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EXECUTIVE SUMMARY 

 
Purpose: 
 
For over 2000 years, the Symphytum (comfrey) genus has been used by humans for several 
purposes. Certain comfrey species have been cultivated as feed for animals, used in 
fertilizers, or consumed as a vegetable. Most notably, comfrey has been used externally to 
treat inflammatory disorders and bone fractures, and consumed based on claims of treating 
gastritis and arthritis.  
 
The present Hotlist Ingredient Review (HIR) has been undertaken to address questions 
surrounding the current Symphytum spp. entry on the Cosmetic Ingredient Hotlist. 
Symphytum spp. is described as prohibited from use in cosmetics, except for one of its 
species, Symphytum officinale (S. officinale). The prohibition appears to be based on 
potential for hepatotoxic effects in humans following oral consumption. This review will 
investigate if the available scientific evidence supports the prohibition of Symphytum spp., 
and assess if the exemption for S. officinale is justified.     
 
Disclaimer: Please note that recommendations put forward by this document are intended to 
inform an upcoming Hotlist update, as supported by the currently available evidence. 
However, the HIR is a dynamic document which may be updated as required, should new 
information become available. 
 
 
Recommendations/Conclusions:  
 
All members of the Symphytum genus commonly known as comfrey, with the exception of S. 
officinale, are prohibited from use in cosmetic products. 
 
Based on the available evidence, the genus-wide prohibition of Symphytum spp. is 
scientifically justified. However, the exemption for S. officinale from the existing prohibition 
was found to be unsupported. 
 
Multiple international jurisdictions have banned or severely restricted the use of comfrey in 
oral and respectively topical natural health products and/or certain foodstuffs due to 
serious safety concerns regarding the presence of pyrrolizidine alkaloids (PAs), such as 
echimidine, lasiocarpine, lycopsamine and others. Certain PAs have been identified as 
genotoxic carcinogens and long-term exposure can increase the risk of developing cancer, 
particularly in the liver.  
 
While S. officinale is not considered to be an official source of echimidine, it is not devoid of 
other PAs of concern such as lasiocarpine.  Documented as one of the most toxic 1,2-
unsaturated PAs, lasiocarpine was classified by IARC as a class 2B carcinogen, thus possibly 
carcinogenic in humans. EFSA concluded it may act as genotoxic carcinogen via DNA-adduct 
formation. In spite of the structural diversity across PAs, the present knowledge on 



     
 

HOTLIST INGREDIENT REVIEW 

Risk Assessment Division 
Consumer and Hazardous Products Safety Directorate (CHPSD) 

 

3 
 

lasiocarpine has been used by EFSA to assess the health impacts of pyrrolizidine alkaloids 
as a class, and derive a daily exposure level that is considered to pose a low cancer risk 
(Margin of Exposure or MoE ≥ 10,000) and would also be protective of non-cancer effects.  
 
This level however should not be equated with being “harmless” from a toxicological 
perspective. Within the European Union, the general recommendation is to minimise the 
exposure to mutagenic and carcinogenic substances as low as reasonably achievable 
(ALARA principle), recognizing that even low intake quantities can result in an increased 
health risk with regular, repeated exposure. 
 
To maintain an MoE ≥ 10,000 in cosmetics, it was determined that the concentration of 
Symphytum spp. extract in a leave-on product with full body application, would need to be at 
least 100 fold lower than 0.1%. Since these ingredients are alleged to have a skin -
conditioning function (according to the INCI monographs), it is unlikely that such low 
concentration would be functional in a cosmetic product. 
 
In light of the available evidence, it is recommended that the existing prohibition for 
Symphytum spp. be expanded to include S. officinale.  
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1.0 INGREDIENT(S) SUMMARY  

 
Symphytum spp. species, including but not limited to:  
 

(1) Symphytum officinale  
 
INCI Name(s): Symphytum Officinale Leaf Extract, Symphytum Officinale Callus Culture 
Extract, Symphytum Officinale Callus Culture Lysate, Symphytum Officinale Extract, 
Symphytum Officinale Leaf Powder, Symphytum Officinale Rhizome/Root Extract, 
Symphytum Officinale Root Cell Extract, Symphytum Officinale Root Extract  (PCPC, 
2024) 

Synonym(s): Comfrey, boneset, consound, healing herb, knitbone, slippery-root, 
common comfrey (GRIN, 2024) 

CAS Number(s): 84696-05-9 (PCPC, 2024) 

(2) Symphytum asperum 

INCI Name(s): None 

Synonym(s): Prickly comfrey; Persian comfrey; rough Comfrey (GRIN, 2024) 

CAS Number(s): None 

(3) Symphytum x uplandicum  

INCI Name(s): None 
 
Synonym(s): Russian Comfrey; blue comfrey (GRIN, 2024) 
 
CAS Number(s): None 

Refer to Appendix 1, Table 1 for a list of some Symphytum spp. species and their synonyms.  
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2.0 BACKGROUND ON THE SUBSTANCE(S)  

2.1 Regulatory Status of the Ingredient(s) in Cosmetics 

 
In Canada, Symphytum spp. is listed as prohibited on the Cosmetic Ingredient Hotlist except 
for the species S. officinale. Other verified international jurisdictions such as the EU, EEC 
Customs Union, ASEAN, MERCOSUR, and New Zealand do not limit the use of Symphytum 
spp.-derived ingredients in cosmetic products.  
 
Please refer to Appendix 2, Table 3 for a detailed comparison of the cosmetic regulations 
applicable to Symphytum spp.-derived ingredients in other international jurisdictions.  

2.1.1 Policy Statements and Decisions Regarding Cosmetics and Cosmetic 
Regulations 

 
A record of decision regarding comfrey was identified in a Health Canada advisory issued in 
2003, which states “Health Canada is advising Canadian consumers not to use the herb 
comfrey or any health products that contain comfrey because they might contain a 
compound called echimidine, which may cause liver damage.”  This advisory also 
recommended avoiding topical application to broken skin.  
 
However, in a 2004 response to a consumer concerning Health Canada’s advisory on 
comfrey, it was clarified that comfrey species, such as S. officinale which are not known to 
contain echimidine, are not subject to this ban.   
 
At the time of the 2003 advisory, it was indicated that some comfrey products do not specify 
the species in the product representation and out of an abundance of caution consumers 
were advised to avoid all products containing comfrey. However, according to section 21.2 
(3) of the Cosmetic Regulations, botanicals must be listed by specifying at least the genus 
and species portions of the INCI name. Therefore, listing an ingredient solely as “comfrey” 
on the label would not be compliant with the Cosmetic Regulations and it would be required 
to identify, at a minimum, the Symphytum species present in the product on the label.  
 
 
 
 
  



     
 

HOTLIST INGREDIENT REVIEW 

Risk Assessment Division 
Consumer and Hazardous Products Safety Directorate (CHPSD) 

 

7 
 

2.2 Status of Ingredient(s) in Other Cosmetic Lists or Databases 

  
Cosmetics Notifications (Health Canada): Between January 1st 2019 and May 29 
2024, 1355 active notifications were found for cosmetic products containing 
Symphytum and/or comfrey.  

 
(I) Symphytum officinale  

 
Only one species of Symphytum spp. was identified in the active cosmetic 
notifications: Symphytum officinale. 
 
The majority of notifications include moisturizers, cleansers, exfoliants and hair 
products (styling products, hair dyes). The notified skincare and hair products 
covered all concentration ranges, however the most common notified concentration 
for these products was less than 0.1%.   
 
Potential cases of non-dermal exposure:  
 
A number of notified products (n=44) with a maximum concentration range of 3-
10% are notified as loose powders and aerosols thus presenting the potential for 
inhalation exposure. Some notifications (n=40) with a maximum reported 
concentration range of 30-100% indicate the lips as one of the areas of application; 
[Redacted for confidentiality] with a maximum reported concentration range of 
10-30% present the potential for ingestion exposure.  

 
(II) Comfrey  

 
Twenty-six products notified to contain “comfrey” will be flagged for follow-up and 
clarification on the species identification.  

 
Please refer to Tables 4 and 5 in Appendix 3, for the full cosmetic notification reports 
on Symphytum officinale. and comfrey.  
 

 Personal Care Products Council (PCPC) INCI Dictionary:  
 
S. officinale is present in the INCI dictionary under the following INCI names:  
 
Symphytum Officinale Callus Culture Extract 
Symphytum Officinale Callus Culture Lysate 
Symphytum Officinale Extract 
Symphytum Officinale Leaf Extract 
Symphytum Officinale Leaf Powder 
Symphytum Officinale Rhizome/Root Extract 
Symphytum Officinale Root Cell Extract 
Symphytum Officinale Root Extract 
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Reported functions include skin-conditioning and abrasive.  
 
No other Symphytum species are reported to have cosmetic function, according to the 
INCI database.  

(PCPC, 2024) 
 

International Fragrance Association (IFRA) Standards (51st ed.): The ingredients 
are not listed.  

 

2.3 Status of Ingredient(s) in Other Non-Cosmetic Databases 

Domestic Substance List (DSL): 

Comfrey, Symphytum officinale ext. (CAS: 84696-05-9) is listed on the DSL. It did not 
meet the criteria for categorization under subsection 73(1) of the Canadian 
Environmental Protection Act, 1999 (CEPA). 

(ECCC, 2023) 

Food and Drug Regulations (C.R.C, c. 870) 

Symphytum spp. in a drug for human use is considered adulterated if it contains any 
of the following species or extracts or tinctures thereof:  

(i) Symphytum asperum, 

(ii) Symphytum x uplandicum, or 

(iii) echimidine or any of its salts  

(iv) any other plant species containing echimidine. 

Symphytum asperum, Symphytum x uplandicum and the pyrrolizidine alkaloid 
echimidine have been prohibited in drugs since 1988. S. officinale and other comfrey 
species or pyrrolizidine alkaloids are not prohibited under section C.01.038 of the 
Food and Drug Regulations. 

(Justice Canada, 2019) 
 
Natural Health Products Ingredients Database (NHPID) 

 
Symphytum officinale and Symphytum x uplandicum are listed in the Natural Health 
Product Ingredient Database.  
 
Symphytum officinale is listed as a non-medicinal skin-conditioning agent for 
external/topical use and a medicinal agent classified as an NHP under Schedule 1 
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item 1 of the NHP regulations. Topical non-medicinal use is intended for short term 
use, in adults only, and testing must be performed to ensure that the amount of 
pyrrolizidine alkaloids does not exceed 0.35 micrograms per day.  
 
In medicinal use, testing must be performed to ensure the absence of pyrrolizidine 
alkaloids (e.g., echimidine) in Symphytum officinale. 
 

Symphytum x uplandicum is classified as a NHP under Schedule 1 item 1 of the NHP 
regulations. Testing must be performed to ensure the absence of pyrrolizidine alkaloids in 
Symphytum x uplandicum. 
 

(HC, 2024) 
 
Licensed Natural Health Products Database (LNHPD) 

 
Symphytum spp. (Symphytum officinale, Symphytum, Symphytum x uplandicus) are 
listed as medicinal ingredients in 98 active licensed natural health products for oral 
or topical use (e.g. oil, lip balm, chest rub, masque, cleanser).  Symphytum officinale 
or “comfrey” (no species descriptor) are listed as non-medicinal ingredients in 47 
active licensed natural health products for topical use (e.g. sunscreen, medicated 
wipes, toner, cream, lip balm). 

 
(HC, 2023b) 

 
Drug Product Database (DPD): 
 

“Comfrey” (no species descriptor) is listed as an active ingredient in 11 over the 
counter (OTC) products, and 54 homeopathic products cancelled post-market.  
 

(HC, 2023a) 
 
Drugs.com® 
 

Internal use of comfrey is not recommended due to pyrrolizidine alkaloid content 
that can cause hepatotoxicity. Externally applied alkaloids can be absorbed and 
detected in the urine, therefore the use of topical comfrey should not exceed 100 
µg/day. The use is also contraindicated during pregnancy and lactation, in infants 
and in patients with liver or kidney disease. 
 

(Drugs.com®, 2024) 
 

 
 
Drugs and Lactation Database (LactMed®) 
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The Drugs and Lactation Database flags the topical use of comfrey preparations 
during breastfeeding to be contraindicated. If used nonetheless, it should only be 
applied to intact skin, away from the breast on the smallest area of skin as possible 
for a limited duration.  It is recommended than an infant does not come into direct 
contact with the treated area as ingestion may cause severe liver damage.  

 
(LactMed®, 2021) 

 
List of chemicals known to the state to cause cancer or reproductive toxicity 
(California EPA) 

 
As of 1988, lasiocarpine, a pyrrolizidine alkaloid constituent of comfrey is specified 
on the list of chemicals known to the State of California to cause cancer.  Echimidine 
and other pyrrolizidine alkaloids quantified in S. officinale are not listed.  

 
(CA EPA, 2023) 

 
Australian Government Poisons Standard  

Symphytum spp. (Comfrey) is listed under Schedule 5: Caution - substances with a 
low potential for causing harm, the extent of which can be reduced using 
appropriate packaging with simple warnings and safety directions on the label.  This 
caution is for dermal therapeutic or dermal cosmetic use.  

 
Symphytum spp. is listed as Schedule 10: Substances of such danger to health as to 
warrant prohibition of supply and use - Substances which are prohibited for the 
purpose or purposes listed for each poison. This is for preparations for human or 
animal use except when in Schedule 5.  

 
In Appendix F, clause 4 – Poisons that must be labelled with warning statements 
and safety directions Symphytum spp. must be labelled with the following directions: 
 

(i) Do not use on broken skin. 
 

(ii) Do not use under occlusive dressing. 
 

(TGA, 2024) 
 
International Agency for Research on Cancer (IARC) Classes of Carcinogens List 

 
Symphytum spp. is not mentioned in the IARC, however lasiocarpine, a pyrrolizidine 
alkaloid constituent of comfrey has been classified as possibly carcinogenic to 
humans (Group 2B). 
 
Two additional PAs that have not been quantified in Symphytum spp., monocrotaline 
and riddelliine, have also been classified as possibly carcinogenic to humans (Group 
2B).  
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Echimidine has not been classified by IARC with respect to its carcinogenic 
potential.    

 
(IARC, 1987) 

 
 
The ingredient(s) were not found in the following sources: 
Lists of Permitted Food Additives (HC);  
New Drugs List (aka Listing of Drugs Currently Regulated as New Drugs) (TPD) 
Prescription Drug List (HC);  
U.S. Code of Federal Regulations, excluding Subchapter G – Cosmetics (FDA) and  
Danish List of Undesirable Substances, and; 
French National Agency for the Safety of Medicines and Health Products (ANSM) 
List 
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3.0 SCIENTIFIC JUSTIFICATION 

3.1 Background 

3.1.1 Symphytum spp.  

 
Symphytum spp. (Boraginaceae family), is a diverse genus of perennial flowering plants that 
contains around 36 species – not including hybrids (Salehi et al., 2019; Tropicos, 2024). 
Members of the Symphytum genus are found all over Europe, Siberia, North America, and 
Asia, and have reported uses since 50 AD as herbal medicines (Frost et al., 2013).   
 
In Canadian cosmetics, S. officinale extracts sourced from various plant parts (roots, callus, 
leaves, rhizomes) are reported to be used for their skin-conditioning properties (PCPC, 
2023). Products containing S. officinale are notified across all concentration ranges; 
however, 90% of notifications are found at a concentration of less than 3%. The notified 
products present potential for dermal, oral, inhalation, and mucous membrane exposure.  
 
In addition to its use in cosmetic products, S. officinale has been marketed for internal and 
external use in traditional medicine. Specifically, it has been used externally in the form of 
ointments and compresses to treat joint disorders, bruises, sprains, pulled muscles and 
ligaments, and internally in the form of tea or tinctures for bone and joint pain. The alleged 
anti-inflammatory effects are induced via several constituents, such as allantoin that 
inhibits mitogen-activated protein kinases (MAPKs), nuclear factor kappa B (NF-κB), and 
potentially cyclooxygenase 2 (COX-2) expression (Seigner et al., 2019). 
 
As the Cosmetic Ingredient Hotlist entry exempts S. officinale from the scope of the 
prohibition, our review will also take into consideration studies referencing this species 
specifically. Lastly, since the pyrrolizidine alkaloid content of Symphytum spp. appears to be 
at the core of the Symphytum spp. prohibition, relevant toxicity data on these constituents of 
concern will also make the focus of this review. 
 
Please see Appendix 1, Table 2 for a list of the chemical constituents quantified in S. 
officinale.   
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3.1.2 Pyrrolizidine Alkaloids 

 
Pyrrolizidine alkaloids (PAs) are a diverse group of naturally occurring pro-toxins1 that are 
present at low levels in the Symphytum genus. Over 6000 plant species are known to 
contain PAs.  Although PAs encompass more than 400 different compounds from various 
plant lineages, as many as 23 different PAs have been identified in S. officinale2 (Avula et al., 
2015; Kruse et al., 2019). Depending on the plant part, the PA concentration ranges from 
0.04-0.6%, with the concentration in the roots being 100-fold higher than the aerial parts 
(Salehi et al., 2019; Stickel & Seitz, 2000). However, their content also varies with each 
season, with small young leaves often storing a higher alkaloid content than older leaves 
(EMA, 2011). Besides exposure to PAs via cosmetic ingredients and medicinal products for 
external use, consumers may also be exposed to these alkaloids via food products (e.g. 
honey, herbal teas, herbal supplements) (Dalefield et al., 2016).  
        
Three essential criteria are generally responsible for the observed hepatotoxicity of the 
pyrrolizidine alkaloid molecule: 1) the double bond of the 1,2-unsaturated necine base, 2) 
esterification of the hydroxy group in positions 9 and 7, and 3) a branched carbon chain in 
at least one of the ester side chains (Stickel & Seitz, 2000).  
 
The toxicity of 1,2-unsaturated PAs is almost exclusively associated with their metabolites. 
Upon ingestion, their biotransformation by hepatic microsomal enzymes (P450 cytochrome 
monooxygenases) results in the formation of reactive pyrrolic compounds that can interact 
as powerful alkylating agents with cellular molecules such as DNA and proteins (Fig 1) 
(Kruse et al., 2019; Stickel & Seitz, 2000). 
 

 
Figure 1. Metabolic transformation of 1,2-unsaturated pyrrolizidine 
alkaloids found in Comfrey by cytochrome P450 3A enzymes (Stickel & 
Seitz, 2000) 

 
1 Precursors of toxins that require metabolic conversion to achieve their active form  
2Notable quantities of echimidine are often reported, because other species that are morphologically close 
may be mistaken for S. officinale, however small quantities of echimidine have been reported in S. 

officinale samples. 
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Structurally, 1,2-unsaturated PAs are mono- or diesters of necine acids with a necine base. 
Based on their necine base, they are classified generally into 3 main types: retronecine-
type, otonecine-type and heliotridine-type. Retronecine, otonecine, and heliotridine-type 
PAs contain the 1,2-unsaturated necine base, allowing hepatic activation of toxic 
metabolites (Fig 2) (Ebmeyer et al., 2020). 
 
 

 
Figure 2 Structure of 1,2-unsaturated PA representatives (Ebmeyer et al., 2020) 

 
Although echimidine (retronecine-type) and lasiocarpine (heliotridine-type) have been 
reported as having the highest toxic potentials (Ebmeyer et al., 2020), several PAs known to 
lead to hepatotoxicity in humans and carcinogenesis in rats have been identified.  In the 
quality control of herbal medicinal products, 28 PAs are considered, including but not 
limited to echimidine, lasiocarpine, lycopsamine, intermidine as well as their respective N-
oxides (Giera et al., 2022). 
 
Due to their high toxicity even in small quantities, stringent limits for the presence of PA 
contaminants have been set by the European Union member states for certain commodities 
such as tea & herbal infusions, and certain food items such as honey (Food Supplements 
Europe, 2020). 
 
Since the presence of PAs hinders the therapeutic applications of comfrey-based 
preparations, recent research efforts have been devoted to identifying cost-effective 
strategies to improve the safety profile of comfrey. While there are no officially recognized 
methods for the complete removal of PAs, some experimental reduction strategies have 
been successful in depleting or completely eradicating the PA content (Giera et al., 2022; 
Kopp et al., 2020; Kruse et al., 2019; Trifan et al., 2023; Zakaria et al., 2021).   
 
A recent method described by Zakaria and colleagues (2021) proposed a CRISPR/Cas9-
mediated genome editing approach to silence the gene expression underlying the PA 
biosynthetic pathway. Upon the introduction of detrimental mutations in the hss gene 
encoding homospermidine synthase (HSS), an enzyme that plays a key role in PA 
biosynthesis, the level of PAs in the S. officinale hair roots became undetectable.  
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In 2023, Trifan and colleagues (2023), subjected various S. officinale root PA depleted 
extracts (PAs <2 ppm) to a rigorous phytochemical characterization and bioactivity 
evaluation, and demonstrated that PA depletion does not significantly affect the antioxidant 
(radical scavenging) properties and pharmacological activities of the extracts. The authors 
went on to conclude that PA-depleted extracts represent a safer alternative to raw comfrey 
extracts.  
 

3.1.3 Echimidine in Comfrey species   

 
Numerous documented case reports showing that the internal use of comfrey extracts is 
associated with severe hepatotoxicity, in particular cirrhosis and ascites, prompted various 
jurisdictions, including Canada, US, UK, Australia and Germany to implement a full ban on 
the inclusion of comfrey in dietary supplements intended for oral consumption.  

 
In Canada, the rationale for the Symphytum spp. prohibition with an exemption for S. 
officinale on the Cosmetics Ingredient Hotlist may have been based on the expectation that 
the pyrrolizidine alkaloid echimidine is not present in S. officinale. Until 1988, when 
Canada’s Food and Drug Regulations were amended to prohibit the sale of any products 
containing echimidine, this PA had been flagged as a key alkaloid involved in cases of acute 
toxicity associated with Symphytum spp. consumption in humans (FSANZ, 2001). 
 
The European Medicines Agency (2015) assessment report on S. officinale reports that in 
theory, this species does not contain echimidine. Often, its reported presence is the result of 
mistaking the plant for other species that are morphologically similar, such as S. asperum, or 
the falsification of the herbal substance with S. pergrinum roots (EMA, 2015). Using PAs as 
chemotaxonomical markers, Huizing and colleagues (1982) demonstrated that in isolated 
alkaloids from several extracts of Symphytum taxa, echimidine was not detected in S. 
officinale extracts. However, in crossing experiments of S. officinale and S. asperum, 
echimidine was found in all the interspecies hybrids (Huizing et al., 1982). These authors 
indicate that the possibility that hybrids were used in other analyses where echimidine was 
found in S. officinale must not be overlooked. Other reports state that the presence of 
echimidine may also indicate the hybridization of S. officinale with S x uplandicum (Avula et 
al., 2015).  
 
Although S. officinale is not expected to have echimidine, several investigations have shown 
that the chemotaxonomic classification that distinguishes certain Symphytum species from 
S. officinale based on their echimidine absence can no longer be applied strictly.  

 
(I) S. officinale plants were collected from their natural habitats all over 

Europe and thin-layer chromatography was performed to compare 
relevant compounds. Six extracts from fresh S. officinale specimens3 
contained echimidine, albeit in small quantities (Jaarsma et al., 1989) 

 

 
3Derived from root material; a  total of 26 S. officinale samples were used in this analysis. 
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(II) In 13 comfrey products purchased from retail stores in the Ottawa area, 
with some using the label designation ‘S. officinale’, echimidine was 
detected using thin-layer chromatography and gas chromatography-
mass spectrometry (Awang et al., 1993)  

 
(III) Using high-speed countercurrent chromatography to isolate PAs from an 

alkaloid extract from the roots of S. officinale, purchased from Richters 
(Ontario, Canada), echimidine was found within the alkaloid extract 
(Kim et al., 2001)  

 
(IV) A thin-layer chromatogram of crude alkaloids extracted with methanol 

from dried, milled roots of S. officinale (5 kg), revealed the presence of 
both symphytine (2.8 g) and echimidine (2.7 g) in fraction (Furuya & 
Araki, 1968) 

 

3.2 Relevant Toxicokinetics 

 
There is limited data on the dermal absorption potential of Symphytum spp. extracts or 
specific PAs, but some studies have investigated dermal penetration in animals and humans 
and they are summarized below. 
 
(I) A crude alcoholic extract of S. officinale root, corresponding to a dose of 194 mg 

alkaloid-N-oxides/kg bw was applied dermally to Sprague Dawley derived/SIV 50 
male rats (200g each) (n=2). The application area measured about 3 cm 2 and the 
sample was applied immediately after shaving with an electric clipper. After 
treatment, the skin was covered with aluminum foil and fixed with an elastic 
bandage, with a total contact time of 44 hours. The urine of the treated animals was 
collected daily, and quantitation and identification of the alkaloids were done 
through GC-FID and GC-MS. Over 2 days, the excretion of the alkaloids in the urine 
was in the range of 0.1-0.4% of the applied dose (Brauchli et al., 1982). No 
conclusions regarding dermal absorption can be drawn from this study as no mass 
balance loss assessment is reported in this publication.   
 

(II) In a membrane diffusion and permeability study via a vertical Franz diffusion cell, 
3.03 µg of lycopsamine PA isolated from comfrey extracts was applied to a 
synthetic membrane (Porafil membrane filter) and on heat-separated human 
epidermis excised from 2 male Caucasian patients (ex vivo) supported with Porafil 
membrane filter. Distilled water thermostated  to 37 ± 0.5 C was used as acceptor 
phase. After 24 hours, the cumulative amount of diffused lycopsamine ranged 
between 0.11% and 0.72% in the synthetic membrane and between 0.04% and 
0.22% through the human epidermis (Jedlinszki et al., 2017)   

 
(III) A recent ex vivo study conducted by Plaza et al. (2022) as per OECD guidelines and 

GLP, investigated the propensity of PAs to become bioavailable following topical 
application to split thickness human skin consisting of the epidermis and a portion 
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of the dermis, excised from the abdomen of donors aged 27-61 years old. The 
biological sex of the human donors was not reported. Comfrey root cream 
formulation spiked with echimidine (purity 93.13%), lycopsamine (purity 99%), 
and retrorsine (purity 99%) at 0.006 mg/g was applied evenly over the stratum 
corneum. The skin was either occluded with aluminum foil or left open to the 
atmosphere. PBS with bovine serum albumin (5% w/v) receptor fluid fractions 
were collected at 2, 6, 12, and 24 hours post-dose. The exposed skin was then heat 
separated into dermis and epidermis samples and retained for analysis via LC-
MS/MS. The Scientific Committee for Consumer Safety (SCCS) considers the 
amounts measured in the dermis, epidermis (without stratum corneum) and the 
receptor fluid as dermally absorbed in their risk assessment calculations. Thus, 
based on SCCS guidance (2023), the dermally absorbed amounts derived from this 
experiment are 4.14%, 3.61% and 5.80% for echimidine, lycopsamine and 
retrorsine respectively.  

 
Upon the oral ingestion, PAs are absorbed from the gastrointestinal tract, with a large 
proportion (80%) excreted unchanged in the urine and feces. Using 14C-labeled 
monocrotaline, it was shown that a fraction of ~10% is metabolized and that the 14C -
labeled carbons are exhaled as CO2. A small fraction of toxic pyrroles is hypothesized to 
remain bound to cellular components or retained as cellular adducts that are slowly 
recycled overtime (Stegelmeier et al., 2016).  
 
Based on the study performed by Brauchli and colleagues (1982) in Sprague Dawley 
derived/SIV 50 male rats, oral administration via gavage (194 mg alkaloid -N-oxides/kg 
b.wt) led to a 20-50 times higher excretion of alkaloids in the urine (3.4-9.4%) when 
compared to dermal administration (0.1-0.4%). According to EMA (2021), these findings 
suggest that the systemic absorption of PAs via oral route could be 20-50 times higher than 
via the dermal route, at least in the rat model. 
 
Studies have revealed the rat as being the most sensitive species to PA toxicity.  While the 
toxicokinetic behaviors of each pyrrolizidine alkaloid present in Symphytum spp. have not 
been investigated systematically upon oral administration, a comparative pharmacokinetic 
study of lasiocarpine4 and heliotrine5 in rats showed absolute oral bioavailabilites of 0.5% 
and 23.3% respectively (Lin et al., 2023). A pharmacokinetic study of senescione, another 
hepatotoxic, genotoxic and tumorigenic PA found in Symphytum spp. found an absolute oral 
bioavailability of 8.2 ± 2.7% in Sprague-Dawley rats (C. Wang et al., 2011).  
 
As described by Moreira et al., (2018), bioactivation of orally ingested PAs occurs primarily 
in the liver, causing this organ to be the main target of toxicity caused by PA exposure. 
Three principal pathways for metabolic activation of PAs in the liver have been identified:  
 

I) Hydrolysis to produce necines and necic acids 
II) N-oxidation to form pyrrolizidine alkaloid N-oxides (PANO) 

 
4 Quantified in Symphytum spp.  
5 Not quantified in Symphytum spp.  
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III) Oxidation to form pyrrolic esters or dehydropyrrolizidine alkaloids (DHPAs) 
which can be oxidized to toxic, highly reactive didehydropyrrolizidine 
derivatives (pyrroles)  

 
The first two pathways are important detoxification routes promoting clearance of these 
compounds. However, PANO can reverse back to PAs which can be oxidized to DHPAs; these 
metabolites are primarily involved in the observed acute, sub-acute and chronic effects 
associated with PA exposure due to their ability to form DNA adducts. The isoforms of 
CYP450 that are responsible for PA metabolism leading to DHPA formation are generally 
CYP3A and CYP2B. (Moreira et al., 2018).  
 
In addition to the liver, where their levels are most prominent, cutaneous expression of 
these enzymes has been identified in keratinocytes and fibroblasts, granted their 
constitutive levels are too low to be measured without exogenous inducers (Slominski et al., 
2014; Smith et al., 2018). 
 
Upon bioactivation, DHPAs are distributed to other target organs, with the lungs being the 
2nd most affected organ by pyrrole formation, after the liver (Moreira et al., 2018).  
According to Stegelmeier and colleagues (2016) extrahepatic damage has been reported in 
the lungs, kidneys and the gastrointestinal tract. In addition to their known systemic 
toxicity, recent studies have also shown evidence of PA-induced secondary (hepatogenous) 
phototoxicity and photogenotoxicity, whereby pyrrolic metabolites generated in the liver 
may be transported to the skin where they can induce photosensitization reactions and 
possibly contribute to skin cancer formation (C. C. Wang et al., 2014; Zhao et al., 2011).  
 

3.3 Authoritative Opinions and Risk Assessments 

 
Norwegian Food Safety Authority (Mattilsynet), 2013 
 
The Norwegian Cosmetics Regulation (FOR 1995-10-26 nr 0871, Annex  
3), which was in force up until June 11th, 2013, stated that S. officinale was allowed in 
cosmetics provided it did not contain pyrrolizidine alkaloids. However, in the “Risk Profile of 
Symphytum Officinale extracts” published November 2013, the Norwegian Food Safety 
Authority (Mattilsynet) stated that while lower amounts of PAs are expected to be absorbed 
systemically as a result of the topical use of S. officinale when compared to oral exposure, 
the potential for severe health effects warrants a restrictive approach. Since the complete 
absence of PAs may be difficult to achieve, Mattilsynet recommended a full prohibition of 
comfrey extract in cosmetics (Mattilsynet, 2013).  
 
In their review of systemic toxicity, Mattilsynet focused on the hepatotoxic effects 
associated with the ingestion of comfrey, including hepatic veno-occlusive disease (HVOD), 
severe liver damage and liver cancer.  
 
HVOD initially presents with fatigue, abdominal distension, and signs of portal 
hypertension, and can rapidly progress to hepatomegaly and multiorgan failure (LiverTox, 
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2012). Liver histology often shows occlusion of small hepatic venules (Allgaier & Franz, 
2015). To this day, there are no effective clinical therapies for PA-induced HVOD cases (Q. 
Wang et al., 2021). 
 
The lowest known dose associated with long-term toxicity (HVOD) in humans is reported to 
be 0.015 mg PA/kg bw/day, with an exposure period of 6 months. In most non-fatal cases of 
HVOD, the total dosage of PAs was 2-27 mg/kg body weight (Mattilsynet, 2013). 
 
A lifetime cancer risk of 10-4 was calculated when using aftershave products containing 5% 
comfrey extracts although the Authority acknowledged that the risk could be higher or 
lower depending on the PA content in the extracts. According to the Council of Europe 
(2008) the lifetime cancer risk must be below 10-5 to be considered acceptable.  
 
In their Margin of Safety (MoS)6 calculations, a NOEL of 100 mg/kg bw for Symphytum 
officinale was used (no reference study provided), resulting in MoS values7 of 133 for face 
products, 4 for body lotions and 909 for body washes, based on a maximum assumed 
concentration of 4% S. officinale extracts in cosmetic product and an assumed dermal 
absorption of 100% as a worst case scenario since no adequate data were available at the 
time of the opinion. The Authority did not endorse the current levels of exposure as safe and 
it did not follow up with a recommendation for alternate safe levels of comfrey extract in 
cosmetic products. Instead, the risk profile concluded that due to toxicity and 
carcinogenicity concerns, the exposure to PAs should be kept as low as practically possible. 
Therefore, prohibiting the use of comfrey extracts in cosmetics is warranted.  
 
Apart from Mattilsynet, the safety of comfrey and/or its pyrrolizidine alkaloids in cosmetic 
products has not been addressed as part of a formal scientific opinion or safety assessment 
by other international expert panels (e.g. SCCS & CIR).  
 
 
Other international opinions/public statements: 
 
Although not directly relevant to cosmetics, the safety of pyrrolizidine alkaloids has been 
reviewed by other international expert panels and dietary limits have been derived. These 
are summarized in Table 1 below, along with the Point of Departure (PoD) and target 
Margin of Exposure (MoE) that lead to these daily intake values. Due to their potential 
genotoxic and carcinogenic effects, it is unanimously accepted by different international 
authorities that the exposure to PAs should be kept as low as reasonably achievable (ALARA 
principle) and not exceeding the daily intake values summarized below.  
 
Table 1. Summary of the maximum daily intakes for PA dietary limits available 
internationally and their points of departure 

 
6 Note: The Margin of Safety (MoS) calculation described by Mattilsynet is consistent with a Margin of 
Exposure (MoE) calculation i.e. uses a no-observed-effect-level (NOEL) as the point of departure rather 
than a health-based guidance value (HBGV) 
7 No target MoS provided.  
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International Authority Maximum daily intake for 
pyrrolizidine alkaloids 
(PAs) 

PoD and Target MoE Critical Study 

European Medicines 
Agency (EMA, 2021) 
 
 

0.0237 µg/kg bw/day 
 
Or: 
 
Max. 1 µg/day PAs in 
adults8, updated from 0.35 
µg/day published in 2014 
 
Max. 0.5 µg/day in children9 
 
 

BMDL10 = 237 µg/kg 
bw (Riddelliine) 
 
Target MoE ≥ 10,000 

NTP, 2003 

German Federal Institute 
for Risk Assessment (BfR, 
2016) 

Max. 0.0237 µg/kg bw/day  
 
Or:  
 
Max. 1 µg/day in adults7 

 
If use duration > 6 weeks, 
max. 0.1 µg/day 
 
For oral products: Not to be 
used during pregnancy or 
lactation  

BMDL10 = 237 µg/kg 
bw (Riddelliine) 
 
Target MoE ≥ 10,000 
 

NTP, 2003 

European Food Safety 
Authority (EFSA, 2017) 

Max. 0.0237 µg/kg bw/day 
 
 
 
----------------------------------- 
Previously: 
Max. 0.007 µg/kg bw/day 
 

BMDL10 = 237 µg/kg 
bw (Riddelliine) 
 
Target MoE ≥ 10,000 
----------------------------- 
Previously: 
BMDL10 = 73 µg/kg bw 
(Lasiocarpine) 
 
 
Target MoE ≥ 10,000 
 

NTP, 2003 

 
8Based on a body weight  value of 50 kg for an adult individual. The choice of default value is explained by 

EMA (2021) as follows: “For ~18% (average) of the European population the body weight is given with 
less than 60 kg (EUROPEAN COMMISSION 2006). This number would increase to up to 30%, if only 

taking into account women. Therefore, the calculation is linked to a body weight of 50  kg. This is in 
accordance with ICH M7” 
 
9Based on a body weight of 20 kg, the default body weight value used by EMA (2021) 
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Food Standards Australia 
New Zealand (FSANZ, 
2001) 

Max. 1 µg/kg bw/day 
(Provisional Tolerable Daily 
Intake, non-cancer effects) 

Tentative NOEL = 10 
µg/kg1 

 
Target MoE = 10 

(Ridker et al., 1985) 

National Institute for 
Public Health and the 
Environment (RIVM, 
2015) 

Max. 0.1 µg/kg bw /day  NOAEL = 0.01 mg/kg 
bw  (Riddelliine) 
 
Target MoE ≥ 100 

NTP, 2003 

UK Committee on Toxicity 
(COT), 2008 

Max. 0.1 µg/kg bw/day  
(non-cancer unlikely) 
 
 
 
--------------------------------- 
 
 
Max. 0.007 µg/kg bw/day 
(cancer unlikely) 
 
Max 0.35 µg/day in adults7 
 

BMDL10 = 237 µg/kg 
bw (Riddelliine) 
 
Target MoE ≥ 10,000 
 
---------------------------- 
 
BMDL10 = 73 µg/kg bw 
(Lasiocarpine) 
 
Target MoE ≥ 10,000 
 

NTP, 2003 
 
 
 
 
-------------------------- 
 
NTP, 1978 

1No-observed-effect-level (NOEL) value based on available data on cases of veno-occlusive 
disease in humans 
 
The initial 2011 opinion published by the European Food Safety Agency (EFSA) on the risk 
assessment of toxic unsaturated PAs, used an MoE approach to estimate the potential 
cancer risk in response to dietary PA exposure (EFSA, 2011). 
 
A number of 1,2-unsaturated PAs from different structural classes were deemed to be of 
particular importance to food and feed, including but not limited to lasiocarpine, 
monocrotaline, echimidine and riddelliine. Some, but not all of the identified PAs have been 
quantified in the Symphytum genus (Boraginacea family). Irrespective of its botanical 
source, lasiocarpine was reported in the EFSA (2011) opinion as one of the most toxic PAs 10 
tested, along with riddelliine.  
 
Since 1,2-unsaturated PAs are genotoxic and carcinogenic, the EFSA’s  Panel on 
Contaminants in the Food Chain (CONTAM) decided that applying a Margin of Exposure 
approach (MoE) rather than establishing a Tolerable Daily Intake (TDI) would be more 
appropriate. This is aligned with the ALARA principle (“as low as reasonably achievable”) .  
 
As a conservative approach, EFSA based the risk characterization of 1,2-unsaturated PAs on 
the BMDL10 value of 73 µg/kg bw/day for lasiocarpine. Rather than correcting for individual 

 
10 Relative toxic potencies according to lasiocarpine>senecionine>seneciphylline ≥ retrorsine>heliotrine   

(?) echimidine ≥ europine ≈ indicine ≈ lycopsamine ≈ monocrotaline  (Gao & Schrenk, 2023)  
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potencies of different PAs, EFSA considered the occurrence of all 1,2-unsaturated PAs as a 
sum and assumed equivalent potency in terms of their carcinogenic potentials.  
 
The BMDL10 value for lasiocarpine was derived from an NTP carcinogenicity study 
conducted by the National Toxicology Program (NTP, 1978).  In the NTP carcinogenicity 
study, doses of 7, 15, and 30 mg lasiocarpine/kg (equivalent to 0.35, 0.75 and 1.5 mg/kg 
bw/day) were administered orally to Fischer 344 rats over 104 weeks.  Liver 
angiosarcomas were observed in 13 out of 23 male and 2 out of 23 female rats in the 
highest dose, 11 out of 23 male and 7 out of 24 female rats in the medium dose, and 5 out of 
24 male and 8 out of 22 female rats in the lowest dose.  
 
EFSA considers that for substances that are both genotoxic and carcinogenic, an MoE of 
10,000 (105) or higher would be of low concern from a public health point of view.  
Therefore, doses up to 0.007 µg/kg bw/day PA from dietary exposure were deemed 
unlikely to pose a chronic health concern. This dose translates into a daily dose of 0.35 μg 
for an adult with a body weight of 50 kg.  However, doses up to 0.007 µg/kg bw/day PA may 
be of possible concern in juveniles (toddlers and children) who were identified by EFSA as 
high consumers of honey.  
 
In 2014, in the context of elaborating a monograph on Symphytum, the Herbal Medicinal 
Products Committee (HPMC) at the European Medicines Agency (EMA) issued a public 
statement setting a limit of 0.35 μg toxic unsaturated PA per day over a maximum of 14 
days of consumption. This limit was informed by EFSA’s conclusion  that a lifetime exposure 
dose of up to 0.007 µg/kg bw/day (based on lasiocarpine) is of low concern to human 
health.  The limit of 0.35 μg/day aligns with the quality specifications applied by  the NNHPD 
when S. officinale extracts are used as NMIs in products with topical application on intact 
skin.  
 
In 2017, EFSA revised the dose-response analysis used to inform the previous 2011 opinion 
regarding the risk for chronic effects posed by dietary PA exposure. Due to weaknesses and 
limitations in the NTP (1978) study conducted with lasiocarpine, EFSA selected a more 
recent study conducted with riddelliine (NTP, 2003), which in spite of some technical 
limitations, was considered an overall more suitable study for performing BMD modelling 
(EFSA, 2017). It is important to note that unlike lasiocarpine, riddelliine has not been 
identified in Symphytum spp. 
 
Taking into account uncertainties in the available studies used for the dose response 
analysis and the fact that riddelliine and lasiocarpine are among the most toxic PAs, EFSA 
concluded that updating the reference point would not impact the conservative n ature of 
the previous risk assessment.  
 
Consequently, the BMDL10 of 238 ug/kg bw day, derived for the incidence of liver 
haemangiosarcoma in female rats exposed to riddelliine replaced the previous reference 
point of 73 µg/kg bw day derived for lasiocarpine in the chronic risk assessment of PAs. In 
response to their updated characterization of chronic risk, and based on a target MoE of 
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10,000, a maximum level of 0.0237 µg/kg bw/day would be considered of low concern in 
terms of chronic health risk.    
 
The most recent statement issued by EMA’s Committee on Herbal Medicinal Products 
(HMPC) in 2021 reflects the updated evaluation of the PA carcinogenicity data, and 
endorses 1.0 µg/day (adult) as an acceptable limit for oral intake of PAs, based on a 
maximum level of 0.0237 µg/kg bw/day calculated for riddelliine. This oral intake limit 
would be reduced to 0.5 µg/kg in children (BW=20 kg) as well as pregnant and 
breastfeeding women. Due to uncertainties regarding dermal absorption potential, the same 
limits apply to cutaneous use, on intact skin only (EMA, 2021).   
 

3.4 Supplemental Toxicological Review  

 
Given the limited number of international scientific opinions addressing the safety or 
acceptability of comfrey and its species in the context of cosmetics, a supplemental 
toxicological review was conducted to further explore the potential for unintended l ocal 
effects such as skin irritation and sensitization.  
 
Overall, there is an absence of data addressing the local tolerability of S. officinale-derived 
extracts in relation to cosmetic formulations. However, some clinical trials have reported 
adverse events following the application of comfrey-containing topical products for various 
medicinal uses. A few of them are summarized below: 
 

(I) A single-blind, controlled, randomized clinical trial, compared the efficacy of 
a comfrey (S. officinale) root extract (99%-PA reduced, 1:2 ethanol 60% 
(V/V) ointment to a Diclofenac gel for the treatment pain associated with 
acute ankle sprains (n = 82 in each treatment group). A total of four adverse 
events were reported in the comfrey group, including headache (n=1), 
heartburn (n=1), bronchitis (n=1) and redness of the skin (n=1). No irritation 
or skin sensitization reactions were reported (Predel et al., 2005). 

 
(II) A two-centre, double-blind, parallel-group, placebo-controlled, randomized 

trial compared the efficacy of topical 4Jointz (standardized S. officinale 
extract (200 mg/g) and pharmaceutical grade tannic acid (100 mg/g) plus 
other ingredients including aloe vera gel (300 mg/g), eucalyptus oil (40 
mg/g), and frankincense oil (1.0 mg/g)) to an identical but inert placebo11 in 
reducing knee pain (n=133). The prevalence of rash was significantly higher 
in the 4Jointz group (n=69), with severity high enough to discontinue the 
study drug in four participants (Laslett et al., 2012).However, it is possible 
that the other ingredients could have contributed to the rash.  

 

 
11 Same formulation of topical 4Jointz minus the standardized comfrey extract (200 mg/g) and 

pharmaceutical grade tannic acid (100 mg/g) 
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(III) In a critical scoping review of external uses of comfrey, Frost and colleagues, 
(2013) identified twenty-one clinical studies that assessed adverse events or 
tolerability to topical comfrey (S. officinale and Symphytum x uplandicum - 
Nyman12) products.  Inclusion criteria consisted of the evaluation of an 
external preparation of any comfrey species, alone or with any combination 
of herbs, for any indication and outcome and against any comparator. 
Exclusion criteria were evaluations of homeopathic doses of comfrey, either 
internally or externally. Among them, 12 of the studies identified mild and 
transient adverse events that included skin redness, itching, burning, pain, 
chafing, rash, and eczema.  

 
Since all studies evaluated developing or established commercial creams formulations 
containing comfrey extract along with other co-formulants, it is not possible to conclusively 
correlate the reported adverse events with the presence of a specific ingredient.     
 
As discussed in section 3.2., upon metabolic activation, 1,2-unsaturated PAs can generate 
biologically reactive pyrrolic metabolites (dehydropyrrolizidine alkaloids or DHPAs) that 
are capable of inducing tumors through a genotoxic mechanism mediated by the formation 
of DHPA-derived DNA adducts. Malignant tumors have been reported in F-344 male rats fed 
lasiocarpine (50 ppm) in their diets for 55 weeks. Out of a total of 20 animals in the 
treatment group, a combined 85% (n=17) developed angiosarcoma of the liver and/or 
hepatocellular carcinoma, while one rat developed a malignant adnexal 13 tumor of the skin 
and one rat developed lymphoma (Rao & Reddy, 1978). Another study reports that topical 
doses of dehydromonocrotaline (DHM), a primary toxic metabolite of the PA 
monocrotaline14, followed by repeated treatments with croton oil, caused malignant tumors 
of the skin in LACA mice (Mattocks & Cabral, 1982). The mechanism responsible for the 
observed skin malignancies has not been fully elucidated, however, Zhao et al. (2011) 
proposed that when highly reactive dehydro-PAs circulate to the skin, they can lead to 
photosensitization or if they are metabolically formed in the skin, they can elicit skin tumors 
by a phototoxic effect. More specifically, the authors conducted a series of experiments 
showing that UVA irradiation of certain PA metabolites, such as dehydrolasiocarpine, 
generates reactive oxygen species (ROS) that mediate the initiation of lipid peroxidation, a 
phenomenon that underlies skin damage. Therefore, the UVA-induced phototoxic activity 
exerted by dehydro-PAs when present in the skin, may enhance skin damage and over time 
could increase the risk of skin cancer. 
 
These findings are further supported by Wang and colleagues (2014) who found that UVA 
irradiation of the pyrrolic metabolites dehydromonocrotaline and dehydroriddelliine 
induced DNA adducts in HaCaT skin keratinocytes.  
 

 
12 Hybrid species obtained by crossing Symphytum officinale with Symphytum asperum 
13 A type of appendageal tumor that arises from the adnexal structures of the skin e.g. hair follicles, 
sebaceous glands, sweat glands 
14 Not quantified in Symphytum spp.  
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While no reports of cancer cases in humans have been identified as a direct consequence of 
PA consumption or dermal application of comfrey extracts, the potential photogenotoxic 
effects associated with the presence of unquantified levels of PAs raises health concerns 
from topically applied cosmetics.  

3.5 Risk Characterization of Symphytum Officinale Extract in Cosmetics 

 
Presently, all ingredients derived from Symphytum spp. with the exception of S. officinale are 
prohibited from use in cosmetic products marketed in Canada, as per the Hotlist.  
 
As noted in section 2.2 the highest reported concentration for S. officinale-derived 
ingredients in leave-on products is in the range of 30-100%.  
 
Since a further refinement of the maximum concentration of S. officinale extract is not 
possible based on the available notification data, a concentration of 100% was assumed to 
allow the exposure calculations and limit derivation captured in Appendix 4, Tables 6, 7 and 
8.   
 
Published literature indicates that the roots of S. officinale, the part of the plant reported to 
carry the highest concentration of PAs, consist of maximum 0.6% total PAs. It is important 
to note that this concentration corresponds to the PA level in the raw, unprocessed root 
material. Depending on the process of extraction and any additional purification steps, the 
level of PAs could become more concentrated or more dilute in the final extract. Based on 
the expected variability across S. officinale extracts, and the lack of quality specification data 
in the public domain, the concentration range of PAs in the S. officinale extracts remains a 
source of uncertainty.  
 
In our exposure modelling, it is assumed that the occurrence of all 1,2-unsaturated PA 
constituents in S. officinale extract are considered as a sum and assumed to have equivalent 
in potency in terms of their carcinogenic potentials to lasiocarpine. This is in line with 
EFSA’s approach (see section 3.3).  
 
The maximum daily intake value was adjusted from 0.35 µg PA/day (based on a 50 kg 
adult) to  0.518 µg PA/day for a 74 kg adult in the exposure modelling calculations. 
 
In the absence of experimental dermal absorption data directly relevant to lasiocarpine, a 
default absorption value of 50% was assumed. This approach aligns with the most recent 
(2023) recommendation of the SCCS notes of guidance for testing of cosmetic ingredients, 
when no experimentally determined dermal absorption values are available. The use of 
echimidine, a close structural analogue of lasiocarpine, with available dermal absorption  
data was considered as a potential refinement. However, upon careful consideration, this 
approach was dismissed largely due to uncertainties regarding the dermal penetration 
enhancement effects of certain cosmetic formulations. The use of transdermal delivery 
systems in cosmetics is an extensive topic, that goes far beyond the scope of this HIR ; 
however, it is important to acknowledge that various dermal penetration enhancement 
methods are presently used in cosmetics to help overcome the barrier function of the skin 
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and more effectively deliver certain ingredients into the deeper skin layers. To account for 
these uncertainties, particularly when both substance-specific or formulation-specific 
dermal absorption data are lacking, the use of a conservative default value of 50% is 
defendable.  
 
Exposure modelling in adults (19+) indicates that a theoretical systemically absorbed daily 
amount (30,000 µg/day),  based on the assumptions described above, exceeds the 
maximum daily intake value of 0.518 µg/day by > 50,000 times.  Assuming a 0.6% PA 
content in Symphytum spp. extracts, the maximum acceptable concentration of Symphytum 
spp. extracts in a leave-on product with full body application, would need to be as low as 
0.002% for adults, and less for younger populations. The limit could also be potentially even 
lower if the PA content has become more concentrated upon extraction and purification of 
the plant raw material.  
 
The presence of S. officinale extract has also been identified in mouthwash products, at a 

concentration range of 10-30%. Exposure modelling calculations show that the theoretical 
systemically absorbed amount (~1500 µg/day) from the incidental ingestion of a 
mouthwash product with a concentration corresponding to the upper limit of the notified 

concentration range, exceeds the maximum daily intake value of 0.518 µg/day by over 
2,000 times. Assuming the PA concentration in the extract remains within 0.6%, the 

acceptable concentration of S. officinale extract in the finished product should not exceed 
0.01% in adults (19+), or less if the product is available for use by younger populations.  

 

4.0 CONCLUSION 

 
Based on the evidence reviewed here, the presence of Symphytum spp. on the Cosmetic 
Ingredient Hotlist is scientifically supported. However, the exemption of S. officinale is not 
supported. 
 
The existing evidence has highlighted the toxicity of pyrrolizidine alkaloids which are a 
common feature across all members of the Symphytum genus. Among them, echimidine was 
previously identified by Health Canada as the hepatotoxic alkaloid responsible for the 
reported incidents of liver damage upon consumption of health products containing the 
medicinal herb comfrey.  
 
In theory, S. officinale does not contain echimidine, which was the basis for its exemption. 
However, multiple studies have shown that S. officinale extracts contains echimidine at very 
low concentrations. Its presence may be explained by interspecies hybridization or 
misidentification during collection.  
 
Furthermore, Symphytum spp., including S. officinale contain other 1,2-unsaturated PAs such 
as lasiocarpine, which has been demonstrated to be carcinogenic in rodents via oral route, 
and has been classified as possibly carcinogenic in humans.   
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Although exposure to PAs occurs predominantly through contaminated foodstuffs and 
herbal preparations, dermal exposure may also pose a concern, particularly in individuals 
with liver or kidney disease.  
 
Absorption upon dermal application may be enhanced with application to broken skin, 
impaired skin barrier function or absorption enhancers . Furthermore, there is a paucity of 
dermal absorption data across all the identified PAs in S. officinale; the experimental values 
that are available showcase a high degree of variability across different individual PAs.  It is 
also important to consider that certain co-formulants in cosmetic products may enhance the 
dermal penetration potential of PAs. The calculated acceptable concentration of Symphytum 
spp. extract would have to be significantly lower than 0.1% in order to meet a maximum 
daily intake level of 0.518 µg/day in adults and even lower for younger, more vulnerable 
populations.  
 
Other international jurisdictions do not presently regulate the use of comfrey in cosmetics; 
there is however an international consensus regarding the significant adverse effects 
associated with chronic exposure to pyrrolizidine alkaloids leading to maximu m daily 
exposure limits being recommended for other consumer products such as certain foods, 
herbal teas and health supplements.  
 
In light of the evidence available at this time, it is recommended that the prohibition on 
Symphytum spp. be expanded to include the species S. officinale. 
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APPENDIX 1 – Ingredient Summary 

Table 1. Species associated with the Symphytum genus include but are not limited to:  

Symphytum spp.  INCI Names Synonym(s)/Common names 

Symphytum officinale1 Symphytum Officinale Callus Culture Extract; 
Symphytum Officinale Callus Culture Lysate; 
Symphytum Officinale Extract; Symphytum 
Officinale Leaf Extract; Symphytum Officinale 
Leaf Powder; Symphytum Officinale 
Rhizome/Root Extract; Symphytum Officinale 
Root Cell Extract; Symphytum Officinale Root 
Extract 

Black wort; Boneset; Bruise wort; Comfrey; Common Comfrey; 
Consound; Cultivated Comfrey; Knitbone; Quaker Comfrey; 
Slippery-Root; True Comfrey (North Carolina Extension Gardener 
Plant Toolbox, 2024) 

Symphytum asperum2  prickly comfrey, Persian comfrey (Missouri Botanical Garden, 2024) 

Symphytum × uplandicum1 (S. 
asperum × S. officinale, synonym: 
S. peregrinum) 

 Russian comfrey Missouri Botanical Garden, 2024) 

Symphytum bulbosum  bulbous comfrey 

Symphytum brachycalyx  Palestine comfrey 

Symphytum caucasicum  Caucasian comfrey 

Symphytum grandiflorum  creeping comfrey 

Symphytum ibericum  Iberian comfrey 

Symphytum orientale  white comfrey 

Symphytum tauricum  Crimean comfrey 

Symphytum tuberosum  tuberous comfrey 
1Only species with a reported cosmetic function according to the INCI Dictionary 
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2Specified in the Food and Drug Regulations C.R.C., c. 870 (Section C.01.038) 
 
Return to Section 1.0 Ingredient Summary.  
 

Table 2. Chemical constituents identified in S. officinale (Stickel, 2000) 

Compound  Content (%) 

Allantoin 0.6-0.8 

Pyrrolizidine Alkaloids 0.04-0.6 

Tannins 4-6 

Fructanes 15-30 

Starch 25 

Triterpenes  

Triterpenoid saponins  

Hederagenin hexasaccharide  

Oleanolic acid  

Sitosterole  

Lithospermic acid   

Asparagine  1-3 

Amino acids  Variable 

Return to Section 3.1 Background. 
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APPENDIX 2 - Regulatory Status of Symphytum spp., including Symphytum officinale in cosmetics 

 
Table 3. Comparison of Regulatory Status of Symphytum spp., including Symphytum officinale in Certain Jurisdictions  

 Canada1 USA2 European Union3,4 Other Jurisdictions5-9 

Status 

Prohibited on the 
Hotlist since 

December 2004, 
except for Symphytum 

officinale  

Not restricted Not restricted Not restricted 

Max. 
- 

 
- 
 

- - 

Product Type - 
- 
 

-   - 

Product Form - - - - 

Label 
Requirements 

-  - - - 
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 Canada1 USA2 European Union3,4 Other Jurisdictions5-9 

Other - - - - 

1HC, 2022; 2US FDA, 2023; 3CosIng, 2024; 4Switzerland (FDHA, 2017); 5Eurasian Economic Community Union (EEC, 2011); 6Association of Southeast 
Asian Nations (ASEAN, 2023); 7Mercado comun del sur (MERCOSUR, 2024); 8New Zealand (NZ EPA, 2017); 9Japan ((MHLW, 2000). 
 
Return to Section 2.1 Regulatory Status of Ingredient(s) in Cosmetics. 
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APPENDIX 3 –Symphytum officinale-derived Ingredients in Other Cosmetic Databases  

 
Table 4. Total active cosmetic notifications for Symphytum officinale from Jan 1, 2019 to May 29, 2024.  
 

Ingredients Number of 
Notifications 

Comfrey Extract 3 
COMFREY LEAF EXTRACT 19 
Comfrey Root 1 

Comfrey root powder 3 
Symphytum Officinale 268 
Symphytum Officinale (Comfrey) Leaf Extract 6 
Symphytum Officinale (Comfrey) Leaf Powder 8 
symphytum officinale callus culture extract 17 
Symphytum Officinale Extract 166 
Symphytum officinale huile/oil 1 
Symphytum officinale leaf and root 1 

Symphytum Officinale Leaf Extract 569 
Symphytum Officinale Leaf Powder 29 
SYMPHYTUM OFFICINALE RHIZOME/ROOT 
EXTRACT 

64 

Symphytum Officinale Root Cell Extract 10 
symphytum officinale root extract 189 
Symphytum Officinals 1 
Grand Total 1355 

[Entries with limited product counts redacted for confidentiality] 
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Table 5. Summary of the cosmetic purpose and concentration ranges of Symphytum officinale in products notified from Jan 1, 2019 to May 29, 2024.  
 

[Redacted for confidentiality] 
 
Return to Section 2.2 Status of Ingredients in Other Cosmetic Databases. 
 
 
 
 
 
 
 

APPENDIX 4 – Exposure Modelling Calculations and Limit Derivation for Symphytum officinale Extracts 

 
Table 6. Oral exposure scenario and limit derivation for a non-fluoride toothpaste formulated with Symphytum officinale extract 

 Age groups 

Product (Toothpaste) 19+ 14 to 18 9 to 13 4 to 8 2 to 3 

Product amount (mg) – 
ingested1 

80 80 140 210 210 

Concentration (%/100) of 
Symphytum2 0.1 0.1 0.1 0.1 0.1 

Concentration PA (%/100)3  0.006 0.006 0.006 0.006 0.006 
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Frequency4 2.5 2.6 2.6 2.9 2.9 

Bioavailability (%/100)5 0.5 0.5 0.5 0.5 0.5 

BW (kg)6 74 62 42 23 15 

Daily systemic exposure 
amount(mg/day)7 

0.1 0.1 0.1 0.2 0.2 

Maximum daily intake amount 
(mg/day)8 

0.00051800 0.000434 0.000294 0.000161 0.000105 

% Acceptable conc. 
Symphytum extract9 

0.086% 0.070% 0.027% 0.009% 0.006% 

1Default values for mean/median product amount (g/application) for toothpaste across different age groups, as recommended by t he Personal Care 
Products Workbook (internal reference) 
2Based on a notified maximum concentration range of 3-10%. The upper bound limit of 10% was assumed to be the concentration of S. officinale extract 
in the product. 
3Assuming a 0.6% lasiocarpine content based on a typical chemical composition of S. officinale root according to Stickel & Seitz (2000) 
4Default values for frequency of use per day for a toothpaste across different age groups, as recommended by the Personal Care Products Workbook 
(internal reference) 
5Based on the SCCS Notes of Guidance (2023), a 50% oral bioavailability will be assumed in the absence of empirically derived data for S. officinale extract 
or lasiocarpine 
6Default body weight (kg) across different age groups, as recommended by the Personal Care Products Workbook (internal referen ce) 
7Calculated daily systemic exposure amount: Product amount (mg) corresponding to incidental ingestion x Concentration (%/100) x PA concentration 
(%/100) x Frequency 
8Maximum daily intake of PAs should not exceed 0.35 μg/day (for a 50 kg adult) corresponding to 0.007 μg/kg bw day. This value is derived based on a 
BMDL10 of 73 μg/kg bw day for lasiocarpine as the point of departure (POD), and a target Margin of Exposure (MoE) of 10,000. This value was adjusted to 
0.518 μg/day for an adult body weight of 74 kg.  
9Maximum concentration of S. officinale extract permitted in a toothpaste to ensure that a maximum daily intake amount (mg/day) is not exceeded. 
Derived as: Maximum daily intake (mg/day) / (Amount ingested (mg) x Concentration of PA (%/100) x Frequency x Oral Bioavailab ility (%/100)   
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Table 7. Oral exposure scenario and limit derivation for a mouthwash formulated with Symphytum officinale extract 

 Age groups 

Product (Mouthwash) 19+ 14 to 18 9 to 13 4 to 8 2 to 3 

Product amount (mg) – 
ingested1 

1700 1700 1000 1000 
- 

Concentration (%/100) of 
Symphytum2 0.3 0.3 0.3 0.3 - 

Concentration PA (%/100)3  0.006 0.006 0.006 0.006 - 

Frequency4 1 1 0.85 0.85 - 

Bioavailability (%/100)5 0.5 0.5 0.5 0.5 - 

BW (kg)6 74 62 42 23 - 

Daily systemic exposure 
amount(mg/day)7 

1.5 1.5 0.8 0.8 - 

Maximum daily intake amount 
(mg/day)8 

0.00051800 0.000434 0.000294 0.000161 - 

% Acceptable conc. 
Symphytum extract9 

0.010% 0.0085% 0.0115% 0.006% - 

1Default values for mean/median product amount (g/application) for mouthwash across different age groups, as recommended by the Personal Care 
Products Workbook (internal reference) 
2Based on a notified maximum concentration range of 10-30%. The upper bound limit of 30% was assumed to be the concentration of S. officinale extract 
in the product. 
3Assuming a 0.6% lasiocarpine content based on a typical chemical composition of S. officinale root according to Stickel & Seitz (2000) 
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4Default values for frequency of use per day for a mouthwash across different age groups, as recommended by the Personal Care Products Workbook 
(internal reference) 
5Based on the SCCS Notes of Guidance (2023), a 50% oral bioavailability will be assumed in the absence of empirically derived data for S. officinale extract 
or lasiocarpine 
6Default body weight (kg) across different age groups, as recommended by the Personal Care Products Workbook (internal referen ce) 
7Calculated daily systemic exposure amount: Product amount (mg) corresponding to incidental ingestion x Concentration (%/100) x PA concentration 
(%/100) x Frequency 
8Maximum daily intake of PAs should not exceed 0.35 μg/day (for a 50 kg adult) corresponding to 0.007 μg/kg bw day. This value is derived based on a 
BMDL10 of 73 μg/kg bw day for lasiocarpine as the point of departure (POD), and a target Margin of Exposure (MoE) of 10,000 . This value was adjusted to 
0.518 μg/day for an adult body weight of 74 kg.  
9Maximum concentration of S. officinale extract permitted in a mouthwash to ensure that a maximum daily intake amount (mg/day) is not exceeded. 
Derived as: Maximum daily intake (mg/day) / (Amount ingested (mg) x Concentration of PA (%/100) x Frequency x Oral Bioavailab ility (%/100)   
 
 
 
 
 
Table 8. Dermal exposure scenario and limit derivation for a body lotion formulated with Symphytum officinale extract 

 Age groups 
Product (body 
lotion)  

19+ 14 to 18 9 to 13 4 to 8 2 to 3 1 6 to 11 mo 
0 to 5 

months 
Amount applied 
(mg)1 

10000 10000 7700 5200 4100 3200 2700 2100 

Concentration 
(%/100) of 
Symphytum2 1 1 1 1 1 1 1 1 
PA concentration 
(%/100) 

0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006 
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Frequency4 1 0.8 0.8 0.8 0.8 0.8 0.8 0.8 

Retention factor5 1 1 1 1 1 1 1 1 

Dermal 
absorption6 

0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

BW (kg)7 74 62 42 23 15 11 9.1 6.3 

Daily systemic 
exposure amount 
(mg/day)8 

30.0000 24.0000 18.4800 12.4800 9.8400 7.6800 6.4800 5.0400 

Maximal daily 
intake amount 
(mg/day)9 

0.00051800 0.00043400 0.00029400 0.00016100 0.00010500 0.00007700 0.00006370 0.00004410 

Acceptable conc. 
of S. officinale 
extract10  

0.002% 0.002% 0.002% 0.001% 0.001% 0.001% 0.001% 0.001% 

 
1Default values for mean/median product amount (mg/application) for a body lotion across different age groups, as recommended by the Personal Care 
Products Workbook (internal reference) 
2Based on a notified maximum concentration range of 30-100%. The upper bound limit of 100% was assumed to be the concentration of S. officinale 
extract in the body lotion. 
3Assuming a 0.6% lasiocarpine content based on a typical chemical composition of S. officinale root according to Stickel & Seitz (2000) 
4Default values for frequency of use per day for a body lotion across different age groups, as recommended by the Personal Care Products Workbook 
(internal reference) 
5Default values for the retention factor of a body lotion, as recommended by the Personal Care Products Workbook (internal reference) 
6Based on the SCCS Notes of Guidance (2023), a 50% dermal absorption value  will be assumed in the absence of empirically deri ved data for S. officinale 
extract or lasiocarpine 
7Default body weight (kg) across different age groups, as recommended by the Personal Care Products Workbook (internal referen ce) 



     
 

 

HOTLIST INGREDIENT REVIEW 

Risk Assessment Division 
Consumer and Hazardous Products Safety Directorate (CHPSD) 

 

44 
 

8Calculated daily systemic exposure amount (mg/day): Product amount applied (mg) x Concentration of S. officinale extract (%/100) x PA concentration 
(%/100) x Frequency x Retention factor x Dermal absorption (%/100) 
9Maximum daily intake of PAs should not exceed 0.35 μg/day (for a 50 kg adult) corresponding to 0.007 μg/kg bw day. This value  is derived based on a 
BMDL10 of 73 μg/kg bw day for lasiocarpine as the point of departure (POD), and a target Margin of Exposure (MoE) of 10,000 
9Maximum concentration of S. officinale extract permitted in a body lotion to ensure that the maximum daily intake amount (mg/day) is not exceeded. 
Derived as: Maximum daily intake (mg/day) /(Amount applied (mg) x Concentration of PA (%/100) x Frequency x Retention Factor x Dermal Absorption 
(%/100) 
 
Return to Section 3.5 Risk Characterization of Symphytum officinale Extract in Cosmetics. 


