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AESGP Position Paper on
the HMPC draft reflection paper on
the risks associated with furocoumarins contained in
preparations of Angelica archangelica L.

AESGP represents the manufacturers of non-prescription medicines in Europe.

AEBSGP appreciates the opportunity to provide comments on the draft reflection paper
(EMEA/HMPC/317913/2006) released for consultation on 11 January 2007.

This draft reflection paper proposes to limit the daily intake of total furocoumarins from
preparations containing Angelica archangelica at a dose of 15 pg.

After detailed discussion with member companies and based on the four enclosed reports of
toxicologists, AESGP has the following detailed comments.

SUMMARY

+ The HMPC extrapolated the carcinogenic potential of 8-methoxypsoralen (8-MOP) combined
with UV radiation to furocoumarins-containing plants in general, and particularly to Angelica
preparations. Based on this extrapolation, the HMPC concludes that ‘a daily intake for total
furocoumarins in a herbal preparation that is equal or below 15ug would not be considered to pose
an unacceptable risk to consumers’.

The proposed model of dose limitation is only based on a theoretical extrapolation from data
referring to the properties of isolated and highly dosed compounds to Angelica preparations rather
than on specific scientific data or case reports of suspected adverse events.

Such a procedure stands in clear contrast to the contents of & concept paper of the HMPC', where an
extrapolation for preparations with no known risk potential is considered wrong.

+ Important risk assessments from scientific bodies, e.g. from the British COT (1996) and a supra-
national scientific board, the SKI.M of the DFG (2006) have not been taken into consideration.
These reports estimated the average daily intake of furocoumarins via food of being in the range of
1,2 mg per person for Great Britain (COT, 1996) and 1,45mg per person for Germany (SKLM
2006). They came to the conclusion that the additional risk of skin cancer arising from the

" HMPC draft concept paper on the development of a guideline on the assessment of genotoxic constituents in herbal
substances/preparations (EMEA/IIMPC/413271/2006) which states under item 3, lines 76 to 79 that the authorities
should not ban the use of herbal medicinal preparations “on the basis of extrapolated suspicions, but their remit is to
develop sound risk-benefit approaches for HMPCs, with which to protect consumers”.
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consumption of typical quantities of furocoumarin-containing foods, which remain apprectably
below the range of phototoxic doses — circa 14 mg per day- is regarded as insignificant. Intake of
furocoumarins with Angelica archangelica preparations are estimated to be in the order of
magnitude of average dietary intake and even combined with dietary furocoumarins, doses required
for phototoxicity are not attainable.

+ The assessment and the conclusions drawn up in the draft reflection paper on Angelica came from
the extrapolation of the data from highly dosed isolated substances, e.g. 8-MOP (used to treat
psoriasis) to Archangelica preparations. The latter contains a broad range of different substances
which is in no way comparable to the isolated chemical substance used in psoriasis treatment. Plant
extracts contain low level of psoralens, the only furocoumarin with definitive carcinogenic
potential. Carcinogenic tests for other furocoumarins did not show increase in skins tumours or
have resulted in ambiguous results due to contamination with psoralens,

+ The reflection paper mixes two different and independent approaches, both of them not applicable
to herbal medicinal products. The TTC approach and the limits defined therein where explicitly
recommended for genotoxic and carcinogenic impurities. Furocoumarins in herbal medicinal
products should not be compared to impurities because they are part of the therapeutic principle of
herbal medicinal products. As for any other medicine, a therapeutic risk benefit analysis should be
used. Recognised strategies at international fevel for hazard identification and risk estimation for
photogenotoxins are available and can be used for herbal medicinal products.

* The conclusion to limit the daily dose of furocoumarins to 15 pg would not lead to a ‘risk
reduction’ as the risk is already insignificant. However, such a restriction may lead to an unjustified
ban of such medicinal products ignoring the well-established benefits for patients and the potential
economic consequences for the European pharmaceutical sector. This would be a clear example of

‘overregulation’.

+ We call on the HMPC to revise the reflection paper taking into account the opinion of the
toxicologists and studies presented in our comments. AESGP is willing to participate to any further
discussion on the revision of this reflection paper.

DETATLED COMMENTS
1. Introduction (Background)

The first paragraph states that the assessment may be used when evaluating the safety of herbal
medicinal products containing preparations not only from Angelica archangelica L., but also of
other herbal preparations containing furocoumarins with a phototoxic potential. From our point of
view this is not appropriate because this would represent an unjustified double extrapolation of an
already extrapolated theoretical toxicological risk.

To evaluate the furocoumarin intake from herbal medicinal preparations, it is essential to fook at the
overall furocoumarin intake by consumers. Estimates of the average daily dictary intake of
furocoumarins were published by various authors, being in the range of 1.3 mg per person for the
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USA, 1.2 mg per person for Great Britain (COT, 1990), and 1.45 mg per person for Germany
(SKLM, 2006, Schrenk 2007).

The third paragraph of this chapter states that characterization of systemic exposure needs detailed
knowledge of the constituents of a preparation, by a transformation of constituents upon
administration and pharmacokinetics. In this context, we would like to mention that a lot of data on
kinetics and (bio) transformation of furocoumarins are available. They have been extensively
reviewed and summarized in the report of the SKLM (senate commission on food safety of the
German Research Community DFG, SKLM 2006). In fact, a threshold for systemic absorption
exists, below which a pronounced first-pass effect can be observed (Schrenk 2007). Data on the
overall absorption, bioavailability and kinetics are available. They should either be reflected in this
paper or the statement made in the third paragraph should be deleted.

2. Safety evaluation of furocoumarins

As Schrenk (2007) states, data from the kinetics, phototoxicity and photocarcinogenicity of the
main furocoumarins found e.g. in Angelica archangelica, does not allow to consider them as
equipotent to 8-methoxypsoralen (8-MOP) and S5-methoxypsoralen (5-MOP), the most potent
furocoumarins. There is also evidence indicating a lower oral bioavailability of furocoumarins in
complex biological matrices when compared to 8-MOP in its isolated form (Schrenk 2007).
Furthermore, sufficient toxicological data on consumers’ exposure to furocoumarins exist (o
conduct a thorough assessment on a potential toxicological or genotoxic/ carcinogenic risk (SKLM
20006).

For the reasons outlined above, extrapolation of the findings obtained with §-MOP and 5-
MOP to Angelica preparations is not appropriate and not scientifically sound. The statement
(line 29-30) that the present model provides acceptance criteria for the assessment of relevant herbal
medicinal products, does not apply.

2.1. Phototoxicity of furocoumarins

This paragraph states that the toxicity of 3-MOP and 8-MOP is enhanced in the presence of
ultraviolet A radiation and can cause acute skin reactions. From our point of view a generalising
extrapolation of this statement to preparations with Angelica archangelica is misleading.

The occurrence of phototoxicity after intake of furocoumarins-containing Angelica archangelica
herbal preparations has never been observed during decades of long-term medicinal use (Schrenk
2007, Schmidt 2007) nor during normal uptake of herbal food potentially containing furocoumarins
(SKLM 2006).

It should also be clarified that isolated furocoumarins are used in high enough doses to provoke
purposely a phototoxic reaction aimed at treating skin disorders such as psoriasis and eczema
(SKLM 2006)



2.2. Carcinogenic potential of furocoumarins

The first paragraph of the HMPC reflection paper describes conclusions drawn by the JARC
working group on the carcinogenicity of 5-MOP and 8-MOP in the 1980ies (IARC 1986, 1987).
The HMPC extrapolates these conclusions to medicinal plant preparations containing various
furocoumarins and in particular to preparations of Angelica, although recent clinical results on the
carcinogenic potential of PUVA are contradictory (Schulze 2007, Schmidt 2007). From our point of
view the evidence resulting from these assessments is pointing, if at all, to a strictly dose-dependent
relation. Carcinogenic effects occur only at doses above that of furocoumarins having a phototoxic
effect and highly above doses potentially resulting from normal intake of food or herbal medicinal
products (Schrenk 2007).

Data obtained from the treatment of psoriasis have shown no increase of skin cancer in patients
exposed to daily doses as high as 30 mg for at least 100 treatment cycles. An increased incidence
was only described in treatment groups which received significantly higher dose. However, even
this assumption has been questioned in a more recent study showing that at least a major number of
skin tumours observed in PUVA therapy had been induced by the UV B exposure during UV A
irradiation with non-selective sources of UV light rather than by psoralens plus UV A (Schulze
2007). The evaluation of these data is further complicated by the fact that psoriatic patients were
shown to have a higher risk of skin cancer (Schmidt 2007).

Erythema occurs at the same or even lower doses than that of genotoxic effects, as the genotoxic
effects provoked by UV A radiation of furocoumarins are identical or related to those causing cell
damage. Thus, doses lower than a phototoxic ‘threshold dose’ are likely to represent a negligible
additional cancer risk (Schrenk 2007). From this, it can be assumed that an enhanced genotoxic or
carcinogenic risks due to furocoumarin are preceded by the occurrence of erythema. Therefore, it
seems rather improbable that genotoxic effects would have been overlooked and not reported.

2.3. Mechanism of action

From the data available, it can be assumed that the genotoxicity/ carcinogenicity of furocoumarins
is activated by UV A light, Upon UV A radiation, both the angular and the linear furocoumarins can
form covalent bonds with DNA bases. The genotoxicity of furocoumarins is based on the same
mechanisms as the one causing their phototoxicity. It can be assumed that the genotoxic
components formed by UV A radiation of furocoumarins in cells are identical or related to those
causing cell damage. Under these assumptions, doses lower than a phototoxic ‘threshold dose’ are
unlikely to represent any relevant additional cancer risk (Schrenk 2007).

2.4, Human toxicity

A potential relationship between PUVA treatment and skin cancer has been discussed in literature.
Besides the fact that psoriatic patients are not representative of the general population (as they may
have a favourable disposition for skin cancer), more recent data, as alrecady mentioned above, have
shown no increase of skin cancer in patients exposed to daily doses as high as 30 mg for at least 100
treatment cycles. An increased incidence was only described in treatment groups with significantly
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higher exposure, which effect was partly due to the concomitant UV B exposure rather than to
psoralens plus UV A (skin cancer formation was much higher in those areas normally not exposed
to the sun, whereas the occurrence of skin cancers in head and neck was ‘much lower) {Schulze
2007). PUVA requires doses of psoralens exceeding the metabolic first-pass capacities of the
organism. A threshold of 30ng/ml of 8-MOP in the bloodstream was considered the most
appropriate estimate for photoreactions triggered by 8-MOP. This threshold can be reached through
the typical doses applied in PUVA therapy, but not with intake of furocoumarins in Angelica
preparations (Schmidt 2007). The rough assumption made does not take into account the dose
dependency of the discussed carcinogenic effects. Thus it is of no relevance for the evaluation of
putative toxic effects of preparations containing Angelica archangelica.

2.5. Various considerations for risk assessment purposes

Even the initial statement in the first paragraph - stating that photogenotoxicity and
photocarcinogenicily are the most important toxic outcomes of furocoumarins from the risk
assessment point of view - may be questioned under some circumstances, as e.g. furocoumarins
from grapefruit may be more relevant as inducers of interactions than as phototoxins (SKLM 2000).
The following two sentences only take into account the physicochemical nature of the potential
phototoxic reactions of furocoumarins, but not the involvement of toxicokinetics and metabolism as
preconditions of such reactions.

Moreover the concluding last sentence of the paragraph neglects the fact that even those
furocoumarins, which have a genotoxic and carcinogenic potential, do pose this hazard to humans
only under specific conditions which are not those of normal exposure of furocoumarins via food
intake (SKLM 2006) or via phytomedicinal preparations Angelica archangelica (Schrenk 2007),

In the context of potential mutagenic and carcinogenic risks, Speit (2007) refers to the statement by
Miiller et al. (1998) : “with respect to the environmental and lifestyle related risk of UV B exposure,
it has to be questioned whether there is any additional risk to humans from the exposure to
photochemical genotoxins as pharmaceuticals or cosmeltic ingredients”.

The HMPC draft itself states that a detailed scheme of risk assessment for genotoxicity and/or
carcinogenicity of herbal medicinal products is not available. However, approaches used to assess
the risk are not appropriate for herbal medicinal products due to the inappropriate extrapolations,

First, the content of furocoumarins in cosmetic products as mentioned in the Scientific Commitiee
on Consumer Products (SCCP) opinion cannot be linked to the oral intake of plant preparations.
Cosmetic products are used topically and have a complete different profile of penetration and
absorption. The limit of 1 ppm is therefore not considered relevant for the oral intake of plant
preparations containing furocoumarins (Schmidt 2007).

Second, the EFSA Scientific Committee recommends a calculated margin of exposure of 10.000 or
higher. This limit, however, relates to food products which, for their safe use, have to undergo a
“pure risk assessment” whereas medicinal products need to undergo a benefit risk assessment
(Schmidt 2007).




Speit (2007) states that furocoumarins in herbal medicinal products should not be compared to
impurities which they are not; they are part of the active principle. Therefore, a comprehensive risk
beneflit analysis should be undertaken. The application of the threshold for toxicological concern
(TTC) concept might lead to an unjustified restriction of such medicinal products. In conclusion, the
use of the TTC concept for herbal medicinal products is inappropriate as it leads to an unjustified
over-estimation of potential risks and potential far-reaching negative consequences for patients and
pharmaceutical companies (Speit 2007).

‘The last paragraph of part 2.5 mentions that the standard uncertainty factor approach cannot be used
without any added value from a public health point of view since the two assumptions given are not
fulfilled: the HMPC draft clearly states that there is uncertainty with regard to the evidence for a
carcinogenicity threshold and there is no study available providing information on a NOAEL.
Instead of the approach followed, a risk-benefit evaluation should be applied for pharmaceuticals
(Speit 2007, Schmidt 2007).

The following calculation (line 112, “as an exercise™) is based on formal assumptions which are not
fulfilled in case of herbal medicinal preparations. As stated above, from our point of view a
theoretical extrapolation is not suitable and thus such an exercise is not considered useful to predict
the risk reduction in consumer/patient (SKLM 2006). The PUVA therapy using isolated chemical
substances in extremely high doses is not a suitable basis for the application of uncertainty factors
like 1.000 for herbal medicinal preparations. It cannot be extrapolated to the lower doses and to the
different toxicological profile of furocoumarins present in herbal preparations.

Finally, the application of safety factors like 1.000 is derived from environmental toxicology or risk
toxicology and again it does not apply to the risk benefit evaluation (Schrenk 2007).

2.6. Problems in risk assessment of other derivatives

There is a number of data available which could be used to rate the phototoxic potential of other
furocoumarin derivatives (Schulze 2007). They account for the majority of furocoumarins contained
in many plants and also in Angelica archangelica. The database for the kinetics, phototoxicity and
photocarcinogenicity of the major furocoumarins found, e.g., in Angelica archangelica tincture
does not allow (o consider them as equipotent to 8-MOP (Schrenk 2007).

3. Conclusions

The statement that the furocoumarins of Angelica archangelica 1. are posing health risks in humans
is merely based on theoretical extrapolations from contradictory data obtained during the
therapeutic use of 5-MOP and 8-MOP.

With reference to Speit (2007), the average daily consumption of psoralens in the order of 1300 g
has to be considered. Although, from a theoretical point of view, it is unclear to what extent the
correlation between psoralens in food and natural UV irradiation may contribute to the background
levels / prevalence of skin cancer. From a practical point of view, it has to be critically assessed
whether any (additional) risk from the intake of preparations of Angelica archangelica L. can be
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expected. Speit (2007) concludes that, under the real exposure conditions of a therapy with herbal
medicinal preparations of Angelica archangelica 1.. such a risk should be negligible.

The conclusion reached in the second sentence (“furocoumarins pose a clear hazard”} is wrong
because it 1s based on data obtained during the use of isolated 8-MOP and 5-MOP in high doses in
PUVA therapy. This is not applicable to herbal medicinal preparations containing furocoumarins,
for which a risk assessment is possible, as demonstrated by the SKLM (SKLM 2007).

The third paragraph, which relates to the suggested TTCs, leads to a wrong conclusion because the
TTCs relate to impurities. Even in case a TTC dose is calculated, the conclusion to restrict the daily
intake for total furocoumarins to 15 pg (instead of 120 pg according to the highest TTC dose of
Muller et al. 2000) is arbitrary and not justified by scientific data. Furthermore there is no reason to
equate all detectable furocoumarins to 8-MOP because other furocoumarins have a completely
different toxicologic and molecular profile. Calculation on a molar basis is not possible because in
several of the cases the molecular weights are not known.

RISK ASSESSMENT AND CALCULATION OF DOSE

Furocoumarins are a regular part of the human diet. An average daily intake of 1.45 mg of dietary
furocoumarins was estimated by a senate commission of the German DFG in a recent toxicological
assessment (SKLM 2006) and the UK COT (2007). The DFG report concludes that with food such
as celery or parsnips the intake can reach peak values of up to 14 mg which apparently do not pose

a special risk.

A limitation of 15 pg/day based on theoretical assumptions clearly contradicts the amounts coming
from nutrition (alone). Neither the UK Committees on Mutagenicity and Carcinogenicity (COT
1996) nor the SKLM of the German DFG (SKLM 2006) found a risk arising from food containing
furocoumarins. These reports also came to the conclusion that, based on the ability of the human
organism to degrade a certain amount of potentially toxic compounds, a quantity of 14-15
milligrams of furocoumarins {e.g. from celery, parsnip or orange juice) would pose no special risk.

This dose is 1000 times higher than that proposed by the HMPC for Angelica preparations based on
theoretical extrapolations (Schmidt 2007).

Schrenk (2007) gives a similar statement. Related to the well-documented occurrence of
furocoumarins in food, the COT (1996) and the SKLM (2006} concluded that the carcinogenic and
photocarcinogenic risk caused by average dietary intake of furocoumarins in these countries was
very small or insignificant. It has to be kept in mind that the intake of furocoumarins from a typical
tincture from Angelica archangelica would be in the same range.

Raquet et al. in a recent paper (Raquet et al. 2007) come to the same conclusion. Based on an
assumed level of total furocoumarins in Angelica tincture of 1 mg/ml and a daily dose of 1,5 g
tincture (according to the German Commission E monograph), the authors estimate a total daily
intake of about 1,5 mg furocoumarins corresponding to a daily intake of 25 pg (microgram) per kg
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body weight, which is comparable to the average intake via food. With respect to the phototoxic
“threshold dose" (circa 14 mg/day), the intake via a phytomedicine would be in the range of 10 %.
This proportion is in reality even very much lower due to the lower phototoxic potency of the herbal
furocoumarins. The author concludes that the intake of herbal medicinal products containing
Angelica root extract does not confribule in a relevant way to phototoxicity and it within the range
of average intake via food.

In a further recent paper, Schulze (2007) concludes that no carcinogenesis warning can be based on

the furocoumarin content of herbal extracts.

Speit (2007) also points out that modern approaches for the evaluation of genotoxicity takes into
account the biological relevance of positive in vitro tests for the in vivo situation, the validity of in
vivo findings in the context of toxicokinetics and the mode of (genotoxic) action of the test
compound. This thus prevents an overestimation of the risks shown by using the TTC or the safety
factor approach in cases where a risk-benefit evaluation should be used. Such an inappropriate use
of the TTC or safety factor approach is also underlined in another recent paper by Schmidt (2007).

CONCLUSIONS

The conclusion of the HMPC draft reflection paper to limit furocoumarins in Angelica extracts is
improper. This is neither based on case reports of suspected adverse events nor on a sound
benefit/risk assessment of a medicinal herbal preparation. They are only based on thcoretical
extrapolations coming from isolated substances to the whole group of Angelica preparations. The
conclusion to limit the daily dose of furocoumarins to 15 pg would not lead to a ‘risk reduction’ as
the risk is already insignificant. However, such a restriction may lead to an unjustified ban of
such medicinal products ignoring the well-established benefits for patients and the potential
economic consequences for the European pharmaceutical sector.

We call on the HMPC to revise the reflection paper taking into account the opinion of the
toxicologists and studies presented in our comments. AESGP is willing to participate o any further
discussion on the revision of this reflection paper.

Brussels, 16 May 2007



Expert statement (enclosed)

Is there a Phototoxic/Photocarcinogenic Risk from Angelica archangelica L. in Phytomedicines?
Toxicological evaluation. Expert Statement by Prof. Dr. med. Dr. rer. nat. Dieter Schrenk,
Department of Toxicology & Food Chemistry, University of Kaiserslautern, Germany

Comment on the HMPC’s “Reflection Paper on the Risk Associated with Furocoumarins Contained
in Preparations of Angelica archangelica L.. Expert Statement by Prof, Dr. G. Speit, Institute for
Human Genetics, University of Ulm, Germany

Comments on the HMPC draft reflection paper on the risks associated with furocoumarins
contained in preparations of Angelica archangelica L.. Expert statement by Prof. Dr. med. Johannes
Schulze, University of Frankfurt, Germany.
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Schmidt, Herbresearch Germany, Tussenhausen, Germany
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Dose limitation of furanocoumarins in Angelica preparations

Introduction

The roots of Angelica archangelica contain furanocoumarins, some of which may be
phototoxic and carcinogenic when applied in isolated form and in high therapeutical doses for
PUVA-treatment. The Herbal Medicinal Products Committee of the EMEA has recently
proposed to drastically limit the guantities of furanocoumarins in preparations from the roots
of Angelica archangelica [1].

Even though the HMPC did not provide cvidence for an inherent risk by herbal extracts
prepared from plant material containing, among other constituents, various furanocoumarins,
the committee still discussed various approaches for risk minimization (to be more exact: for
the minimization of risks of a herbal extract for which no carcinogenic risk is known, based
on data with isolated chemicals in high doses that may or may not exist in the herbal matrix in
low concentrations) such as the Margin of Exposure-approach or the Threshold for
Toxicological Concern approach. The HMPC also discussed safety factors to reach
furanocoumarin contents which would not pose a risk on long-term intake — all approaches
used for the limitation of toxic impurities for which human contact is to be avoided. As a
result of the application of such methods (obviously unsuitable for food and medicinal plants),
the HMPC suggests the limitation of furanocoumarins to a daily dose of less than 15
micrograms of total furanocoumarins, calculated as the compound with the highest known
toxic potential (at doses of approximately 30 mg), 8-methoxypsoralen [1].

The EFCAM is an association representing, among other methods of alternative and
complementary medicine, Chinese traditional medicine. Within this system, preparations from
Angelica sinensis are very popular, with a wide-spread use not only in China, but also in most
Western countries inchuding the EU member states. Like Angelica archangelica, Angelica
sinensis also contains furanocoumarins. A decision to limit the contents of corresponding
preparations of Angelica archangelica below 15 pg/day would immediately affect the use of
Angelica sinensis — hence the interest of the EFCAM 1o voice its opinion in this toxicological
assessment,

Conclusions

The action proposed by the HMPC is unacceptable. Its application would impact the use of
herbal medicinal preparations known to have a history of safe and toxicologically uneventful
use. Because of its importance as a medicinal plant, Angelica sinensis (Dong quai) was even
positively monographed by the WHO [2]. The proposed dose limitation would lead to a ban
of Dong quai, a measure not justified by the overall perfect record of tolerability.

Pharmacovigilance is an important tool for consumer protection. However, its goal should be
to protect the consumer from real risks, not from theroretical hazards extrapolated from data
not corresponding to the use of Angelica preparations in real life. In fact, a ban of Angelica
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based on furanocoumarin contents would also be inappropriate in view of the regular
consumption of furanocoumarins with food, which by far surpasses the contribution of
medicinal Angelica preparations — again without any known and apparent risk.

In addition, furanocoumnarins such as they exist in Angelica preparations are a regular part of
our diet. An average daily intake of 1.45 mg of dietary furanocoumarins was estimated by the
German DFG in a recent toxicological assessment [3], with similar estimates made by the US
and UK health authorities {4;5]. It was even estimated that with food such as celery or
parsnips the intake can reach peak values of up to 14 mg, which apparently does not pose a
special risk [3], although the quantity would seem very close to the threshold where according
to the Swiss authorities and the German DFG phototoxic reactions may be expected in
combination with UV irradiation (>14-15 mg) {3;6]. The contribution of medicinal Angelica
preparations {o the overall dietary intake of furanocoumarins ~ which is usually well-tolerated
— 1% thus negligible.

A limitation of 15 ug/day based on theoretical assumptions clearly — and obviously
deliberately — ignores the facts from real life and especially from nuirition. The conclusion of
a deliberate omission is made on the grounds that a risk assessment of dietary
furanocoumarins has already been made by different authorities from Switzerland [6], the US
(where Angelica has GRAS status) [5], the UK Committees on Mutagenicity and
Carcinogenicity {4], and the German DFG [3]. In none of these evaluations a risk of food
materials containing furanocoumarins was found. These evaluations also came to the
conclusion that (based on the ability of our organism to cope with a certain amount
compounds that may be toxic when the bodies metabolic capacities are exceeded) a quantity
of 14-15 milligrams of furanocoumarins (e,g, from celery, parsnips or orange juice) would
pose no special risk. This dose is 1000 times higher than that proposed by the HMPC for
Angelica preparations, based on a theoretical extrapolation.

Summarizing, the proposal of the HMPC to limit furanocoumarins in Angelica extracts
is unrealistic. It is not even based on case reports of suspected adverse events, as it
should be expected, but merely on a theoretical extrapolation. Whereas the work of the
HMPC is clearly valuable when it comes to managing emerging or known risks, it
cannot be the task of this committee to protect the consumers from unknown, theoretical
and most probably even non-existing risks. This conclusion is in line with a recent
EMEA concept paper of the HMPC, stating (verbatim):

Last, but not least, consumers and patients have used, currently use, and probably continue to
use, herbal medicinal preparations to treat themselves. The authorities should not ban this
use on the basis of extrapolated suspicions, but their remit is to develop sound risk-benefit
approaches for HMPs, with which to protect consumers. [7].

The limitation of furanocoumarins in Angelica roots would correspond to a de facto ban,
despite the fact that a carcinogenic risk of Angelica preparations is not known. Such an
action would therefore clearly contradict the own declared policy of the HMPC, and is
neither acceptable nor appropriate.
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1 HMPC-assessment of photo/genotoxic risk of Angelica preparations as
herbal medicinal products

The Herbal Medicinal Product Committee (HMPC) recently called for comments in the
discussion of potential photo-cancerogenic effects of furocoumarins as constituents of
Anglica preparations. According to the commitiee, furocoumarins “have fo be regarded as
posing genoloxic and carcinogenic hazard to humans, and exposure to furanocoumaring from
herbal preparations may pose a significant health risk to humans™ [1].

For the assessment of the risk involved in the intake of Angelica preparations, the committee
usedl various approaches:

e The “Margin of Exposure” approach (MOE), which is usually applied to genotoxic
impurities in the manufacturing process, and for which the application would lead to a
dose limitation for safe use by far below the values usually encountered in Angelica
preparations.

¢ The “Threshold for Toxicological Concern” approach (TTC), defining a limit of 120
pg per day for short-term application, and of 1.5 pg daily for life-time exposure.
According to the HMPC, herbal remedies containing furocoumarins can be expected
to be taken for a considerable portion of adult life, Thus, the threshold of 120 pg/day
is not acceptable for the committee, however, the lower limit of 1.5 pg/day would not
reflect the current use of herbal medicinal products, The HMPC assumes that a daily
intake of < 15 ug of total turocoumarins, calculated as 8-methoxypsoralen, would not
be considered an unacceptable risk to consumers.

¢ The definition of safety factors as a consequence of the lack of adequate evidence of
carcinogenicity of Angelica preparations. These safety factors were derived from the
use of 8-methoxypsoralen as a chemical entity in PUVA therapy, With the lowest dose
considered as safe on long-term application and the use of a safety factor of 1000, a
safe daily dose of 30 ug of furocoumarins was suggested [1].

2 Comments to the assessment

The propositions of the HMPC cannot be discussed in the context of the use of Angelica
preparations alone, but must be seen in the more general context of nuttition. A dose
ltmitation of forocoumarins in Angelica extracts used as herbal medicinal producis would
necessatily have an impact on the question of furocoumarins from food sources and the risks
involved with such food products.

In this context it must be pointed out that this discussion is not new, and has already been
presented for plants from the food sector several times in the recent past:
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s In 1991 the Swiss Federal Office of Public Health defined a threshold dose for

photo/genotoxicity of 15 mg (not microgram!} of 8-methoxypsoralen — a dose which is
not reached with dietary sources of furocoumarins {21,

o In 1996 the same topic was discussed by the UK Department of Health Committees on
Mutagenicity and Cancerogenicity. These standing committees concluded that there is
no risk involved with usual doses of furocoumarins from food sources [3].

» The same result was obtained by the German Research Community DFG in 2003,
Again, a threshold dose for concern of 14 mg (not microgram!) was calculated [4].

In addition, Angelica specifically has GRAS status in the United States, which implies that
the FDA has also made a risk assessment,

Nutritional intake of furocoumarins can easily lead to ingested quantities of 4-14 mg per meal
[4]. This figure would, however, not represent the average long term daily consumption,
which was rather uniformly calculated to be between 1.2 and 1.45 mg per day in the United
States, the UK and Germany [3-5]. The contribution of furocoumarins in Angelica extracts
would be expected to be in the range of 1.5 mg/day maximum with the application of 3-4 g of
Angelica roots as recommended by the monographs for clinical application. In addition, no 8-
methoxypsoralen has been found in Angelica preparations — thus the reflection is based on the
theoretical toxicity of a constituent not even present in the plant.

No adverse effect pointing to genotoxicity are known for food use of furocoumarin-containing
plants including Angelica, und much less so for Angelica extract preparations, With
furocoumarin containing plants having been under close examination by bodies specialized on
questions of genotoxicily and cancerogenicity for at least three times, and with a clear
conclusion of no harm involved from food source furocoumarin quantities in every single
assessment, the very strict limitations proposed by the HMPC would only seem appropriate if
case reports of suspected adverse effects pointed to an existing risk.

As it seems, the IMPC’s assessment, which clearly contradicts the outcome of all previous
assessments, is not only far from any practical applicability, but is also entirely based on a
theoretical extrapolation of a hitherto unseen risk. Even according to the EMEA, such
extrapolations are unacceptable when the toxicological concern is not based on facts [6].

In conclusion, the proposed limitation of furocoumarins in Angelica extract preparations is
unacceptable for the following reasons:

* Neither concept of risk management (TTC, MOE and safety factors) is applicable or
appropriate, since these methods were proposed for the limitation of toxic impurities,
not of compounds naturally occurring in a food or medicinal plant matrix.

» The assessment of the HMPC wrongly attributes the toxicological characteristics of
one single exemplary component not even present in Angelica roots to all structures of
furocoumarins, whereas it is well known that not all furocoumaring are in fact
photo/genotoxic. This leads to a gross overestimation of the rigk,
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Such an approach would only be acceptable if the compound in question were an
avoidable impurity, but not when food matrices without any known risk are discussed.

+ When potential hazards of furocoumarins are discussed, the metabolic fate of
furocoumarin concentrations typically found in food would have to be taken into
account. The proposal of the HMPC treats Angelica extract (and thus also celery,
parsnips or orange juice, just to name a few) like psoralen or 8-methoxypsoralen as an
isolated single chemical entity, which they are not. The proposal of the HMPC
completely skips questions of metabolic protective mechanisms such as the first pass
effect, which is indeed a major reason why the human body tolerates furocoumarins
from food sources without any known or apparent problems.

s Angelica extracts in medicinal products were used as a specific example. Angelica
archangelica is, however, not only used in pharmaceutical products, but is also a
regularly consumed food in the EU (e.g., Angelica candies), with ingested quantities
casily surpassing the intake recommendation of the monographs for medicinal plant
use. No toxicological concern has ever been presented for Angelica in food.

» The definition of the limit is arbitrarily chosen for the species Angelica, However,
furocoumarins are common components in many regularly consumed foods, for which
—as for Angelica — no carcinogenic risk has ever been observed. A limitation of
furocoumnarins in Angelica based on a theoretical extrapolation would automatically
trigger a discussion of firrocoumarins in vegetables and fruit juices, and have a major
negative impact on eating habits long recognized as healthy and recommendabie.

Extrapolations of hitherto unknown risks are unacceptable, especially when the
consequences of the proposed action would cause more problems than they might

theoretically solve,
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KOOPERATION PHYTOPHARMAKA GbR

Comments on the DRAFT EMEA Reflection Paper
on the risks associated with furocoumarins contained in preparations of

Angelica archangelica L.

The paper is intended to be used by the national competent authorities for the
assessment of the safety of herbal preparations containing Angelica archangelica
and of other herbal products containing furocoumarins with a phototoxic potential.

The paper focuses on coumarin derivatives, as these compounds are most relevant
for possible phototoxic reactions, especially on psoralen, 8-methoxypsoralen and 5-
methoxypsoralen as well as on the less important angular furocoumarins as angelicin
{isopsoralen) and its derivatives.

As model substances for risk assessment 8-methoxypsoralen (8-MOP) and 5-
methoxypsoralen (5-MOP) are taken instead of the constituents of Angelica
archangelica, as these substances are comparatively well studied.

8-MOP is used in combination with UV A radiation for PUVA treatment of psoriasis.
Under these conditions erythema occurred at apparent threshold blood
concentrations of 30-50 ng/ml (corresponding to an intake of 120ug-200ug/men).
This threshold is probably connected with the first-pass metabolism in the fiver, which
is saturated at higher doses and only under these conditions furocoumarins reach the
general circulation in an amount sufficient to induce phototoxicity.,

Both furocoumarins (8-methoxypsoralen (8-MOP) and 5-methoxypsoralen (5-MOP))
are regarded as human carcinogens on the basis of phototoxic reactions, though the
level of evidence is more pronounced for 8-MOP. For angelicin and its derivatives
there is only limited evidence for a cancer risk.

Two risks have to be discussed for furocoumarins:

1.} The risk of a direct carcinogenicity as it was described in the report of the
National Toxicology Program of the National Institute of Health of The American
Government (1989) on the toxicology and carcinogenesis studies of 8-
methoxypsoralen. in a DFG Report on the toxicology of furocoumarins a nephrotoxic
and cancerogenic activity of 8-MOP in male F344/N rats was mentioned based on
this investigation which was observed even in a dose of 37.5 mg/kg b.w./d.

Comparable results of carcinogenic effects in the kidneys of male F344/N rats were
obtained e.g. with limonene and eugenol, effects which could not be confirmed in

1



other rat strains. The nephrotoxicity of limonene as that of 8-MOP or eugenol proved
to be a consequence of an increased formation of og,~globuline in the liver which
accumulates in the kidneys, The protein is formed under androgenic control, its
production is maximum at an age of 60-80 days. As a result of the cytotoxicity of the
oe,~globuline accumulation in the kidneys, an increased turnover in the epithelium of
the kidney takes place first, as a long-term effect carcinogenicity results. Thus hints
on carcinogenicity obtained in male rats of this specific strain could not be confirmed
in other rat strains, This is a strain, sex and age-specific process which has also been
observed for a considerable number of further substances (Dill et al, 2003, Doi et al
2004, Turner et al, 2001).

The carcinogenicity of 8-MOP was studied in Cynomolgus monkeys (Macaca
fascicufarisy. The monkeys were treated orally for 26 weeks on three days a week
with 2, 6, or 18 mg/kg bw. Emesis was observed at doses above 3 times/6
mg/kg/week not at lower doses. The only histopathological finding was a proliferation
of Kupffer cells. No hints on carcinogenic effects were obtained, which confirms the
data from clinical application in man.

The pharmakokinetics of 8-methoxypsoralen proved to be non linear with a saturation
at higher doses (above 3x2 mg/kg/week). At a dose of 3x2 mg/kg/week an increased
clearance was obvious, which was explained as the consequence of a saturable first
pass effect and of a supposed enzyme induction (Rozman et al, 1989).

To summarize: A direct carcinogenic effect of furocoumarins was not shown.

2.)  Anyway the main risk adressed in the paper of the EMEA is the phototoxicity
of furocoumarins. In the presence of ultraviolet radiation the toxicity of these
substances is clearly enhanced.

Moreover in vitro 5- and 8-MOP are only weakly mutagenic in the absence of UV-
light, in combination with UVA radiation in different test systems genotoxic and
mutagenic effects were shown (SKLM 2008). This might be due to differences in the
type of reaction with the DNA: In the dark 5- MOP and 8-MOP form noncovalent
complexes with DNA, whereas in the presence of light covalent binding to DNA was
observed.

A direct mutagenic effect in vivo - formation of mikronuclei - was shown for 8-MOP
after oral application of 300 and 600 mg/kg b.w without UV radiation.

The in vitro data cited showing mutagenic effects of 5-MOP and 8-MOP are irrelevant
as contradictory in vivo data were obtained.

For doses below these very high doses of furanocoumarins phototoxic reactions
seem to be a prerequisite for DNA damage. Erythema occur at the same or even
lower doses than genotoxic effects. Thus doses lower than a phototoxic ‘threshold
dose’ are likely to represent a negligible additional cancer risk. This does also mean
that an enhanced genotoxic or carcinogenic risk due to furocoumarin intake can be
assumed to be always indicated by the previous occurrence of erythema, so that
overlooking of genotoxic effects of preparations from Angelica archangelica, if there
were any, does not seem to be a realistic risk.



As threshold doses above which phototoxic effects in humans occur, 14 mg/adult 8-
MOP, for a combination of 5-MOP and 8-MOP 10 mg of each/adult were determined.
This can be explained by the clear dose-dependent first pass metabolism: The
pharmakokinetics of 8-methoxypsoralen proved to be nonlinear with a saturation at
higher doses (above 3x2 mg/kg/week). That means at lower doses only very small
amounts of the furanocoumarins will reach the general circulation.

Obviously the bicavailibility after intake of plant material is much worse than that of
the pure compounds. Following the intake of even 500 g celery by each volunteer
neither psoralens could be identified at any time in plasma nor phototoxic reactions
could be detected following using the minimal phototoxic doses method (Gral et al
(1993).

A further wrong assumption from the HMPC draft is that the spectrum of all
furocoumarins in Angelica can be considered to be equipotent to 8-MOP. This is in
contrast to both reviews dealing with possible risks of furocoumarins in food { COT,
1996, SKLM 2006).

The conclusions of the draft are not regarded 1o be justified: the calculation of
a theoretical risk never seen is not justified from the data. From our point of
view a theoretical extrapolation does not take into account the occurrence of
furocoumarins in food and the fact that they do not pose a relevant risk to the
consumer (SKLM 2006).

Furthermore the evaluation of furocoumarins in cosmetic products cannot be
used for a risk assessment following systemic exposure. As mentiocned above,
lower doses of psoralens are metabolised to a large amount already by first
pass metabolism and thus do not reach the systemic circulation and the skin in
amounts comparable to an exposition by an external use. The limit of 15 ug
furocoumarins per daily dose is therefore not considered relevant for the oral
intake of plant preparations containing furocoumarins.

As a conclusion, it seems unnecessary and scientifically not justified to define
such a limitation for the furocumarin content of herbal medicinal products.
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COMMENTS TO THE DRAFT

Reflection Paper on the risks associated with furocoumarins confained in preparation of
Angelica archangelica L. Doc. Ref. EMEA/HMPC/317913/2006

Aims

With the "Reflection paper on the risks associated with furocoumarins contained in preparation of
Angelica archangelica L..” (EMEA/HMPC/317913/2006) the Herbal Medicinal Products Committee
called for comments in the consultation process. On closer examination of the topic, the proposed
action would not seem appropriate, since various recent official statements have not attributed any
toxicological relevance regarding quantities of furocoumarins as regularly taken in. This intake derives
mainly from the diet. Furocoumarins from Angelica archangelica cannot be expected to make a
significant contribution to that overall daily intake. Thus, the proposal of reducing the furacoumarin
content of Angelica archangelica preparations to 15 ug in the daily dose on the on hand would not
imply an improvement of patient safety with regard to furocoumarins exposure. On the other hand, the
HMPC's conclusion of furocoumarins from Angelica archangelica posing a health risk is not endorsed
by relevant scientific data. It is based on a theoretically assumed hazard, which does not exist
according to existing scientific data, so that the use of methods of calculation based on typical
approaches for toxic impurities is not adequate and gaining entirely arbitrary and thus unacceptable

results,

The following comments will follow the line of arguments presented in the MMPC's reflection paper.
They are based on the results of official statements regarding the toxicological relevance of
furocoumarins from various national authorities such as the FDA, the UK Depariment of Health, the
Swiss Federal Office of Public Mealth (Division of Food Science), and, most recently, the Senate
Commission of the German Research Community (DFG) (Anon 1996; Eisenbrand 2008; Schlatter et
al. 1991; Wagstaff 1991), and have in all cases fed to the conclusion that typical dietary quantities of
furocoumarins, to which the uptake with herbal medicines does not contribute in a relevant way, do not
impose a relevant health risk. As these statements ~ the most recent and rather exhaustive treatment
of the topic was published by the Senate Commission of the DFG in 2006 (Eisenbrand 2008} - include
all relevant literature, it is thus not necessary to repeat in details all references. The following
conclusions are based on the actual literature in that field, which has been used for this risk

assessment.
HMPC Reflection Paper:

1. Introduction (Background)

"The reffection paper focuses on coumarin-derivatives present in Angelica archangelica L., as these
substances are the most relevant constituents for phototoxicity.”

A major misunderstanding of the reflection paper refers to this point. Whereas Angelica archangelica
indeed contains furocoumarins, the paper essentially refers to the phototoxicity of 8-methoxy-psoralen
(8-MOP), which, however, even if contained in Angelica preparations at all, is only one minor
component of them. it also refers to doses of the pure compound 8- MOP used in psoralen plus UVA
radiation (PUVA) therapy, whereas Angelica archangelica preparations, even in combination with
dietary sources of furocoumarins and on gross overdosing, can not be expected to lead to any critical
doses of furocoumarins that may represent a relevant potential for phototoxicity — and much less so
for mutagenicity and carcinogenicity.

Thus, the reflection paper is a priori based on a conciusion not in accordance with scientific data.



The analyses of the reflection paper lead to incorrect conclusions since they did not even include the
comprehensive scientific knowiedge about dietary furocoumarins from sources like parsnip, celery and
citrus fruits, and which has been extensively discussed also regarding the point of metabolic
detoxification. In fact, it is known that the human body has efficient means to cope with guantities of
furocoumaring in a range at least 10,000 times higher than the limit proposed by the HMPC for
Angelica archangelica, in view of regular daily intakes of approximately 1.5 milligrams of
furocoumarins per day, and peak values of 14-15 mg per day. These are figures proposed by the
above mentioned official assessments of the potential hazards of dietary furoccoumarins.

fn addition, the high doses of psoralens needed for oral PUVA therapy are known to be required
because of the capacity of the human organism to metabolize amounts in the range of the typical
dietary intake. The minimum quantity of 8-methoxypsoralen to induce skin effects in combination with
UV light is a minimum of 0.6 mg/kg body weight. The HMPC itself points to the fact that the metabolic
fate of furocoumarins has to be ilaken into consideration. Generally, this topic is not new for
furccoumaring, With the fact of metabgelic transformation known since long and with various official
assessments stating that no danger is to be expected from typical dietary quantities of furocoumarins,
it can be concluded that the natural content of furocoumarins in Angelica archangelica does not pose
a relevant risk at all for its application in phytomedicine.

2. Safety evaluation of furocoumarins

The approach used by the HMPC would only be understandable if there would be any hint for a
toxicological or carcinogenic hazard implied by the use of Angelica archangelica preparations. Due to
the molecular mechanisms involved in the mechanisms of action of furocoumarins and according to
epidemioclogic data {(Eisenbrand 2006), the potential photogenctoxic and carcinogenic effects of
furocoumarins are linked to phototoxic effects (erythema). So, if there were any relevant mutagenic or
carcinogenic effects of Angelica, they would be connected to phototoxic effects and so be easily
observed. But there are no descriptions of or hints on phototoxic effects of phytomedicines containing
Angelica extracts in the medicinal and scientific literature. So, the HPMC’s proposed rating of the
furocoumarins in phytomedicines containing Angelica archangelica as hazardous has two major
shoricomings:

a) Since there is no hint on any mutagenic or carcinogenic effect of the guantities and types of
furocoumarins in Angelica archangelica preparations, a rating of the toxicity of the
furocoumarins in Angelica on the base of the level of the compound with the highest known
toxicological potential, 5-MOP (Eisenbrand 2008) would automatically lead to an
overestimation of the toxic potential of the majority of the Angelica furocoumarins.,

b) Potential hazardous effects of furocoumarins are connected to phototoxicity (erythema) and
would so easily have been recognized, if they would ever have occurred.

2.1 Phototoxicity of furocoumarins

The following statement in the concept paper does not support conclusions on a potential hazard
arising from oral intake of furocoumarins from natural sources as Angelica preparations: “Long term
PUVA treatment with 8-MOP can cause persistent pigmentation and other skin changes. Erythema
ocecurred at apparent threshold biood concentrations of 830 - 50 ng/ml. It is possible that this threshold
may be connected with the first-pass metabolism of 8-MOP in the liver before reaching the general
circulation. Saturation of this metabolism probably occurs at clinically used PUVA doses.”

The role of first pass metabolization for the availability of furocoumarins in the peripheral blood
circulation was already addressed above. Scientific data allow the conclusion, that phototoxic
furocoumarins reach the peripheral circulation only in doses as high as those used in PUVA therapy,
which by far surpass the usual dietary or medicinal plant related intake of furocoumarins (for an
average adult of 60 kg a dose of 60 x 0.6 = 36 mg psoraien is required in PUVA therapy, which is
2.400 times more than the dose limit of 15 ug of total furocoumarins suggested by the HMPC for
Angelica archangelica), there is no scientific base for the discussion of theoretical harms arising from
quantities of furocoumarins the human organism is well adapted to.

In fact, the logic of the discussion is based on a potential carcinogenic effect of furocoumarins when
used in dose ranges exceeding the human metabolic capacities. Only then furccoumarins may have
phototoxic effects {(which is the mechanism of PUVA therapy), and only then mutagenicity or
carcinogenicity may become a potential problem — the human genetic repair mechanisms not
withstanding. This has the consequence, that the approaches of risk assessment discussed hereafter



{(Margin Of Exposure/MOE and Threshold of Toxicological Concern/TTC) are not appficable to
quantities by far below the threshold of metabolic capacities.

2.2 Carcinogenic potential of furocoumarins

The HMPC cites the conelusions of the IARC from 1986 stating that 8-methoxypsoralen and probably
{at a lesser degree) also 5-methoxypsoralen are potential carcinogens. This property as well as the
mechanism outlined in section 2.3 is undisputed; however, the HMPC's statement dose not take into
account the dose dependency of the effect. As already mentioned, the phototoxic and (as a
consequence of the phototoxic mechanism) mutagenic effects only become apparent on exceeding
the metabolic capacities of the human organism, which is not to be expected with the usuai dietary
intake of furocoumarins, and even less so with phytomedicinal preparations from Angelica
archangelica.

2.4 Human toxicity

The following assumption in the HMPC consensus paper is not correct: “There is a clear consensus
on the basis of several large cohort and case-controf studies that PUVA treatment cause squamous
cell skin cancer in a dose- and time-dependent fashion, relative risks being about roughly from 6- to
12-fold after about 8-10 years follow-up.”

In deed, there is no consensus that PUVA treatment is correlated with an increased risk of squamous
skin celt cancer. Data from European sources do nat show this correlation (Fitzsimons et al. 1983;
Harrist et al. 1984; Henseler et al. 1987; Lassus et al. 1981}, and point to potential confounders in life
style and deliberate exposition to sunlight between the United States and Europe. Whereas it still
appears prudent to be vigifant when it comes to PUVA treatment, it has again to be stressed that the
intake of Angelica archangelica preparations cannot be equalized with PUVA treatmeni. The data
stated by the HMPC does explicitly not refer to dietary or herbal medicinal scurces and quantities of
furocoumarins. E.g., a publication by the German BfArM from 1998 used by the HMPC to stress the
point of a potential danger inherent in the intake of Angelica preparations in fact pointed to potential
cancer risk from 8-methoxypsoralen only in long term highly dosed intake combined with UV
irradiation (Mdller et al. 1998). Consequently, this publication can not be the basis of the assumption
that low quantities of structurally mostly different furocoumarins may have a carcinogenic effect
because high quantities of 8-methoxyopsoralen and long exposures to this compound combined with
UV light may have such an effect,

2.5 Various considerations for risk assessment purposes

The conclusion regarding herbal medicines in the following statement in the concept paper is clearly
not in accordance with scientific data and published evaluations of regulatory bodies:
“Fhotogenotoxicity and photocarcinegenicity are the most important toxic outcomes of furocoumarins
from the risk assessment point of view (Muller et al 1998). These phenomena can be best described
as co-carcinogenic conditions and it is not known for sure whether they should be interpreted as
threshold or non-threshold conditions. Because the formation of phototoxic agents is an essentially
physicochemical phenomenon, it (s prudent to assume that it occurs equally in humans and
experimental animals. Consequently, at least some furocoumarins have to be regarded as posing
genotoxic and carcinogenic hazard to humans and exposure to furocoumarins from herbal
preparations may pose a significant health risk to humans.”

The line of arguments on which the assumption of a potential carcinogenicity of furocoumarins from
Angelica archangefica is based on is not consistent with the bibliographic sources {Anon 1996;
Eisenbrand 2006; Schlatter et al. 1981, Wagstaff 1991). Whereas it is correct that co-carcinogenic
conditions are indeed not necessarily threshold conditions, this general statement is not applicable to
the specific situation with furocoumarins — neither for 8-methoxypsoralen in PUVA therapy nor for
dietary furocoumarins. Both are ciearly threshold conditions, with the consequence that the dietary
intake of furocoumarins from vegetables and fruits does not implicate a relevant risk of phototoxicity
and carcincgenicity,

It is undenied that mutagenicity can be experimentally triggered by some furocoumarins when
combined with UV irradiation, and since PUVA therapy is based on phototoxicity of 8-
methoxypsoralen, no assumption needs fo me made that furocoumarins in sufficiently high doses and
combined with UV irradiation do in fact cause photoreactions. However, there is no similarity between
the known dose-related phototoxicity of 8-methoxypseralen in PUVA therapy and the ingestion of
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dietary/phytotherapeutic quantities of furocoumarins in doses not surpassing the metabolic capacities
and without additional UV irradiation. Thus, the first part of the consequence drawn by the HMPC is
common knowledge: Some furocoumaring must be indeed regarded as genotoxic and potentially
carcinogenic compounds ~ i taken in sufficiently high quantities and i combined with therapeutic UV
irradiation. The second part of the conclusion is, however, unrelated to the first, and not in accordance
with actual scientific knowledge.

SCCP recommendation for furocoumarin-containing cosmetics

The recommendation of the SCCP of limiting the furocoumarin content in cosmetics to 1 ppm is
irrelevant for the discussion of the potentiai health risk of Angelica archangeiica preparations. The
products covered by this SCCP recommendation are for topical use only, and in addition are meant for
an application not aimed at a therapeutic benefit. Topical application is not comparable with oral
intake, leading to high local concentrations not achievable by oral intake, and especially since oral
intake leads to a first pass effect, which explains the quick and potent metabolization of dietary of
phytotherapeutic furocoumarins.

The MOE approach, as suggested by the scientific committee of the EFSA for genoioxic and
carcinogenic compounds was proposed for toxic impurities, especially for compeunds where there is
no threshold condition. This approach is not applicable to the properties and quantities of
furocoumarins from Angelica archangetica;

- The quantities of furocoumarins ingested with preparations from Angetica archangelica do not
surpass or even relevantly contribute to the quantities regularly ingested with the diet.

- Furocoumarins from dietary sources, as well as from herbal extracts as active constituents of
phytomedicines, cannot be treated as avoidable impurities. Likewise, they are part of the
herbal matrix in the case of Angelica archangelica. Any extraction method aimed on a
reduction of furocoumarin contents may influence the therapeutic efficacy of the totaf extract.
As there are no scientific data pointing to a risk arising from Angelica extracts as commonly
used in therapy, this would have a negative impact on the risk-benefit ratio of these extracts.

The TTC approach also suggested by the HPMC is likewise not applicable, since it exclusively refers
to impurities for which any contact is to be avoided as far as possible. The HMPC itself grants that
“constituents of herbal medicinal products are not impurities”, but nevertheless applied this approach
to Angelica archangelica.

Again, it is to be stressed that furocoumarins from medicinal plants or dietary sources are not
avoidable impurities. In medicinal use, they are part of the total extract and may even contribute to the
overall effect. In the diet, they are likewise unavoidable and potentially could even be beneficial for of
the body's defence mechanism, in analogy to the polyphenols. Beneath these assumptions two things
are clear:

- Whereas the concept paper points to hypothetical risks arising from trace amounts of
furocoumarins from herbal medicinal products, nothing is known about the effect of a complete
avoidance of dietary furocoumarins on the human health.

- If the furocoumarins from Angelica archangelica were really reduced to the proposed daily
dose of 15 pg (or even 1.5 ug according to the TTC appreach), the dietary contribution fro
regular foodstuff such as celery, fennel, parsnips, oranges, grapefruit or lemons (just to
mention a few) wouid still be present. A regulatory action against the amounts present in
Angelica extracts would thus have not the slightest effect on assumed patient safety.

In addition, the exemplary TTC calculation of a low level of cancer risk with 30 pg of 8-methoxy-
psoralen in PUVA therapy simply neglects the fact that such a concentration might be safe, but not
efficacious, and that the regular daily intake of furocoumarins is approximately 50 to 500 times higher
and — according to actual assessments - without any toxicological relevance.

3. CONCLUSIONS of the concept paper

“Angelica archangelica L. contains a number of constituents including furocoumarins, which are
implicated as posing health risks in humans.”



This conclusion refers to the use of 8-methoxypsoralen in high doses in PUVA therapy. But it is not
true to the furocoumarin doses regularly ingested from dietary sources or medicinal plants,

“Furocoumarins are photogenotoxic and photocarcinogenic and pose a clear hazard to human health
in this respect. A significant exposure via herbal preparations would occur fo furocoumarins and
consequently a risk to human health should be assessed.”

Whereas the first part of this statement again refers o pure 8-methoxypsoralen in doses exceeding 30
mg/day in combination with UV irradiation, it is unrelated and incorrect in the second part. A risk of
dietary furocoumarins has been excluded by several actual scientific assessmenis on the base of the
complete scientific knowledge regarding this class of compounds, and the quantities applied with
herbal medicinal products do not make relevant contributions that might exceed doses for which any
retevant impact on cancer risk can be excluded.

“The risk assessment for preparations of Angelica archangelica L. that contain furocoumarin
derivatives may be based on the assumptions that recently suggested thresholds for toxicological
concem {TTC) for potentially genotoxic and carcinogenic impurifties can be applied in this case also for
herbal medicinal products.”

The applicability of the method of risk assessment developed specifically for toxic impurities or
environmental toxins on exiract maltrices from herbal medicinal products has never been
demonstrated or even scientifically discussed. The assumption that such an approach may be applied
to herbal medicinal products is in conirast to generally accepted scientific practice in toxicology.

“The highest TTC dose of 120 ug cannot be considered acceptable, because it is applicable for
freatments of less than one month and is thus too high for expected intermittent exposures with
different herbal preparations that contain furocoumatin derivatives lasting a significant portion of adult
life. On the other hand, life-time exposure, for which a maximum daily TTC dose of 1.5 ug might be
considered, is not likely to reflect the current use of herbal medicinal products. Therefore, a daily
intake for fotal furocoumarins in a herbal medicinal preparation that is equal or below 15 g would not
be considered fo pose an unacceptable risk fo consumers.”

The proposed upper dose limit of 120 ug and the lower limit of 1.5 ug are both related to toxic
impurities and completely unrelated to the pharmacological properties of the compound under
discussion, and not suitable for the risk assessment of natural compounds in an herbal extract matrix.
In addition, the increase by a factor of 10 to a limit of 15 ug proposed by the HMPC is arbitrary. If a
safe level of a given impurity could only be reached with 1.5 pg/day, there wouid be no reason to raise
this limit to 15 ug. if, however, the fimit of 1.5 ug does not reflect the current use of herbal medicinal
products or other sources of furocoumarin intake — the same argument would apply to the chosen limit
of 15 pg. In fact, the average daily dietary intake of furocoumatins has been rated as 1.5 miligram (not
microgram), and found to be safe up to 15 milligram. Thus, if for the current use of herbal medicinal
products, it should also allow for dietary realities. Accordingly, there is no reason for concern with
quantities in the range of 1.5 mg ~ a dose which herbal medicinal products cannot be expected to
relevantly exceed or even to reach.

This should be ascertained on the basis of the analysis of the contents of the actual herbal medicinal
preparation, calculating all detectable furocoumaring as 8-methoxypsoralen on a molar basis.

Even the assessment of aill furocoumarins from Angelica archangelica as 8-methoxypsoralen, which
would lead to a clear overestimation of the risk potential for Angelica archangelica, would not justify
the proposed dose limits, since the quantities of furccoumarins applied with Angelica products are not
in ranges above the dietary total intake and so, according to actual state of scientific knowiedge,
without toxicological relevance. A calculation of furocoumarins as 8-methoxypsoralen on a molar basis
would not increase consumer safety, but lead to unnecessary confusion.

Overall conclusions and summary

The reflection paper of the HMPC is entirely based on the assumption that the known risk potential of
pure and highly dosed 8-methoxypseralen in PUVA therapy may be extrapolated to the content of
furocoumarins as a fraction of the constituents in herbal medicinal products. However, the reflection
paper does not take into account the actual state of scientific knowledge regarding the toxicological
relevance of oral furocoumarins intake and does not give any evidence that such an approach is
rational, or that any risk potential other than a theoretical extrapolation is involved in the use of
Angelica archangelica preparations. Such an extrapolation should, however, be avoided according to



the recent “Concept paper on the development of a guideline on the assessment of genotoxic
constituents in herbal substances/preparations” in cases where there is only a theoretically possible
risk (HMPC 20086).
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Additional commentary

It is so relevant to comment this concept paper not merely with respect to Angelica archangelica, but
as the new approach, which was applied by the HMPC in this case, can hit almost any other herb
used in phytomedicine, with the consequence of a ban of its therapeutic use. The approach is:

1. Defining a phytochemical component out from that herb, for which chemically refated substances
with known toxicity/mutagenicity/genotoxicity in (even extremely) high doses is known.

2. Defining a maximum limit, which is a factor of e.g. 10,000 lower than these doses, for the intake of
that herb, so making its therapeutic use impossibie.

So for virtually any, otherwise untoxic herb, a ban due to toxicological reasons can result.

Poznar 15" May 2007
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THE HERBAL FORUM
65 Church Street, Langham, Rutland LE15 7JE, U.K.
Tel: 0157 2771115 Email: pennyviner@btconnect.com

Comment from the UK Herbal Forum on the HMIPC Reflection Paper
on the risks associated with furocoumarins contained in
preparation of Angelica archangelica L.

We note that "The reflection paper focuses on coumarin-derivatives present in
Angelica archangelica L., as these substances are the most relevant constituents for
phototoxicity.”

It is true that Angelica archangelica contains furocoumarins, but the HMPC paper
essentially refers to the phototoxicity of 8-methoxy-psoralen (8-MOP), which if found
in Angelica preparations at all, is only one minor component. The paper also refers
to doses of the pure compound 8-MOP used in Psoralen plus UVA radiation (PUVA)
therapy, whereas Angelica archangelica preparations, even in combination with
dietary sources of furocoumarins and in gross overdose would not deliver doses of
furocumarins that could have the potential for phototoxicity — and even less so for
mutagenicity and carcinogenicity.

Therefore, in our view, the reflection paper is based on an incorrect assumption that
the risk potential for pure, high dose 8 MOP in PUVA can be extrapolated to the
content of furocoumarins in herbal medicines. Further, we note that the recent
‘Concept Paper on the Development of a Guideline on the Assessment of Genotoxic
Constituents in herbal substances/preparations, specifically advised against such an
approach where the potential for risk was only theoretical.

Risk assessment for Angelica archangelica Page 1 of 1
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The Austiian Selt-:\-%edir;ation lliduf;iry

HMPC Secretariat
EMEA

¢ Esterry Cirous
Canary Wharf
London 214 AHB

15" May 2007

Comments of the IGEPHA {The Austrian Self-Medication Industry} on
Reflection Paper on the risks associated with furocoumarins contained in preparations
of Angelica archangelica L., EMEA/HMPC/317913/2006

General Comments

n the reflecton paper & is concluded that a daily mtake for total turocourmaring in an herbal
redicing! preparation, that is equal or helow 15 pg, would notl be considered to DB #n
unaceeptaible risk w consumers, while highar dose cannot be considered acceplable,

Basis of this conclusion is the statement, 1hal Nyocournaring are phologenotoxic and
photocarcinogenic and pose a clear hazmd lo human health in his respect, and tha!
therefore recently suggested tresholds for toxicological concern (TTC) for Potentially
genotoxic and carcinogenic impunties can be applied i this case also for herbal medicinal
nroducts,

From eur point of view, neilher this assumption nor e concluson drawn from it can be
considered reliable and acceptabio:

o The generalizing staterment that furocournasins pose a clear hazard (o human healih
is based on an incomplete analysis of scientitic data. F.. none ol the pableshed
loxicological risk assessments on the average daily intake of furccoumaring in
constmers has been included. The most recenlt and detaziled of thesa is the
agsessment of he Senate Cornmission of the German DFG {SKLM 2006, Other
assessments, with a similar outcoms, are the assessments of the UK Department of
Haalth Commitlees on Toxicity, Mutagematy and Carcinaganicity 1001 19961, and ot
J Sehlalter et al. (1991 frorn the Swiss Federal Office of Public Flealth, The safety
of Angelica archangelica L. is turther supported by fact that it has GRAS stalus
based on a safely assessment of the FRA (see EMEAMEL/A12/28),
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«  Based on the very congsavative assumption thal the tolal furocoumarniag in plants a
phototoxic potency egqual to Brmethoaxypseralen [BMOP, the SKLM and COT
conciude, thal the threshold of concarn for daily furocournarin uptake is not balow
14 mgfday (SKLM 2006, COT 19961 This doos is clearty ahovie furocourinin doses
poetentislly taken up with Angelica extracts, which can be assumed 1o have a contenl
ot not above 1 mgiml ol Angelice furccournaring, which have a phototoxie petential
tar botow that of 2-MOP (Schimmer 1983

s The application of thresholds of foxicologral concorn (TTC and safely faclor
conceptls, which werg originally developsd for impurilies ol pharmaceuticals, is not
indicated for application on active campaonants from madicines,

Ihis is especially the case [or Angslicae radix, as there have never been reported
any data which could point to any phototexic or carcinogenic effects cannectad to
the therapeulic use of this drug.

Inslead of taking this into account, he risk assessment in the eflection paper has
baen based on IARC-monegraphs daling Fram 1988 resp. 1987, which concluded
that the use ol isclted B-MOP and 5 MOP in the therapy of paoriasis in doses of
above 30-50 rog par day, in combination with highly intensive UY Avadiation [PLWA.
therapyl, is connected with an increased risk of skin cancer, Bul it has Lo be laken
inte account, that since the appearance of thesa monographs, the published data on
this therapy have considerably increased, showing that an enhanced carcinogenic
risk, if any, is strictly dose dependent and is connecind onfy ta patient groups with
the highes! expesure in PUNVA therapy, while lacking o lower dosed PUVA These
tower dosss are still orders of magnitude higher than those applicabie with herbat
medicinal preparaiions. So, tha data from PUVA sherapy are no sudable baais Tor the
risk assgssment for preparations from Angelica archangslica 1.

»  While nol leading 1o any decrease of a dsks lor consumers or patients, the proposed
dosa limit woeuld lead 10 a ban of the sava and well established use of herbal
madicinas from e.q. Angelica archangelica L, and Angelica sinensis Oliv.,

Taken together, the risk assessment in the reflection paper is not in accordance with tho
FMAPC drall concept paper on the development of a guidsline on the assessmenl of
genotoxic constituents in herbal substancas/oraparations (EMEANINMPUM 1327 172008), lines
76 10 74, according lo which the authorities should nol ban e gse of harbal mediciaal
praparations used in zell medication on the basis of extragolatad suspicians, out thair rarmil
iz to develop sound risk-tenelit approachas for HMPCs, with which 1o prolect consumens,

50, the drafl reflzction pager cannot be rated a3 acceplable and should be replaced by a
naper in accordance with the existing taxicolegical risk assessmants tor orally apolied
furocoumaring lrom alficial bodies, as are Lthe COT (18996} or the SKLM 120061,
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Specific Comiments on Text
1. Introduction (background)

As stated iy the st paragraph, he paper may be usad by national authorities when
gvaluating the safety of nerbal imedicinal products containing preparations of Angelica
archangelica L. or other herbal preparations containing (urocoumaring with a phololoxic
potential, This paragraph as well 85 the Tollowing paragraphs do not ke inlo account the
magorily of publications on the toxicological relevance of plant Turacoumarins {as stmmarizad
i COT 1996, SKLM 2008), lnstead of Lhis, the paper is mainly based on risk assessments of
PUMA thetapy, This therapy of psoriasis and other skin diseases is basad on the use of high
doses of iselated mone-substances (B-MOP, 5-MOP) irr combination with UV A radiation,

0, the recommaeandation of the paper, as it s, Tor risk assessment of hobal preparalions is
not approprate.

2. Safety evaluation of furocoumarins

Giher than stated, basing the risk assessmaent of herbal furocoumarins onfy on data derived
from the use of B-MOP and 8-MOP in PUVA therapy is not appropriale, but has to be
accomplished by aspeeilic data on plant forocoumaring. This concept has bean foliowead by
the risk assessments of COT 1898) and SKLM (2008 and should be applicd bare, oo,

2.1 Phototoxicity

Othar than in PUVA thorapy, pholotoxicty afler aral intake of herbal medicines has never
been dascribed, so that the conclusions of the actuai reflection paper, based solely on the
ocourrensa of such reactions in PUVA therapy, using very high doses of isolsted
furocoumanns with o different chemical profite, are obviousty not applicabla (o the
therapeulic use of HMPCs,

2.2 Carcinogenic potential of furocoumarins

This seotion of the paper i mainly based on JARC monographs dating from 1986 resp, 1987.
inera is o targe amount of data on thal theme; published since that time untl) today, that has
nat been takan into account in the actual reflection paper. According 1o Lhese data, several
studies did not contirm the assumption of an increased \J.aromor}f\mcﬂ rak due o tha
turoceumaning used in PUVA therapy, 8MOP and 5 MOP H thare s any risk, this is
alwicusly rastricted 1o the highest expositon 1o PIVA, applied several hundred times, while
no associaton of lower dosed PUYA 1 an enhancad caneer risk could be confirmead [Stem
el al, 1998)

Asg i3 pointad out in tho "KI W assessment (2008}, the potential genatoxic resp. carcinogenic
risk of Turpcournaning is clearly coupled 1o phototoxie doses, whila lower doses have navar
bacn doscribad ns <m¢mnqenl< s0 that any influence of furocourmarnin intike wel harhal
preparations on the carcinogenic risk would have besn recognised dus to svident symptoms
of phototoxiciby,

2.3 Mechanisim of action

Il should be rmentioned, that a pholo-aclivalion of Rurocoumaring by UV A rradiation, causing

s Dnding to DNA, s lmﬂed on the same chemical mechanisms as the bidding te other
!HHE!C@“HITH compaonents, s0 thal genotoxicily can not be expecied to ocour withou
nhototoxeity (SKLM 2006).
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2.4 Human toxicity
Tha “rule of thumb” opinion mentioned is nat backed by recent 5‘Jt|h=it“estinn‘-‘ {Stam et al,
14998), according to which a putative carcinogenic affect of PUVA is fimited to the palient
graups with the highaest exposure, while lower exposure had no putatwc carcinogenic alfect.

2.5 Various considerations for risk assessment

The statement, that oral exposure Lo [urocoumaring from herbal preparations may POSE @
signiticant health risk 1o humans is not backed by sarentfic data, as thoy were evaluatad by
SELM (29065,

anthm the MOL approach nor the TTC concept, using safaly lactors, have hoan designed
for use in pharmacologically active substances [rom medicines, But for the assessmant of
@u\r%rtmm&z ntal toxins o impurities of olherwise pure chemical substances in vase ol
preparations from Angelica Hrchaﬂ"joiim L., both concepts cannot be (axg‘)f-‘a(.:t(-)d to give
rosulls refevant for risk reduction in consumers or patients, as the average uptake of
furocournaring from other sources, which is in the rangs of 1.4 mgfday [COT 1986, SKLM
2006 15 several orders of magnituce higher 1than any dose limits resuiting from the usa of
these concents.

2.6 Problems in risk assessment of other derivatives

Indeed, there are data on plant lurocoumaring pointing 1 a photolexic potential signilicanty
bizlow that of 8-MOP ar 5-MOP {SKLRM 2006), but even if thase are not laken into account
{the SKEM is based on the conservative assumplion that all furocoumaring are as active as 2
MOPL thare s no mdication of & relevant toxicological potential of furocoumarin doses ag
taken up with usual Food or with herbal medicines,

Conciusions

The dose limit of 15 ug, which is rated as posing no risk o consumers, 15 Tar below any
Inruh ol concern from toxicological assessments, while rasuiling in a han of the wall
established herapeutic use of preparation from Angelica srchangaiica L., As i is ot based
onoany data on herlal preparations, but solely on contradiclory data on a possible
carcinogonic fisk potential of tl'e therapoutic use of certain furecournanns in PUYA, il is
apparently not in accordance with the HMPU draft concept paper on the developmont of o
guidaiine on the assessment of genotoxic constiUsnis in herbal substance sforepaaliong
(EMEAMDPCIAT32 71 20068, as mantoned above,

S0, this reflection paper cannol be considered acceptable from a scientific poinl af view,
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Remarks to the HMPC draft reflection paper on the risks associated with
furocoumarins contained in preparations of Angelica archangelica 1.

HMPC sees a carcinogenic risk associated to the use of preparations derived from Angelica
archangelica containing furocoumarins. A maximum daily dose of 15 g is considered
acceptable. The reason given for this limitation are reports of an enhanced incidence of skin
tumours in psoriasis patients after long term therapy with 8-methoxypsoralen (8-MOP) in high
doses (0.4-0.6 mg/kg b.w.) and UV A radiation, Stern et al. 1998, 2002).

This suspicion of an enhanced carcinogenic risk after therapy with 8-MOP is extrapolated to the
uptake of furocoumarins from preparations of Angelica archangelica, with furocoumarin
contents of very low magnitude, using the TTC approach for risk assessment. Such a use of the
TTC approach seems to be not admissible here:

- Preconditions for a genotoxic risk or even carcinogenicity of these compounds are phototoxic
reactions. Such reactions are observed only at doses of at least 14 mg 8-MOP, whereas such
reactions were never observed in lower doses (Schlatter et al, 1991, COT Report 1996,
SKILM 2006).

This is plausibly explained by the fact, that only the genuine furocoumarins show phototoxic
reactions, but not their metabolites (Schmid et al. 1980a). In dosages below the 14 mg
mentioned above, 8-MOP and other furocoumarins are metabolised already in their first
hepatic passage and therefore do not occur in the systemic circulation (Schmidt et al 1980 b,
Brickl et al. 1984). Therefore, as a different metabolism exists in lower doses, an
extrapolation of a possible risk from high doses to lower doses is not admissible.

In association with the use of herbal preparations derived from Angelica archangelica
phototoxic reactions were never observed, so that, as mentioned above, also the
preconditions for a carcinogenic risk do not exist.

The Scientific Committee on Consumer Products (SCCP) assessed total concentrations of
furocoumarins exceeding 1 ppm in externally applied products as of concern with regard to
consumer safety. A transfer of this limit to oral uptake is not admissible, as topical
application results in very high concentrations in the skin, as opposed to oral administration
of the same product.

- Moreover, the enhanced carcinogenic risk of the psoriasis therapy with 8-MOP is still under
discussion, as apparently already the disease itself is connected with an enhanced risk of skin
cancer (Leonardi et al. 2006).

- Also with other reasons, data obtained with 8-MOP can not simply be transferred to herbal
preparations. A risk assessment for herbal preparations simply based on the furocoumarin
confent is not admissible, as



- bioavailability of furocoumarins from herbal matrices is significantly lower than that of
isolated chemical compounds (studies with foodstuffs containing furocoumarins, COT
report 1996, statement of SKLLM 2006).

- the relative phototoxic potential of furocoumarins from Angelica is to be assessed as
about 10-12 times lower than that of 8-MOP (see also Bordin et al. 1991, Ojala 2001)

Risk assessments of herbal furocoumarins based on the complete available scientific information
were performed by the British Committee on Toxicity (COT 1996) and the supra-national Senate
Commission on Food safety (SKLM 2006). These scientific bodies rated a daily uptake of up to
14 mg furocoumarins from plant products as without a relevant risk.

As since of then no relevant new data have been published, the divergent risk assessment in the
current draft reflection paper is therefore not understandable. At the same time, it contradicts the
HMPC draft concept paper on the development of a guideline on the assessment of genotoxic
constituents in herbal substances/preparations (EMEA/HMPC/413271/2006), which states under
item 3, lines 76 to 79: “the authorities should not ban the use of herbal medicinal preparations
used in self medication on the basis of extrapolated suspicions, but their remit is to develop
sound risk-benefit approaches for HMPCs, with which to protect consumers".

Taking into account the aspects mentioned above, a revision of the actual draft refiection paper
based also on the existing risk assessments of COT and SKLLM is necessary and justified.
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