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INTRODUCTION

in November 2005 the PMRA established an independent Science Review Panel (the Panel) to
provide advice on approaches to the safety evaluation of Citronella oil, an insect repellent. The
specific charge to the Panel as outlined by the PMRA was “to assess the differences between
the outcome of the PMRA's standard risk assessment and the perceived safety of citronelia oit
and related active ingredients used as personal insect repellents.”

The Panel heard an oral presentation from the PMRA on November 25, 2005, which outlined
their approach to the safety evaluation. During that presentation, it was pointed out that there
were no suitable data on the toxicity of citronella oif itself, thus PMRA undertook an evaluation
of the toxicity of some of the components of the oil. On the basis of this evaluation, the PMRA
concluded that the available safety data were inadequate to meet current risk assessment
standards and they were unable to conclude that potential health risks from citronella cil
continue to be accepiable.

The Panel was then presented with a series of questions formulated by the PMRA, which the
PMRA requested the Panel attempt to answer. The Panel met in person on January 25, 2006,
and again by conference call on March 11, 2006 and formulated responses to the questions.
These questions and their answers are set forth below.

Question 1:

Does the Panel concur with the component based hazard assessment approach taken by
PMRA? ‘ :

By way of background, the Panel noted that it would be difficult to undertake routine oral toxicity
tests with citronella oil since it would be unlikely to be palatable to rodents at the dietary
concentrations required o establish threshold toxicity values (a LOAEL plus NOAEL). itwas
noted that, in several toxicity tests of components of the oil, the material was encapsuiated for
dietary administration to avoid this problem. Aithough the dermal route of exposure is a more
pertinent route-of-entry of citronelia olls, dermal toxicity studies with the whole citronella oil may
not produce adequate systemic exposures to show foxicity, hence establish a LOAEL.
Therefore, the Panel agrees with the PMRA that the component based approach is the best way
{o evaluate citronella oil. '

The common cr trade name "citronella" applies to ocils from several species and chemoraces of
the plant genus Cympopogon. The PMRA needs to develop identity and quality criteria for this
product. Usually a range of constiluent levels are permitted in a botanical product. Consult with
Health Canada’s Natural Health Product Directorate {NHPD) which has experience with
essential oils.
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The manufacturers should supply detailed analytical data on the composition of the article of
commerce and a specification should be drafted. Assurance should be given that commercial
products comply with the specification.

Further safety data should be acguired from the literature on major components of citronelia oil.
This could consist of toxicity studies, metabolic studies and an analysis of structure/activity
relationship. The Panel is convinced that such an approach would provide a rigorous safety
analysis of citronella oil. The Panel includes herewith two publications that set forth procedures

for undertaking a detailed component analysis, Munro and Mattia (2004) and Smith ef al. -

(2005). It is recommended that the approaches outlined in these papers be followed.

The Panel, ke PMRA, expressed concern about the presence of methyl eugenol in the
citronella oil. The Panel agrees that methyl eugeno! is a potential human carcinogen and
exposure to this compound should be highly controlled. The Panel was provided with some
limited data on the analysis of Ceylon citroneila oil in which it was noted methyl eugenot
occurred. In other decumentation provided to the Panel, the manufacturer claimed that these
oils were free of methyl eugeno! but no analytical data were presented to support this position.
The Panei recommends that methyl eugenol concentrations be conirolled to undetectable levels
or that a risk based standard for methyl eugenol in the oil be set by the PMRA on the basis of
the methyt eugenaol National Toxicology Program (NTP) study.

Question 2;

Can the Panel recommend other ways to refine the hazard assessment or suggest an
alternative approach that may be more appropriate?

Alternative methods for hazard assessment include methods specified in the regulations of the
NHPD. These regulations, which came into force January 1, 2004, recognize evidence of safety
and efficacy based on traditional use. The fraditional use claim is based on 50 years (2
generations) of safe use. QOils are considered acceptable products and essential oils including
ol of citronella are among the products recognized in this category. A similar procedure is used
in Australia and other jurisdictions. Members of this Citronella Panel who are very familiar with
the NHPD system suggest that Citronella oil when used as an insect repellent appear to fit the
traditional use criteria used for Natural Health Products (NHPs). Since citronelia oil has been in
use for 50 or more years as an insect repelient with few adverse reports in the literature, its use
could be supported under this criterion after suitable review.

Recently, the Expert Advisory Commitiee (EAC) of the NHPD reviewed the safety of essential
cil products (Arnason and Saunders are members). In general, the Committee recommended
that since some adverse reactions have been reported for essential oils taken orally by young
children, these products be restricted to older children and adult use. The detailed minutes of
the decisions are confidential to the NHPD but Dr. Robin Marles, Science Director of the NHPD,
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can be contacted to provide confirmation and more details. As a precaution, it is recommended
by this Panel that a restriction for use on small children under six years of age be considered.

The exact citation from the NHPD regulations and URL reference are given below.

From NHPD website: hﬂp:;’fwww,hc-sc.gc.cafdhp-mps!prodnatun’iegis2ation/docs/efe-
paie_e.himi#221:

Evidence for Safety and Efficacy of Finished Natural Health Products
Traditional Use Claims

Traditional medicine represents the sum total of knowledge, skills and practices based on the
theories, beliefs and experiences indigenous to different cultures, whether explicable or not,
used in the maintenance of health, as well as in the prevention, diagnosis, improvement or
treaiment of physical and mental iliness.

The NHPD considers fraditional use to be the use of a medicinal ingredient within a cultural
belief system or healing paradigm (for example, Traditional Chinese Medicine) for at least 50
consecutive years. This time span was chosen to represent two generations, allowing possible
reproductive effects to be identified. '

In order to make a "traditional use claim” the method of preparation must be one that was
traditionally used. Traditional methods of preparation include:

the use of a whole plant or specific parts of the plant (leaf, root, seeds, etc.), whether fresh,
dried or freeze-dried, or preserved with alcohol, honey or sugar,

aqueous extracts such as infusions, decoctions and syrups;
ethanol-based extracts such‘ as tinctures, fiuidextracts and succi;
glycerine-based extracts;

vinegar-based extracts;

oil, grease or fat-based infusions; or

beeswax salves and ointments,
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GQuestion 3:

Based on the data avéiiable at the time of the review, does the Panel concur with the
developmental toxicity endpoint selected for the acute and short-term risk assessmenis?

The Panel examined the Araujo ef al. (1996) developmental toxicity study in which terpinene
was administered orally and from which the NOAEL and LOAEL values were derived. The
Panel concluded that the study was faulty experimentally and statistically. There were
numerous drawbacks (listed below) such that this study should not be ulilized in the risk
assessment. The bases for our conclusions are as follows:

1) If one examines Table 1, it is clearly seen that maternal weight gain is significantly
reduced in the 125 and 250 mg/kg groups indicating a maternal rather than a fetotoxic effect.
However, when one examines the data more closely there are NO significant changes between
controls (348 g) vs. 125 mg/kg dose (341 g). Hence, it is only at the highest 250 mg/kg dose
that a maternal effect is noted. If one re-examines the maternal weight gain in the 250 mg/kg
group, values such as 17.9 #12.9; 1.449.7; and 83.7127.1 clearly indicate that there was
extreme variation such that it is guestionable as to the "real” mean. ‘Based on such wide
variation, it would be difficult fo observe any changes in the litters.

2) A more worrisome component is the values and statistical analysis of the fetal values. In
Table 2, under fetal weight, the control value is 4.7+0.3 and the authors claim that at 30 and 60
mg/kg the value of 4.8+0.4 is significant (this is not possible). Further, at 250 mg/kg the value of
4.1 0.5 is claimed to be significant (which is also not possible). This is also seen in Table 5
where the controf of 4.940.5 vs. 4.2+0.5 is not significant stafistically as claimed by the authors.
These data do NOT support any change in fetal weight.

3) in Table 4, the evidence of hematoma in the 125 mg/kg group lacks credibility as the
values for hematoma are higher in the control group compared to 30 and 60 mg/kg groups.
Further there is more hematoma in the 125 mg/kg lower group vs. the higher 250 mg/kg group.
This needs detailed explaining prior to acceptance.

4) In Table 4, the use of kinky tail was most affected in the 30 mg/kg group while all other
groups were similar to controls, again raising questions about this accuracy of this study.

5) In Table 3, the criteria for ossification while stated are not given in the table. The 3 |
categories are lumped into 1 as merely delayed ossification; however, there is a marked
difference between no ossification vs. poor vs. irregular, which is all based on a visual stain.
There was NO quantitative, biological given, for example amount of calcium, efc. The Alizarin
Red 8 technique is crude and needs {o be pursued with more sophisticated measures if the
data are {0 be accepied. For example, in Table 3, if one locks at the sternum, the control
malformations are 2-fold greater than the 30 mg/kg group. Further one cannot see how many
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are classified as "poorly," nor how different is "poorly” from control, and what is the difference
between the iwo is guantitatively. If most of the values were in the poor range, and this is really
not an "adverse” effect, are these data in essence showing a fetotoxic effect? These data are
certainly of guestionable relevance.

in summary, the use of the Araujo ef al. (1998} study in the risk assessment derivation is fraught
with errors and should not be considered and not used. ' '

The Panel also examined the Toaff ef al. (1979) developmental toxicity study in which citral was
administered dermally for 60 or 100 days to rats. At a concentration of citral 460 mg/kg applied
to skin there was NO evidence of maternal affects. Administration of citral (460 mg/kg) for 100
days did not affect neonatal birth weight but mortality was significantly increased after 1 week in
necnates. Hence there was no NOAEL established and the LOAEL would appear {o be
approximately 460 mg/kg. Although there was lack of a dose-response data available, the route
of administration is more relevant to humans and the scientific quality of this study indicate that
use of data from this study is more appropriate for the current risk assessment. However, it
should be emphasized that rat skin permeation overestimates human skin permeation by a
factor of at least 10-fold (Moody ef al., 1995) such that dermal absorption is far less in humans.
In the view of these findings, the Panel feit that even the 460 mg/kg dose was an overestimate
of dermal absorption-and that by use of this concentration in the risk assessment calculations
there were innate safety factors incorporated.

Question 4:

Does the Panel consider the safety factors selected for risk assessment to be
appropriate with respect {o human health protection?

The PMRA assessed the safety of a dermal exposure to citronella oil on the basis of an oral
study in rals exposed to a-terpinene and the application of a 3000-fold uncertainty factor {o
account for intra-species variations {10-fold), inter-species differences (10-fold) and data gaps
(30-fold}.

Although the Panel understands that 10-fold default values are usually used by the PMRA to
account for inter-individual variation and inter-species differences, the International Programme
on Chemical Safety has suggested the subdivision of these 10-fold factors to account for the
variability in toxicokinetics and toxicodynamics. - This subdivision allows the replacement of the
default uncertainty factors with a chemical specific adjustment factor (CSAF) when suitable data
are available. Values of 10°° (4) and a 10°* (2.5) were respectively proposed for species
differences in the toxicokinetics and toxicodynamics, and equal values of 10%° (3.16) were
suggested for human variability (WHQ, 1994, 1998, 2001).
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