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The Division of Food Contact Substances’ (DFCS) Toxicology Review Branch performed an 
evaluation of the currently available information for sheath of A. catechu palm tree leaves (i.e., 
palm leaf or A. catechu dinnerware) in food contact articles to determine whether this use meets 
the statutory criteria for general recognition of safety. This memorandum considers the 
pertinent scientific information and concludes that the use of palm leaf dinnerware in contact 
with food does not meet the criteria for general recognition of safety primarily because there is 
inadequate scientific data and information demonstrating the safety of the potential resulting 
exposure to its known alkaloid constituents (arecoline, guvacoline, arecaidine, and guvacine). 
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Furthermore, the information that is available on other products manufactured from other parts 
of the A. catechu plant and resulting exposure to associated alkaloids reinforce safety concerns 
for the use of palm leaf dinnerware. 

I. Food Contact Substances and the GRAS Provision  

As defined in section 201(s) of the Federal Food, Drug, and Cosmetic Act (FD&C Act) [21 U.S.C. 
§ 321(s)], the term "food additive" refers to any substance the intended use of which results or 
may reasonably be expected to result, directly or indirectly, in its becoming a component or 
otherwise affecting the characteristics of any food (including any substance intended for use in 
producing, manufacturing, packing, processing, preparing, treating, packaging, transporting, or 
holding food), unless the substance is generally recognized as safe (GRAS) among qualified 
experts under the conditions of its intended use. Subparagraphs (1-6) of Section 201(s) of the 
FD&C Act list additional exceptions to the definition of a food additive.  

As specified in section 409(a) of the FD&C Act [21 U.S.C. § 348(a)], food contact substances1 

(FCSs - substances that come into contact with food through food packaging, storage, or other 
handling), which are reasonably expected to become a component of or otherwise affect food 
based on their intended use, must either be an authorized food additive (through either an 
effective food contact substance notification (FCN), issued Threshold of Regulation (TOR) 
exemption, or a promulgated food additive regulation) unless the substance is GRAS for the 
intended use or meets the exceptions to the definition of a food additive in section 201(s)(1-6) of 
the FD&C Act. 

There is no effective FCN, issued TOR exemption, or promulgated food additive regulation for 
the use of palm leaves in contact with food.  Additionally, the use of the leaf sheaths of A. catechu 
palm tree leaves as dinnerware does not meet the exceptions to the definition of a food additive 
in section 201(s)(1-6) of the FD&C Act. Therefore, this memorandum will discuss the 
applicability of the GRAS criteria to the use of palm leaf dinnerware in contact with food. 

II. GRAS Criteria  

A conclusion that a substance is GRAS under the conditions of its intended use requires both 
general recognition of safety and evidence of safety. FDA has defined “safe” (21 CFR 170.3(i)) as 
a reasonable certainty in the minds of competent scientists that the substance is not harmful 
under its intended conditions of use. 

General recognition of safety requires common knowledge, throughout the expert scientific 
community knowledgeable about the safety of substances added to food, that there is reasonable 
certainty that the substance is not harmful under the conditions of its intended use. FDA’s 
regulations in 21 CFR Part 170 describe the eligibility criteria for classification as GRAS of a 
substance directly or indirectly added to food. Under 21 CFR 170.30(a)-(c), general recognition 
of safety must be based on the views of qualified food safety experts. The basis of such views may 
be either through: (1) scientific procedures; or (2) in the case of a substance used in food prior 
to January 1, 1958, experience based on common use in food. 

1 Food contact substances are defined in Section 409(h)(6) of the FD&C Act as “any substance intended for use as 
a component of materials used in manufacturing, packing, packaging, transporting, or holding food if such use is 
not intended to have any technical effect in such food.” 
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Pertaining to a substance used in food prior to January 1, 1958, FDA's regulations in 21 CFR Part 
170 define "common use in food" and establish eligibility criteria for classification as GRAS 
through experience based on common use in food. Under 21 CFR 170.3(f), common use in food 
means "a substantial history of consumption of a substance for food use by a significant number 
of consumers." 

Similarly, for GRAS conclusion based on scientific procedures, FDA's regulations in 21 CFR Part 
170 define "scientific procedures" and establish eligibility criteria for classification as GRAS 
through scientific procedures. Under 21 CFR 170.3(h), scientific procedures “include the 
application of scientific data (including, as appropriate, data from human, animal, analytical, or 
other scientific studies), information, and methods, whether published or unpublished, as well 
as the application of scientific principles, appropriate to establish the safety of a substance under 
the conditions of its intended use." Under 21 CFR 170.30(b), general recognition of safety based 
upon scientific procedures "shall require the same quantity and quality of scientific evidence as 
is required to obtain approval of a food additive." Section 170.30(b) further states that general 
recognition of safety through scientific procedures is ordinarily based upon published studies, 
which may be corroborated by unpublished scientific data, information, or methods. 

General recognition of safety requires that the information that establishes this is both generally 
available and generally recognized across the scientific community that the information 
demonstrates that the use is safe. The usual mechanism to establish that scientific information 
is generally available is to show that the information is published in a peer-reviewed scientific 
journal. Mechanisms to establish the basis for concluding that there is common knowledge 
throughout the expert scientific community about the safety of a substance are more varied. 
Most often, publication of data in a peer-reviewed scientific journal on a test substance has been 
used to establish common knowledge throughout the expert scientific community in addition to 
general availability. 

III. Overview of Palm Leaf Dinnerware  

Palm leaf dinnerware is formed from the fallen leaves of the A. catechu palm tree (1), which is a 
species of palm tree that is distributed and cultivated in East Africa, South Asia, and the Pacific 
islands (2). To manufacture palm leaf dinnerware, the fallen A. catechu leaves undergo a palm-
leaf deformation (i.e., forming) process, during which the leaves are cleaned of debris, soaked in 
water to improve formability, and placed into molds under high heat and pressure (3, 4). The 
manufacturing process of palm leaf dinnerware does not include the use of fillers or additives. 
Furthermore, these products do not contain a food contact barrier (5). 

Publicly-available information retrieved from web searches indicates that Areca palm leaf 
dinnerware products (e.g., bowls, plates, cups, and spoons) are imported  into the U.S. and 
marketed as single-use paper/plastic dinnerware that are eco-friendly, compostable, and 
biodegradable. Marketing and labeling information of some palm leaf dinnerware claim that 
these products can be microwaved, reused, and washed with soap and water. Some products are 
also alleged to withstand a range of temperatures and may be marketed for use in contact with 
both hot and cold foods. 
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It is well-documented in the scientific literature that toxic alkaloids (i.e., arecoline, arecaidine, 
guvacoline, and guvacine) naturally occur in the nuts, fruits, leaves, shoots, and roots of the A. 
catechu palm (6). The nut is chewed in some cultures as a mood enhancer. Alkaloids, phenols, 
and other compounds found in the nuts of the A. catechu palm and are suspected of contributing 
to the elevated risk of oral and esophageal cancers in those cultures (7). FDA has previously 
concluded that the fruit produced by the A. catechu  (i.e., betel nuts or betel nut husks) is not 
GRAS for use as an ingredient in conventional foods based upon public health concerns for 
exposure to alkaloids present in the nut2 and considers products composed, in whole or in part, 
of A. catechu nuts to be adulterated under sections 402(a)(1) and 402(a)(2)(C) of the Federal 
Food Drug and Cosmetic Act (FFDCA). Such products are subject to exclusion from U.S. 
commerce under section 801(a) of the FFDCA”.3 The same alkaloids found in the nut are also 
found in the leaves, shoots, and roots of the A. catechu palm (6). 

Specific to palm leaf dinnerware, FDA has previously refused entry of imported palm leaf 
dinnerware in that the product appeared to bear or contain a poisonous or deleterious substance 
which may render it injurious to health [Adulteration, Section 402(a)(2)(C)(i)].4 These import 
refusals were based on public health concerns for potential consumer exposure to alkaloids from 
the use of palm leaf dinnerware. 

IV. Regulatory Status of Palm Leaf Dinnerware  

i. Insufficient Evidence of GRAS Status Based on Common Use in Food Prior to 1958: 

Common use in food is defined as “a substantial history of consumption of a substance for food 
use by a significant number of consumers” [21 CFR 170.3(f)]. The fact that a substance may have 
been used in food prior to 1958 does not, in itself, demonstrate that such use is safe. The use 
prior to 1958 must be sufficiently broad to demonstrate safety to qualified experts.  

FDA is unaware of any evidence that palm leaf dinnerware was manufactured, intentionally used 
in contact with food, or intentionally added to food in the U.S. prior to 1958. To determine 
whether palm leaf dinnerware was commonly used prior to 1958, a search of the scientific 
literature was conducted in three databases  PubMed,5 Web of Science Core Collection,6 and 
FDA’s Scientific Terminology and Regulatory Information (STARI) database.7 Because STARI 
generally contains only food-related substances, we queried STARI using the search terms 

2 See memoranda on Betel nut (Areca catechu) - Original Mar 28, 2016, updated May 5, 2020. Posted on FDA’s 
website “Post-market Determinations that the Use of a Substance is Not GRAS.” Accessed January 8, 2025. 
https://www.fda.gov/food/generally-recognized-safe-gras/post-market-determinations-use-substance-not-gras 
3  
4 See Compliance Management System (CMS) case #s 578970, 589256, 543764, and 580357. 
5 The PubMed database generally has scientific literature dating back to about 1951, and in some cases, even 
earlier literature is available. PubMed, https://pubmed.ncbi.nlm.nih.gov/. 
6 The Web of Science Core Collection consists of six online databases with indexing coverage from the year 1900 to 
the present. Web of Science, http://www.webofknowledge.com/. 
7 The data contained within STARI dates to the 1970s. It includes primarily chemical substances (including 
substances/organisms used as chemicals) and associated identifying and regulatory information, but also any 
scientific term that may have been of interest to HFP. There are currently over 198,000 terms (preferred terms, 
synonyms) accessed through STARI, including over 50,000 CAS numbers, over 44,000 CERES IDs, over 17,600 
UNII codes, and over 1500 Regulations (primarily 21 CFR 73-189 and 40 CFR 180-186) with over 11,000 
connections to specific substances. Accessed December 23, 2024. 
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“Areca catechu” and “palm leaf” only. Our search of STARI returned one matching record of 
‘Areca catechu palm leaf sheath’ in the database. However, this record focused on betel nut and 
was not related to use in or as dinnerware and therefore, was not considered applicable to the 
use of leaf sheaths of the A. catechu in contact with food. The PubMed and Web of Science 
databases were searched using the search terms “Areca catechu” AND “plates”; “Areca catechu” 
AND “foodware”; “palm leaf” AND “food”;  “palm leaf” AND “plates”; and “palm leaf” AND 
“foodware” (Table 1). 

Table 1. Summary of literature search terms and results. 
Search Terms Database Search Results (Number) 

PubMed 486 
“Areca catechu” AND “food” Web of Science 

(Core Collection) 107 

PubMed 14 
“Areca catechu” AND “plates” Web of Science 

(Core Collection) 7 

PubMed 1 
“Areca catechu” AND “foodware” Web of Science 

(Core Collection) 2 

PubMed 14 
“Palm leaf” AND “food” Web of Science 

(Core Collection) 41 

PubMed 3 
“Palm leaf” AND “plates” Web of Science 

(Core Collection) 10 

PubMed 1 
“Palm leaf” AND “foodware” Web of Science 

(Core Collection) 3 

The PubMed and Web of Science searches yielded several literature results describing the 
chemical composition and pharmacological/toxicological effects of A. catechu extracts. Multiple 
PubMed and Web of Science search results also described the toxicological effects of betel nut 
(i.e., the seed of the fruit of the A. catechu palm) consumption, which is the primary consumption 
of A. catechu products as a food source.8 However, the PubMed and Web of Science searches did 
not yield literature results indicating that palm leaf dinnerware was intentionally used in contact 
with food or in food prior to 1958. 

Searches using Google provide little information that palm leaf dinnerware was marketed in the 
U.S. prior to 2006 (8). 

Per 21 CFR 170.30(c)(2), a substance used in food may be generally recognized as safe through 
experience based on its common use in food prior to January 1, 1958, when that use occurred 

8 Due to high concentrations of A. catechu alkaloid constituents (i.e., arecoline, guvacoline, arecaidine, 
and guvacine) in the betel nut, FDA determined that betel nut use in food is unsafe and does not meet the 
statutory criteria for classification as GRAS. See Post-market Determinations that the Use of a Substance is Not 
GRAS | FDA. 
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exclusively or primarily outside of the United States if the information about the experience 
establishes that the substance is safe under the conditions of its intended use within the meaning 
of section 201(u) of the Federal Food, Drug, and Cosmetic Act (see also § 170.3(i)). While there 
is anecdotal evidence that leaf sheaths were used in contact with food by some cultures in 
southeast Asian countries prior to 1958, such information is not available in a manner that meets 
the requirements of § 170.30(c)(2).  Currently, there are no internationally recognized standards 
or specifications to support the safe processing and use of palm leaf dinnerware in food or in 
food contact applications. 

Furthermore, history of use prior to 1958 is not sufficient to support GRAS status if new evidence 
demonstrates that there is no consensus that the ingredient is safe (see 80 FR 34650, 34653 
(June 17, 2015)). FDA has already determined that other parts of the A. catechu plant, (i.e., betel 
nuts or betel nut husks) are not GRAS for use as an ingredient in conventional foods based upon 
public health concerns for exposure to alkaloids present in the nut.2 FDA made this 
determination even though there was anecdotal evidence of historical use of the betel nut by 
some cultures prior to 1958.  The basis for FDA’s “not GRAS” determination for betel nuts, that 
alkaloids present in the nut pose a safety concern and there are not sufficient data available to 
address this concern, also apply to the use of palm leaf dinnerware (see discussion under 
“Insufficient Evidence of GRAS Status Based on Scientific Procedures”). 

In addition, the Technical Regulation of the Russia-Kazakhstan-Belarus Customs Union (CU) on 
Food Safety (TR TS 021/2011), adopted by the CU Commission in Decision No. 880, includes all 
parts of the A. catechu palm on the list of ‘plants and products of their processing, containing 
psychotropic, narcotic, potent, or toxic substances, prohibited for use as part of biologically 
active food additives’ (9). Such prohibition from use by other regulatory bodies is inconsistent 
with general recognition of safety of use in food throughout the scientific community. 

ii.  Insufficient Evidence of GRAS Status Based on Scientific Procedures 

A. catechu palm trees are known to contain four structurally related alkaloids: arecoline,9 

guvacoline, arecaidine, and guvacine (Table 2; Figure 1). These alkaloids are specifically found 
in A. catechu roots, tender shoots, leaves, veins, and fruits (i.e. nuts) of different maturation 
stages (6).  The chemical structure for each alkaloid is provided in Table 2.  Visual inspection  
shows a close similarity of the chemical structure of these alkaloids with each alkaloid consisting 
of similar functional groups attached to a tetrahydropyridine ring.  
 

9 Of the four alkaloids, arecoline is the most abundant in the nut (i.e., fruit) and leaf of the areca palm tree. 
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Table 2. The four major alkaloid constituents of the Areca catechu palm. 

Name CASRN® 
CMS# Structure 

Arecoline 63-75-2
CMS-2490 

Arecaidine 499-04-7
CMS-53682 

Guvacoline 495-19-2
CMS-19167 

Guvacine 498-96-4
CMS-19192 

A publicly available study to determine the alkaloid content of A. catechu leaves detected each of 
the four alkaloids at varying concentrations: arecoline (0.42 +0.26 mg/g), guvacoline (0.31 +  
0.08 mg/g), arecaidine (0.20 + 0.07 mg/g), and guvacine (0.38 + 0.07 mg/g) (6). As the 
alkaloids were present in the leaves at detectable quantities, this study indicated potential for  
the migration of these alkaloids from the leaves to food when used as dinnerware products. For  
this reason, FDA recently conducted a research study to determine the migration levels of these 
alkaloids from dinnerware products manufactured from A. catechu leaves and marketed in the 
U.S (5). The FDA researchers concluded that all four constituent alkaloids (i.e., arecoline,
guvacoline, arecaidine, and guvacine) migrate to a food simulant from palm leaf dinnerware
products under conditions designed to mimic their marketed use. The study also determined
that the migration occurred at varying levels depending on the manufacturer as well as across
products from the same manufacturer (Table 2). The FDA researchers also found that the four 
constituent alkaloids migrate at higher concentrations over time following microwave heating of
A. catechu bowls. For example, sampling of the food simulant after 20 minutes post-heating
demonstrated a 3-fold increase in migration for both arecaidine and guvacine over the 1-minute
post-heating sampling timepoint.

Table 2. Average and range of alkaloid migration values ( g in2) into 10% ethanol solution 
held at 40 °C for one hour. Manufacturers were selected at random based on market availability from 
online retailers in the U.S. (Table sourced from Mangrum et al. (2025)). 

Manufacturer Arecaidine Guvacine Arecoline Guvacoline 

A 3.5 ± 2.1 1.1 ± 0.5 LLOQ LLOQ 

B 6.7 ± 4.9 0.9 ± 0.4 LLOQ LLOQ 

C 3.3 ± 1.5 0.4 ± 0.3 0.2 ± 0.1 LLOQ 

D 2.6 ± 1.6 0.3 ± 0.3 LLOQ LLOQ 

E 5.2 ± 2.8 1.3 ± 0.7 LLOQ LLOQ 
 2 2 2 (2.02 

2) for guvacoline. n = 27 plates across manufacturers. Arecoline and guvacoline were detected 
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as present in the migration extracts but were below the limit of quantification for the analytical 
technique used. 

This research indicates that all four alkaloids are present and will migrate to food from palm leaf 
dinnerware products when used in contact with food as marketed. As noted in the following 
section “Toxicological Review of Data on Palm Leaf Dinnerware and Constituent Alkaloids”, 
information in the scientific literature indicates that dietary exposure to these alkaloids can 
induce adverse toxicological effects. This underscores that the dietary exposure to these alkaloids 
that occurs from the use of palm leaf dinnerware has the potential to result in adverse 
toxicological effects and serious harm to the general public. 

FDA also conducted comparison and analysis of structural similarity of these alkaloids using two  
computational methods available on the ChemTunes-ToxGPS® cheminformatics database (the  
two computational methods used were Dice and Tanimoto similarity measures, both using 
RDKit Mol as the similarity descriptors). This analysis, which is visually represented below in 
Figure 1, show that there is a high degree of similarity (i.e., similarity scores between 0.75 to 
0.95) between the chemical structures for all four alkaloids (10). 

Figure 1. Similarity comparisons using two methods (Dice vs Tanimoto similarity 
measures, both using RDKit Mol as the similarity descriptors). The compounds, from the upper 
left to the lower right, are guvacoline, guvacine, arecoline, and arecaidine. Blue squares indicate similarity 
scores derived from Dice analysis, red squares indicate similarity scores derived from Tanimoto analysis. 
For both analyses a similarity of > 0.8 is considered indicative of a high degree of structural similarity. 

The high degree of chemical structure similarity between all four alkaloids indicates that these 
alkaloids are structural analogues of each other and support the application of toxicological data 
from one alkaloid towards hazard identification and determination of potential safety risk from 
exposure to another alkaloid. Such approach to safety assessment is termed “read-across” and 
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is commonly used to support the safety of a data-poor substance by applying the safety data from 
a data-rich structural analogue to the exposure to the data-poor substance. As noted above, 
migration studies indicate that the alkaloids with the highest potential to migrate from palm leaf 
dinnerware into food are arecaidine and guvacine. However, as will be noted in the following 
section “Toxicological Review of Data on Palm Leaf Dinnerware and Constituent Alkaloids”, 
there is little toxicology data on arecaidine and guvacine specifically, while arecoline, which 
migrates at lower levels, is “data-rich”. As arecoline is a structural analogue for arecaidine, 
guvacine, and guavacoline, data from arecoline can be applied to the exposure for all four 
alkaloids to determine if a potential safety concern exists for exposure to these alkaloids from 
the food contact use of palm leaf dinnerware.  

b.  Toxicological Review of Palm Leaf Dinnerware and Constituent Alkaloids 

Herein, FDA Toxicology provides an updated summary of safety information associated with A. 
catechu leaves and their four major alkaloids (i.e., arecoline, arecaidine, guvacoline, and 
guvacine). This memorandum discusses the findings of an updated search of publicly available 
information to evaluate whether the use of palm leaf dinnerware meets the criteria for general 
recognition of safety. Our review focuses on the four main alkaloids in A. catechu palm leaves. 
We report findings of cited references that raise concerns regarding the safety of these alkaloids. 
Only scientific papers published in English were considered. 

A search of the scientific literature published through January 10, 2025 was conducted in three 
databases  PubMed,5 Web of Science Core Collection,6 and FDA’s Scientific Terminology and  
Regulatory Information (STARI)  database.7    

Because STARI generally contains only food-related substances, we queried STARI using the 
search terms “Areca catechu” and “palm leaf” only. Our search of STARI returned one matching 
record of ‘Areca catechu palm leaf sheath’ in the database. However, related information focused 
on betel nut and was not considered useful for this review. 

The PubMed and Web of Science databases were searched using the search terms (“Areca 
catechu” OR the names of the four principal alkaloids). To narrow the scope of results to 
publications relevant to the safety evaluations of A. catechu and the four alkaloid constituents 
and exclude publications irrelevant to establishing safety to support a GRAS conclusion the 
PubMed and Web of Science databases was further limited to AND (”toxicity” OR ”safety”) 
(Table 3). 

Table 3. Summary of literature search terms and results. 

Search Terms Database Search Results (Number) 

PubMed 3008 
“Areca catechu” Web of Science 

(Core Collection) 720 

PubMed 45 
“Areca catechu” AND “safety” Web of Science 

(Core Collection) 13 
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“Areca catechu” AND “toxicity” 
PubMed 462 

Web of Science 
(Core Collection) 34 

“arecoline” 
PubMed 1639 

Web of Science 
(Core Collection) 1374 

“arecoline” AND “safety” 
PubMed 16 

Web of Science 
(Core Collection) 13 

“arecoline” AND “toxicity” 
PubMed 232 

Web of Science 
(Core Collection) 86 

“arecaidine” 
PubMed 229 

Web of Science 
(Core Collection) 218 

“arecaidine” AND “safety” 
PubMed 6 

Web of Science 
(Core Collection) 3 

“arecaidine” AND “toxicity” 
PubMed 30 

Web of Science 
(Core Collection) 8 

“guvacine” 
PubMed 117 

Web of Science 
(Core Collection) 126 

“guvacine” AND “safety” 
PubMed 4 

Web of Science 
(Core Collection) 2 

“guvacine” AND “toxicity” 
PubMed 12 

Web of Science 
(Core Collection) 6 

“guvacoline” 
PubMed 34 

Web of Science 
(Core Collection) 39 

“guvacoline” AND “safety” 
PubMed 3 

Web of Science 
(Core Collection) 2 

“guvacoline” AND “toxicity” 
PubMed 9 

Web of Science 
(Core Collection) 5 

Combining the results (Table 3) from the searches inclusive of “AND ‘safety’” and “AND 
‘toxicity’” and excluding those in a language other than English yielded overall 605 unique 
references. Many, however, described analytical methods, betel quid (a chewable concoction, 
made from betel nut mixed with other materials, often used for mood enhancement), or other 
topics which were not considered relevant to the current safety evaluation. The relevant 
references have been cited below and listed in the bibliography of this memorandum. 
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1.  A. catechu leaf sheath 

There are no regulations (21 CFR 170-199) or effective authorizations for food-contact uses of 
products manufactured from the sheath of A. catechu leaves. 

 A lethal dose 50 (LD50) of >5000  mg/kg in mice was identified for A. catechu (11). 
However, specific details regarding the nature of the test article (e.g., sheath extracts or 
whole sheath) were not provided. As such, FDA Toxicology considers data based on acute 
exposure scenarios to be of limited relevance or this safety assessment. 

 Extracts of A. catechu leaves were reportedly non-mutagenic in an Ames assay with 
Salmonella typhimurium (S. typhimurium) strains TA100, TA1535, TA98, and TA1538 
in the presence and absence of exogenous metabolic activation (12). 

 Extracts of A. catechu leaves reportedly did not increase the frequency of micronucleated 
polychromatic erythrocytes (PCE) in the bone marrow cells of mice administered with 
2(LD50) mg of the test substance twice, i.p. (12). 

2.  Arecoline 

There are no regulations (21 CFR 170-199) or effective authorizations (FCNs, etc.) for the use of 
arecoline as an indirect or direct food additive. Arecoline is the most abundant alkaloid in the A. 
catechu palm and has been reported to induce several pharmacological and toxicological effects 
(13). The earliest report in the scientific literature of an evaluation of arecoline for toxic effect 
dates back to 1899 when Clemensha reported that administration of arecoline causes vomiting 
and diarrhea and is useful in treating constipation due to its effect on the contractility of the 
intestine (14). 

Arecoline is readily absorbed, systemically distributed, and eliminated via urine and feces in 
dogs (15). Patterson and Kosh (16) studied the metabolism of arecoline in mouse blood, brain, 
liver, and kidney homogenates prepared in saline. Arecoline was measured by GC/MS 30 min 
after the addition of 5 nM of the test substance. The rate of metabolism of arecoline was 
quantified using liver supernatant with 10-100 nM of arecoline. Six different potential 
inhibitors of metabolism of arecoline were tested to learn which enzymes might be involved in 
its metabolic processes. The researchers found that arecoline is extensively metabolized in the 
liver and kidney of mice. It was reported that other studies (17) had previously found that 
arecoline is quickly and completely metabolized in the rat liver homogenates. Patterson and 
Kosh also pointed out that there may be four different metabolites produced from three 
different pathways of metabolism of arecoline. Please see figures 2 and 3 below from scientific 
publications by Nery (1971) (18) and Oliveira et al. (2021) (19), respectively, that illustrate the 
different pathways of metabolism of arecoline.  
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Figure 2. Proposed metabolism of arecoline in rats (Nery, 1971). 

Figure 3. The metabolism of arecoline and arecaidine as later developed by Oliveira et 
al., 2021. 
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It has been reported that orally administered arecoline could be detected in rat blood (20), 
human urine (21), human saliva (22), human placenta and meconium (23), and human breast 
milk (24). Arecoline could also increase membrane permeability of rat brain neurons (25). 
Orally administered arecoline could be detected in many tissues, such as human hair (26) and 
mouse kidney, brain, and liver (27). Those authors also suggested carboxylesterase (Enzyme 
Commission no. 3.1.1.1) as being the enzyme that is primarily responsible for the metabolism of 
arecoline in mice. Further, Pan et al. (28) suggested that the differences in the effects of 
arecoline between rodents and dogs might be due to species-related carboxylesterase activity. 

Arecoline is an alkylating agent (29), a classification of substances which are known to induce 
DNA damage, and arecoline itself has been reported to show genotoxic effects in some studies, 
as summarized below: 

 Mutagenic effects were reported in an Ames assay with S. typhimurium strains TA 100, 
TA 1535, TA 98, and TA 1538 treated with arecoline in the absence and presence of 
exogenous metabolic activation (12). 

 An increase in the frequency of sister-chromatid exchanges and chromosomal aberrations 
was reported in Chinese Hamster Ovary (CHO) cells (30). The study authors also reported 
that chromosomal damage was more severe in cells treated with low concentrations of 
arecoline for a longer duration, which the authors believe mimics the reported effects 
from chronic Areca nut consumption. 

 An increase in the frequency of chromatid breaks, chromosome breaks, ring structure, 
multiple breaks, and cells with pulverized chromosomal complements was reported in 
bone marrow cells of mice administered (via intraperitoneal injection) with 0.25, 0.5, 1.0, 
and 2.0 mg of arecoline for 10, 20, and 30 days (29). 

 An increase in the frequency of micronucleated PCE was reported in the bone marrow 
cells of mice administered (via intraperitoneal injection) with 2.0 mg of arecoline (12). 

 An increase in the mutation frequency was reported in V79 Chinese hamster cells treated 
with 5 and 10 μg/mL of arecoline in the presence of exogenous metabolic activation (12). 

 Mixed results were reported in an Ames assay with S. typhimurium strains TA 98 and TA 
100 treated with arecoline in the absence (6.5-26 ǋmol/plate) and presence (6.5-39 
ǋmol/plate) of exogenous metabolic activation. Negative results were reported in the TA 
98 strain (in the presence and absence of exogenous metabolic activation). Positive results 
were reported in the TA 100 strain (in the absence and presence of exogenous metabolic 
activation) (31). 

A median toxic dose (TD50) of 39.5 mg/kg bw/d for arecoline hydrochloride has been reported 
in the Carcinogenic Potency Database (CPDB) (32). This value is based on a published oral 
carcinogenicity study conducted in Swiss mice (33). In this study, male and female mice were 
administered a dose of 1 mg/day/mouse of arecoline via gavage five times a week for a duration 
of 25 weeks. Upon reviewing the study, some design limitations were identified. For example, 
the duration of the study was shorter than the recommended 24 months for carcinogenicity 
studies conducted in rodents (34). In addition, only one dose was tested and this study included 
fewer numbers of animals per sex per group (e.g., 20 male and female mice each in the control 
group and 18 female mice in the arecoline-treated group) than the recommended minimum 
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number of animals per sex per group (i.e., 25 animals per sex per group) remaining at study 
termination (34). 

Nonetheless, the study reported increased incidences of tumors in several vital organs, including 
liver, lungs, and stomach, in 43% (15) of 35 male mice exposed to arecoline over a shorter study 
duration and was therefore used to estimate a unit cancer risk (UCR) for arecoline to conduct a 
conservative safety assessment. Upon reviewing the results of this study, FDA Toxicology 
concluded that arecoline is potentially carcinogenic and calculated a UCR of 0.0126 (mg/kg 
bw/d) ¹ for arecoline based on the TD50 value from this study.10 In the context of 
carcinogenicity, a TD50 value represents the measure of carcinogenic potency of a substance 
(35, 36). It is defined as the daily dose of a substance which would induce tumors in 50% of 
animals in a carcinogenicity study. A cancer risk assessment based on a TD50 value from a 
positive carcinogenicity study of a substance is considered a conservative approach to evaluate 
its safety (37, 38). 

FDA toxicology noted that the UCR of 0.0126 (mg/kg bw/d) ¹ calculated for arecoline is higher 
than FDA’s current UCR values for several potent carcinogens, including some vinyl-containing 
compounds (e.g., divinyl benzene,11 vinyl acetate,12 and 4-vinylcyclohexene13). Nitrosation of 
arecoline and other alkaloids in vivo, which leads to the formation of nitrosamines, has been 
hypothesized as a potential mechanism of action of carcinogenicity reported in mice (39). 

Gao et al. recently reviewed the toxicity of arecoline hydrobromide (AH), for which the active 
component is understood to be arecoline (40). The study authors summarized a 14-day study 
conducted by Wei et al. (41) to evaluate sub-chronic toxicity of AH. The study authors randomly 
divided eighty rats into four groups, including a high-dose group (1000 mg/kg bw), medium-
dose group (200 mg/kg bw), low-dose group (100mg/kg bw), and a vehicle control group. Each 
group consisted of 10 male and 10 female rats, which were administered arecoline or the vehicle 
control daily via gastric lavage for 14 days. During treatment, the animals were inspected daily 
for any clinical abnormalities. After treatment, the animals were euthanized and hematological, 
clinical biochemistry, visceral index, and histopathological parameters were analyzed. 
Arecoline-treated rats exhibited a significant reduction in body weight compared to controls at 
all dose levels (p < 0.01). Hematocrit and HGB levels and leukocyte, lymphocyte, and erythrocyte 
counts were significantly decreased in female rats treated with arecoline hydrobromide at all 
doses compared to control animals (p < 0.01). Some blood biochemical parameters (alanine 
aminotransferase [NS], total protein [p < 0.01], and blood urea nitrogen [p, 0.05]) in treated 
groups were also affected versus control. Male and female rats in the high-dose group exhibited 
significantly decreased cholesterol and aspartate aminotransferase (p < 0.05). In female rats, 
liver, kidney, and brain weights were significantly increased following treatment with low, 
medium, and high doses of arecoline hydrobromide (p < 0.05). Liver and spleen weights were 
increased in male rats from the high-dose group compared to the control group (p < 0.05). 
Treatment with arecoline hydrobromide did not result in histopathological findings in the low-

10 The Unit Cancer Risk (UCR) for arecoline is: 0.5/39.5 mg/kg bw/d = 0.0126 (mg/kg bw/d)-1. 
11 The UCR for divinyl benzene (CAS Reg. No. 1321-74-0) is 0.0014 (mg/kg bw/day)-1. 
12 The UCR for vinyl acetate (CAS Reg. No. 108-05-4) is 0.0012 (mg/kg bw/day)-1. 
13 The UCR for 4-vinylcyclohexene (CAS Reg. No. 100-40-3) is 0.00355 (mg/kg bw/day)-1. 
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dose animals. However, treatment-related pathological findings were observed in the colon, 
spleen, heart, liver, kidney, and brain of rats treated with medium and high doses of arecoline 
hydrobromide and these results were statistically significant between the high-dose and control 
groups (p < 0.05). 

Forbes et al. also conducted a study to assess the effect of AH on oral, esophageal, gastric, and 
intestinal absorption in dogs (15). The authors reported that oral administration of AH had an 
effect on the intestinal wall, resulting in vomiting. 

Xu et al. examined the effects of acute arecoline exposure on gastrointestinal toxicity in C57BL/6 
mice (42). Experimental animals were divided into three groups, including control, low-dose 
arecoline, and high-dose arecoline groups. The control group was administered saline, and the 
low-dose and high-dose groups were administered 6 mg/kg bw and 30 mg/kg bw arecoline, 
respectively, via gavage once daily for 23 days. The study authors found that arecoline intake 
induced a significant increase in intestinal inflammatory factor levels, such as a significant 
increase in IL-1ǃ levels and significantly increased secretion of IL- and IL-10 following 
administration of high-dose arecoline (p < 0.05). Histopathological sections of intestinal tissue 
from arecoline-treated mice revealed loose arrangement of local intestinal glands, a decrease in 
the number of goblet cells, and lymphocyte infiltration when compared to control animals. 
Arecoline intake also led to changes in the composition of gut microbes in both the low-dose and 
high-dose groups (p < 0.05). The authors concluded that arecoline intake caused intestinal 
injury under the conditions of the study. 

Lin et al. studied the chronic effects of arecoline on nephrotoxicity in male ICR mice 
administered a control solution or arecoline (6.11 mg/kg bw/day in drinking water) for 24 weeks 
(43). Kidney morphology and renal pathology were assessed for control and arecoline-treated 
mice. The authors identified increased tubulointerstitial fibrosis in arecoline-treated mice 
compared to controls (Masson’s trichrome stain, 7.7 ± 1% versus 2.2 ± 0.3% in 10 randomly 
chosen fields in each mouse, p < 0.01). Immunoblotting also demonstrated significantly 
increased renal cortical fibronectin and PAI1 protein expression in mice treated with arecoline 
for 24 weeks. Concurrent experiments in LLC-PK1 cells (a cell line analogous to proximal tubule 
cells of the kidney) in vitro demonstrated that arecoline induces cytotoxicity and increased TGF-
ǃ and pro-fibrotic protein levels in proximal tubular cells. The authors concluded that increased 
cytotoxicity, fibronectin, and PAI1 protein expression induces chronic tubulointerstitial fibrosis 
in arecoline-treated mice under the conditions of the study. 

Tang et al. studied the effects of arecoline administration on the development and severity of 
oral submucosal fibrosis in water drinking and injection mouse models (44). For the water 
drinking mouse model, sixty-six female C57BL/6 mice were offered water containing 2 mg/mL 
arecoline for 4, 8, 12, 16, and 20 weeks; the control group was provided regular drinking water. 
For the injection mouse model, sixty-six female C57BL/6 mice were injected with a 45 μL of 4 
mg/mL arecoline-saline solution every other day for 4, 8, 12, 16, and 20 weeks; the control group 
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received a saline solution under the same conditions. Starting at week 16, the authors found that 
the mice administered arecoline in drinking water or via injection exhibited a significantly lower 
degree of mouth opening when compared to the control groups (p < 0.05). The authors also 
noted increased fibrosis in the buccal mucosa of mice treated with arecoline. The status of the 
buccal mucosa at each stage of the fibrotic process was evaluated by histopathological analyses. 
The epithelial thickness of the buccal mucosa was significantly thickened at 16 weeks in mice 
administered arecoline in drinking water and at 20 weeks in mice injected with arecoline (p < 
0.001). Collagen thickness of the lamina propria of the buccal mucosa was significantly increased 
after arecoline induction at 8 weeks in mice administered arecoline in drinking water (p < 0.05) 
and at 16 weeks in mice injected with arecoline (p < 0.001). Evaluation of collagen accumulation 
in the buccal mucosa also demonstrated that the relative area of collagen I and III was 
significantly increased in mice administered arecoline in drinking water or injection after 12 
weeks of treatment (p < 0.01). The number of Į-smooth muscle actin (SMA)-positive 
myofibroblasts in the lamina propria were also evaluated as an indicator of the degree of fibrosis 
in the arecoline-treated mouse models. After treatment with arecoline injection, the authors 
observed a significant increase in the number of Į-SMA-positive myofibroblasts following 20 
weeks of induction compared to the control group (p < 0.001). Similarly, in the water-drinking 
model, a significant increase in the number of Į-SMA-positive myofibroblasts in the lamina 
propria was observed after 12 and 20 weeks of induction (p < 0.01). Finally, in the water-drinking 
model, the authors found a significant increase in sublingual collagen and in collagen 
accumulation in the lungs and small intestine (p < 0.001). The authors concluded that arecoline 
induced fibrosis not only in the buccal mucosa but also in other organs such as the tongue, lungs, 
and small intestine in mice under the conditions of the study.  

Liu et al. conducted a preliminary reproductive toxicity study of arecoline in mice (45). This 
study evaluated the effects of arecoline on embryos during the peri-implantation stages in female 
mice. Mice consuming varying dosages (0.0067, 0.067, 0.67, 6.7 mg/kg bw) of arecoline were 
assessed for their ability to successfully produce viable embryos. In addition, trophoblast 
outgrowth from blastocysts was evaluated to assess the survival status of the embryos. The doses 
were 0, 0.67, 0.0067, 0.067, 6.7 mg/kg or 0.0, 0.2, 2, 20, or 200 μg/mouse. The authors reported 
that arecoline exposure > 0.2 μg/mouse. Therefore, the authors concluded that arecoline 
induced toxic effects on mouse embryos as early as peri-implantation under the conditions of 
this study. 

Li et al. investigated the effects of arecoline on mouse oocyte development (46). In this study, 
oocytes were first cultured for 12 hours with 0, 160, 180, and 200 μg/mL of arecoline. The 
authors found that arecoline exposure at 160 ǋg/mL: 66.67 ± 6.73%, n = 115, p < .05, 180 ǋg/mL: 
50.00 ± 3.09%, n = 317, p < .01, 200 ǋg/mL: 38.22 ± 5.79%, n = 117, p < .01 inhibited meiotic 
maturation of mouse oocytes in a statistically significant dose-dependent manner. Furthermore, 
the frequency of morphologically aberrant spindles with misaligned chromosomes was 
significantly increased in oocytes treated with arecoline compared to the control group (p < 
0.05). Similarly, the rates of defective kinetochore-microtubule attachments and chromosomal 
aneuploidy were significantly increased in oocytes exposed to arecoline (p < 0.05). Arecoline 
treatment also altered the distribution of mitochondria and reduced ATP production in 
developing oocytes (p < 0.05). Finally, the authors observed significantly increased levels of 
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reactive oxygen species and rates of apoptosis in oocytes treated with arecoline compared to 
controls (p < 0.05). In summary, the authors concluded that arecoline exposure disrupted actin 
filament dynamics, spindle assembly, and kinetochore-microtubule attachment stability in 
mouse oocytes, leading to aneuploidy and oocyte meiotic arrest under the conditions of this 
study. 

Chickens 
Paul et al. conducted a study of AH in chickens (47) in which AH was aseptically dissolved in 
distilled water and injected into the air-sac of the fertilized egg at doses of 0.25, 0.50, 0.75 and 1 
mg/egg at 2, 3 and 4 days of incubation. The authors monitored the development of these chick 
embryos for up to 14 days. Edema, exencephaly, and fetotoxicity were observed in all AH-treated 
groups, among which arthrogryposis or clubfoot was one of the most consistent deformities. 
Although the toxicological mechanisms behind the teratogenic effects of AH were not explored 
in this study, the authors inferred that arecoline may disrupt multiple biochemical pathways, 
leading to teratogenesis. 

Humans 
Yuan et al. evaluated the effects of arecoline on human sperm motility in vitro (48). Sperm 
motility parameters (i.e., motility, average path velocity, straight-line velocity, curvilinear 
velocity, linearity, and amplitude of lateral head displacement) were compared between groups 
treated with varying concentrations of arecoline (0, 50, 100, 200, and 300 ǋg/mL) under the 
same incubation periods. The authors reported a significant decrease in all six sperm motility 
parameters following treatment with arecoline for 1, 2, and 3 hours compared to human sperm 
samples treated under control conditions (p < 0.05). The authors concluded that arecoline 
reduced human sperm motility in a statistically significant dose-dependent manner (p < 0.05) 
and stated that arecoline may alter gonadal functions in human males. 

Selvan et al. studied immune system responses to arecoline using a murine model system (49). 
The purpose of the study was to evaluate the modulatory influence of arecoline on B cell-
mediated immune response. The in vivo and in vitro effects were assessed at sub-toxic i.p. doses 
of arecoline: 5, 10 and 20 mg/kg bw. The number of primary antibody-forming cells (AFC) and 
hemagglutinating (HA) and hemolysis (HL) antibody titers to Sheep Red Blood Cells (SRBC) 
were evaluated in male mice. Arecoline exposure for a week invoked a dose-dependent effect on 
primary antibody forming cells to SRBC with no effect at 5 mg/kg bw, a moderate reduction at 
10 mg/kg bw, and a maximum reduction at the dosage of 20 mg/kg bw dose level. HA and HL 
antibody titers to SRBC were suppressed significantly (p < 0.001) at arecoline dosage of 20  
mg/kg bw and moderately at a dose of 10 mg/kg bw, given daily for 1, 2 or 3 weeks. The difference 
from controls was significant for the 10 mg/kg bw dose at 3 weeks (p < 0.01). The inhibitory 
effect of arecoline was not dependent on the duration of treatment. Like the primary antibody 
response, the secondary HA and HL antibody titers were also decreased after arecoline exposure 
10 mg/kg bw (p < 0.01) and 20 mg/kg bw (p < 0.001) Concomitant exposure of arecoline at the 
concentrations of 10í5 – 10í4 M with PWM (pokeweed mitogen, sic) suppressed 3H-thymidine 
incorporation of splenic cells in vitro. The study authors concluded that the intensity of 
arecoline-mediated suppression of antibody response to SRBC and PWM-induced splenic cell 
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proliferation is dependent upon the dosage and the mode of administration of arecoline. 

Lin et al. evaluated the cardiotoxic effects of arecoline in Sprague-Dawley rats following 
intraperitoneal injections of a low dosage (5 mg/kg/day) or a high dosage (50 mg/kg/day) of 
arecoline for 21 days (50). The study authors examined the effects of arecoline treatment on 
heart architecture and found that arecoline induces irregulated arrangement of myocardial 
fibers, aberrant cell shape of cardiomyocytes, and increased small interspaces in both arecoline 
treatment groups compared to controls. Finally, the study found that treatment with arecoline 
damaged cardiomyocytes in rats and resulted in increased cardiomyocyte apoptosis under the 
conditions of the study. 

Ho et al. studied the acute cardiotoxic effects, including pathologic heart hypertrophy, of 
intraperitoneal arecoline exposure in Sprague-Dawley rats (51). The authors induced heart 
injury in rats by administering arecoline at either a low dosage (5 mg/kg/day) or a high dosage 
(50 mg/kg/day) via intraperitoneal injections for 21 days. Echocardiography demonstrated 
impaired cardiac contractility in both arecoline-treated groups compared to the control group (p 
< 0.05). Furthermore, the authors identified significantly increased levels of the cardiac 
hypertrophy biomarker BNP in the heart of rats treated with 50 mg/kg/day arecoline. The 
authors concluded that exposure to arecoline induced cardiac hypertrophy, alters heart function, 
and caused heart damage in rats under the conditions of the study. 

Dasgupta et al. researched the hepatotoxic effects of arecoline administration in albino Swiss 
mice (52). Arecoline hydrobromide was injected intraperitoneally at three different doses (5 
mg/kg bw, 10 mg/kg bw, and 20 mg/kg bw) for 14 days. The authors found that arecoline 
induced disruption of hepatocytes at the ultrastructural level in mice treated with arecoline. For 
example, the authors reported decreased nuclear size with indented nuclear membranes, rough 
endoplasmic reticulum with profusely inflated cisternae and dilated mitochondrial cristae, and 
increased accumulation of vacuoles in arecoline-treated mice compared to controls. The authors 
also reported a significant increase in clinical markers of liver toxicity (i.e., SGOT, SGPT, and 
ALP) in the serum of arecoline-treated mice in a dose-dependent manner (p < 0.05). As such, 
the authors concluded that arecoline administration induced liver injury in mice under the 
conditions of the study. 

Dasgupta et al. investigated the effects of arecoline administration on endocrine function in male 
albino Swiss mice (53). In this study, mice were injected intraperitoneally with 10 mg/kg bw 
arecoline hydrobromide and untreated control or vehicle control solutions. The authors found 
that serum corticosterone was significantly increased in mice following arecoline treatment (p < 
0.001). Adrenal epinephrine and norepinephrine levels were significantly reduced in mice 
treated with arecoline compared to the control groups (p < 0.001). Blood glucose and liver 
glycogen were significantly decreased and increased, respectively, in mice treated with arecoline 
compared to control animals (p < 0.05). These data indicate that arecoline treatment caused 
hypoglycemia with an elevation of glycogen levels in mice treated with arecoline hydrobromide. 
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Taken together, the authors concluded that arecoline inhibits adrenomedullary function and 
disturbs glucose-glycogen homeostasis in mice. 

3.  Arecaidine 

There are no regulations (21 CFR 170-199) or effective authorizations for the use of arecaidine 
as an indirect or direct food additive.  

Arecaidine is reported to be a  metabolite of arecoline with 2-9% of arecaidine formed when 
arecoline was administered to rats in drinking water (54). 

Arecaidine has been reported to show genotoxic effects in some assays, as summarized below: 
 Mutagenic effects were reported in an Ames assay with S. typhimurium strains TA 100,  

TA 1535, TA 98, and TA 1538 treated with arecaidine in the absence and presence of  
exogenous metabolic activation (12). 

  An increase in the frequency of chromatid breaks, chromosome breaks, ring structure, 
multiple breaks, and number of cells with pulverized chromosomal complements was 
reported in bone marrow cells of mice administered (via intraperitoneal injection) 0.25, 
0.5, 1.0, and 2.0 mg of arecaidine for 10, 20, and 30 days (29). 

  An increase in the frequency of micronucleated PCE was reported in the bone marrow  
cells of mice administered (via intraperitoneal injection) 14 mg of arecaidine (12). 

  A slight increase in the mutation frequency was reported in V79 Chinese hamster cells 
treated with 10 μg/mL of the arecaidine in the presence of exogenous metabolic  
activation; however, the study authors concluded that arecaidine was negative under the  
study conditions (12). 

In our literature search, we did not identify any studies that have evaluated the carcinogenic 
potential of arecaidine. However, arecaidine is a metabolite and structural analog of arecoline14  
(Figure 1). As arecoline has been shown to be carcinogenic  in a mouse study, arecaidine was also 
considered to be potentially carcinogenic as a conservative approach to perform its risk 
assessment. As such, FDA Toxicology applied the UCR value of 0.0126 (mg/kg bw/d) ¹ for 
arecoline10 to the safety assessment of arecaidine. 

Humans 
Yuan et al. evaluated the effects of arecaidine on human sperm motility in vitro (48). Sperm 
motility parameters15 were compared between groups treated with varying concentrations of 

14 Similarity scores of 0.84 or 0.91 based on Tanimoto or Dice models, respectively. See Figure 1. 
15 Sperm motility parameters measured by Yuan et al., 2012 included motility, average path velocity, straight-line 
velocity, curvilinear velocity, linearity, and amplitude of lateral head displacement. 
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arecaidine (0, 50, 100, 200, and 300 ǋg/mL). The authors reported that arecaidine induced a 
statistically significant reduction in sperm motility at the highest concentration tested (300 
ǋg/mL) (p < 0.05). Correlation and regression analyses demonstrated that arecaidine induced a 
reduction in the sperm motility parameters tested, except for amplitude of lateral head 
displacement, in a dose-dependent manner (p < 0.05). 

Zebrafish 
Yan et al. reported that arecaidine and arecoline N-oxide showed no changes in mortality and 
hatchability rates in zebrafish, but the malformation rate of zebrafish larvae was significantly 
increased in a dose-dependent manner and accompanied by changes in body length (55). 

4.  Guvacoline 

There are no regulations (21 CFR 170-199) or effective authorizations for the use of guvacoline 
as an indirect or direct food additive.  

In our literature search, we did not identify any studies that have evaluated either the genotoxic 
or carcinogenic potential of guvacoline. However, guvacoline is a structural analog for 
arecoline16 (Figure 1). As arecoline has been shown to be carcinogenic in a mouse study,  
guvacoline was also considered to be potentially carcinogenic as a conservative approach to 
perform its risk assessment. As such, FDA Toxicology applied the UCR value of 0.0126 (mg/kg  
bw/d) ¹ for arecoline10 to the safety assessment of guvacoline. 

5.  Guvacine 

There are no regulations (21 CFR 170-199) or effective authorizations for the use of guvacine as 
an indirect or direct food additive. Guvacine is reported to be a hydrolysis product of guvacoline. 

In our literature search, we did not identify any studies that have evaluated either the genotoxic 
or carcinogenic potential of guvacine. However, guvacine is a structural analog of arecoline17 

(Figure 1). As arecoline has been shown to be carcinogenic in a mouse study, guvacine was also 
considered to be potentially carcinogenic as a conservative approach to its risk assessment. As 
such, FDA Toxicology applied the UCR value of 0.0126 (mg/kg bw/d) ¹ for arecoline10 to the 
safety assessment of guvacine. 

Humans 
Yuan et al. evaluated the effects of guvacine on human sperm motility in vitro (48). Sperm 

16 Similarity scores of 0.91 or 0.95 based on Tanimoto or Dice models, respectively. See Figure 1. 
17 Similarity scores of 0.74 or 0.85 based on Tanimoto or Dice models, respectively. See Figure 1. 



 

 
 

 

 
 

 
 

 

 
  

 

 
 

 

 

  

 

 
 

 

 

Page 21 – Use of A. catechu palm leaf dinnerware in contact with food 

motility parameters were compared between groups treated with varying concentrations of 
guvacine (0, 50, 100, 200, and 300 ǋg/mL). The authors reported that guvacine induced a 
statistically significant reduction in sperm motility at the highest concentration tested (300 
ǋg/mL) (p < 0.05). Correlation and regression analyses demonstrated that guvacine induced a 
reduction in the sperm motility parameters, linearity and amplitude of lateral head 
displacement, in a dose-dependent manner (p < 0.05). 

6.  Cramer Classification: 

Based on the toxic hazard decision tree criteria set forth by Cramer, et al. (1976), the four 
alkaloids are classified as Cramer Class III substances (56), which has an associated 
threshold of toxicological concern (TTC) of 1.5 μg/kg bw/d. Cramer classification was 
determined using the Cramer Decision Tree (CDT) within ChemTunes-ToxGPS® database (57). 
CDT uses chemical structure and predicts chemical reactivity of a substance to categorize 
substances into three classifications with associated Threshold of Toxicological Concern (TTC) 
values. Cramer Class III substances have complex chemical structures with reactive functional 
groups or exhibit a high potential for toxicity (58). 

c. Conclusions of Review of Evidence of GRAS Status Based on Scientific Procedures 
(Technical Evidence of Safety): 

As discussed above, there are numerous scientific publications of multiple toxicology studies 
reporting cancer and non-cancer effects from exposure to the four alkaloid constituents found 
in palm leaves. This review notes that such determinations raise safety concerns regarding A. 
catechu leaves, and therefore, palm leaf dinnerware does not meet the criteria for general 
recognition of safety.  As such, the data that is generally available does not support a conclusion 
of safety throughout the scientific community for the food contact use of palm leaf dinnerware. 

V. Overall Conclusions   

General recognition of safety requires common knowledge, throughout the expert scientific 
community knowledgeable about the safety of substances added to food, that there is reasonable 
certainty that the substance is not harmful under the conditions of its intended use. Under 21 
CFR 170.30(a)-(c), general recognition of safety must be based on the views of qualified food 
safety experts. The basis of such views may be either through: (1) scientific procedures; or (2) in 
the case of a substance used in food prior to January 1, 1958, experience based on common use 
in food. 

We were unable to find any evidence that palm leaf dinnerware was used in contact with food in 
the U.S. by a significant number of consumers prior to 1958.  While there is anecdotal evidence 
that leaf sheaths were used in contact with food by some cultures outside of the U.S. prior to 
1958, such information is not available in a manner that meets the requirements of § 
170.30(c)(2). Furthermore, history of use prior to 1958 is not sufficient to support GRAS status 
if new evidence demonstrates that there is no consensus that the ingredient is safe (See 80 FR 
34650, 34653 (June 17, 2015)).   

Generally available scientific data demonstrates that palm leaf sheaths contain alkaloid 
constituents, and those alkaloids migrate from palm leaf dinnerware into food simulants under 
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testing protocols designed to mimic the marketed food contact use of these products. 
Information in the scientific literature indicates that dietary exposure to the alkaloid 
constituents of the leaf sheaths of the A. catechu palm can induce adverse toxicological effects 
(e.g., genetic toxicity, carcinogenicity, immunotoxicity, cardiotoxicity, etc.) in multiple animal 
species. FDA has concluded that the generally available, relevant scientific data are insufficient 
to support the safety of the exposure to alkaloid constituents (arecoline, guvacoline, arecaidine, 
and guvacine) resulting from the use of palm leaf dinnerware in contact with food.  

Moreover, the available scientific information on the alkaloid constituents of palm leaf 
dinnerware underscores that dietary exposure to these alkaloids may result in adverse 
toxicological effects and serious harm to the general public. FDA reiterates that the reports of 
adverse health events associated with these alkaloids, such as increased incidences of liver 
hemangiomas, lung adenocarcinomas, and squamous cell carcinomas of the stomach in male 
mice, as well as scientific evidence of their genotoxicity, immunotoxicity, and neurotoxicity, in 
animals and/or humans are cause for safety concerns. Therefore, there is no basis to conclude 
that there is general recognition across the expert scientific community knowledgeable about the 
safety of substances added to food that available data demonstrates that there is reasonable 
certainty that the use of dinnerware products manufactured from the leaf sheaths of the A. 
catechu palm are not harmful under the intended conditions of use. 

As the available data in the scientific literature do not support consensus among qualified experts 
that palm leaf dinnerware is safe for use in contact with food based on either common use in 
food (prior to 1958) or technical evidence of safety, such use does not meet the statutory criteria 
for GRAS. Furthermore, based on a review of the available information, the use or intended use 
of the leaf sheaths of the A. catechu palm in contact with food is not eligible for a listed exception 
to regulation as a food additive [Section 201(s)(1)-(6) of the FD&C Act]. In addition, there is no 
promulgated food additive regulation, effective FCN, or issued TOR exemption establishing safe 
conditions of use of palm leaf dinnerware. 

Accordingly, when palm leaf dinnerware is used in contact with food, it is an unapproved food 
additive and is deemed an unsafe food additive within the meaning of Section 409(a) of the 
FD&C Act. Food contact products, such as dinnerware, that bear or contain an unsafe food 
additive are adulterated under 21 U.S.C. 342(a)(2)(C)(i). Offering an adulterated product for sale 
in interstate commerce is a prohibited act under the FD&C Act. 

, PhD. 

, PhD. on Behalf of , PhD. 
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