 423516
Poivota	 Santo	 243561
Pualiu	 Tongoa	 246531
Puariki	 Tongoa	 423156
Sese	 Pentecost	 245631
Silese	 Malekula	 423651
Urukara	 Santo	 426531
Table 2 presents an alphabetical order of noble 
kava cultivars in Vanuatu with their place of origin 
according to the Republic of Vanuatu Kava Act 
No. 7 of 2002 (14) and Food Standards Australia 
New Zealand Technical Report, 2005 (15) with 
their chemotypes assessed in their roots as re-
ported previously (45). The numbers of the chem-
otypes correspond to the following kavalactones: 
1, desmethoxyyangonin; 2, dihydrokavain; 3, 
yangonin; 4, kavain; 5, dihydromethysticin; and 
6, methysticin. The data are based on original 
studies of Lebot and Lévesque, 1996 (10), Lebot 
et al., 1997 (6), and Siméoni and Lebot, 2002 
(12), substantiated by recent reports of Lebot, 
2006 (8) and Lasme et al., 2008 (13). As far as a 
cultivar keeps its chemotype fingerprint 42 … or 
24 … , then it is a “noble” cultivar. Other require-
ments are that there are no parts exposed to light 
in the raw material, it is organically grown, all the 
parts are well identified and separated, it is suf-
ficiently old (5 yrs. for export), and the village or 
origin is known (traceability) (14). Details of the 
table are derived from a previous report (45).

Table 3
Standard Method to Assess Chemotype of Kava Cultivars

Analytical Approach 
1.	 The kava plant to be assessed should have been dried for at least 2 weeks at 12% room 

humidity 
2.	 Use of peeled plant organ: both rhizome and roots
3.	 Absolute ethanol as the solvent of primary choice
4.	 The previously described standard method of Siméoni and Lebot, 2002 (12) is the primary 

choice to assess the chemotype of kava cultivar
Other details are presented in additional references (6,10,45,57). Details of the table are derived from 
a previous report (45).
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the lower stems (1,5), adventitious roots 
originating from the stems and extending 
into the soil (5,18), and upper, not uphilled 
parts of rhizomes (45). Of note, peeled and 
unpeeled kava rhizomes and roots are the 
form of kava raw material used for kava 
preparations in Australia (35), and peeled 
rhizomes were required by the German reg-
ulatory agency for kava drugs before the 
kava ban in 2002 (16,17).

Various recent reports advocate that kava 
products to be used as kava drugs or as kava 
dietary supplements should be water-based 
(1-3,34-36,55,58-60), as are the traditional 
kava beverages of the South Pacific islands 
(1). This specification has already been ap-
plied to medicinal kava products licensed by 
the Australian TGA (35) and was suggested 
(34) to be included in FDA’s consumer ad-
visory in the United States (33). The princi-
ples of these recommendations are based on 
the understanding going back to the safe 
form of aqueous kava extracts used tradi-
tionally for at least a millennium in the 
South Pacific region (1,3,19,20). There have 
been no regulatory reports or published case 
reports of liver injury associated with the 
use of medicinal aqueous kava products in 
the Australian market since their return in 
2005 for the treatment of anxiety symptoms 
(35). Lack of liver toxicity was also evident 
in a short-term clinical trial with aqueous 
medicinal kava (1,36), but results of already 
planned long-term treatment are necessary 
to confirm these findings (60). 

Presumably, the principles of Good 
Manufactural Practice (cGMP) are applied 
in the course of manufacturing kava dietary 
supplements in the United States (33) as 
well as in Australia for the preparation of 
medicinal kava products (35). There are, 
however, open questions whether and to 
what extent these principles have always 
been followed in the South Pacific islands 
(1,21). Shortcomings of kava quality related 
to adulteration, misidentification, and con-
tamination were apparent (1,3,8,9,15,18, 
45,55), and elimination of these problems is 
likely due to new legislation, regulatory 
guidance, and improved standards of pro-
cessing and manufacturing.

Currently, there continues to be kava culti-
vation, harvest, consumption, and export in 
the South Pacific islands (56). Traditional 
aqueous kava beverages are consumed in the 
South Pacific islands for social and cultural 
purposes as usual (1,56). While kava legisla-
tion to ensure good kava quality is available 
for Vanuatu (14), it is lacking for the other 
South Pacific islands (56); and, this is reason 
for concern (45). The overall demand for 
kava raw material has decreased since 2002 
(1,8,56) because of the European regulatory 
ban (30). Kava-producing countries of the 
South Pacific region export part of their 
kava raw material to regional countries such 
as Fiji, Kiribati, and New Caledonia (56). 
Kava is also sold in various amounts to 
countries such as the United States, Canada, 
Europe, China, Japan, New Zealand, and 
Australia (1,56), partly via the Internet (1). 
In the United States, kava is available as a 
kava dietary supplement (33,34). Medicinal 
aqueous kava extracts are available in 
Australia as over-the-counter medicine to be 
used for treatment of anxiety (2,35,36), 
with a limitation of 125 mg kavalactones 
per individual dosage and 250 mg kavalac-
tones per day (35). Previous regulatory lim-
its of 120 mg kavalactones per day were 
standard in Europe for acetonic and ethano-
lic kava drugs (16).

Future Requirements 

Long-tem safety and efficacy will be tested 
to evaluate the risk/benefit ratio in new clin-
ical trials with kava extracts for the treat-
ment of anxiety disorders (1,45,60). The 
use of traditional aqueous extracts obtained 
from peeled rhizomes and peeled roots of a 
noble kava cultivar such as Borogu has been 
recommended for these studies (3,45,55,60). 
As a highlight, for the first time, recent 
short-term studies have shown efficacy and 
safety for aqueous kava extracts (36,59,62), 
which confirms previous reports from trials 
done with acetonic and ethanolic kava ex-
tracts (1,40,41,61). One of these new long-
term studies has been started in Australia 
(60), where aqueous kava extracts are fully 
licensed (35), and hopefully other studies, 
including multi-center ones, will follow. To 

err on the side of caution and to ensure 
against liver injury, kava-consuming inhab-
itants of the kava-producing and -importing 
South Pacific islands should undergo clini-
cal assessment of their liver function in rela-
tion to their consumption of kava cultivar, 
their daily kavalactone intake, and duration 
of kava use (45). Overall, the results of these 
new studies should facilitate further regula-
tory recommendations and decisions re-
garding kava use.

Other novel strategies will be developed to 
minimize hepatotoxic risks due to the use of 
kava products. Some proposals have been 
made in the past (1,8,9,22,32,50,58), and 
new ones are presently emerging in the 
course of additional analyses (3,45,55,60). 
Future safety requirements for kava will 
have to take into account previous tradi-
tional experience (6) including farming 
practices (6,18) and manufacturer expertise 
(1,15). Kava is an effective anxiolytic herb 
(1,36,40,41,61) with a high potential for 
worldwide use (60). However, a prerequisite 
will be good-quality kava raw material cre-
ated by following Good Agricultural 
Practices (GAP) for kava cultivation, farm-
ing, and harvesting followed by manufac-
turing sites operating under cGMP 
(3,45,55). Updates to previous kava quality-
standardization approaches (14-18) are nec-
essary, and ethnobotanical studies associated 
with local expertise and surveillance are re-
quired to achieve good quality of kava raw 
material (45).

Key issues for the future also include appro-
priate kava legislation in order to assure 
good kava quality standards (3,45,55). An 
update of the Vanuatu Kava Act (14) is re-
quired to make the kava standards for local 
and export use the same. Pan-Pacific kava 
legislation should be the primary aim with 
the involvement of all kava-producing 
South Pacific islands (3,45,55,56), using an 
updated version of the Vanuatu Kava Act 
(14) as a basis (3). 

Novel experimental studies are required  
to elucidate theoretical pathogenetic 
mechanism(s) underlying reported kava-as-
sociated adverse events (45) in face of the 
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present uncertainty of their culprit(s) 
(5,45,46). Available data of numerous re-
ports recently summarized suggests that 
causation appears to be multifactorial (45), 
which presents a particular challenge for 
agrobotanists, botanists, toxicologists, phar-
macologists, farmers, and manufacturers. 
Most importantly, however, there is so far 
no clear evidence for a causative role of kav-
alactones (5) or non-kavalactone constitu-
ents such as pipermethystine (45,46,63) 
and flavokavain B (45,46) identified from 
kava (Table 1) (1,45). Therefore, additional 
studies should address enzymatic, analyti-
cal, and toxicological issues, using aqueous, 
acetonic, and ethanolic kava extracts (45). 
These extracts should be derived from dif-
ferent plant parts such as peeled and un-
peeled rhizomes and roots, and their 
peelings, from both noble and non-noble 
kava cultivars with clear identification of 
their chemotypes. Suggestions for new re-
search activities have also been made with 
respect to enzymatic degradation of kavalac-

tones. Concomitantly, more research should 
be conducted on the bioavailability of kava-
lactones and non-kavalactones derived from 
aqueous kava extracts. 

Early theories of kava-associated hepatotox-
icity focused on the possibility that raw ma-
terial could have been contaminated by oil, 
fertilizers, pesticides, nematodes, bacteria, 
fungi, and specific plant diseases such as 
kava dieback (18). However, in the past, vir-
tually none of these possible causes have 
been explicitly evaluated in detail (1,5). 
Future identification of possible hepatotoxic 
kava constituents is desired (45,46,49). 
Recently, inquiries center on the question of 
whether kava hepatotoxicity might have 
been caused by the use of moldy kava raw 
material (45,46,49). Post-harvest storage of 
kava material is the major constraint in the 
warm, humid climate of the Pacific islands 
(18). In Vanuatu and Pohnpei (Micronesia), 
where kava is always consumed fresh, the 
raw material has a maximum shelf life of 
three to four weeks (45). However, the stor-

age conditions are so poor that mold may 
develop rapidly on the roots only one week 
after harvest. In Pacific countries such as 
Fiji, Tonga, and Samoa, where the beverage 
is prepared from dried raw material, the 
parts can be stored for a longer period, but 
mold is still a problem. When dried kava 
was exported in bags and containers to 
Europe, mold sometimes developed in the 
bags, and if proper inspection did not occur 
before grinding and extraction, it is likely 
that hepatotoxins, including aflatoxins, 
could be present. In fact, a moldy taste of 
the beverage served in local kava bars of 
Nouméa (New Caledonia) has been recog-
nized as a problem (Lebot, personal field 
observation) (45). 

There are few data about kava contamination 
by bacteria (18,46,64) and Aspergillus species 
producing mycotoxins such as ochratoxin A 
(45,46,64) and aflatoxins (45,46,65), which 
may be represented as the sum of aflatoxin 
B

1
, B

2
, G

1
, and G

2
 (45). In three aqueous 

extracts prepared from the internal part of 
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the kava rhizome (minimizing soil contami-
nation) various bacteria species were isolated: 
Bacillus, Cellulomonas, Enterococcus, 
Pectobacterium, and Staphylococcus. The 
conclusion was reached that the Bacillus 
cereus group and Staphylococcus species may 
produce toxins and cause foodborne illness 
(64). At present, however, we urgently need 
bacteriological studies using peeled rhi-
zomes and roots, as well as their peelings, 
derived from moldy kava plants, and this 
would possibly provide evidence for addi-
tional bacteria species in sufficient quanti-
ties to elicit hepatotoxicity (45).

Of greater concern than bacteria are  
mycotoxin contaminants (45,46,65,66). 
Kava roots obtained from a botanical sup-
plier were found to contain ochratoxin A at 
a level of 10.3 ng/g. Corrected for about 50 
percent recovery obtained with the analyti-
cal, the actual concentration of ochratoxin 
was likely closer to 20 ng/g (66). In other 
studies, kava has been found to be contami-
nated with least 0.5 ng/g (65) of aflatoxins 
that are known human liver toxins (67-69). 
Other mycotoxins are likely to have similar 
hepatotoxicity potency, and an overall as-
sessment has to include examinations of 
moldy kava plant rhizomes and roots with 
their peelings considered separately. It is 
presently unclear whether peeled rhizomes 
and roots are to be preferred over the un-
peeled parts. An approach evaluating poten-
tial aflatoxin contamination would represent 

the first step in clarifying whether reported 
kava hepatotoxicity could be due to aflatoxi-
cosis, similar to epidemic toxic hepatitis 
caused by food contaminated with aflatox-
ins that has been reported from India and 
Kenya (67-69). If causally related to aflatox-
ins or other mold-created hepatotoxins, 
kava hepatotoxicity may be regarded as a 
preventable disease both in the Pacific re-
gion and in Western countries with respect 
to both traditional aqueous and solvent-
based kava extracts.

Some uncertainties remain regarding the 
safety of kava use with respect to various 
kava quality standards (70). Of particular 
interest is the use of aqueous versus organic 
solvents (1). Ethanolic extracts of kava are 
manufactured and distributed in New 
Zealand and in the United States. New 
Zealand kava manufacturers supply TGA-
compliant aqueous liquid kava extracts as 
well as 90% ethanol/water extracted solid 
kava products and 60% ethanol/water liq-
uid kava extracts, as reported in 2005 (71). 
The situation in the United States is similar 
as manufacturers are not restricted to aque-
ous-only extracts and are free to manufac-
ture hydro-ethanolic (ethanol/water) 
extracted products. Labelling of kava prod-
ucts should provide information regarding 
kava cultivar, place of origin, and the used 
plant part and solvent.  

It is apparent that we need more details on 
the multiple facets of kava production and 

use. Establishing certainty related to rare re-
ports of kava-associated liver disease awaits 
a definitive answer for their final causality 
attribution(s). With the proposed research 
activities and qualifying measures, it is hoped 
that the safety of individuals consuming 
kava will substantially be improved.

Conclusions 

Kava-related liver disease is a well-defined 
clinical entity that occurred in a few patients 
after the worldwide use of kava. Toxicity 
was associated with ingestion of traditional 
aqueous kava extracts, acetonic and eth-
anolic kava drugs, and kava dietary supple-
ments in kava-herb mixtures. These adverse 
reactions emerged unexpectedly in face of 
the apparent safe traditional use of kava for 
thousands of years; these reactions were 
most probably a consequence of poor-quali-
ty raw kava material employed in the manu-
facture of a few kava extracts. Further 
clinical trials and experimental research is 
necessary to evaluate whether kava hepato-
toxicity may be due to mold-produced hep-
atotoxins. To minimize hepatotoxic risks 
due to kava use, efforts have to be undertak-
en to improve kava quality standards and to 
establish strict regulations for kava cultiva-
tors, farmers, harvesters, manufacturers, and 
physicians treating patients for anxiety, ten-
sion, and restlessness. Thorough national 
regulatory measures and Pan-Pacific kava 
legislation are mandatory.  
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