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Scientific Opinion on the safety of ‘Glavonoid®, an extract derived from
the roots or rootstock of Glycyrrhiza glabra L., as a Novel Food ingredient
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ABSTRACT

Following a request from the European Commission, the EFSA Panel on Dietetic Products, Nutrition and
Allergies (NDA) was asked to deliver a scientific opinion on the safety of ‘Glavonoid’ as a food ingredient in the
context of Regulation (EC) No 258/97 taking into account the comments and objections of a scientific nature
raised by Member States. Glavonoid is an extract derived from the root or rootstock of Glycyrrhiza glabra L. by
extraction with ethanol followed by further extraction with medium-chain triglycerides. The applicant provided
sufficient information on the specification, production, composition and the stability of Glavonoid. The applicant
intends to market Glavonoid as food supplements and as an ingredient for fruit juices, yoghurts and yoghurt
drinks up to a dose of 300 mg per day to the general adult population. A 90-day rat study showed a lowest
observed adverse effect level (LOAEL) at a dose of 400 mg/kg bw per day. Prothrombin-time and activated
partial thromboplastin time (APTT) were analysed using a Benchmark Dose (BMD) modelling approach. The
BMD lower confidence limit (BMDLgs) for this study derived from APTT data is 167 mg/kg bw per day. There
are no concerns related to genotoxicity. Studies on reproductive and developmental toxicity were not provided.
Extrapolation of the BMDLys from the rat study to a maximum intake for a 70 kg person results in 117 mg
Glavonoid/day. The human studies provided do not raise safety concerns. The Panel considers that the human
studies are consistent with the maximum level derived from the BMD approach. The Panel considers that there
are no concerns related to genotoxicity. The safety of Glavonoid for pregnant and breast-feeding women has not
been established. The Panel concludes that the novel food ingredient Glavonoid is safe for the general adult
population up to 120 mg/day. © European Food Safety Authority, 2011
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SUMMARY

Following a request from the European Commission, the EFSA Panel on Dietetic Products, Nutrition
and Allergies (NDA) was asked to deliver a scientific opinion on the safety of ‘Glavonoid’ as a food
ingredient in the context of Regulation (EC) No 258/97 taking into account the comments and
objections of a scientific nature raised by Member States.

Glavonoid is an extract rich in polyphenolic type substances, derived from the root or rootstock of
Glycyrrhiza glabra L. (liquorice root) by extraction with ethanol followed by further extraction of this
ethanolic extract with medium-chain triglycerides (MCT). According to the specification proposed by
the applicant Glavonoid is a dark-brown coloured liquid, standardised using MCT to a content of
approximately 3.0 % of the prenylated flavonoid glabridin, which is the most abundant constituent of
the polyphenol fraction contained in the product. Other identified prenylated flavonoids are glabrene,
glabrol and 4’-O-methylglabridin. The forty-five identified polyphenolic type substances were
classified as chalcones, isoflavans, isoflavenes, 3-aryl coumarins, pterocarpans, 2-aryl benzofurans,
flavones, isoflavones, flavanones and flavanols. Batch testing confirmed that the product complies
with the given specifications. The applicant provided sufficient information regarding the
specification, manufacture, composition and stability of Glavonoid.

Glycyrrhiza glabra L., the source of the novel food ingredient is a member of the Fabaceae family,
and has a history of human consumption. The roots are chewed as a mouth freshener. In the EU
extracts produced by boiling the root of Glycyrrhiza glabra L. and subsequently evaporating most of
the water, are widely used in candies and confectionary. Liquorice products are also used in soft
drinks, herbal teas and chewing gum. According to the information provided, Glavonoid is on the
market in Japan and the USA.

The applicant intends to market Glavonoid as food supplements and as an ingredient for fruit juices,
yoghurts and yoghurt drinks up to a dose of 300 mg per day. The target population is the general adult
population.

In a subchronic (90-day) oral toxicity study a “Liquorice Flavonoid Qil (LFO) - concentrated form”
containing 3 % glabridin, which can be considered representative for Glavonoid, induced an effect on
blood coagulation parameters, evidenced in a prolongation of prothrombin time (PT) and activated
partial thromboplastin time (APTT), which caused haemorrhage in several organs and tissues and the
death of several animals in the highest dose group (1600 mg/kg bw). Additional studies showed that
the anticoagulant effect was caused by inhibition of the synthesis of vitamin K-dependent coagulation
factors, though the identity of the responsible substance(s) remains unknown.

A prolonged PT was statistically significant in male animals receiving the lowest dose level of
400 mg/kg bw per day. Therefore this dose is considered as the lowest observed adverse effect level
(LOAEL). There are no further studies e.g. a long-term exposure studies or reproductive and
developmental toxicity studies that might have shed light on the NOAEL. Prothrombin-time and
APTT were also analysed using a Benchmark Dose (BMD) modelling approach, following the
recommendations in the guidance document of the Scientific Committee of EFSA. The values for the
BMD and BMD lower confidence limit (BMDLgs) derived from the APTT data of male rats provided
lower values than the PT data. The BMDL g5 for this study derived from APTT data is 167 mg/kg bw.
The extrapolation of this study BMDLgs to a maximum intake for a 70 kg person results in 117 mg
Glavonoid/day, rounded up to 120 mg.

The Panel considers that there are no concerns related to genotoxicity.

The reported six human studies examining a dose range of 100 to 600 mg Glavonoid per day did not
show relevant changes in haematology, coagulation, clinical-chemistry and urinalysis parameters.
Because of the short treatment times, the dose levels used, and in particular the low number of study
participants receiving higher doses, the Panel considers that these studies are not adequate to derive a
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safe level of intake, especially for longer-term consumption. However, since the human studies do not
raise safety concerns, the Panel considers that the human studies are consistent with the maximum
level derived from the BMD approach.

Regarding the uncertainties concerning a possible impact on anticoagulant therapy, the Panel notes
that no studies have been conducted to evaluate a possible interaction between Glavonoid and drugs
on blood coagulation. The safety of Glavonoid for pregnant and breast-feeding women has not been
established.

The Panel concludes that the novel food ingredient Glavonoid is safe for the general adult population
up to 120 mg/day.
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BACKGROUND AS PROVIDED BY THE EUROPEAN COMMISSION

On 1 November 2007, KANEKA Pharma Europe N.V. submitted a request under Article 4 of the
Novel Food Regulation (EC) N° 258/97 to the competent authorities of Belgium for placing on the
market Glavonoid as a novel food ingredient and food supplement.

On 23 January 2009, the competent authorities of Belgium forwarded to the Commission their initial
assessment report, which came to the conclusion that health risks related to the placing on the market
of Glavonoid as food supplement are extremely low.

On 19 February 2009, the Commission forwarded the initial assessment report to the other Member
States. Several of the Member States submitted comments or raised objections.

In consequence, a Community Decision is now required under Article 7, paragraph 1 of Regulation
(EC) No 258/97.

The concerns of a scientific nature raised by the Member States can be summarized as follows:

o Specification of the source and composition of the novel food ingredient is not sufficient. In
particular, clarification is needed regarding the composition of the lipid fraction including the
polyphenol-type substances as well as the fraction of uncharacterised constituents. The use of
minimum and maximum values is recommended. Furthermore, the documents provided do not
show whether the testing laboratories were accredited under an internationally recognised system,
which is a general requirement in the case of approval applications.

e The Folin-Ciocalteu test does not allow determination of the polyphenol content but determination
of the total reducing capacity. Determination by HPLC is regarded as a suitable method to
determine the polyphenol content.

e The use of medium-chain triglycerides (MCT) is questionable. In the scientific literature
gastrointestinal problems after ingestion of MCTs were reported. In addition, MCTs may alter the
blood lipid concentrations (increase of cholesterol and triglyceride levels).

e The manufacturing process of Glavonoid is described in sufficient detail except for the preliminary
treatment of the raw material. There is no mention of an HACCP plan.

¢ Information on the stability of Glavonoid in the different food matrices is lacking.

e The applicant is of the opinion that Glavonoid is substantially equivalent to liquorice extracts
currently on the market except for the glycyrrhizinic acid content. However, there is no
information on possible selective isolation and concentration of constituents relative to existing
liquorice products (i.e. the root and aqueous root extracts) that are used as the basis for arguments
for a history of apparent safe use. Therefore toxicological studies with the novel food ingredient
are needed.

e With regards to the use of Glavonoid in foodstuffs no information on the intended use levels was
provided and no assessment of the anticipated intake levels on the basis of representative
consumption data of the respective foodstuffs in the EU has been carried out.

e The maximum daily intake of Glavonoid as recommended by the applicant (300 mg/day) is very
close to the maximum doses tested in humans. The doses used in the human studies are considered
relatively low. No long-term studies have been conducted in humans.

e The equivalence between Liquorice Flavonoid Oil (LFO) used as test material in the clinical trials
and Glavonoid needs to be demonstrated. It is not clear whether or not LFO, which is described as
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a diluted form of Glavonoid, has also undergone extraction with MCT under the same conditions
and therefore what is the content of glycyrrhizinic acid and other constituents in LFO.

e There is a concern regarding the addition of Glavonoid to general foodstuffs that may cause an
uncontrolled and excess intake in the elderly as well as in children. No data on the likely intake in
teenagers and younger children were provided but many of the food categories that might contain
Glavonoid are potentially attractive to young age groups.

o Full reports of the toxicological studies should be provided. In the subchronic oral toxicity study in
rats an anti-coagulant effect was observed and it was considered questionable to derive a no-
observable adverse effect level (NOAEL). A higher safety factor should be applied to derive an
acceptable intake level for long-term human consumption. Detailed results of the examinations in
humans were not provided. Thus there are concerns over the potential for effects on blood
coagulation, particularly in sensitive individuals including patients undergoing anti-coagulant
therapy. The potential for an interaction with other factors (e.g. aspirin intake) should also be
examined. In a scientific publication (Aoki et al., 2007) changes in haematology and related
parameters were reported to have occurred in humans.

e Specific constituents of the extract have structural similarities with oestrogens and there is
therefore a potential for interaction with oestrogen receptors. Furthermore, since a high proportion
of the components in the extract have not been characterised the potential of Glavonoid to induce
endocrine effects, including effects in infants and young children, should be examined. Questions
also arise over potential effects on the efficacy of drugs (e.g. Tamoxifen). Additional animal
experiments are necessary to rule out undesirable effects on embryonic or foetal development.

e The applicant should further clarify the record of the in vivo micronucleus test in rat liver cells. A
test on unscheduled DNA synthesis (UDS) on mammalian cells in vivo should also be conducted to
confirm the negative results. The effects of chronic exposure in experimental animals have not
been examined and there is no proof that Glavonoid is not carcinogenic.

e Long-term clinical studies on nutritional safety and effectiveness are missing and there are
concerns in relation to usefulness and necessity. The effects of Glavonoid on the availability and
metabolism of nutrients in the diet cannot be evaluated.

TERMS OF REFERENCE AS PROVIDED BY THE EUROPEAN COMMISSION

In accordance with Article 29 (1) (a) of Regulation (EC) No 178/2002, the European Food Safety
Authority is asked to carry out the additional assessment for Glavonoid as food ingredient in the
context of Regulation (EC) N° 258/97.

EFSA is asked to carry out the additional assessment and to consider the elements of scientific nature
in the comments raised by the other Member States.
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ASSESSMENT

In accordance with the Commission Recommendation 97/618/EC (EC, 1997) Glavonoid derived from
the root or rootstock of Glycyrrhiza glabra L. is allocated to Class 2.1 ‘a complex (non-GM derived)
novel food ingredient the source of the novel food having a history of food use in the community’.
The assessment of the safety of this novel food ingredient is based on data supplied in the original
application, the initial assessment by the Belgian competent authority, the concerns and objections of
the other Member States and the responses of the applicant to these questions and those of Belgium.
The data are required to comply with the information required for novel foods of Class 2.1 i.e.
structured schemes I, 11, 111, IX, X, XI, XII and XIII.

In its initial assessment report, the competent authority of Belgium came to the conclusion that health
risks related to the placing on the market of Glavonoid as food supplement are extremely low.
Regarding the use of Glavonoid in foods it was considered that health risks are extremely low at doses
of 300 mg/day with proper labelling and clear information for consumers on the maximum tolerated
doses. However, particular attention should be paid to potential risks linked to a multiplicity of
applications for the placing on the market of products containing polyphenols. It is noted that the
novel food ingredient is intended by the applicant to be marketed to overweight subjects in order to
reduce body fat and body weight as well as total and LDL blood cholesterol. This assessment
concerns only risk that might be associated with consumption and is not an assessment of the efficacy
of Glavonoid with regard to any claimed benefit.

1. Specification of the Novel Food (NF)

Glavonoid is an extract rich in polyphenolic type substances, derived from the root or rootstock of
Glycyrrhiza glabra L. (liquorice root) by extraction with ethanol followed by further extraction of this
ethanolic extract with medium-chain triglycerides (MCT). According to the specification proposed by
the applicant, Glavonoid is a dark-brown coloured liquid, standardised using MCT to a content of
3.0% +/- 0.5 % glabridin, which is the most abundant constituent of the polyphenol fraction
contained in the product (Table 1).

According to the information in the application dossier, Glavonoid comprises 30 % ethanolic extract
from liquorice roots and 70 % MCT. The content of polyphenolic type substances was determined
using a colourimetric method (Folin-Ciocalteu) and a single value of 24 % was reported. In addition,
single values determined by HPLC were reported for the contents of glabridin (3%), glabrene (0.3 %),
glabrol (0.6 %) and 4’-O-methylglabridin (0.6 %).

Table 1:  Specification for Glavonoid proposed by the applicant

Parameter Specification Method of analysis
Appearance Dark brown coloured liquid Visual check and organoleptic
Distinct smell and taste examination
Identification Correspond to the standard UV-VIS |UV-VIS
chart HPLC
Correspond to the standard HPLC
chart
Glabridin 30% +/- 0.5% HPLC
Glycyrrhizinic acid < 0.005 % (w/w) * HPLC
Peroxide Value < 0.5 meg/kg Conform to standard method for
the analysis of fats, oil and
related materials (Japanese Oil
Chemists’ Society)
Aerobic Plate Count <1000 cfulg Standard agar plating method
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Coliforms Negative /2.22 g Brilliant green lactose bile
(BGLB) method

* quantification limit 0.005 % (w/w); detection limit 0.001 % (w/w)

These specifications were verified for each production batch. Additional analyses were performed on
some production batches to assure quality control. Pesticide residues were determined for every new
batch of the starting material Glycyrrhiza glabra L. roots (Table 2).

Table 2:  Additional quality criteria for Glavonoid suggested by the applicant

Parameter In-house criterion Method of analysis
Residual ethanol < 0.5 % (w/w) Gas chromatography
Moisture < 0.5 % (w/w) Karl Fisher’s method
Residue on ignition <05% Conform to Japanese standard of
Arsenic <2 ppm food additives
Lead <0.3 ppm
Pesticide residues (benzene Not detected GC-MS
hexachlorides (BHC), di-

chlorodiphenyltrichloroethane
(DDT), aldrin, endrin, dieldrin,
parathion, malathion, fenitrothion)

E. coli / Salmonella Negative * Conform to USP 2021

Yeasts and moulds Negative ° Standard agar plating method

% negative/10 g Glavonoid capsules (containing approximately 2 g Glavonoid). Criterion for Salmonella does not
comply with requirements of EU Regulation

b negative/1 g Glavonoid capsules (containing approximately 0.2 g Glavonoid)

¢ According to the additional information provided by the applicant the method complies with ‘the standard
methods of analysis in food safety regulation’ issued by the Health Labour and Welfare Ministry of Japan

Analysis of three representative batches of Glavonoid confirmed that the product complies with the
proposed specification (Table 1) and the additional in-house criteria listed in Table 2. However, the
NDA Panel notes that the analysis of microbial contaminants does not comply with the EU standard.

At the request of the Panel the applicant provided additional information concerning the composition
of Glavonoid. The results are presented in Tables 3 and 4.

Table 3:  Nutrient composition of Glavonoid (based on the analysis of three batches)

Parameter Test results Method of analysis
Water (g/100 g) 0.2-05 Atmospheric  heated-air  drying
method
Protein (g/100 g) 0.1 Kjeldahl method
Fat (9/100 g) 99.4-99.7* Ether extraction method
Ash (g/100 g) <0.1 Direct ashing method
Carbohydrate (9/100 g) 0 Enzymatic-gravimetric method
Energy (kcal/100 g) 895 — 897 Calculation
Sodium (mg/100 g) 06-1.1 Atomic absorption method

* including polyphenol-type substances
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Table 4:  Lipid composition of Glavonoid (based on the analysis of one batch)

Lipid fraction Method of analysis
MCT 67.39/100 g Gas chromatography
Fatty acid composition of MCT-esterified fatty acids Gas chromatography
8:0 99.7 %
10:0 0.3%
Free fatty acids (total) 0.27 g/100 g Gas chromatography
Octanoic acid 0.04 g/100 g
Palmitic acid 0.05¢/100 g
Stearic acid 0.02 g/100 g
Oleic acid 0.04 g/100 g
Linoleic acid 0.05 ¢/100 g
Linolenic acid 0.01 g/100 g
Behenic acid 0.05g/100 g
Lignoceric acid 0.01 g/100 g
Total sterol 0.070 g/100 g Gas chromatography
Cholesterol 0.001 ¢/100 g
Brassicasterol n.d.
Campesterol 0.007 g/100 g
Stigmasterol 0.021 g/100 g
7-ergosterol n.d.
Beta-sitosterol 0.038 ¢/100 g
Isofucosterol 0.003 g/100 g
7-stigmasterol n.d.
Apenasterol n.d.
Phospholipids 0.031 ¢/100 g Standard method for the analysis
of oil and fat (Japanese Oil
Chemists’ Society)

n.d. — not detected; detection limit 1 mg/100 g

Considering that Glavonoid had a total fat content determined by extraction with ether (including
polyphenolic type substances) of more than 99 % (Table 3) and that the total content of MCT, free
fatty acids, phospholipids and sterols was approximately 68 % (Table 4), the applicant anticipated that
the remaining constituents in the ether extract of Glavonoid, i.e. approximately 30 %, are hydrophobic
polyphenolic-type substances.

In addition, the applicant provided a HPLC chromatogram (UV detector at 282 nm) of an ethanolic
extract of Glycyrrhiza glabra L. roots. The roots were extracted with 95 % ethanol. Separation and
refinement of the extract were performed with reverse-phase and normal-phase silica gel column
chromatography and preparative HPLC with a reverse-phase column. All peaks, whose area was
larger than 0.2 % of the total peak area, were further analysed by mass spectrometry and structures for
45 compounds were tentatively assigned. The most prominent peak corresponded to the prenylated
flavonoid glabridin. Other prominent peaks were identified as the prenylated flavonoids glabrene,
glabrol and 4’-O-methylglabridin. The 45 polyphenolic-type substances, for which structures were
tentatively assigned, were classified as chalcone, isoflavan, isoflavene, 3-arylcoumarin, pterocarpan,
2-arylbenzofuran, flavone, isoflavone, flavanone and flavanol. In addition, comparisons of HPLC
chromatograms (UV detector at 282 nm and 254 nm) of five batches of ethanolic extracts of
Glycyrrhiza glabra L. roots showed that the patterns of peaks were qualitatively and quantitatively
relatively consistent.

The applicant claimed that there was no difference in polyphenolic type compounds between the
ethanolic extract of Glycyrrhiza glabra L. root and the final product Glavonoid, which is obtained by
further extraction of the ethanolic extract using MCT. The total glabridin content in the end product
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Glavonoid (one batch) corresponded to 87 % of the amount present at the first stage of the production
process, i.e. after ethanol extraction of Glycyrrhiza glabra L. root. According to the applicant, the
recovery rate is also applicable to the total amount of hydrophobic polyphenols. Determination of the
relative peak areas corresponding to 28 polyphenolic type substances in relation to the glabridin peak
area revealed that the relative abundance of these 28 substances at the first of the three stages of the
production process, i.e. after ethanol extraction, was in the same range as in the end product
Glavonoid.

The Panel concludes that the product is sufficiently characterised.

2. Effect of the production process applied to the NF

Root or rootstock of Glycyrrhiza glabra L. (liquorice root) is extracted with ethanol and food grade
MCT under proprietary process conditions, which are fully disclosed to the Member States, the
European Commission and EFSA.

According to the applicant, extraction of the ethanolic extract from liquorice root with MCT reduces
the amount of glycyrrhizinic acid from approximately 0.2 % in the concentrated ethanol solution to
below the detection limit of 0.001 % in Glavonoid (see section 1). The applicant anticipates that the
levels of other constituents, e.g. glycyrrhetinic acid, liquiritin and liquiritigenin, are also reduced
although this was not substantiated by analytical data.

The food grade MCT used in the production process is produced by esterification of glycerol and fatty
acids derived from coconut and/or palm oil followed by refining and deodorisation processes. It
contains mixed tocopherols obtained from soybean oil diluted with rice oil as a natural preservative.
A product specification for MCT was provided.

The NDA Panel asked for information on whether a HACCP or an equivalent system is applied to
ensure the consistency of the production process and a constant quality and composition of the novel
food ingredient. The applicant confirmed that manufacture of Glavonoid is carried out in compliance
with Good Manufacturing Practice (GMP) provisions. As for HACCP, hazard analysis is based on the
procedure described in “Recommended International Code of Practice General Principle of Food
Hygiene (CAC/RCP 1-1969, Rev.4-2003)”.

The stability of Glavonoid under different storage conditions (-4, +4, 15 and 40° C) was analysed by
determination of the levels of the prenylated flavonoids glabridin, glabrene, glabrol and 4’0O-
methylglabridin using HPLC analysis. Under all conditions applied, the levels of glabrene, glabrol
and 4’0O-methylglabridin after 6 months were practically identical to the levels at the start of the
experiment. The levels of glabridin were slightly reduced after storage at 25 and 40° C but still 98.0
and 92.7 %, respectively, of the initial levels after 6 months.

In a photostability study (test apparatus EYELA, LST-300D, 25° C, 60 % relative humidity, 5000
Lux) the levels of glabridin, glabrene, glabrol and 4’-O-methylglabridin after 8 weeks were 91.5, 77.9,
93.3 and 104.7 %, respectively, of the initial levels as determined by HPLC analysis.

In response to the Member States’ comments, the applicant provided information on the stability of
water-soluble formulations in powder form containing 10 % and 30 % Glavonoid. The amount of
glabridin was determined (method not indicated) after storage at 5, 25 and 40° C. After storage for 12
months at 25° C the level of glabridin in the 10 % and 30 % formulation was 94.7 % and 95.1 %,
respectively, of the initial level. After storage of both formulations at 40° C the amount of glabridin
was 90.6 % and 92.7 %, respectively, of the initial level after 6 months, which was the last time point.
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3. History of the organism used as the source of the NF

Glycyrrhiza glabra L., the plant used as the source for the production of Glavonoid, is a member of
the Fabaceae family and has a history of human consumption. The roots are chewed as a mouth
freshener. In the EU extracts produced by boiling the root of Glycyrrhiza glabra L. and subsequently
evaporating most of the water, are widely used in candies and confectionary. These extracts contain
glycyrrhizinic acid, a sweetener more than 50 times as sweet as sucrose, which also has
pharmacological effects. Liquorice root extracts are also used in soft drinks, herbal teas and chewing
gum. Liquorice extract is also added to tobacco products.

In the USA liquorice (glycyrrhiza) root, liquorice root extract (extracted by boiling water) and
ammoniated glycyrrhizinic acid are direct food substances generally recognised as safe (GRAS) in
accordance with 21 CFR 184.1408. These regulations allow the use of these ingredients as a flavour
enhancer and flavouring agent in various food categories at specified maximum levels.

According to the applicant ethanolic extracts from the roots of Glycyrrhiza glabra L. are used in
Japan and the USA as food additives and as health-ingredients in food supplements.

4. Anticipated intake/extent of the use of the NF

As a reaction to the Member States’ concerns regarding potential intake levels of Glavonoid for
specific population groups, the applicant provided more detailed information regarding the intended
uses. Glavonoid is intended to be marketed first as food supplement in the form of capsules and
tablets containing 100 to 300 mg of the novel food ingredient. Daily dose, directions for use and
specific warnings would be included in the product label. The applicant proposes that pregnant or
breast-feeding women as well as individuals taking prescription drugs should consult their healthcare
practitioner prior to use.

The applicant had originally proposed to incorporate Glavonoid also into a relatively large variety of
food products. However, as a reaction to the Member States’ comments, the number of food products
was reduced to fruit juices, yoghurts and yoghurt drinks (Table 5).

Table 5:  Proposed food uses and use-levels for Glavonoid

Food Category Proposed food use Serving size Use-level Use-level
(mg/serving) (9/100 g)*
Fruit and vegetable juices, |Fruit juices 250 mL 100 - 150 0.04 -0.06
soft drinks and bottled
water
Milk and dairy-based |Yoghurt 150 g 100 - 150 0.07-0.1
products Yoghurt drinks 200 mL 100 — 150 0.05-0.07

* Serving sizes in mL converted to g using the specific gravities provided by the Food Standards Agency

The applicant proposes to advise consumers by product labelling to limit their daily intake to a
maximum of two products containing the novel ingredient, equivalent to a maximum total daily intake
of 300 mg Glavonoid. The specific warnings for particular population groups (as indicated above for
supplements) would also be included in the label.

Based on data from the Concise European Food Consumption Database for the United Kingdom (UK)
the applicant has estimated the potential intake of Glavonoid resulting from the proposed food uses
for the UK population (16-64 years) (UKDA, 2002). The results are summarised in Table 6. The mean
(consumer only) combined intake from consumption of fruit juices, yoghurts and yoghurt drinks was
estimated to be 273 mg Glavonoid/day. This is still below the intake of 300 mg/day, which should not
be exceeded according to the recommendation made by the applicant. High level consumption (95th
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percentile) would result in a combined Glavonoid intake of 675 mg/day. It is noted that this type of
intake assessment methodology is generally considered to be “worst case” as a result of several
conservative assumptions made in the consumption estimates, assuming that all food items within a
food category contain the ingredient at the maximum specified level of use.

Table 6:  Summary of the estimated daily intake of Glavonoid by the UK population (16 — 64
years) from all proposed food uses

Food Group Consumer only intake
(mg/day)
Mean 95™
percentile

Fruit juices 60 169
Yoghurts 50 138
Yoghurt drinks 163 368
Total 273 675

The NDA Panel noted that in the intake assessment only the population group from 16 to 64 years
was considered. On request of the Panel to provide an intake assessment for children (12-16 years),
the applicant indicated that he does not conduct additional intake estimation for children between 12
and 16 years and that products containing Glavonoid would specifically be targeted to the general
adult population.

5. Information from previous exposure to the NF or its source

A diluted form of Glavonoid, i.e. Liquorice Flavonoid Qil (LFO), is marketed by Kaneka Corporation
in the USA. The company has notified the use of LFO to the Food and Drug Administration (FDA) as
a new dietary ingredient to be used in dietary supplements (capsules) at doses up to 900 mg/day,
which is equivalent to 300 mg Glavonoid/day (Docket N0.1995S-0316, RPT348).

According to the applicant there were no reports of undesirable events from more than 66,000
“bottles” sold in the Japanese market and from more than 56,400 products sold in the US market from
2008 onwards.

One “bottle” refers to a food supplement product that contains capsules for one month with a daily
dose of 300 mg Glavonoid for the USA and 200 mg for Japan (until February 2009, 3000 bottles were
sold in Japan with a daily dose of only 100 mg). Kaneka indicates that 3,600 and 5,700 bottles were
sold to its employees which provided capsules with a daily dose of 100 and 300 mg, respectively and
which contain a safety survey in the form of a questionnaire.

6. Nutritional information on the NF

Glavonoid contains approximately 70 g medium-chain triglycerides (MCT) per 100 g. With regard to
the fatty acid content, 99.7 % is octanoic acid (C8:0, common name caprylic acid) and 0.3 % is
decanoic acid (C10:0, common name capric acid). The energy content of MCT is 8.4 kcal/g.
Considering a daily intake of 300 mg Glavonoid/person/day, which should not be exceeded as
suggested by the applicant, the nutritional value contributed by the additional MCT intake is marginal
in relation to the total daily lipid intake.

MCT are normal constituents of the human diet; they occur for example in coconut oil, palm kernel
oil and in the milk fat of cows, goats and sheep. In the human gastrointestinal tract MCT are
hydrolysed, and the fatty acids are absorbed and further metabolised using the normal pathways of

EFSA Journal 2011;9(7):2287 12



~ efsam

. ®
European Food Safety Authority Safety of ‘Glavonoid ™’

fatty acid metabolism. Considering the occurrence of MCT in the human diet and the very low
anticipated intake level resulting from consumption of Glavonoid, the NDA Panel sees no concern
regarding MCT.

7. Microbiological information on the NF

The microbiological analysis of Glavonoid showed numbers for aerobic plate counts < 1000 cfu/g,
and absence of coliforms/2.22 g. E. coli and Salmonella were absent in 2 g and fungi were absent in
0.2 g (see section 2 of the opinion). These data do not raise concern but the NDA Panel notes that the
microbiological analysis was not carried out according to the EU requirements.

Analyses of two batches of Glavonoid for the presence of mycotoxins showed that the levels of
aflatoxins (B1, B2, G1, G2) and ochratoxin A were below the minimum limit of detection of the
methods applied (5 ppb and 0.05 ppm, respectively).

8. Toxicological information on the NF

The applicant has conducted a study on subchronic oral toxicity using rats as well as several
genotoxicity studies using a concentrated form of liquorice flavonoid oil (LFO) as test material. A
summary of these toxicological studies was published by Nakagawa et al. (2008a and 2008b). On
request of EFSA, the applicant provided the full study reports and confirmed that the production
process of LFO, which is a commercial product containing 1 % glabridin, is identical with that of
Glavonoid except that the latter product is further diluted with MCT in order to obtain a glabridin
concentration of 1 % in LFO. Thus, the test material containing 3 % glabridin, which is used in these
studies (named “LFO - concentrated form™) can be considered representative for Glavonoid.

In addition, the Panel requested additional information on the bioavailability of Glavonoid in rats and
humans and a comparison and estimate to which extent the bioavailability may differ between these
species. As a response, the applicant provided data on the bioavailability of glabridin determined by
administration of LFO containing 1 % glabridin in rats (Ito et al., 2007). The respective information
for humans is described under “Clinical trials”.

8.1. Kinetics

Male Sprague-Dawley rats (n = 12) were administered by stomach tube a single dose of LFO
containing 1 % glabridin, equivalent to a dose of approximately 10 mg glabridin/kg bodyweight (bw)
(Ito et al., 2007). Blood samples were obtained 0, 0.5, 1, 2, 4, 6, 16 and 24 hrs after the administration
and the concentration of glabridin was determined. Glabridin showed a maximum concentration in
blood of 145 nmol/L (46.9 pg/L) at 1 hr after the administration which decreased gradually over 24 hr
after dosing with elimination T, of 85 hr. The bioavailability AUC.., was calculated to be
1.3 umol/L x h (0.42 pg/mL x h). Further examinations showed that glabridin was also detectable in
the liver, kidneys, mesenteric fat and kidney leaf fat 2 hr after the administration.

8.2. Subchronic oral toxicity

“LFO - concentrated form” was administered by gastric intubation to groups of 10 male and 10 female
Sprague-Dawley rats at doses of 400, 600, 800 or 1600 mg/kg bw per day for 90 days (Kawabe, 2004;
Nakagawa et al., 2008b). The vehicle control group received MCT, and an additional control group
received corn oil.

The animals were observed daily for clinical signs of toxicity and mortality. During the treatment
period several rats died (one female in the MCT control group, one female each in the groups
receiving 400 and 800 mg/kg bw per day, and two females receiving 1600 mg/kg bw per day; two
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males receiving 800 mg/kg bw per day and eight males receiving 1600 mg/kg bw per day).
Considering the results of the haematology, macroscopic and histopathological examinations
(haemorrhage in several organs and tissues, see below) the death of eight males as well as one female
receiving 1600 mg/kg bw per day is related to the test material. Due to the number of only two
surviving animals, the data for males of the highest dose group were not included in the statistical
analysis. There were no relevant differences in food and water intake between the groups.

Haematology examinations carried out at the end of the treatment period showed a number of
differences in groups receiving LFO compared with the MCT control group. In particular, in male
rats, prothrombin time (PT) was statistically significantly prolonged at 400 mg/kg bw (12.5 sec versus
11.1 sec in the MCT control group) and 800 mg/kg bw (21.9 sec), and a trend was evident at
600 mg/kg bw (15.2 sec) and 1600 mg/kg bw (24.1 sec). Activated partial thromboplastin time
(APTT) was statistically significantly prolonged at 800 mg/kg bw (81.8 sec versus 32.9 sec in the
MCT control group), and trends were evident at 400 mg/kg bw (37.5 sec), 600 mg/kg bw (48.9 sec)
and 1600 mg/kg bw (97.1 sec). These effects were dose-related. PT and APTT were also prolonged in
female animals of the highest dose group. In addition, male animals showed a dose-related decrease in
red blood cell counts at 600 mg/kg bw and higher doses and haematocrit at 400 mg/kg bw and higher
doses, and there was an increase of mean corpuscular haemoglobin (MCH) (800 mg/kg bw and 1600
mg/kg bw) and in mean corpuscular haemoglobin concentration MCHC (600 mg/kg bw and higher
doses). White blood cell counts in male animals administered LFO were consistently higher reaching
statistical significance only in the group receiving 600 mg/kg bw. An increase in the reticulocyte
counts was identified in males of the highest dose group.

In clinical-chemistry analyses males of the groups receiving 400 mg/kg bw and higher doses and
females receiving 600 mg/kg bw and higher doses showed a dose-related increase in alanine amino
transferase (ALT) activity compared with the MCT control group (regarding the male animals in
relation to the corn oil control group, a relevant increase in ALT activity was only seen in the highest
dose group). The activity of aspartate amino transferase (AST) was lower in males (800 mg/kg bw
and 1600 mg/kg bw) and females (1600 mg/kg bw), which is not considered toxicologically relevant.
Females of the highest dose group showed a higher alkaline phosphatase (ALP) activity, and in males
the values were consistently higher (600 mg/kg bw and higher doses) although not statistically
significant. Males and females of the highest dose group showed a higher total bilirubin level. In
males (800 mg/kg bw and 1600 mg/kg bw) creatinine levels were higher. Female animals showed a
reduced glucose level at 600 mg/kg bw and higher doses compared with the MCT control group and at
800 and 1600 mg/kg bw also in relation to the corn oil control group. In males the levels of total
cholesterol and phospholipids were higher (400 mg/kg bw and higher doses) compared with the MCT
control group but comparable to the levels in the corn oil control croup. These differences in glucose,
cholesterol and phospholipid levels are not considered toxicologically relevant. Male animals
(600 mg/kg bw and higher doses) showed a dose-dependently reduced blood potassium level
compared with the MCT control group.

Determinations of the weights of selected organs and tissues at necropsy showed higher absolute but
not relative pituitary weights in male animals (600 mg/kg bw and higher doses). The differences were
not dose-related and not accompanied by histopathological changes in this organ. In females of the
highest dose group, absolute spleen weights were lower and relative kidney weights were higher. Also
in these organs no histopathological changes were identified.

Macroscopic examination of the animals in the high dose group (1600 mg/kg bw), whose deaths were
due to treatment with LFO showed signs of haemorrhage, such as dark red discoloration in several
organs. In one of the surviving male rats dark red discoloration of the musculature was found, which
is also probably related to the test material. Histopathological examination of these animals showed
signs of haemorrhage in several organs and tissues, including lymph nodes, thymus, nasal cavity,
stomach, pancreas, testes, epididymides, prostate, skeletal musculature, brain and skin.
Haematopoesis in the bone marrow was also noted. Furthermore, inflammatory lesions, apoptosis,
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necrosis and atrophy, were observed in several organs and considered to be changes accompanying
the haemorrhage. In the salivary glands, minimal or slight hypertrophy of acinar cells was frequently
found. Several other findings, which appeared with equal frequency and severity in the high-dose
group and the control groups, were considered unrelated to the test material.

In the 90-day study a variety of changes were observed in animals administered LFO. The decisive
effect is an impact on blood coagulation, i.e. prolongation of PT and APTT, which caused
haemorrhage and the death of one female and eight male animals at the highest dose level. Some of
the observed other changes in haematology and clinical-chemistry parameters, e.g. reticulocyte
counts, red blood cell counts and haematocrit are probably related to the blood coagulation effect and
the resulting haemorrhage. Since the difference in PT in male animals was statistically significant
even at the lowest dose level, the lowest dose administered in this study, i.e. 400 mg/kg bw per day,
should be regarded as the lowest observed adverse effect level (LOAEL).

Prothrombin-time and APTT were also analysed using a Benchmark Dose (BMD) modelling
approach, following the recommendations in the guidance document of the Scientific Committee of
EFSA (EFSA, 2009). The values for the BMD and BMD lower confidence limit (BMDL,s) derived
from the APTT data of male rats provided lower values than the PT data. The BMDL s for this study
derived from APTT data is 167 mg/kg bw (see Appendix for the details).

The publication of Nakagawa (2008b) contains a summary of an additional study, which was
conducted in order to determine the mechanism of the anticoagulant effect induced by LFO in the 90-
day rat study. Three groups of male Sprague-Dawley rats (n = 5 or 3) received a diet containing 5 %
“LFO — concentrated form” for 20 days. One group (n = 5) received a diet with 5 % LFO for 13 days
followed by a normal rodent diet for the remaining 7 days. Two control groups (n =5 or 3) received a
standard rodent diet for 20 days. One of the groups (n = 5) fed with the LFO-containing diet received
doses of 70 mg/kg bw by i.p. injection on days 13 and 14. As in the 90-day study administration of
LFO induced prolongation of PT and APTT compared with the control group. The values returned to
normal levels within 2 days after vitamin K injection. Furthermore, PT and APTT values returned to
normal levels within 2 days after cessation of feeding the LFO-containing diet. At day 20 the
activities of the vitamin K-dependent coagulation factors I, VII, 1X and X were decreased in LFO-
treated animals, while there was no decrease in the group receiving the additional treatment with
vitamin K. The PT and APTT remained prolonged on day 20 in animals treated with LFO, but
animals that had received vitamin K on days 13 and 14 showed normal levels at day 20 indicating that
the effect of vitamin K was maintained for at least 7 days. In animals receiving only LFO the
concentration of fibrinogen was increased compared with untreated animals.

Based on these results the authors concluded that the blood anticoagulant effect was caused by an
inhibition of the synthesis of vitamin K-dependent coagulation factors Il, VII, IX and X. The
mechanism of action of LFO was considered to be the same, in terms of inhibition of the synthesis of
vitamin K-dependent coagulation factors, as in the case of warfarin, which is used as a rodenticide
and anticoagulant drug. The similarly is also reflected in observed higher sensitivity of male rats in
comparison with female rats. The authors assume that flavonoids contained in LFO, in particular
compounds with structures similar to that of coumarin, are responsible for the anticoagulant effect.
The NDA Panel is aware that specific coumarin derivatives, i.e. 4-hydroxycoumarins like warfarin,
are therapeutically used as anticoagulants. All 4-hydroxycoumarin anticoagulants share an enolic
benzopyran structure, which is considered essential to their common pharmacological activity as
vitamin K antagonists (Au and Rettie, 2008). However, none of the polyphenolic type substances
identified in Glavonoid shows this specific chemical structure or that of the structurally related
indane-1,3-diones, which also acts as vitamin K antagonist. The substance(s) responsible for the
anticoagulant effect of Glavonoid and also the exact mechanism of action remains unknown.

The Panel notes by in vitro data that glabridin inhibits the activity of cytochrome P450 (CYP)
enzymes 3A4, 2B6 and 2C9 in a reconstituted system. Glabridin as well as liquorice root extract
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inhibit the activity of the major human drug metabolising isozyme CYP3A4 in a time, concentration-
and NADPH-dependent manner. The concentration required for half-maximal inactivation by
glabridin was 7 pM for CYP3A4 and 12 pM for CYP2B6. The Panel notes that the observed steady
state levels of plasma glabridin reached in the human studies after oral administration of LFO are low
in relation to the inactivation constant (K;) (Aoki et al. 2007). However, the inhibition of CYP 3A4
and 2B6 by the flavan glabridin is a mechanism-based irreversible inactivation and correlates with a
loss of the intact haem moiety of the enzyme (Kent et al., 2002). If this effect occurs in vivo it can be
anticipated that the inactivated isozymes have to be replaced by newly synthesised CYP proteins,
which would cause effects on substrate/drug pharmacokinetics. The impact of inactivation of
CYP3A4 moreover depends on the relative contribution of intestinal and hepatic metabolism to the
first—pass metabolism of a given drug (Zhou et al., 2005a). No information has been provided relating
to this kinetic context. Moreover, information on whether an irreversible inhibition of CYP3A4 and
2B6 by glabridin and liquorice root extract also occurs in vivo is not available.

The Panel notes that despite the knowledge of in vitro data of a mechanism-based inhibition, the
clinical importance of CYP3A4 inactivation cannot be assessed without in vivo studies, i.e. the risk of
a potential food-drug interaction and subsequent toxicities of concomitant drugs that are CYP3A4
substrates, is neither qualitatively nor quantitatively predictable exclusively by in vitro data.

The Panel concludes that in the absence of in vivo data (e.g. the altered clearance of coadministered
drugs) the relevance of the mentioned findings with regard to a possible impact on concomitant drug
metabolism or therapy cannot be assessed.

According to the applicant Glavonoid does not only contain the most abundant polyphenolic
flavonoid among all liquorice flavanoids, the glabridin, but also polyphenols such as glabrene, glabrol
and 4’-O-methylglabridin. No data have been provided that could exclude further inactivations of
human cytochrome P450s by these structure-analogous components.

The phase | - metabolism of the prodrug tamoxifen is catalysed by the cytochromes CYP3A4 /5 to N-
Desmethyl-Tamoxifen and additionally by CYP 2C9 to 4-hydroxytamoxifen in humans; the CYP2D6
and CYP3AG5 isoforms are predominantly involved in the ensuing formation of Endoxifen, which is
the pharmacologically active substance (Goetz et al., 2008; Jin et al., 2005). Although it is known that
the anticancer agent tamoxifen and its main metabolites are potent inhibitors of oxidases of the
cytochrome P-450 system, clinical data on tamoxifen-food interactions are scant (Zhou et al. 2005b).
The Panel notes that due to a possible prothrombin time prolongation in humans the tamoxifen
therapy is not recommended in combination with anticoagulant drugs of coumarin-type. As such, S-
Warfarin is mainly metabolised through CYP2C9. Glabridin competitively inhibits this isozyme in
vitro. The Panel notes that no human intervention data have been provided from which the relevance
of a potential pharmacokinetic interaction of glabridin-tamoxifen could have been assessed in vivo.

8.3. Genotoxicity

Tests on gene mutations in bacteria using “LFO - concentrated form” were conducted in accordance
with OECD Guideline 471 using 4 strains of Salmonella enterica var. Typhimurium (TA98, TA100,
TA1535 and TA1537) and E. coli strain WP2 uvrA (pKM101) and the pre-incubation method
(Kamigaito, 2003). There was no increase in the number of revertant colonies in any of the five tested
strains up to the highest concentration of 5000 ug LFO/plate in the presence and absence of metabolic
activation (S9 mix).

“LFO-concentrated form” was tested for induction of chromosomal aberrations in mammalian cells in
accordance with OECD Guideline 473 using Chinese hamster lung (CHL/IU) cells (Asakura, 2003).
There was no increase in the number of cells with structural chromosomal aberrations or polyploidy
after continuous treatment of cells (for 24 hours and 48 hours) and after short-time treatment (6 hrs) in
the absence of S9 mix. However, there was an increase in the number of cells with structural
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chromosome aberrations (chromatid breaks and chromatid exchanges) at the highest concentration
that could be evaluated, after short-time treatment in the presence of S9 Mix. In a confirmation test
(short-time treatment in the presence of S9 mix, only) a dose-dependent increase in the number of
cells with structural chromosome aberrations was observed. Although the purpose of the test is to
detect structural chromosome aberrations, the NDA Panel notes that in both the main (short-time
treatment in the presence of S9 mix, only) and the confirmation test the number of cells showing
polyploidy was also increased, indicating that the test material may have the potential to induce
numerical chromosome aberrations. This issue was not specifically addressed in the study report.

A bone marrow micronucleus test with “LFO - concentrated form™ was carried out in male Fisher
(F344) rats, the protocol being largely in accordance with OECD Guideline 474 (Noguchi, 2003a).
The animals received LFO twice at 24 hour intervals by gavage at doses of 625, 1250, 2500 and
5000 mg/kg bw per day (n = 5). A negative control group as well as a solvent control group were
included in the study. A positive control group received mitomycin C (MMC) by i.p. injection.
Twenty-four hours after the second treatment bone marrow cells were isolated and analysed. The
frequencies of micronucleated polychromatic erythrocytes and the ratio of polychromatic erythrocytes
(PCE) to total erythrocytes were counted. At the highest dose LFO induced bone marrow toxicity
(decreased ratio of PCE to total erythrocytes) showing that the test material has reached the target
organ. The test material did not increase the frequency of micronucleated polychromatic erythrocytes.
The NDA Panel agrees with the conclusion of the study report that LFO was not mutagenic in this
assay.

The applicant also provided a micronucleus test, in which peripheral blood erythrocytes were
analysed (Noguchi, 2003b). Groups of male F344 rats (n = 4) were administered “LFO - concentrated
form” by gavage at doses of 2500 or 5000 mg/kg bw/day on day 1 and 2 of the study. Both doses are
higher than the limit dose recommended in OECD Guideline 474 (2000 mg/kg bw). The negative
control group received olive oil on the same days. A positive control group was administered a single
dose of MMC by i.p. injection on day 2. On day 4 peripheral blood was collected and smear
preparations were made and stained. There was no increase in the frequency of micronucleated
polychromatic erythrocytes in blood obtained from rats treated with LFO and from the negative
control group, whereas a statistically significant increase was observed in the positive control group.
The Panel notes that exposure to the target tissue can be concluded on the basis of the study above
(Noguchi, 2003a).

In the same study also the frequency of micronucleated hepatocytes in the liver was determined. For
this purpose, two-thirds of the livers of the same animals were excised (partial hepatectomy) on day 5,
and the animals received an additional treatment with the test material or olive oil on day 6. On day 9
hepatocytes were obtained from the liver by collagenase treatment, fixed and stained. There was no
increase in the frequency of micronucleated hepatocytes obtained from rats treated with LFO and
from the negative control group, whereas a statistically significant increase was observed in the
positive control group.

The NDA Panel considers that the endpoint chromosome mutations has been adequately analysed.
Although the in vitro chromosomal aberration test showed a positive result after short-time treatment
with LFO in the presence of metabolic activation, the NDA Panel sees no concern since there were no
indications for chromosomal mutations in the two in vivo studies showing that the positive in vitro
effect is not expressed in vivo. Regarding the endpoint gene mutations the Panel notes that a study on
gene mutations in mammalian cells has not been provided.

8.4. Other toxicological studies

Studies on reproductive and developmental toxicity have not been carried out.

A study on chronic toxicity/carcinogenicity was not provided.
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The applicant has studied the tumour promoting potential of LFO (concentrated form) in male F344
rats after initiation of hepatocarcinogenesis by a single i.p. injection of diethylnitrosamine (DEN)
(Yoshino, 2004). Starting two weeks later, the animals received LFO at dose levels of 0 (MCT
control), 150, 300 or 600 mg/kg bw per day for six weeks. A positive control group received sodium
phenobarbital (SPB). Additional control groups not treated with DEN received MCT or 600 mg
LFO/kg bw per day. The animals were subjected to partial hepatectomy at the end of week 3 and
sacrificed at the end of week 8. There was a statistically significant increase in liver weights in all
groups receiving LFO. According to the study report, the changes were slight and microscopic
analysis of liver sections did not reveal changes. Microscopic analysis showed that in the high-dose
group with DEN initiation the numbers of GST-P (glutathione-S-transferase P) positive foci per liver
section as well as the areas of GST-P positive foci per liver section were statistically significantly
decreased compared with the control group, whereas the positive control group showed the expected
increases. According to the study report, the results demonstrate that LFO lacks promoting potential
for liver carcinogenesis at the tested dose levels, and at a dose of 600 mg/kg bw per day inhibition
was evident. In the opinion of the NDA Panel the study, which is normally not part of the standard
toxicological testing programme, does not add much information to the safety evaluation.

8.5. Oestrogenic activity

According to scientific publications, glabridin, glabrene and other constituents present in liquorice
root showed oestrogen-like activity in vitro and/or in vivo (e.g. Somjen, et al., 2004; Tamir et al., 2000
and 2001). With regard to potential oestrogenic activity of Glavonoid, the applicant argues that
45 phenolic compounds have been identified in Glavonoid. Five of these are isoflavones, the total
amount of these being approximately 0.6 % corresponding to 1.8 mg/300 mg of Glavonoid. According
to the Food Safety Commission of the Japanese authorities, the average daily intake of soy isoflavone
aglycone from foods is estimated to be 16-22 mg/day, and the upper limit of safe daily intake was set
at 70-75 mg/day. The French food safety authority AFSSA has assessed the safety (and health
benefits) of phytoestrogens and came to the conclusion that an intake of 1 mg/kg bw per day of
aglycone isoflavones, i.e. 60 mg for a person weighing 60 kg, presents no risk for the general
population. Some consumers, however, need to take special precautions, i.e. people with breast cancer
or a personal or family history of breast cancer as well as infants and young children taking soy
protein-based formula. Considering a maximum daily intake of 300 mg Glavonoid/day, the NDA
Panel concludes that the resulting intake of 1.8 mg isoflavones/day does not raise concern in terms of
oestrogenic activity.

In addition, the applicant makes reference to a scientific publication describing characteristic phenolic
compounds present in Glycyrrhiza species and biological activities of some of these (Nomura et al.,
2002). According to this publication, about 100 phenolic compounds from medicinal plants and their
derivatives were evaluated for potential oestrogenic activity using an oestradiol receptor binding
assay. Altogether 13 compounds, of which six compounds were isolated from Glycyrrhiza species,
exhibited weak binding affinities (IC50 < 1 pg/mL). The IC50 value of 17R-estradiol was 0.47-2.0 nM
(128 — 544 pg/mL according to the applicant). In comparison, the 1C50 of phenolic compounds
present in Glycyrrhiza glabra was higher than 0.2 pg/mL, which is 370 — 1560 fold higher than that of
17R-estradiol. According to the applicant, the relative binding affinities (in relation to 17R-estradiol)
of typical polyphenols present in Glavonoid, e.g. glabrene (0.0022), glabridin (<0.0016) and glabrol
(<0.0016), are similar to the binding affinities of isoflavones present in soybean, i.e. genistein (0.004)
and daidzein (0.00035).

The NDA Panel considers that the information provided on the potential oestrogenic activity of these
specific constituents does not indicate a safety concern. However, the Panel noted that the information
only relates to a limited number of substances, whereas experimental studies using Glavonoid, which
contains a complex mixture of polyphenolic type compounds with largely unknown biological
activities have not been carried out. Therefore, the Panel has asked for experimental data, e.g. a rat
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uterotrophic bioassay using Glavonoid as test material. However, the applicant was unable to submit
such a study. The Panel agrees with the applicant in that there were no indications for effects on
reproductive organs in the subchronic rat study. However, this study provides only limited
information on other relevant parameters related to reproduction.

8.6. Clinical trials

The results of several human studies using LFO (diluted form containing 1 % glabridin) as test
material were presented. On request of the NDA Panel the applicant provided the full study reports.
The data from the first three studies described below were also published by Aoki et al. (2007).

LFO was administered orally (after breakfast) to groups of healthy male subjects (n = 5) at single
doses of 300, 600 or 1200 mg/day, corresponding to doses of 100, 200 or 400 mg Glavonoid/day
(Ikematsu, 2004a). Blood samples to determine plasma glabridin concentration were collected at 0
(pre-dose), 2, 4, 6, 8 and 24 hours after dosing. Glabridin was absorbed and plasma levels reached the
maximum concentration after approximately 4 hours. The maximum concentration and area under the
curve (AUC) increased almost linearly with dose. Glabridin was eliminated relatively slowly with a
T, of approximately 10 h at all doses. Considering the respective data in rats (see “Kinetics”), the
bioavailability of glabridin in humans was estimated by the applicant to be about 5 times higher than
in rats. The Panel notes that the evidence provided does not support accepting glabridin as a marker
for the bioavailability of the bulk of other substances in Glavonoid since even small differences in
chemical structure may have a profound impact on absorption, distribution, metabolism and
elimination of a substance. The Panel considers that no conclusions regarding the bioavailability of
the unidentified substance(s), which is responsible for the anticoagulant effect in rats, can be drawn
based on data for glabridin.

In a repeated-dose study groups of male (n = 5) and female (n = 5) subjects received once daily LFO
at doses of 0 (placebo), 300, 600 or 1200 mg for 7 days, corresponding to doses of 0, 100, 200 or
400 mg Glavonoid/day (Ikematsu, 2004b). Blood samples for measurement of plasma glabridin levels
were collected at pre-dose, 4 and 24 h after dosing on the first and on the last day of the treatment
period. The plasma glabridin levels increased almost linearly with the doses of LFO administered and
were higher on day 7 than on day 1. In the high-dose group (corresponding to a dose of 400 mg
Glavonoid) mean plasma glabridin levels were 2.88 and 0.66 ng/mL after 4 and 24 h, respectively, on
day 1 and increased to 4.47 and 0.87 ng/mL after 4 and 24 h, respectively, on day 7.

In a single-blind study healthy males (n = 7) and females (n = 7) consumed LFO at doses of 300, 600
or 1200 mg/day, corresponding to 100, 200 or 400 mg Glavonoid/day for 4 weeks (Ikematsu, 2005).
Additional groups of males (n = 9) and females (n = 7) received a placebo. Prior to the start of the
treatment, after two and 4 weeks as well as two weeks after the end of the treatment period, a number
of parameters were evaluated, including body weight, blood pressure, pulse rate, haematology and
clinical-chemistry parameters (including WBC count, differential WBC count, RBC count,
haemoglobin, haematocrit, platelet count, PT, APTT, blood lipids, blood glucose, insulin, AST, ALT,
gamma-GT, LDH, ALP, total bilirubin, protein and albumin, urea nitrogen, uric acid, creatinine, Na,
K, Cl,) and urinalysis parameters. Comparison of the mean values after treatment with Glavonoid with
the values prior to the treatment, showed no relevant differences. Mean glabridin plasma levels in the
high-dose group were 1.82 ng/mL after 2 weeks and 1.75 ng/mL after 4 weeks suggesting that a
steady-state was reached.

In a double-blind study using a similar design mildly obese but otherwise healthy male (n = 10) and
female (n = 10) subjects consumed LFO at a dose of 1800 mg/day, corresponding to 600 mg
Glavonoid/day for four weeks (lkematsu and Nakamura, 2005; Tominaga et al., 2006). Groups of
mildly obese but otherwise healthy male (n = 10) and female (n = 10) subjects received a placebo.
One male receiving Glavonoid showed minor increases in AST and ALT at week 2 of the treatment,
which, according to the author of the report, was not related to the treatment. Apart from this, there
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were no relevant changes in values after treatment with Glavonoid compared with the values prior to
the start of the treatment.

In a double-blind study groups of healthy male (n = 13 or 14) and female (n = 7) subjects received
LFO at doses of 300, 600 or 900 mg/day, corresponding to 100, 200 or 300 mg Glavonoid/day for 8
weeks (Arai, 2004; Tominaga et al., 2006). Healthy males (n = 12) and females (n = 7) received a
placebo. Analysis of haematology and clinical-chemistry parameters prior to treatment and after 4 and
8 weeks did not show relevant changes after treatment with Glavonoid.

The publication of Tominaga et al. (2006) also reports a randomised, double-blind, placebo-controlled
study with overweight subjects. Men (n = 32) and women (n = 19) were administered LFO at a dose
of 300 mg/day, corresponding to 100 mg Glavonoid/day, for 12 weeks. The control group (31 men
and 21 women) received a placebo. At the start of the treatment, after 4, 8 and 12 weeks as well as 4
weeks after the end of the treatment period, a number of parameters were evaluated, including body
weight, body fat ratio, blood pressure, pulse rate, haematology and clinical-chemistry parameters (i.e.
RBC count, haemoglobin level, WBC and platelet counts, PT, APTT, total protein, albumin,
albumin/globulin ratio, blood lipid, blood glucose and insulin levels, AST, ALT, gamma-GT, ALP,
LDH activities, urea nitrogen, total bilirubin, creatinine, Na, K and CI levels). There were no relevant
differences between the test and control group. Compared with the baseline situation, several
statistically significant differences were observed in both groups. However, the changes were within
physiological ranges, showed no clear time dependency and were thus not considered clinically
relevant.

In sum, the six human studies examining a dose range of 100 to 600 mg Glavonoid per day did not
show changes in haematology, coagulation, clinical-chemistry and urinalysis parameters after
administration of Glavonoid. The highest dose repeatedly (4 weeks) administered to humans in these
studies was 600 mg/day (approximately 8.6 mg/kg bw per day for a 70 kg adult).

8.7. Studies using different liquorice extracts

The results of a number of animal and human studies using different extracts of Glycyrrhiza glabra
roots were provided by the applicant. However, the method of production and composition of these
extracts differed considerably from that of Glavonoid. Therefore these studies were not considered
relevant for the safety evaluation of Glavonoid.

8.8. Allergenicity

According to the applicant no reports of allergic reactions or sensitivity following consumption of
liquorice or its components were reported in the published scientific literature.

The protein content of LFO, the three-fold dilution of Glavonoid with MCT, was determined to be
less than 0.1 g/100 g (Kjeldahl method). Using a different analytical method (Bradford method) the
protein content of Glavonoid was determined to be less than 0.2 mg/mL.

Case reports of contact allergy in Japan associated with ethanolic liquorice root extracts contained in
cosmetic products were published in the scientific literature (Matsunaga and Fujisawa, 1995;
Nishioka and Seguchi, 1999). A case of contact allergy in the United Kingdom was also associated
with the use of a cosmetic product. When the patient was subsequently patch tested, she reacted
positive to liquorice root extract, one of the ingredients of the cream that had induced the previous
reaction (O’Connell et al, 2008).

In addition, a case of occupational rhinitis and asthma in an anis liqueur factory worker was reported.
The worker developed IgE-mediated sensitisation to five of the eight plants, which he handled
habitually, among them Glycyrrhiza glabra. The symptoms appeared mainly while he was handling
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Glycyrrhiza glabra, and skin prick test and RAST values for Glycyrrhiza glabra were higher than for
the other species. Therefore the authors considered that this species was the major source of the
respiratory symptoms of the patient who showed oral tolerance to liquorice (Gonzéalez-Gutiérrez et al.,
2000). A case of a herbalist who developed occupational asthma was described. Skin prick test with a
liquorice extract gave a positive reaction and inhalation challenges using liquorice root powder
induced an immediate fall in forced expiratory volume (FEV) without a significant late reaction. The
authors concluded that liquorice roots could cause occupational allergy through an apparently IgE-
mediated mechanism as seen by immediate skin reactivity reaction to the powder of liquorice root
(Cartier et al., 2002).

The described cases relate to inhalation exposure to the plant Glycyrrhiza glabra at the workplace and
dermal exposure to root extracts contained in cosmetic products. Allergic reactions after consumption
of Glycyrrhiza glabra extracts have not been reported in the scientific literature. Regarding the low
protein content of Glavonoid and the anticipated intake levels, the NDA Panel is of the opinion that
allergic reactions induced by consumption of Glavonoid are unlikely.

DiscussION

The applicant has provided sufficient information regarding the composition and specification of
Glavonoid and on the manufacturing process. Glavonoid consists of an extract derived from
Glycyrrhiza glabra roots (approximately 30 %) and MCT (approximately 70 %). The plant-derived
material is rich in polyphenolic type substances of which 45 substances have been identified. In
contrast to traditional products derived from the roots of Glycyrrhiza glabra, Glavonoid does not
contain detectable levels of glycyrrhizinic acid. Analyses of several batches using recognised methods
have confirmed that the manufacturing process is well controlled and the product meets specification.
There are no anticipated problems with heavy metals, microbial or pesticide contaminants. The
stability of Glavonoid was analysed under relevant storage conditions and considered sufficient.

Glavonoid is intended to be marketed as food supplement in the form of capsules and tablets
containing up to 300 mg and as an ingredient in fruit juices, yoghurts and yoghurt drinks. The
applicant proposes to advise consumers by product labelling to limit their daily intake to a maximum
of 300 mg Glavonoid. The target population are adults. Based on intake data from the Concise
European Food Consumption Database for the UK population aged 16 - 64 years, it was estimated
that the mean and 95" percentile (consumer only) intakes from combined consumption of fruit juices,
yoghurts and yoghurt drinks would be 273 mg/day and 675 mg/day, respectively. These would be
“worst case” scenarios based on all food categories consumed having the maximum level of the novel
ingredient added.

Tests on the induction of gene mutations in bacteria produced negative results. Studies on gene
mutations in mammalian cells, which would have added further relevant information for the
genotoxicity assessment, were not provided. Tests on chromosomal aberrations in mammalian cells
showed an increase in the number of cells with structural chromosome aberrations after short-time
treatment in the presence of metabolic activation. However, the NDA Panel sees no concern since
there were no indications for chromosomal mutations in two in vivo studies showing that the positive
in vitro effect is not expressed in vivo.

In a subchronic (90-day) oral toxicity study “LFO - concentrated form” containing 3 % glabridin,
which can be considered representative for Glavonoid, induced an effect on blood coagulation
parameters, evidenced in a prolongation of PT and APTT, which caused haemorrhage in several
organs and tissues and the death of several animals in the highest dose group (1600 mg/kg bw per
day). Additional examinations showed that the anticoagulant effect was caused by inhibition of the
synthesis of vitamin K-dependent coagulation factors. A substance or substances having a structure
similar to that of specific coumarin derivatives are considered likely to be responsible for the
anticoagulant effect, but the identity of the substance(s) and also the exact mechanism of action
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remains unknown. A prolonged PT was statistically significant in male animals receiving the lowest
dose level of 400 mg/kg bw per day. Therefore this dose is considered as the lowest observed adverse
effect level (LOAEL). There are no further studies e.g. a long-term exposure studies or reproductive
and developmental toxicity studies that might have shed light on the NOAEL.

Prothrombin-time and APTT were also analysed using a BMD modelling approach. The values for the
BMD and BMD lower confidence limit (BMDLgs) derived from the APTT data of male rats provided
lower values than the PT data. The BMDLs for this study derived from APTT data is 167 mg/kg bw.
The extrapolation of this study BMDLgs to a maximum intake for a 70 kg person results in 117 mg
(rounded up to 120 mg) Glavonoid/day. The application of an uncertainty factor of three on the
LOAEL of 400 mg/kg of this study in addition to the application of the default factor of 100 would
provide a similar, albeit slightly lower value (93 mg).

The reported six human studies examining a dose range of 100 to 600 mg Glavonoid per day did not
show relevant changes in haematology, coagulation, clinical-chemistry and urinalysis parameters.
Because of the short treatment time, the dose levels used and in particular the low number of study
participants receiving higher doses, the Panel considers that these studies are not adequate to derive a
safe level of intake, especially in the case of longer-term consumption. However, since the human
studies do not raise safety concerns, the Panel considers that the human studies are consistent with the
maximum level derived from the BMD approach.

Regarding the uncertainties concerning a possible impact on anticoagulant therapy, the Panel notes
that no studies have been conducted to evaluate interaction between Glavonoid and drugs with an
effect on blood coagulation. The safety of Glavonoid for pregnant and breast-feeding women has not
been established.

CONCLUSIONS

The Panel concludes that the novel food ingredient Glavonoid is safe for the general adult population
up to 120 mg/day.

DOCUMENTATION PROVIDED TO EFSA

1. Dossier on Glavonoid. September 2009. Submitted by Kaneka Pharma Europe N.V. Additional
information was submitted on 11 and 26 March, 14 and 20 April, 25 May, 24 June and 16
December 2010.

2. Letter from the European Commission to the European Food Safety Authority with the request
for an opinion on the safety of the safety of ‘Glavonoid (Flavonoids and Polyphenols, in
particular Glabridin from Glycyrrhiza glabra)’. SANCO E4/AK/bs (2009) D/540491.

3. Initial assessment report carried out by Belgium: Advisory Report of the Superior Health Council
on a marketing authorization application for Glavonoid as a novel food ingredient and food
supplement under Regulation EC No 258/97

4. Member States’ comments and objections

5. Response by the applicant to the initial assessment report and the Member States' comments and
objections
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APPENDIX - BENCHMARK ANALYSIS

A. The data

Prothrombin time and APTT results from the 90 day rat study using “LFO- concentrated
solution” (Kawabe, 2004; Nakagawa et al., 2008b).

Sex Dose (mg/kg BW) No. of samples PT APTT
Female 0 (MCT) 9 10.60 + 0.63 29.31 +11.33
400 9 10.30 £ 0.27 31.57 +9.12
600 10 10.16 + 0.63 29.75 +7.60
800 9 10.03 £ 0.46 32.87 +9.07
1600 8 12.99 + 2.59* 52.70 + 18.79**
Male 0 (MCT) 9 11.09 £ 0.65 32.88 +9.88
400 10 12.45 +1.28* 37.52 +£9.15
600 10 15.23 +5.40 48.91 +23.24
800 8 21.89 + 4.54** 81.83 + 37.03**
1600 2 24.10 £ 0.85 97.05+1.20
* Significantly different from vehicle control (MCT) group at P < 0.05.
** Significantly different from vehicle control (MCT) group at P < 0.01.
B. BMR: Default value (percent change = 5 %)
C. Software used: PROAST version 28.1
http://www.rivm.nl/en/foodnutritionandwater/foodsafety/proast.jsp
D. Additional assumptions: None
E. Table of BMD results from analysis of APTT data
o BMDgs* BMDLg*
Model No of Log-likelihood
parameters (mg/kg BW) (mg/kg BW)
Exponential Hill Exponential Hill Exponential Hill
M1 2 -52.37 - - - -
|__M2- 3 -42.42 -44.47 - - - -
I__M2-a 4 -29.94 -35.26 - - - -
I _M2-b 4 -27.16 - 35.96 - - - -
I__M2-ab 5 -26.32 -34.47 - - - -
I__M3-a 5 n.r. -28.67 - - - -
I__M3-b 5 -27.09 -28.22* - * - *
|__M3-ab 6 n.r. -23.63 - - - -
I__M4-a 5 n.r. -30.69 - - - -
|__M4-b 5 -28.39 n.r. - - - -
I__M>5-a 6 n.r. -28.56 - - - -
|__M5-b 6 -22.19 n.r. 313 - 167.4 -
I M5 5 -41.40 -41.41 - - - -
Full model 11 -20.94 - - - -
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* In the Hill family models, M3-b was the selected model. However, all models of the Hill family were
significantly worse that the full model. Hence no BMDys and BMDL g5 values were derived from Hill family

models.

n. r. = the application of the model does not provide a result (data not suitable for this model).

F. Figures

ES-CED: v=a ™ [c-(c-1)expi-txtd)]

APTT . mean
40 1] 100 120 140
| | | |

20

500 1000
dose. kg bw

wersion: proast28.1
war-1  0.09932

a-1 4.7

CED-1 3804
CED-2 313

o 337

d-1 34949

laglik  -22.19

b: 5.487e-14

b: 2.357e-12
conw © 1

x scale factor @ 1
dtype @ 10
zelected : all
Cowar ; Se

CES 0.05
CED-LOS 449
CED-L95 1172
CED-L0S 167.4
CED-L95 463.2

Figure: Fitted curves for male (red) and female (black) APTT data
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GLOSSARY AND ABBREVIATIONS

ALP Alkaline Phosphatase

ALT Alanine Amino Transferase

APTT Activated Partial Thromboplastin Time
AST Aspartate Amino Transferase

AUC Area Under the Curve

BMD Benchmark Dose

BMDL Benchmark Dose Lower confidence limit
DEN Diethylnitrosamine

GMP Good Manufacturing Practice

GST-P Glutathione-S-Transferase P-type

LDL Low Density Lipoproteins

LFO Liquorice Flavonoid Oil

LOAEL Lowest observed adverse effect level
MCT Medium-Chain Triglycerides

NOAEL No observed adverse effect level

PT Prothrombin time

RBC Red Blood Cells

uDS Unscheduled DNA synthesis

WBC White Blood Cells
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