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Botanical Safety with NAMs:
Insights from Acorus calamus Rhizome Oil

Botanical extracts form a unique and challenging niche in modern safety assessment. A long history of
ethnobotanical use has coexisted with complex chemistries and compositions, which have been
misinterpreted or misused. With regulatory expectations that increasingly demand mechanistic,
human-relevant evidence, New Approach Methodologies (NAMs) are beginning to close this gap,
offering tools that move beyond historical assumptions and progress toward safety evaluations based
on data from various mechanism-based tests. JRF performed, and published, a comprehensive in vitro
assessment of Acorus calamus rhizome oil to show how this transition unfolds in practice.

Regardless of having a long history of traditional and ethno-botanical use as well as in cosmetic and
personal care formulation, A.calamus’s dermal safety profile from a toxicological point of view remains
unresolved. Furthermore, the presence of a toxicologically relevant phytoconstituent such as -asarone
has led to restrictions on A.calamus’s use in food and fragrance materials. This “safety data gap” needs
a transparent and modern toxicological evaluation rather than relying on historical use.

In this study, a battery of OECD test guideline compliant NAMs was applied to evaluate the skin
irritation, corrosion, and sensitisation potential of A. calamus rhizome oil under Good Laboratory
Practice conditions. This comprehensive analysis provides broader safety decisions that are
increasingly informed by how and why a substance interacts with human biology.

Chemical analysis of the rhizome oil using HPLC showed the dominance of 3-asarone, which made up
40.75% of the total content, followed by a-asarone at 4.16%. While the y-asarone could not be
detected. As the composition of the phytoconstituents varies with geography, chemotype, and the
method used for extraction, the chemical analysis of plant material forms an important aspect.

The dermal hazard was evaluated using the Skin Irritation (OECD 439) and Skin Corrosion Test (OECD
431) using human reconstructed epidermis (RhE) models. The RhE models mimic the key structural
and functional features of human skin. These tests demonstrated that the oil was not corrosive to the
skin but did induce reversible damage, i.e., resulting in skin irritation. This indicated the presence of
substances that disrupt the skin barrier without causing irreversible tissue damage.
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Figure 1: Result of Skin Irritation and Skin Corrosion Assay

Skin sensitisation, a more complex endpoint, was addressed using a defined approach that integrates
three key events of adverse outcome along the skin sensitisation pathway, including the in chemico
Direct Peptide Reactivity Assay (DPRA), addressing the covalent binding of electrophilic substances to
skin proteins, in vitro KeratinoSens assay (addressing the keratinocyte activation measured by
Nrf2-ARE signalling) and in vitro hCLAT assay, addressing dendritic cell activation.

The DPRA assay resulted in the mean cysteine depletion of 46%, while a negligible (<1%) depletion in
the case of lysine peptide was found. This resulted in the classification of A.calamus rhizome oil as a
moderate sensitiser with a mean peptide depletion of 23% in the DPRA assay.

A concentration-dependent luciferase activation was observed in the KeratinoSens assay, with the
maximum induction (Imax) observed at 12.5 ug/mL. The EC, , was 3.84 ug/mL. While the average fold
induction of luciferase activity (I __ ) reached 1.86 and 3.17 at concentrations of 6.25 and 12.5 pg/mL,
respectively, in experiment 1, and 1.82 and 2.60 at the same concentrations in experiment 2. A decline
in induction and an increase in cytotoxicity were observed at >12.5 pg/mL, confirming the results as
positive.

The A.calamus rhizome oil caused overexpression of CD86 and CD54 markers in the h-CLAT assay,
meeting the positive criteria of RFlI 2150% for CD86 and RFl = 200% for CD54, indicating a
sensitisation potential. The A. calamus rhizome oil met the positive response criteria of RFI = 150% for
CD86 and RFI 2 200% for CD54, indicating a sensitising potential. The calculated EC,_, was 27 ug/mL,
while the EC,  values could not be calculated as the RFI values for CD54 did not show a
dose-dependent increase; however, all values exceeded the positive criteria. Here, we used 17 pg/mL
as a surrogate minimum induction threshold (MIT)
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100 Figure 3: Cell viability of THP-1 Cells treated (left), % RFI for CD86
Concentration (ug/mL) and CD54 expression on THP-1 cells following exposure to
A. calamus rhizome oil (right).

Figure 2: Induction and viability of A. calamus
rhizome oil in the KeratinoSens™ assay




Taken together, the A.calamus rhizome oil, based on the 2-out-of-3 defined approach, was predicted to
be a skin sensitiser. The “2-out-of-3” DA can be used to predict whether the substance is a skin
sensitiser (Category 1) or not; however, it does not provide information on skin sensitisation potency
(Sub-category 1A versus 1B). Therefore, if the substance is predicted to be a skin sensitiser based on
the “2-out-of-3” DA, further information needs to be generated to conclude the skin sensitisation
potency for REACH information requirements.

Instead of stopping at just hazard identification, we established a quantitative risk assessment
framework. Using the SARA-ICE ED_, and SCSS default use parameters (daily amount, frequency, and
treated skin surface area), we translated the NAM data into product-type-specific maximum safe-use
concentrations.

Per application applied

Product Category Chax (%0, W/w)

masses (M, mg/cm?)

Face cream*
(leave-on)

Body lotion*
(leave-on, whole body)

Hand cream*
(leave-on)

Shower gel*
(rinse-off, whole body)

Figure 4: Calculated safe maximum concentrations (Cmax) expressed as % (w/w) (and ppm in parentheses)
for representative consumer product categories using SCCS default applied-mass inputs using the
OECD SARA-ICE DA PoD (170 pg/cm2).

The broader significance of this research lies not only in the classification of a single botanical (A.
calamus) but more in what it can demonstrate about the expanding and evolving NAM toolkit for
regulatory toxicology testing and next-generation risk assessment (NGRA). It shows that NAMs,
applied within a clearly defined context of use with support from robust chemical characterisation,
deliver nuanced hazard and risk information for complex natural products. This is especially important
for botanicals, which have historically been difficult to assess using traditional testing paradigms. The
outcomes of this research are context-based and apply only to a specific composition and chemotype.
The safe-use levels established are conservative and provisional. These findings should be understood
in the context of overall exposure from multiple products, formulation-specific skin absorption, and a
comprehensive integration of evidence from alternative methods and human data.

As regulatory agencies around the world keep pushing for non-animal methods, studies like this one
show us how we can use them. For example, when it comes to botanicals, we can move from
traditionally using them to having regulated products.
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