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S TOXICOLOGICAL STUDIES

Terpenoid Blend (a-terpinene, p-cymene, and d-limonene) QRD 460 is a new active substance developed by
AgraQuest Inc. based originally on the naturally occurring extract of the plant species Chenopodium an@swl
near ambrosioides for use as an insecticide plant protection product.

To defend themselves against herbivores and pathogens, plants naturally release @rlety of VOI@@S i udlng
various alcohols, terpenes and aromatic compounds. These volatiles can deter ir§cts or other ﬁieer@s from
feeding, can have direct toxic effects on pests, or they may be involved in recruiting predatorsand sitoids in
response to feeding damage (Ashour et al. 2010). They may also be used by the plants to attr; @pollu@ors Ra tect
plants from disease, or they may be involved in interplant con@mlcanon Asthese propertleéav been k r?@
observed for a very long time, it is a natural progression tlx. three suchenes o-tergiene, yme& andgd
limonene, have been identified as candidates for blopestagldal use. In tKO driginal plant extréhe cee t e
compounds in combination are the source of 1nsect1c1d ‘t:tlvr[y ast %aturally 0 L@mg com -@0 is tly key
active moiety, they are considered and termed to b ctive substancg. T (” con&&ratl Lwas reed he DG
SANCO Phytopharmaceutical Standing Committee tlng 26 27 @em 009@@or Q 20,% 1ch ains the
same active substance as QRD 460. &
AR

The original plant extract (QRD 406) was reg%[ered @b US EBA as @)mpes@lde Aprll&OS @‘b 1n ‘active
substance and product was based on a plantextract df Ch %podl amb ozde@ear g%broszoz es essential
oil was harvested from the plant biomassgsing -steam di &llatloﬁg arighility véfh fisgrowifp congdisions §he plants
meant this active substance suffered fro@angﬁhﬁaty 1 trat&% of thgthree st1§ active terpenes and
so an alternative, QRD 460 was deyeloped ghich-ds “an G&Umll% enb the@aree 5 enei?@mat reflects the

proportions found in the original plar@xtra(% QRD%O6 @ & @ @) S

w, @@
AgraQuest Inc. has submitted t‘l@ appl’matlo r appr@’al Of&ﬂle neg)a ctlv%substan Ql®460 and its product

QRD 452 respectively, for reg ratl% in th U with ctgh@letherﬁmds a&t e Rzﬁgporte%C1 r Member State. It is an

insecticide for use on tomatéps andPepp ng ouses and c%curb% housgs<and field at a maximum
application rate of 1.523 kg¥a.s./h to3ti es 1nt fVal betwéen tregtment
pp g gp reg)

Table 6-1: EU Critic @AP f@’ QR@ 60 1@ on '@atogﬁ’ep(gers an(éucur&;ts

RN TS A Y x-Applicat
pph"%tlon ax p ication L.

Region @ut(%&r/ &Maxggo.. of R %t%rval @ate Water Minimum

Pro@cted Q Applivations S PHI (days)

- . Way) S| Qug asfth) (L/ha)

NEU ” Protec}éd 7 3 |© 27 @o3gi®1s23 | 400- 1000
S FAL Prot@ed, P 3 aF .G N 0®-1523 400 - 1000
SEU Satdoor & @ 3.9 & 78 | D762-1.523 | 400- 1000

& N &
The mode of jon 0@ @ct 1s@on51 d no@xic.&sed on laboratory and field trial observations, the
mechanism fe@:ontr(ﬁhng &% sts is ¢ 51der “dyto besthrough degradation of soft insect cuticles resulting in a
disruption of insect mobili and%@%nrat s comgjdered to occur by direct contact and localized fumigant
action. l@rther detaﬂ@@pleas fer tal culgm MIPI\oSectlon 7, Point 6.

It is mQteworthy tha §%se enes,@a—terpl@me, yssymene, and d-limonene, are commonly used as fragrances and
flavdurings (Joint FAO/WH® Expgst Comnitteep Food Additives & WHO Technical Report Series 928.). They
are present in al ance in maqy herlantzﬁgnd are common in many other edible plants such as citrus fruits,
tomatoes, celer§, and ts, vagious functons as secondary metabolites (Ashour, et a/, (2010)). Consequently
they are a ubdguitousipart ofcdedth human ag@animals’ natural diet and it is reasonable to expect regular contact with

them in th@@nmrg?‘ent \@ fhout @ conce

All thn&erp@ are=so fﬁd to a greater or lesser extent, in the following EU registered or pending active
subs@ces éj)@ptree th}§&6ll orange oil, citronella, spearmint oil, and tagetes (marigold) oil.

Due to @chemlcal nature of the three terpenes in QRD 460, they disperse rapidly via volatilisation and leave little to
no residdes (see Section 4 Metabolism and Residues). Equally they disperse rapidly in the environment into the air
and then degrade (see Section 5 Environmental Fate) and so any possible toxicological exposure is expected to be
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minimal. Additionally, the three terpenes are naturally occurring, are ubiquitous and normal exposure presents no
significant risk to humans, animals or the environment, so the plant protection use proposed here adds nothing of
significance to the natural exposure, so no additional data other than what is presented here is considered necessary.

The components of the active substance have high vapor pressures and high Henry’s Law Constants Wthh ans @
active substance is highly volatile and evaporates quickly. In addition, it has been shown that the active bstan

does not persist in the environment. Because QRD 460/452 dissipates so quickly from t@ sprayed plar@fae@as
well as the soil, water, and air, each application is in effect a single acute event. @

It is reasonable to conclude that even repeat applications may each be considered a%smgle acute @%ﬁs @er thdtas
chronic exposures. In addition, should exposure occur the actlv@lbstance con@hents have Q&%ﬂ shotq to b@ﬁ

N @
rapidly metabolized and excreted in mammalian systems. V @@ § % é

The studies presented here under Section 3 Toxicologg emonstrate %at there are@o s1gn@can @xwo@glcal
concerns with regard to the plant protection use of QR -}\\ and its pro&:t Q&y 452@&)8%&@ here fo reg1§r ion
9

To aid evaluation of the dossier, the code designagions are@escnl@o thg; it 15&@3} W&@ tes&%stam? was used
for each study. All substances listed are consideréd subst@ﬂall@qulv Hent. @f@’ o %

@ N Q & °
Code Designations % \ > % § . @ @
The various AgraQuest code designations @t rela@\o the@:tlve S&bstan@ pro%f&ts andQhe su 1tted§ments
are as follows: @Q (ii& @ @ @ @ @
@ RN @2)

QRD 406 = Chenopodium ambrosu‘;@es negr am@)szozd@} plan@tract@ch éy grad@actlvmngredlent (tgai) —

consisting of the three terpenes @ the wlve c@lpon £ plus@lan ved pur1§ Th@e terpenes comprise

approximately 68% of QRD 40@ S NS S @
O v S a9 o,

QRD 400 = formulated EC, %))duct 9 th 2@? p xtract (QRD406) actiye ir@ient 5% other formulants (Also

known as FACIN 25EC in some geyorts and reg§?ed iZthe USK as Requiem™25E d Metronome™.) The three

o,

terpenes in QRD 400 c@prise roxiy tely@y %0. @ \ Q Q& \

_ N S & @ @
QRD 420 = blend ai u§dng thésthree tétpenessn the anye c g@n $1d in QRD 406 with plant derived
rox@matel 9

impurities repla 1tl®nola oib Thefghree terpenes eQmpnse p % of QRD 420.
QRD 416 %rmulatg@ EC pg%duct@gnh 2%0 ble d (QI@ 420 a i,7 other formulants (same formulants in the
same conc’eg rations as Q@ 40%@7 he t@e terpe es C(@pns rox% ely 16.75% (w/w) of QRD 416.

QRD 452 = QRD Yo a des@natl %rror sthe pro@t was re-coded as QRD 452. There are a few
studies that referen 16 b e c&ﬁﬁrposm@ls idéatical to QRD 452. (Also known and registered in the USA
as Requiem® EC M E@? Thaex nce@atlon @%he three terpenes in QRD 416 and QRD 452 is

16.75%.

QRD 460 %Blended tgal w1th0 Qan <@% T@ co t@ls only the three terpenes. The proportions of the three
terpenes essentlally, sam the P ctt &gmlnus plant derived impurities. So, less QRD 460 is required
in Re%;iem EC (QM@SZ)%6 75°/\nstea%?j§f 25%'he percentage of each terpene in QRD 452 and QRD 400 are

th .
e e S e’ Q §
@ KN, . o
IIA 5.1 & Ab%rpt , d@lbu@n, excretion and metabolism in mammals
@

The terpenés in (@ 46pQre ¢ onl}%?ccurring compounds found in many plants, there is extensive data and
publicl ;37-3 ilablgditerature for thse components, so no data are provided specifically for QRD 460. The components
of QRR, 460, @}erpl , PsC %ene and d-limonene are the most common terpenes in nature; WHO! report that
bem@hpop%@c aligyelic § rocarbons such as a-terpinene and d-limonene are likely to use passive diffusion to

&
T'WHO (2005), Evaluation of Certain Food Additives. WHO Technical Report Series No. 928. 63rd Report of the Joint
FAO/WHO Expert Committee on Food Additives.
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cross biological membranes. After inhalation or oral exposure they are rapidly absorbed and distributed then
elimination from blood is triphasic with a slow terminal phase. All these flavouring agents are considered to have
similar pathways of metabolism in animals and humans. Post absorption they are oxidised via cytochrome P450
enzymes and alcohol/aldehyde dehydrogenases into polar oxygenated metabolites. Alicyclic substances Jlike o-
terpinene and d-limonene are oxidised by side chain oxidation or by epoxidation of the exocyclic or ocy
double bond. The hydroxylated metabolites yielded are excreted in conjugated form or are subjegt to er
oxidation to yield more polar metabolites which are rapidly excreted in the urine. e a double is present,
epoxide metabolites may be formed and these metabolites are further detoxified by hydrolysis or by €onjug with
glutathione. Joint FAO/WHO Expert Committee on Food Additives (JECFA) constdered ﬂavou@g agents such as
these would be expected to be metabolised to innocuous products. w\% @ %@
S
The above data are supported by data published by IPCS in 1%2 and IARC? &ost data are @%ﬂa or d-@%nen@
Falk et al (1990)* reported d-limonene has a high partition coefficient bet blood and af®(lamkydsioo. = 42)@d
is readily taken up in the blood via the alveoli, the net upt@ of d-limonefig 1n human Vc@teers@pose@t 450225,
and 10 mg/m? for 2 hours during light physical exercisedyeraged 65%@gimi@t°al 46 and Kodarid et (9767
showed d-limonene administered via the oral route i dly and almqst com@ﬁtely ta @om tlfg gas testinal
tract in humans and animals and they excreted 52-83% of %e) dose heir, Uirine withtin 4 urs Distri {%n around
the body is rapid and it is readily metabolised arangg,Tromuthe blogg wa 1 lit "' bod\vel ht per hour in
human males exposed at 450 mg/m® for 2 h % samgQutho @’ugge@a hlgh fﬁ to a issues is
indicated by a high oil/blood partition coefﬁ&j t any f- 1& r1n a slo m1nat10n ph ietal,
1974° found that after oral administration oQadlolMed d limogiene tQ ales dats, thedistribution of 10activity
was initially high in the liver (maximal q& ys {le fter ur nd bided (m&imal after 2
hours) but negligible amounts were detgy d dfter 48 ﬁlrs RSy rec@nse t in{nale ragy d-lilgonene exposure
causes damage to the kidneys an@xenal @?mours in eeﬁg the ncer@tion@ d-liyonenes €quivalents was
approximately 3 times higher in male Tats tii@n in fepales, 40% of @hich @rev bly d to the male rat specific
protein, alpha2p-globulin®,’. Be%gée th,1§ﬁyroteln malgy¥at sp@@&'lc thege data ate ¢ deréH%not to be relevant for
human risk assessment. K
5 §9 @} o & N o\@ S
IPCS? report the biotransf%%ation Qf d-liggone as been stugied in fany vs@ies ith some differences noted
between species with respect to megabolite bot@)plasma and ur ama et al’ reported urinary
recovery of d—limonen@ﬁs T7686% w@hm 3 days 1n§; itrea- p1g® s and“dogs, with faecal recovery of 2-

9% within 3 days; i d foy all spe dxcretion oco®red in the st 24 hours. Following an oral dose of
d-limonene in hu S, ap& i 25?% % was 1d@n§l@ed ﬂ?rme 4s d-li ene-8,9-diol and its glucuronide;
approximately 7- S &% V\%\ehmnﬁted q&perﬂl%md (ﬁ 1-methy/leth, m\ )- lsgyelohexene-1-carboxylic acid) and its
© P N
9 N %
o\@ w, %o SRS @ @ @
S o & & SIS
A . @ . @ ISR
%

° N
;%@p & O :
2 IPCS (1998). Con&se Int@lona eml sses%ent Dagumen 5. Limonene

3 TARC Monographs (1990). ene Wolume @ Q @

4 Falk A, Gullstfahd E, L@fA aeus %lm EA990) l@ud/al@artmon coefficients of four terpenes. British journal of
industrial midicine, 47:62- 64 ite 8) Coicise I@ernational Chemical Assessment Document No 5. Limonene)

3 Falk Filigd8dn A, Lof A, Hagberg 1gae@§ Hje , W. r\%’l (1993). d-Limonene exposure to humans by inhalation: Uptake,
distribution ehmlnatlo -and ef ectson pulm ary fun€jon. Journal of toxicology and environmental health, 38:77-88.
(Cited jn lPCS (1998}% ncis; ernat@aal @wal ssessment Document No 5. Limonene)

6 Igl%n H, Nishimura M, Koddgw R, (197 Studigyon the metabolism of d-limonene (p-mentha-1,8 diene). 1. The
absorption, d1str1 ton and excretl@l of d- l@onen 4y rats. Xenobiotica, 4:77-84. (Cited in IPCS (1998). Concise International
Chemical Asses&ment en 5. Limdnene IARC Monographs (1995). D-Limonene Volume 73.)

7Kodama R ﬁoda , Ide @1976) Studies on the metabolism of d-limonene (p-mentha-1,8-diene). IV.
Isolation a hara zatlm@ %etaboh and species differences in metabolism. Xenobiotica, 6:377-389. (Cited in IPCS
(1998). %@mse L atlon@Che 1 Assessment Document No 5. Limonene) and IARC Monographs (1995). D-Limonene
Volu

@gn -Mc %w@ &flﬁg{lez PA, Takigiku R, Caudill D, Fey ML (1989). d-Limonene induced male rat specific
99725

otoxiéity: Eval e association between d-limonene and alpha2p-globulin. Toxicology and applied pharmacology,
ﬁ (Cited in IPCS (1998). Concise International Chemical Assessment Document No 5. Limonene)
° Lehm cKeeman LD, Caudill D (1992) Biochemical basis for mouse resistance to hyaline droplet nephropathy: lack of

relevance of the alpha2p-globulin protein superfamily in this male rat specific syndrome. Toxicology and applied pharmacology,
112:214-221. (Cited in IPCS (1998). Concise International Chemical Assessment Document No 5. Limonene)
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metabolites”!?,. However Crowell et al., (1992) report perillic acid to be the principal metabolite in the plasma of
humans and rats'!.

Falk Filipsson et al., (1993)* reported three phases of elimination were observed in the blood following inhalation
exposure of volunteers to d-limonene at 450 mg/m? for 2 hours; half-lives of 3, 33, and 75 minutes wergrécordéd:
Approximately 1% of that taken up was eliminated unchanged in exhaled air, whereas and 0.003% was €limigated

unchanged in the urine. > @ @
S L

N
The possible metabolic pathway for limonene (reproduced from IPCS? and WHO!, @Jiginal citati@ fro@&odama et
al, 19767.). S o %@

S & @
50
CHg (@) &@
@
Glucuronide  —f—p— @ @
R

M-y

oS
@ S
SN .
CONHCHACOOH c@-{
= Guinea-pig . v
N
CH:% CHs . CH2% ~CHs
F
M-I 7 @rﬂm id@ @ £\Iucm..|ﬁ:1ide
S <
\© q Ry
©mnide©® @ é
9 wix © %% %@OH %
S HO,
&@ b @© . @
RO O
& A o
S CY
@ O ¢ .
) (@) M-

@I{om gu@@(mﬁ@ @ § N

1-I p-Mentha k$-dien-10-81; ML, p—mr&r —m@—diol; M-IV, perillic acid-8,9-diol; M-V, p-mentha-
%"y 1,8-dien-10-yl-5-D-gl yrano@guronic@rid: MYL 8-hydroxy-p-menth-1-en-9-y1-f-p-glucopyranosidu-

Sy  renic acid; M-VIL 2-Gydrox “ﬁg—meulhﬁ@'u—?—&cid: M-VIIL perillylglycine; M-IX, penllyl-f-p-gluce-

pyranosidugonic acid? M- nthgy 1.8-dien-G-0l; M-XI. p-menth-1-ene-6.8.9-triol
grome M X bty S
Q O & N g
10 Smith@ Way &P, Dea@i’ FM (@9) Uroterpenol, a pettenkofer chromogen of dietary origin and a common constituent of
human\\j ne. inal a%endocﬁ@logy, 45:17-28. (Cited in IPCS (1998). Concise International Chemical Assessment

Doganent . 1@%)0
11 @gmegbe cJA, @m CE, Lin S, Vedejs E, Cunningham D, Bailey HH, Gould MN (1992) Human metabolism of

orally agnvinistered d-limonene. Proceedings of the American Association for Cancer Research, 33:524. (Cited in IPCS (1998).
Conci§eJInternational Chemical Assessment Document No 5. Limonene)
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When Regan et al (1976) administered limonene orally to rats, ten terpinoid metabolites were identified in urine; of
these 7 were identified as p-mentha-2,8-dien-l-a-ol, p-mentha-2,8-dien-1-/3-0l, p-mentha-1,8-dien-6-a-ol, p-mentha-
1,8-dien-6-0-ol, p-mentha-2-ene-8,9-diol, p-mentha-1,8-dien-7-o0l, and 4-isopropenyl-l-cyclohexene-l-carboxylic

acid'2. S
p-Cymene, as a lipophilic aromatic hydrocarbon, is also very likely to cross biological membrangs, by passt
diffusion. WHO reported the available data on p-cymene indicate it is readily absor@d from the @o-i testinal
tract, distributed widely and metabolised and excreted mainly in urine. WHO anticipgf¢’ p-cymene wdll hav milar
pathway of metabolism in animals and humans. Post absorption it is oxidised via*Cytochrome R450 efigymes and
alcohol/aldehyde dehydrogenases into polar oxygenated metabolites. The principle metabolic £3 hway of arofatic
terpene hydrocarbons involves hepatic microsomal cytochr P450 oxidation of the si &ring ‘chdins Y7\"yield
alcohols, aldehydes and acids. The metabolites are then conj@ted with glyéne, glucuronig gtid lutatifone ard
excreted in the urine and bile. The committee considered p-cymene @M be expectéd to g me hse@&m
innocuous products. This is supported by the Scientific @el on Food Additives, Flav@%ngs @oces@g A ,and
Materials in contact with Food (AFC) who report p-cyfyene is 0x1d1s@ @nsop §pyl s14@ cham@?leldJQ 2-(p-
tolyl)-2-propanol which is not oxidised further, but i reted unchaaged or &a gluc O nl-“X Jugzﬁgl @

S
Pass et al (2002) studied the metabolism of p- cyé’n r@%e comgnon bm&fltar]@ssu @1&: koald and the rat14 The
chemical is found in the leaves of the eucalyptus and egu g@d m@ diet of th ss@d kaala. The
major metabolite in all species was cumrny&?%oh@ ith k%ser othefle chaln alc henohc
metabolites were detected. Pre-treatment wr@ a terbene ri 1et i ase rmatio possums
indicating that a terpene diet induces en %nsrb 1tng1 tab 11 e dlﬁrent species
in their ability to metabolise the rnaterr 1%treate®ossyN cont@ pos §

Matsumoto ef al (1992)" reported p-C en@rs m ohs to 9 opti @e met%olrtes 2-(p-tolyl)-
1-propanol, 2-(p tolyl)propan01d Pz &‘fhydro le ’ be 0' acid @nd p{y-carBaxyethyl)benzoic acid,
also three optically inactive sqy¢ tabohtes *@toly) 2-pro anol & opro@lben ic acu@ and p-(1-hydroxy-1-
methylethyl)benzoic acid. Walde et &8¢ (1 studigd the éetabohsm @@-cym&% in Wjstar male rats or female

Dunkin Hartley guinea pigs following oralpr in@ion miniggration 6100 ﬁ@kg nd 71% respectively was
extracted in the urine as extrac m%aboht@ the ors §pecculated the &t waQsxcreted in the faeces or as

unextractable metaboh in ur; exeetion was ne omptete within 4 & otal 18 urinary metabolites were
detected and identifi€d, these c@rls ono dr1c oho dlols mono-" and di-carboxylic acids and
hydroxyacids; rats notgyxcre e k metab gul ga-pi not excrete a third. Boyle et al
studied the meta -cym&ae 1n<5§1ts fol 1ng a&%ral dost of Frand 200 mg/kg. Again metabolism occurred
within 48 ho ne; e me@)ohte% ere " 2-p- to@prop (39% of the recovered dose) and 2-p-

carboxyphen lpropan@’ ol *d9%).. with miner ~ mefgholites ~2-p~garboxyphenylpropan-1-ol  (10%),  2-p-
carboxyphenylpropanoic agid (14%) ‘and propytbenzioc acid@ 7%) %7
S g %\ {

In summary, whilst t%re a&% AJ%ME for°Q 460 pubilished data exist for its terpene components d-

limonene and p-cy and\these §ata m{l ate terp have similar pathways of metabolism in animals and
humans. It is als asora%le to, um%hat astgrpinene will @metabohzed in essentially the same manner as d-
@ S 6@’
Q @ N

13 Opinio e Scientific Banel o Od ad our1 processmg aids and materials in contact with food (AFC) related

to Flavouring Group @uatrog G&l 8): Aldsghatlc ﬁ@ychc and aromatic saturated and unsaturated tertiary alcohols,

2
12 Regan JV\&EEd Bjeldanes LF 976§Qet ﬂw’a of (@Ll &he in rats. J Agric Food Chem Vol 24 377-380.
ini @ ves

arontagic tertiary alc&Qcﬂ) S an ir esté’@’fro & mrcﬁroup 6 (2006). The EFSA Journal 331, 1-77.
14 P% GJ, McClean S, Stupa: and ies NWN200Z) Microsomal metabolism and enzymatic kinetics of the terpene p-cymene

in the common bggshtail possum g@who%?& vul@:la), koala (Phascolarctos cinereus) and rat. Xenobiotica 32 (5) 383-397.

15 Matsumoto T,Jshida shi Takeda Y, Asakawa Y (1992). The enantioselective metabolism of p-cymene in
rabbits. Cheg@Pharn™Bull (T ) Jul (7):1421-6.

16 Walde A, e B, ine (198 ~ p-Cymene metabolism in rats and guinea-pigs. Xenobiotica.. Aug;13(8):503-12.
Cited i inios @f the Sc1ent1ﬁc @nel on food additives, flavourings, processing aids and materials in contact with food (AFC)
related {0 Flay, p Evafvation 18 (FGE.18): Aliphatic, alicyclic and aromatic saturated and unsaturated tertiary
alc ls aro@atlc t ry a Shols and their esters from chemical group 6 (2006). The EFSA Journal 331, 1-77.

. (1999). Comraitive metabolism of dietary terpene, p-cymene, in generalist and specialist folivorous
marsu ] Chem Ecol 25, 2109-2126. Cited in Opinion of the Scientific Panel on food additives, flavourings, processing aids

and rials in contact with food (AFC) related to Flavouring Group Evaluation 18 (FGE.18): Aliphatic, alicyclic and aromatic
saturated and unsaturated tertiary alcohols, aromatic tertiary alcohols and their esters from chemical group 6 (2006). The EFSA
Journal 331, 1-77.
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limonene and p-cymene. Following an oral dose, the components of QRD 460 are rapidly and well absorbed from the
gastrointestinal tract and metabolites are excreted, mostly via urine, within 48 hours (with the major part excreted
within 24 hours). The amount of d-limonene absorbed via the oral route is similar in different species; reported values
range from 50-96% in rats, guinea-pigs, hamsters and dogs whilst those in human male volunteers are reported as 50-
80% (Kodama et al, 1976; Igimi et al., 1974). Absorption via the inhalation route is also rapid; the cen

absorbed is reported by Falk et al 1990 to average 65%. Similar absorption values are reported for pzgymengy{y0-
80%) in rats and guinea pigs with recovery within 48 hours. Given the similar structur@nd properties, —@nene,

absorption values are likely to be comparable. The available data indicate the companents of QR 460 a adily
metabolised to materials which are rapidly excreted within 48 hours. IS N
9 <§ %
ITA 5.1.1 Toxicokinetic studies — single (@e, oral rou@,’ inrats > éﬁ

o’ Q\ RN
The terpenes in QRD 460 are commonly occurring coml@unds found 1ny plants, re i tensr@ data.ld
publicly available literature for these components, so % data are p@srded spemﬁc@y for@R @O tl@ ata

available are summarised in IIA 5.1 above.
@@ Q @ & @
ITA 5.1.2 Toxicokinetic studlek secr@d sm@@y dgsg, or%@ou n rﬁ\s’ %

The terpenes in QRD 460 are commonly occiirring r@mpou@s fou@ in many plants, the@ is @mv ta and

publicly available literature for these con&ﬁ@nem&%o n% Stata a@prm&ﬁ%ﬂ sp@r 1ca]Q/g for Q 4 the data
available are summarised in I[IA 5.1 aboveg,
% \ v\g

CRNERAN
ITA 5.1.3 Toxicokinetic stu@es - Eepeat%d do@@, or@ou@in r %@2)
%
The terpenes in QRD 460 are co@monl?\occun@ co, ound d@ man%lan@@her&s extensive data and
publicly available literature fi @lese c%mp&@nts so o dafe are @bwde@@ specifically &8 QRD 460: the data
available are summarised in HA R . Qve. @} @ @ o &

@ s X &
ITA 5.2 Acute tox1c® % § g@& § N e §
XN e & D O
Acute toxicity studiggshave been c uctth 46Qand @BD 420. QRD%ZO is very similar to QRD 460
containing the thr rpenéy in tHe@ame ﬁropoerns bu ch thé¢additign of la oil (full composition details are
provided in Doc this 1 orrn ion is ﬁder@g ) andhenc sults&tarned with QRD 420 are also valid
for QRD 460. $4@ 1s haf@iful if @/all %f 10@ute icity by the dermal and inhalation routes. It is

o,

not irritating, to skin @’eyes%QR%@ is a mo nsitisér undgr the conditions of the local lymph node

assa o (&

i o g}g § @ @ t"\g ©\
While Q%D 460 drd ca p&s@tlve kesult in LLN@ test, it 1s i rtant to consider that two other tests conducted
with substantrally sinuilar acfive su nces%srng Bue method and the Magnusson and Kligman maximization
method were neg@ygv ensit 10n addr&pn the plant &tract-based and terpenoid blend active substances
have been man actug(@ witheap a si report of dermal sensitization from manufacturing
personnel. Sr@ arly, tr‘act ba@nd" 52 plant protection products have been widely used
(developme%t trials and co ercr e) 1%: e U 1th @9 reports of dermal sensitization or other adverse effects.

%

Accord1§ to Commlﬁ? DITCCQVG 67/548/&@ (a@nended) classification and labelling as Xn; R22 Harmful if
swallawed and R4 se @smsa@m in contact are required. According to Regulation (EC)
No.872/2008 this means srﬁgﬁon a®lab g as Cat. 4 H302 Harmful if swallowed and Cat. 1 H317 May
cause an allergic@in reaction. & @ &

&%Qﬁ?&@@
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Table ITA 5.2-1: QRD 460: Summary of Acute Toxicity

Study Test Result Reference Classification Classification
Substance according to Dir according to Reg
67/548/EEC (EC) 12@2&)08 S
Acute Oral QRD 460 | LDso=2000mg/kg | [lJ. 20112 R22 Harmful if Cat. 4 H30? Har@
swallowedy if @10w§d
Acute Dermal QRD 460 | LDso>5050mg/ke | |7 20110 Nong > & Nox@
Acute Inhalation | QRD 460 | LCso>5.30 mg/L Bl 2011 Nene N @ .
Skin Irritation QRD 460 Not Irritant o Nofe K e None B
Eye Irritation QRD 460 Not Irritant - “?201 1d [N@None U@ 4 @ NO%I@ &@
Skin sensitisation QRD 460 Skin sensitiser %J ,2011e @?3 May causey, at. 1 7 @
(LLNA) nsmsatlon by &in cause g lergigskin
% @gontac© A reactloi\g
@,
Skin sensitisation QRD 460 Not a sensitiser @ J, 20100 °\ No&bej \ N‘@
M & K) SR A @© SN
Skin sensitisation QRD 420 Not a sensltlserv 1, 2009 o @%)ne K %\Ion °
0 R g N
(Buehler) ¢ & f\@
A R
@ N P .EO O NSS
SEESIIR BN SRR
@ N @V\a @\ @@ ©© @@ RS
MMAS521  Acute m@l oifity 7 & O o X >
o o
Report: gl DR)in rats. -
aboratory Report No.
X
Guidelines & § & © & @ @
AN
OECD 425 (2008”OPPES 870.1100 (2002 A R
i T 5o &

o e e
GLP: Slg@jd and dated GI\Z} and@uahtg%%ssur@ee stat@ﬁents were p}%ﬂded

study.

o

&

@ Q
The test subs?@ce Q@) 4

limit tes

The study was term

ran%ﬁg from 0.204 he 1%

overnight prior to dosing. @hey wgr

their body weigh® were recordgd at igicp als
and were give, mac rosCopi @mm@tlon post

Mortality

b

showedweek
Al@&:al & opsy@ndl
anifmals th@dled

urred
dlarrhoes@pllo &k

¢tion sahv@
body %lgh&g 1

¢ main test %as co

e
/kg

>

cted low

éﬁ °\ @@%\ K @Q
y .o & .0 @
IOOSQ} 1.), }as eval

There \a@ no dev1at101®§)rom @ curreﬁg@atory g@% hnﬁwons;d@d to compromise the scientific validity of the

2N
$

Executive Summ&®y

ted @ its acute oral toxicity potential in young adult female,
Sprague- D%ley albino rats~whe @mm@%@ d aén gav@é dose at 2000 mg/kg. Since the test substance failed the

o 2.33 mL/kg at the 2000 mg/kg level.

the- up* ipzand-down procedure (UDP) at 175, 550 and 2000 mg/kg.
wing %Qe sfo@@ rul@of this procedure. The test substance was dosed at a volume

The rats were fasted

e assessed d@y for the following 14 days for any signs of systemic toxicity and

The acute oral LDso of QRD 460 was estimated to be 2000 mg/kg in female albino rats.

ughout the study. The animals were killed at the end of the study
ortem.

ly a@@e 20@» mg/kg evel. Clinical signs in survivors included activity decrease, body tremors,
and staggered gait, which were no longer evident by Day 3. Surviving animals
n during the study, except in one animal that lost weight between Days 7 and 14.
@ pertaining to fur, lungs and contents of the stomach/intestines, were seen only in
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Materials:

Test Material: QRD 460

Description: Colourless low viscosity liquid

Lot/Batch number: AQ421-89 @ ’ ®©
Purity: 100% a.i. S @\ v
CAS#f Not reported ¢§ &@ Q ©®
Stability of test compound: Not reported % o § @)@\ %@
Vehicle and/or positive control: None. V(@ @g\? é}g\ \o\ @Q @
Test Animals: I @Q %@ Q§ é% &
Species Rat %@ Q& R &© @© é?}
Strain Sprague- Dawle@mo . @@ Q \& 2 @§
Age/weight at dosing Young adult { 158-195 ¢ @@ \“”\ﬂ §

Source ] _ O & % .
Housing Ind1v1d@ mK@’end&d@er%b omgstainlesSsteel cages @ @§

Acclimatisation period

5 day & @ . & é Yiﬁ\ éﬁ éﬁ @
Diet libiu§ ex@ for approximately
16 hours @rior todosing. ™ Q\ @ @Q S %@9
Water mc@al ng ad 1@1 @@ ©© @@ N
Environmental conditions @ Tei&pera%@ 19-2 & @Q & (& &
Humidi (Z: @ AN ) o
o\@ @u c@ﬁs -12 per hour § Q\ Ko

&
Study Design and 1@1 d&
S (O
In-life dates: Sty

Animal assignment @d tr?%tmel@ In % acural t«@mty st%y,

Dawley alkirio rats were@*gwen

it
substa @alled the i st t@i‘lam t
L m@

~study ‘was termyjnate

and 2000 mg/kg. The

administered as recgiye d and was

@ VolQ e ra@g fré?m O.Z% mL/

mg/kg level. @ O @

body weight and @@sed

©

Observatlo% or mortality @d c \al/b

dosing ( ) and at leggt on

dosing and on Days 7@@1 14, or th&tlme 0

Y

%
On ﬁ’ay 14 after dosing, edgh suryi
gross necropsy agg‘all abnormalfties w
8

Statistics: '@LD@@ ue
the EPA. & & (O

@ >
Méﬁtall(tﬁwe out of six
&

@ Ph(%)perio 12 1ighlz§ da;&k cycle ) §
(o S 1S

N
16Deé%mbag01o@ &2 Fnuars 2011

v

@Q@Q
%

tal of 12, young adult female Sprague-
doseof <Q’ llowing an overnight fast. Since the test
@ond&d follgwing @e up-and-down procedure (UDP) at 175, 550
lowing th stoppm&%ules of this procedure. The test substance was
diluted. A ivid@l dose was calculated for each animal based on its fasted
@t the 175 mg/kg level to 2.33 mL/kg at the 2000

N \@ O T
hiviou s1gn@ toxicity were made at least three times on the day of
aily @erea §§§ for lz\days Individual body weights were recorded just prior to
cov@ after death.

L v

ing an%al way euthamzed by an overdose of CO,. All the animals were given a
eco

R
9;50\07%) con@ﬁce interval was calculated using the AOT425 Stat Program supplied by

@ @ §
Resu@d @ussi@ §

ts died at the 2000 mg/kg level. There were no mortalities at the other dose levels.
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Table ITA 5.2.1-1: Acute oral toxicity of QRD 460 in the rat, application scheme and mortality data

Animal number Dose (mg/kg bodyweight) Dose Vol (mL Survival
81 (limit test) 2000 0.38 Died on day,2
82 2000 0.39 Died on day 3 &
83 175 0.03 o Supfived
84 550 0.12 ~N Stirviveds:
85 550 01y ©@uwi@ %
86 550 cy 012 N O Sm%@i}%ed I
87 2000 T oo K2 Survived? @
88 2000 ) %@ = @d oy 1 «©
89 550 A\ 2 o0 & Suibdved , @
90 2000 QF o 0.43\@ | D& on Q}’z
91 550 é @?f %Q 010 Q};\g@? @@ "~ Survived
92 2000 ol O e & U & Diegon dayde
%

"RERERN @ N o NN
Clinical observations: Clinical signs 1nc1@e a @ty d@ase,k@ ytr@rs, dﬁegrhoe@'ﬂoemgion at10n and

staggered gait. Surviving animals were a@mp

9
Body weight: Surviving animals sh@ved %e ly <%)dy w%ht g@urin@ e s@, ex@}t im&% animal that lost
v

weight between days 7 and 14. S O
SRy & & N o &
Necropsy: Gross necroscopy ‘on animals th@ ed en test @Vealed@vet/ @ﬁed/n@ted fur, discoloured lungs and
contents in the gastrointestinghtract. (b n%e gg}e)@ necrdpsy on surviving amrﬁ@% re@ed n%@servable abnormalities.
~ o S° NN
Conclusion v\g @ 9 O ©@ LN o - &)
TS e SN
The acute oral LD5§(§RD%6O y tlmgg@l to be?oo@/kg emale albm(@ats
> NS S
S b\ S > x> @ § ® W, 20112
SN N9 & ¢ @
A S22  Acutedefmal goyicityy O o o7
L < S

. Laboratory Report No. 14696-

A
Gu1delmes Q © @ Q\ :
OECD 4@1987) ORP”@Q 870 @0 (19@%) @ @\&

GL&% Signed and%@ted @an%@ahtsu%@}e statements were provided.

study.

&S
Executw@mn&

Agr

QR@ 460 (@’0%

<
<§

There were no &@ﬁatu&s fr(@ curr@@ regu@ory guideline considered to compromise the scientific validity of the

al@%d fie female, young adult Sprague-Dawley rats were dermally exposed to 5050 mg (6.19
@/kg body weight. The test substance was tested as supplied. Test sites (not less than

g§1 body surface) were covered with an occlusive dressing for approximately 24 hours, after which the
dressm as removed and the skin cleansed using clean water. The animals were assessed daily for the following 14
days for any signs of systemic toxicity. Observations for evidence of dermal irritation were made at approximately 60
minutes after removal of the wrappings and on days 4, 7, 11 and 14. Body weights were recorded just prior to dosing



AgraQuest, Inc. Terpenoid blend (a-terpinene, p-cymene, d-limonene) Doc M I, Sec. 3
June 2011 QRD 460 Page: 13 of 71

and on days 7 and 14. At the end of the study the animals were killed and subjected to a macroscopic examination
post mortem.

Signs of dermal irritation included desquamation and alopecia on Day 4. Animals exhibited weekly weig in,

No mortality occurred during the study. There were no clinical signs of toxicity at any time throughout the study.
the exception of one animal that lost weight between Days 0 and 7. The gross necropsy conducted at tggminati f

the study revealed no observable abnormalities. @ @ @
N &
The acute dermal LDso of QRD 460 is greater than 5050 mg/kg in male and female ra@i Q "\@
@ 9
Materials: @ {N ?ig\ \"\@) é\’ @
Test Material: QRD 460 < @Q w\a@ @ <§9 Q&©&
Description: Colourless, low vi &’ ty liquid wi@% ‘w%)gisy’ (Q r & @) &@
Lot/Batch number: AQ421-89 @b@ N L@ R o & @
1tve 0 © @ \ @7 b\ o, % @
Purity: 100% & 2 N Ro %, IS § R
CAS#: Not reporte ed @ @é}’ @% @f@’ O & o

~)
Stability of test compound: Not rep&ﬁ%d o @ N @Q % ©© © @ @§
o> S

& N N &
Vehicle and/or positive control: NonQ \ & %\& 6%55@ é\a § @yé\g @)
. " AN 2
Test Animals: @ @7 o @ Q\ ©® @) @Q o
. @ O & O
Species @ v N @ @ %
Strai N S O
rain R, ley, &
Age/weight at dosing .9 (fer@%%s)
Source > @ §
Housing é\g @ Vldu@ly in @end@\wire h@ctom&amle@\teel cages
Acclimatisation p§% S, @ W
Q
Diet G N\ S
o O
Water @ N )
: o %

Environmegfal conditions u@ture@% 21° (@ @ @9

N o R

QO O X dity: 29 86%@ @ o

AN N &
\ Qﬁrr cha 5 10% hour
§ & otdpgrrod hour ht/ %ark cycle
%) @, ,
Study Des1gn@iMet@%s . © ©\ . @ @’
S X O S & d
In-life dated: Start: 16 Decetber:2010 %ngi @)De&@ber 2010
& @

@

dermally exposed t0°8050 n RD\%O/k dywes Eht The test substance was used undiluted, as supplied. Each

Animal ass1gnment 9@ treafmentA gg of ﬁ\?@nale and five female, young adult Sprague-Dawley rats were
animal was prepared on th@ay ot to treat %@y clipping the dorsal surface of the trunk free of hair to expose not

less than 10% of@he total body;surfacesatea. re was taken to avoid abrading the skin. Only those animals with
exposure are ee of%fe exQting skin irritationt or defects were used for this study. All animals were treated with
5050 mg/kg €619 r%\skg) ndilpted testesy bstance, evenly applied in a thin, uniform layer. The area of application
was cove wrt%%{, 2 x @mch sUrgical gauze patch secured with non-irritating adhesive tape. The trunk of each
animal ¥@s th rapped w et wrap which was secured in place with non-irritating adhesive tape to prevent
p0551 foéﬁlnge @n of. testigtibstance. The application period was 24 hours. After 24 hours, the wrappings were

% V- / test §lies weke gently washed with room temperature tap water and a clean cloth to remove as much
residual tsubstance as possible.

Observations for mortality and clinical/behavioural signs of toxicity were made at least three times on the day of
dosing (Day 0) and at least once daily thereafter for 14 days. Individual body weights were recorded just prior to
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dosing and on Days 7 and 14. Observations for dermal irritation were made approximately 60 minutes after removal
of the wrappings, and on Days 1, 4, 7, 11 and 14. On Day 14 after dosing, each animal was euthanized by an
overdose of CO,. All study animals were subjected to gross necropsy and all abnormalities were recorded.

Statistics: The LDso value was estimated (limit dose, no mortality). @ @6
° @
Results and Discussion @ @® @
& S8

Mortality: There was no mortality. % IS @

Q ¢ )
Clinical observations: All animals appeared normal for the dl@mn of the stl@? Signs of dé‘?’lal irfitation i@%fuded
desquamation and alopecia on Day 4. V < Q\ %@ &@

v & O

@
Body weight: Animals exhibited weekly weight gain, w1@§he exceptlf 2 of 10 ann@%[s that st @ht b@veen

Days 0 and 7. AN
& < \ & &
Necropsy: The gross necropsy conducted at studwrmmq%m rev@d n%%bserg\g@je ab ahié\\s’.

@ L & v
Conclusion % @ @@ (G @ @@, & @ °
The acute dermal LDso of QRD 460 is greaéés tha& 50 n@kg 1n@§e a@female@a S. é\” % §

o,

&N X S
&@Q S .8 N @§ Q. 201 1)

N & @ o . & & T
MAS5.23  Acute n@alatm@f’)tox@ty S & $ ¥ N
O S @ _G O
Report: S ). Actf inhalation @ 01ty°sgl<?y in @gts. _
bor: Report No. 14697-
. Fa
2011. @npublished. N S
S G @ SR o £
Guidelines @ S, § & o @© @ o @
RSN g\ S o <
OECD 403 (1980: OPPIS 8701300 (1998 o
apForBeningm & o 7 &
GLP: Slg@d and dated GLP aqg@uaht ssur@e stat@lent@fere p@l ed.
\ N < D
There Vé%xe no dev1at1¢01@from @ current reg@a’tory g@dehne on ed to compromise the scientific validity of the
study. O <, %
W R
Executive Summg/??y Q @@ @’ @\% @@ @@

The test subs@lce Q%D 4@(10&1.) as ev@uat Vk@r its acute inhalation toxicity potential in young adult
Sprague- ley albino rats.” Fivgyimale 5. f5R ale Ire exposed nose-only for 4 hours to an aerosol generated
from th diluted hq,ul@test stance at aé@el ofO.30 mg/L. The concentration of the test substance in the
exposure atmosphere%@ det 1ne@malyt@lly @per hour and nominally at the end of the exposure. Following
exp%vﬁfe animals were retafed f obse@atlon period during which time they were observed at least once
daily for clinical mgns andody e ghts were & &brded just prior to the inhalation exposure, and on days 7 and 14.
At the end of tl{ dy all\ ani subgg'éd to@oss necropsy.

%

No ammal%‘@ dmng th udyThe 01@/ prominent clinical signs were decreased activity and piloerection. All
five malegzand f@§ femdles lostweight during the first week, and one other female lost weight during the second
week, b@all fetpales %d fo Q) diales had an overall weight gain during the study. The gross necropsy revealed no

obserQ le a@mah@ exc¥pt gas in the stomach of all animals.
)

Tlgac%t@nalanon LCsoof QRD 460 is greater than 5.30 mg/L in male and female albino rats.

Materials
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Test Material: QRD 460
Description: Colourless, low viscosity liquid with a ‘woodsy’ odour
Lot/Batch number: AQ421-89 .
Purity: 100% i @ @6
N
CAS#: Not reported @ @® K
Stability of test compound: Not reported @,Q AN ©®
Q D
® S & 2
Vehicle and/or positive control: None 5 S é\ﬁ
¥ F S L
S T & S

Test Animals:

&
Species Rat

SN
N LT R 9O ¢ @
Strain Sprague—Dawle o Q@J %\ Qr ©\ o\*”\g §
Age/weight at dosing Approximatély 8 weks 01@&’501 g (%%s); 1@229 {; (fema%s) at the
start of exp Q @ @)& ‘
Source %G §
@ o\ ) ('0 \ ©‘ \ @ ?\9 ©
Housing I&(@llduzf@’ in s"as,pendeﬁywue&@om 1n1€6§teel § %

%ays@g) 9 > @ & @

Acclimatisation period

©
@{cep@nng exposure

Diet § ibitum
Water & ins éﬁ’é @%}ztum cept durlng@osur&@ ©
Environmental condition$s % Temp@atur@ 21 @“ v § Q&g
S Halidity: 53-89 O S \Q
§§ N @ h@és 1@ a1r &hour
. 12 hopt§dight (2 houfs d @
@ \@ & ot@pprlod\ 0;1 ght [} ogg ar%

Study Design a) M@uds (& Q&@j y\’ @ §

% =) 6\ colf @
In-life dates: Start: 21 J@xary @% E]@: 4 Fepryary 20
A § & o &

Y
Exposure conditio '\Trla assays guere c@ct Y0 det&rmine @ch method(s) of aerosolizing the test substance
into the exposure mber ou@odu"c& an ptabl®) con%ntratlon and mass median aerodynamic diameter

5
(MMAD). 2 @ K N @ @

S
Animal aSSIgﬁ@lent z@d tr: @nen&\Fl le a young adult Sprague Dawley rats were exposed nose-
only for 4 ]%JI'S to an aeros gen@ed fi RIZ460 at evel of 5.30 mg/L.

y %

Prior to %@start of t@tudy tthy were exan%§d tO@lsure that they were physically normal and exhibited normal

activity. Observations, fo lity @id 51of acologic and/or toxicological effects were made frequently on

the ﬁﬁy of exposure and thgn at @t once dailyQhereafter for 14 days. Body weights were recorded just prior to

exposure and on@days 7 anig} At@ end@ti the scheduled period the animals were killed and examined post
8

@o

Q

mortem.

& S @
Table HA@g»z 3-1@101&@3' / a@hals réated

Ex:gpsur ce@tm@m Mortality (Number dead / total)
§ @J)@ Males Females Combined
o 530 0/5 0/5 0/10
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Generation of the test atmosphere / chamber description: A 500 L nose-only stainless steel, dynamic flow
inhalation chamber was used with polycarbonate tubes which were inserted into 10 designated individual ports. The
aerosol was generated by pumping the test substance into a pressure operated air atomizer, then spraying the resulting
aerosol directly into the exposure chamber. Air flow into the chamber was maintained through the use of a calibrated
orifice plate at a rate of 25.8 air changes per hour. Air flow was recorded at 30 minute intervals during t| po
period, and was sufficient to ensure an oxygen content of at least 19% of the exposure atmosphere. Tempetaturgand
humidity were recorded at 30 minute intervals during the exposure period from a hum@ty/ temperat en %serted
in an unused port of the exposure chamber. @J@ & @

The animals were exposed to an aerosol generated from the undiluted liquid test sdbstance for a§1od @our Haurs.
When 99% concentration (t-99) was attained, the animals thagsyere individu ﬁ? housed in pdlycarbenate @ﬁsure
tubes were inserted into a 500 L stainless steel nose-only inhafgtton chamber 1@ the spec1ﬁec§§ﬁpo@ perm@ At tH&
termination of the exposure period, the animals were returned to their stoc oratory cag& N) @ é
& R

Test atmosphere concentration: The concentration est substancte the@rjxposg atmogphere (gzken @ﬁq the
breathing zone of the animals) was determined g etrically omge per @our andSno @ally &the @ of the
exposure. The analytical determination was m e us a spe ph Seter. DThe &mnal%nc tion was
determined by dividing the loss in weight of th@ st s&ancw ter t&e exg@%e be total\volge of air that
passed through the chamber. % @& @ & o

Particle size distribution: Particle size, t n frohthe @athm @ne % %ls det@\gmmed ice during
the exposure, using a cascade impactor,¢d Q Pa ra&%f 8. /mlmge for a ura ”&a oi§ econds. ThEMMAD and

particle size distributions are calculated %Yge da;ca% acorn puter@bgr tilizikxg pro naly@

Table IIA 5.2.3-2: Summary of acu% stu@ test@msp@ l%@cte @cs @
Parameter @@ \ SRS @r& @ \)]© 6
RN § S gy S @ 2
Mean exposure con@%@ration@ @9\}) §\J & @% @ 30 ﬁ@L %
Nominal con@tratio@ © ©@ . N 45. 2 mg/L @
Particle size MMAD; GSD < | @ & & 26,30 um; 48,55
& o @ S :f@ houI@g)d 2 hqurs Q@exposure respectively)
Sl@@&mg@m) N @} AN > @) in%ize range
© @ w%w ~ SOS Run &(1 ho@?{nto é&posurép Run 2 (2 hours into exposure)
- Phrticles >l66um %~ b O 0@ © 0.00
A Particles 9.9@6.6 iy > | a0 O 000 , O 3.45
Particles¥£029.9 fim @ O T S0 5.17
Particl€s 2.4 @éwm NI 5260 15.52

Papkites 1604 o O | O &R 15.52

L&arﬂclesOSlS@m R 9 o205 17.24

Lparticles 0.5-68 imey” | A V21,05 17.24

Particles 03205 yln o> |@F o 1228 15.52
“Particles 0.0-0.3 um (backup fifer) [ O 0.00 10.34
Air atomize&ing'% S@ray@r ﬂe@g@ Q 14.2 L/min

Air aton@r set&g? Sa@le intakg 1 6.0 mL/min
A}é@ow r@@) N 215 Lpm (n=9)
(&@mpezségure Q\\J 22°C (n=9)
S O Humiditys, 32% (n=9)
IS4

Statist In order to calculate a mean exposure, the Mean Value Theorem of Calculus was used to properly weight
the concentration, since the concentrations could not be measured continuously. This method weights concentrations
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based on the time span of each concentration. A concentration can be calculated for each minute, which better
represents the exposure concentration received by each animal.

The acute inhalation LCso was estimated (limit test, no mortalities).

Results and Discussion

Mortality: There were no deaths during the exposure or observation periods.

asymptomatic by day 7 @ &
@
Body weight: All animals exhibited weekly weight gain dl{mg the study. @Q
@ S
Necropsy: The gross necropsy revealed no observabl ormalltles Q @f@°

. N
Conclusion &° %
& & L &S
The acute inhalation LCso of QRD 460 is great%than @ mg/fin ma@and fe@a
N N

ITA 5.2.4

Report:

rabics. [
(@)

. Laboratory Report No.

14699-10, 18 Februay

N 4 %,
Guidelines Ro @ 9 @Q@ o\© N N N
@Q o @yf’ © &0 o
OECD 404 (2002) TS _870.2500p199, @
SRR N e g

GLP: Slgne @d da@GL@nd Q@xty %@Tanc ten@ts we@rowd%d
There were j%0) dev1at10ns gicﬁ)m th&@re@ulat@ gulde(f%e C(@Sld@l‘ﬁ@@ compromise the scientific validity of the

study. G X QL & A
A @ .S o O O
Executive Summa §\ é\ﬁ @ w\j\ & Q
In a primary derrr%)l irri %) yoaglg adu@(l R@ and 2 females), New Zealand White rabbits were
60 (100% w/w a.i.). The test substance applied to a

given a singl al hcat@l of ndLlu %1 4
single intact skin site, appro@mte 2 5 @ on tgﬁ orsal trunk for 4 hours under a semi occlusive dressing.
The appli n sites were observggtor ¢ em,a d o a and any other signs of skin irritation at 1, 24, 48 and 72
hours angdv?, 10 and 14 dg@s afte@andage rem@ E@ghema and oedema were each scored on a 0-4 scale

Vetg@%ﬁght erythem%was g@j ind t\@am @s at%@ 24 — 72 hour readings. Oedema was not observed at any time
during the study Jrritatiory effs &s per@ted t% y 14 of the study. One animal died on day 10 but it was not
considered rela& 0 t%gdm1 i atloi@ the &3t substance.

Under the &(@in(@)f thi deRD 1s considered not to require classification or labelling for skin irritancy
@)

potential. @ @
& $ S
Mat%x%?ls @@ @Q §a
T at@l QRD 460
Descrln Colourless, low viscosity liquid with a ‘woodsy’ odour

Lot/Batch number: AQ421-89
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Purity: 100%
CAS#: Not reported
Stability of test compound: Not reported R @
&2
g
Vehicle and/or positive control: None @ @® @
Test Animals: @’Q N Q\Q
, . NEES
Species Rabbit @\% ) ) %@J)
Strain New Zealand White AN &9\ \o\ N @
Age/weight at dosing Approximately 14 weeks / 3.000-3. 20@ @ S é\ﬂ &
Source Q ©© @§>
Housing Individually in @@ended w1reﬁottom &mless@eel\c@s © @§
L : A JR AN
Acclimatisation period 5 days & @ v\g S N Ko
Diet Lab Rabbit @et #5@% ( 8oz I@f da@& % %
Water Mummpg%/atel\g@j llbmgn > % § “ @ §@
Environmental conditions Temp@ ature’® 21°@ & \;»;9\ & é\a S

R
tygé%%%@ § > L @@ o

O
chang@é 10-12 ai change@ S @) SO
@2;&5/@}1@ fghohm@cy @ @© © o
Study Design and Methods: * é § N @ & ‘\@ @
S
@ §Eg§®4 Ja@ry 2017 § I

In-life dates: Start: 21 Dec%mbe%OlO
N

Animal assignment § treat@én {@hary @al i tlon study, thee, yoting adult (1 male and 2 females),
New Zealand Whlt§ bltg&cre \@ a %@ dermal ap@;catlo 0. SQL of @BD 460 (100% w/w a.i.).

~
The day befor @%tm ; the dorsal %ﬂ of, tl@’ﬂani&%as ped t§ of haif to expose an area at least 8 x 8 cm.
Only those an%als expQsure areas freg%f pre@@mstlr@skm iitatioZr defects were selected for testing. A
single intactéxposure site {\vgas sel%@d as thy test @ Whll@he C@tralat ¥l intact site served as a control site.
<&
On Da%ﬁ 0.5 mL of u@hlutﬁ@st substancgwas ed to ach 4 @sne and covered with a 4 ply surgical gauze
patch measuring 2. SQN 5 oﬁl@ Ea@patch@zas seg%red i&place%nh a strip of non-irritating adhesive tape. The
entire trunk of e%%am 1 wa @osel %rap & with @ ermeable dressing (orthopaedic stockinette) and
secured on both e tr1 tap@ reta& evap@atlon @volanle substances and to prevent possible ingestion

of the test substi#ice.
e & & O O @\

After four rs, the patches and ppl@%wege Fmo (@ The test sites were gently washed with room temperature

tap wategand a clean Clo@to re@ve as niuch @duafﬁ@st substance as possible.

The\a?%imals were c¢hecke %ly &@&g of s \mlc toxicity and mortality. The test sites were observed for

erythema and oedema form&ktion, 4ud any. other al defects or irritation, at 1, 24, 48 and 72 hours and 7, 10 and 14

days after unwg}l Eryths:m oedegha wer&¥ach scored on a 0-4 scale. For each animal, all of the erythema and
ro 2h wettvadded, and the sum was divided by 4 to obtain an individual irritation score.

oedema scor
The prima itatien ind: as é@erml by calculating the mean of the irritation scores for all the animals and
was used @) bta@@ratmgr tst substance.

<
Resulﬁxénd @uss % @

o,

Olgan § died on day 10. Death was not considered related to the administration of the test substance.
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Very slight erythema was present at the 24 hour — day 14 observations. Oedema was not observed at any time
throughout the study. Other signs of irritation included desquamation.

Table ITA 5.2.4-1: Individual and mean skin irritation scores of QRD 460 Q
Time Erythema @@ Oedemg\@ - (@\@
Animal number 5454 5453 5455 5454 545, | 5455
after 1 hour 0 o | o <0 v . P a7
after 24 hours 0 g L@ 0 G 0 @0 &@
after 48 hours 0 IS 1 @Q 0 L @ Q&©
@ K Q D @
after 72 hours 0 1 1 Q| .0 <7 0 ¢ |
mean score 24-72 h 0 ‘ AN . “ oo % © 9 & 0
after 7 days 0 1 &° it N 0’ SN 0
after 10 days o |7 x0T 1 &80 U Lo o o0
after 14 days - 0‘25 "\1U 20 ;% é 0 < © 0
@ ~ @ o S Q &\ @ X @)
pOSSi 24
A

The Primary Irritation Index (PII) of @ oug of a
@7 Q,

observations. & RN
N o © O @Q ©® ©© @© \%

Conclusion @ % @ @J@ @ Q& (S ©© %
Under the conditions of this stﬁy, %D 46§Q con@wred 10t to re(i%lre %s sificatfén or@belling for skin irritancy
potential. . 9 S N %, Q\ Y

S RS NN

S O )
&

N>
° NS
Guidelines §\ & é\g o\© @\ & =
R
OECD 405 (20%) m@%m@mo N

(OMEN )\© \@Q “§
GLP: Sl%ed and dated @g ag&uah @ssuré@e stents were provided.
y R
There wese no dev1at®?rom t c ent reg{@ory%@ﬁdeline considered to compromise the scientific validity of the
Smdyﬁ”\g 7, @ @ N
Executive Summgry & @ N
N @ R
In a primary, 1rrﬁﬁt%n S , 0.1 mL b lume of QRD 460 (100% a.i.) was placed into the conjunctival sac of
the right ¢ of ou§f Zealand White rabbits (2 males and 1 female). The grades of ocular
i ded at and 72 hours, and at 4 and 7 days after treatment. The corneas of all treated eyes

reactio e re
were e&mi‘sﬁ ely t the 24 hour observation with a fluorescein sodium ophthalmic solution. All treated
eyes were ed temperature deionised water for one minute immediately after recording the 24-hour

ob@rvati Corneal op , iritis and conjunctival redness, chemosis and discharge were scored based on the
Draize @mrical scale.
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Slight conjunctival redness was present in one animal at the 1 and 24 hour readings. Slight chemosis was present in
one animal at the 1 hour reading but had gone by the 24 hour reading. Slight or moderate conjunctival discharge was
present in one animal at the 1 and 24 hour readings, and in another animal at 24 hours but had cleared by the 48 hour

readings. o
&5
S @

Under the conditions of this study, QRD 460 is considered not to require classificatio labelling fo&ggula@tation

No abnormal findings were observed in the treated eye of any animal 7 days after treatment.

potential. Q °
<
Materials: ©) w\% °\© N %@
' 5 N & @
Test Material: QRD 460 X Q@ @Q § %, S
Description: Colourless, low VlSC@y liquid wi t}&©woodsy’ od@Y Q § Qﬁx©
Q o @
Lot/Batch number: AQ421-89 @@o @ & A
Purity: 100% . @@ ?\4;\ @ é\ ) «v\,@ §
CAS#: Not reporteé @@ 21 S 6& § o
Stabili . ©) (Y @ S % & °
ability of test compound: Not reporfed @ Q A IS © @ @
AN
$.N o &© $ "\@ Qo §
Vehicle and/or positive control: No@ %K é\ﬁ @\ kS §) @ @ o
Test Animals: @ TS @tﬂ\g Q\ ©® @@Q @Q O\”\a
Species @ Rabt@ @@f) @J@ @@ Q& (S @@ &
Strain 5 New Zegfind White S &@ C o
Age/weight at dosing &) Q\ppr ate]xd3 weel@ﬁ/ 2. 725 3. O§@kg %
N
Source “ @ i i
Housing & v @dwld@ly il pen@ wire-@)tton&tainlﬁ}steel cages
@

Acclimatisation p@% & @ da;@g N \@ 2 & @@

N @

Diet ©© @\ & L%Q Rabb@)let #5321 ( ) approximately 8 oz per day
Water & (r§ %© Mumcug)%l wate@ad 11 @ %@
Env1r0nn§r@%al conditiors, @&9 Te %ature@o Zég\f @7
N @ O Himiding 37927 s e%@©
@\ & ir chdnges: 1%\12 aigchangesthour
@Q % @ésho@enogg@ hou@1ght/@rk cycle

Study Design a@d Met@s @@ @ ©\ § @,
@ Q,
3 @\End' December 2010

In-life dat(% tart: 20 Deo&%er@ 0 %T,Q @

7

Animal a8signment ang treaté%nt In a p% 1rr1tat1on study, QRD 460 (100% a.i.) was assessed for eye
1rr1ta%n in a group New&?eal abb°1<t§ 2 males and 1 female). Only animals without eye defects or
irritation were selected for ggsting, ©\

On Day 0, a d%e of smL %16 uﬁ@luted @t substance was placed into the conjunctival sac of the right eye of
each animal genﬂgg 1li e lowér lid@way from the eyeball to form a cup into which the test substance was
dropped. The'lids pvere gefdly hegbogeth@for one second to prevent loss of material. The untreated left eyes served
as com ive c@ rols. ©

The ted ayes of an al¥ were examined without magnification under white room lighting, and (if needed), an

@rce of whitesight or a handheld flashlight. The grades of ocular reaction recorded at 1, 24, 48 and 72
hours 4 and 7 days after treatment. The corneas of all treated eyes were examined 1mmed1ately after the 24
hour o rvation with a fluorescein sodium ophthalmic solution. An ocular transilluminator was used to enhance
visualization of fluorescein staining. Any of the corneas which exhibited fluorescein staining at the 24 hour
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observation were re-examined with the fluorescein sodium ophthalmic solution at each consecutive observation until
fluorescein staining of the cornea no longer occurred. All treated eyes were washed with room temperature deionized
water for one minute immediately after recording the 24 hour observation.

Individual irritation scores for each animal at each scheduled observation were determined using a numerjgdt gra
scale similar to the Draize scale. An average irritation score for each scheduled observation for all gygs waspthen
determined, based on the number of animals tested. A maximum average irritatio@core was di d from the
observation yielding the highest average irritation score. The maximum average irrjtation score wasyused e the
test substance. Any corneal involvement or iridic irritation with a score of 1 or mbte is conmd@@d positive. Any

conjunctival irritation (redness or chemosis) with a score of 2 or more is cons1de£&§pos1t1ve %@g)
o\ R
N @ AN N oy @
Results and Discussion < @ @) @ @
@ %

S
Slight conjunctival redness was present in one animal at @ 1 and 24 hdyr readings. S]@t che&sw t in
one animal at the 1 hour reading but had gone by the 24Hpur reading. ht fnod e cc;%gnctwal lsch rge was
present in one animal at the 1 and 24 hour readings, &xt'in another &ngmalbat@ll hour cleat@ﬁl by @48 hour
readings. . Q@J %\

N 9 % @

o @ AN A S %
No abnormal findings were observed in the tre%ed eyeégjfvany éﬁhal @@jys af@ treathent & @ @ o

S
The maximum average irritation score of obtﬁned l@nd ZA&QMS g&% tre&t @as usggl to r§QRD 460
minimally irritating. Fluorescein stainingagtd no&@cur mAny @gbe eyes; é\a @ @ @)
S > S

Table IIA 5.2.5-1: Eye irritation s@es of @D 460° @ ‘”\7

3 A Q ’
Time @QJCOI;I{(?Q “ gﬁris x@ 7 Q@Q %© @n‘]u‘iﬁgtha .
N ) 'S oo & - Redness Chemosis

Animal number _, ps444 [ 34465445 o444 | 5446 | 5445 | 5444 | 5440 | 5445 | 5444 | 5446 | 5445

after 1 hour &) | o] 0plPo Do d1d [0 |50

after 24 hours 28" CF@O @ 0 1dQ| 0d,
after 48 ho N o §; <o %@ @;)& @
© 5 A <0 @
0

S|lo(loc|lo © O~
S |lolo|lo © oo
oS |lolo|lo © oo

0
0
afier 72 hdrs ) | 0| @ | o 04 £0 f0 | o0
mean scor@24—?§ 90 0| e A @@ 0Q] 03| o0 0
afiéP4 days | 0] 0ghho o |0 len | @ [ o | o
Aafter 7 days \@w @ | 0] o] 00] o<l . Po | 0 | o
d - disch NS A\
1scharge @§ %& @@ \;9\ %@@% & @
Concl > -
onclusion @Q @@ e @\ @@ @@

Under the corﬁlons 0@ thlﬁdy@ 46@ con@ered 0t to require classification or labelling for ocular irritation
potential. % S @ .9 %
& 2 Q & s
<

o QS o O\Q dl . 20114)
N v AT T R <§
A 5.2.6,. SKih sefsitisation <
& & X Q

Report: . ) QRD 460 Skin sensitisation Local Lymph Node Assay in Mice.
. Laboratory

Q@ epor&No. 1@@)—10, 01 February 2011. Unpublished.

QY%
G@hnes@ v §
OPPT@O 2600 (2003): OECD 429 (2010)

GLP: Signed and dated GLP and Quality Assurance statements were provided.
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Executive Summary

A skin sensitisation study was conducted on mice to determine if test substance QRD 460 possesses a significant
potential to cause skin sensitisation. Five females were assigned to each of three groups. The test groups were
treated with the appropriate dilution (25% or 50%) in acetone/olive oil, or undiluted test substance. E@f

received 25 pL to the dorsum of each ear. The animals were treated once daily for three days. After gwo-d
period, all animals were injected with tritrated methyl-thymidine in the tail vein. Flv@ours later, t @1m s were
sacrificed, and the draining auricular lymph nodes removed and prepared for g?? suspension égnd scayPlation
counting. A vehicle control group of five females was run concurrently, treated ii¥ the same manner. °sA posmve
control group of five females was also run concurrently, treated with 8% alpha- hex&na@eh&f@ in

acetone:olive oil. A
@ & ‘?”\g \ @Q @
The test substance produced a stimulation index of > 3 ukall groups of @amlmals agg@i)s there 1deréa
sensitiser (defined as producing a positive response). @ Q @ KN
QN Q o & & O &@

Materials @b@ N2 R \© ©9 Q@)

Test Material: QRD 460 & ©° Q@J %\ %@7 ©© °<\’ Ry
Description: Colourless, 16 Vlggﬁty li@d wi?@%woc@’ odowy & % .
Lot/Batch #: AQI8 & @ Q s O & ¢
Purity: 100% > S O D DO

' D > @ O SN & o &
Stability of test compound: Not -‘.,. rte«&\ 7 N y\g© é}a @ N @)

@ @ o L
Test Animals: @@ °<\” v @’Q x@@ @§ @ ©© &
Species RS Mouse § @ & o\@ 9
Strain & @Bagy RS 5
Age/weight at dosing > % Young ad o §
Source é\ﬁ ¢§ &\
Housing dividpally.

@@@

Acchmatlsat@per&(@ &\ At least 5 days @ @@

biec O O ﬁ@d libiiom

Water & Ro @Mumclpa wat\e@supp by a@auto;gﬁ’ic system ad libitum
\

Envmo@nental conditions %, Te 9-23° @

&@ & § 1dity: 25 69°
#Air ch s: 1012 changes/h
§\ & hotm@d @mﬁclt& 12 glig;: light / 12 hours dark.
o & &S s S
Study Demgn@ apd Met@%s @Q N ©\ @ ok

@)
In-life dat% Start: 15 Dec@lberﬁo %Qnd @?De;;@ er 2010

Five females were Eﬁte for e cNf thre% st g‘T@ps On days 1, 2 and 3 each test animal received an open
appli&ation of 25 p prla@’dllu (25%or 50%) of the test substance, or 100% test substance undiluted,
to the dorsum of both earsy?The \hlcle co trol @dup (5 females) was treated in the same way as test animals, but
with vehicle alo@“(acetone:olivk oil)_jtistead &F test substance. The positive control group was treated with 85%
alpha-hexylci mald&hyde @ézto live 0il> All test and control animals were rested on days 4 and 5.

On day 6, 4H test @ cor@% ani &IS wem©1njected in the tail vein with 250 pL of 0.01 M phosphate-buffered saline
(PBS) a1n10 iof [ yl 11,2!1-3H] Thymidine. Five hours later, the animals were sacrificed, the draining
aurlc{&p node@o&ms nd pat from each individual processed.

A%gle c@%)suspensmn W§prepared by gentle disintegration through 200 mesh stainless steel gauze. The cells were
washe ce with an excess of PBS and precipitated with 5% trichloroacetic acid (TCA) at 4°C for 18 hours. The
pellets were resuspended in 1 mL of TCA and transferred to 10 mL of scintillation fluid. Incorporation of tritrated
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thymidine was measured by liquid scintillation counting as disintegrations per minute (DPM) from the paired lymph
nodes of each animal, and mean DPM/animal was calculated for each group.

Results and Discussion .

S

One test group II animal and two test group III animals lost weight during the study. All test anis ap ed
@” O

normal for the duration of the study.
N &

<
Individual DPM counts are presented in Table ITA 5.2.6-1. The Stimulation Index@jSI) or test/\@blcle satrol ratio
derived for each test group based on the group mean DPM was as follows: &

) v
¢ & N
Table I1A 5.2.6-1: Radiolabel i tion into 1 h- f mice t d with QRB60 > @ @
able adiolabel incorporation into lymph-nages of mice lgte with Q @I;lﬁ) " N &
Animal Group Test Substance Average@bunt per @%f Mice in G@ "@t/V el@l’e Coﬁ:gol
Concentration Mouse Q oo & @atlo @
Vehicle Control NA Q485 @ s R \@ & N @)
Test Group | 25% w218y Q@’ x> y\Sg@, ©© Y43
Test Group 11 50% ) %0 & @% @@ (03 A34
Test Group 111 100% ?é% \@301 @ R N s o @ 6.20)
Positive Control NA SN 7%{)& &é A o{’@) g\\a % 1@
NA — Not Applicable o § R N %, N ©
# - One animal found dead on Day 4 @Q N N < § @ @Q) § @ ©
## - Positive control used validate procedg¥es © S @ Q\ ©® @) ()@ Y
9 9 S) O S
Conclusions Q@ Q\% v @J@ &@ @§ (e ©© .
%, AN .9
QRD 460 produced a stimu%ion i of § in @roup@f test anim@an%&%eref@@e considered a sensitiser
(defined as producing a positive response).& Q° R X
§ S v X

Report:

O
7
2
I \ SN
Guideljpgy & & @ PO N
N S RN
OECD 406 (1992): @FS 8%0.26 00 6@% &
2 GO >
GLP: Slgned@nd da LPapd Q A@uance@tem@@ were provided.
QO S NN
There were o deviations fr@a the@t‘rent é@ulauﬁguld@e considered to compromise the scientific validity of the
N G
"\
Executive Summar;& % @ > \©
: $ Y&

The sensitisation @{entlal of Q@6O WBS asse%ed using a method based on the maximisation test of Magnusson

and Kligman (IQ ). % §9

Groups of k0 per tes 5 pe@ex (control group), young adult albino Hartley guinea pigs were used for
dy 7@/0 mal roc res were involved; (a) the induction of an immune response; (b) a challenge of that

the mai

respomz@ @

F % m tudy, 6?&: co@ntratlons used were 5% (v/v) in cottonseed oil for the induction intradermal injections,
100% e topical induction applications and 100% for the challenge applications.
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A positive control study was conducted using essentially the same methodology and using 85% alpha-
hexylcinnamaldehyde as the test substance. The method used an intradermal induction of a 5% v/v preparation in
corn oil with and without adjuvant (50:50 v/v) for intradermal injections; 100% for the topical induction and
challenge phase. . 5
Following challenge with the undiluted test sample, no erythema was seen in test or control animals. Thewet g§
response was 0%. S @
<

No erythematous reactions were seen in any animal, test or control, following challer@é with Vehlc@ alor%%e net
response was zero.

< S
In the positive control study, all animals of the test group eth@ted discrete tg@oderate erytl@na the cl@ﬂlen@
treatment, and none of the control group exhibited erythemg. Alpha-hexyleay maldehyd @as co@dere@ elicity
extreme sensitisation response in previously induced guingg pigs thereby é@nﬁrmmg the @nsnlw@of t@@est é&

SN
Since 0% of the test group animals exhibited scores er than zeroxQRD 4@ was n @mms on
6 group e 50 iy g Sehsitiséion pgéhcy

o,

rating of non-sensitizer. é @@)o %Q g\g\ é\g@’ @@ \ )
Materials: % @ @© Q@ o @@: & @ @& °
Test Material: QRD 4& \ \\ > &% O §
Description: gdess/%l‘%htly g@@ow @%ld vg{ﬁ@a ‘w@&sy@ur éﬁ Q
Lot/Batch number: 4&@5 1 o\@ :§ \@ @@ N § %@2)

Purity: <(QO% @ @ § &© @@Qﬁ @@ N

CASH: @ Nor\“%ported ~ &@ o (& &

Stability of test compound v\” @@t rer@ed Q& AN @QJ) .9 @J)

Vehicle and/or osmve co\trol vehi @Ee : po Qec trol—A ha-}@lcmnamaldeh de, tech,
p @ @@% posgtj & \ip y

@ > 85& ehlcle cor )§9\ é

@
Test Animals: §” S @ @ N - Q & @
Species © @\ & R 41 N K\ @ ¢ §

R~ S = e SN &
Strain 2o @Sprague%aw 3@ @Q ©) @
Age/wei% at dosing é\a @9 Ap mate eks o%@%-&@g (males); 193-227 g (females) at the

A . @ | @ sta qure
Source @@& §\
Housing 2 @ S Ind; uall%m sus&nded@@e bottom, stainless steel cages
Acchmatlsa% erl&@ @@ &@ys @ \ g
Diet % @ Q) ad libitum, except during exposure
Water @7 Q\@)) @ Ma@ wa@ad lﬂ%mm except during exposure.
Envi&nmental con@ons % %mpe@%re E;Q{?ZOC
N @JQ é}Hu @ §3%
@* SN ‘@J ang§ 10-12 air changes/hour
12 hours light / 12 hours dark

Yy Q&
Study ]@n an@[eth&l& §
In-lifé ates St@S Afigust 2010 End: 18 September 2010 (main study)

¢ &

(9 Start: 10 March 2010 End: 3 April 2010 (positive control study)



AgraQuest, Inc. Terpenoid blend (a-terpinene, p-cymene, d-limonene) Doc M I, Sec. 3
June 2011 QRD 460 Page: 25 of 71

Animal assignment and treatment: The sensitisation potential of QRD 460 was assessed using a method based on
the maximisation test of Magnusson and Kligman (1969).

Groups of 10 per sex (test group) and 5 per sex (control group), young adult albino Hartley guinea pigs were used for
the main study. Two main procedures were involved; (a) the induction of an immune response; (b) a chall@% of
response. @ >
Induction: The animals were treated on day 0 by making three pairs of symmetrical ifradermal injegtions %e
upper back of each animal within a 4 x 6 cm exposure area running laterally across the shoulders. Eor the fest group
animals, the first pair of injections (one on each side of the spinal column and a&g%gumately 3.5 € apag)y consisfing
of Freund's Complete Adjuvant diluted to 50% v/v in saline, w ade at the anfe¥ior edge of %»expdwre ar he
second pair of injections, consisting of 5% v/v test substance mottonseed 0 @vas made appfgXim 0.5 éin @
behind the first pair. The third pair of injections, consisting of a 50:50 mix 1"\ of Freund's mple@»Ady@ﬁ é
(diluted to 50% v/v in saline) and a solution of 5% v/v tesggibstance in c@gonseed oil w ade @)rom@tely
cm behind the second pair of injections. Control group amjymals recelve(@w sage 1n]i§mns with the véHicle
substituted for the test substance in the second and thigdpairs of injections. Afbinjecti Vug@wnh@a 2 %@tm area
of the 4 x 6 cm exposure area. A volume of 0.1 mkwas ad@mmte@at e&iﬁ site. @’ S Q\

On Day 7, 0.5 mL of undiluted test substance appl to t @xpos@ area @eaoh t@; anj 1 to T th&
intradermal injection sites. A 25 mm glass fi ﬁg%&lte tch was used to ov. the d site. @%n
occluded with an adhesive masking tape an s\ ecure&m pl w1th ela wr arou e torso of
the animal. Control animals received 0. 5 /. of @%tonse& oil ahg a 25 1bre fifer pa@h was fdaced over
the dose sites. The wrappings and patc}@ %Ygemové@afteg% hout@’ @A 4 w obS@ed for dermal
irritation on day 10. Q @

Challenge: On day 20,a5x 5 ea vé?”chppe@é)n br§ the @an t ﬂan S of @9 teség,ud control animal.

For the challenge treatment (dag 21), 0.5 mL dilyted test su star& ag afplied plcally the right flank of
each animal in a manner 1de1&%cal to ghe day Hireatn@yt. ¥ mm glass ﬁ@ ﬁlte&patch wegs used to cover the dose
site. A dose of 0.5 mL of eqttonsegd oil wiDappli opicﬁly to theeft flank of 8&eh a 1. A 25 mm glass fibre
filter patch was placed Q}l\g‘[he doénte @ches sd as@r top&al 1nduct10n. @

v o A \
Positive Controls: 0s1t1%e contr&‘mds corﬁlcted@mg @entlally%e sam¢ methodology and using 85%
alpha-hexylcinna d&s theest substancesJhe ethdd u & an i de induction of a 5% v/v preparation
in corn oil with Wltl‘%’[ adju\%nt (5@&50 V/Y%jfor inttgadermal mjec % undiluted test substance for the
topical inducti@ nd engéPhase. © @
% . SEERS) @

Biscussi 9 % @\ v v

Results and Discussion =, %o @ v
QO & < @ @ @ o

Mortality / Clinical ohservatigns: Qu days@ tw"o@ont% animai{Swere discovered to have prolapsed intestines
and were humanely kitled; o% oth ontr&kamma«%ﬁd tw@)test %nnals were found dead. These deaths are

considered not to g relatedhto te bst. adnm;lstra on.
o e o
Induction rea%@z)ns a@dur%@f‘ K’t\ﬁepoﬂid @\ @@

Body W@ There we@ no tr ent -EBlated ffects &body weight during the study.

Challenge reactions:a d d ion: @w @le atments with either vehicle alone or test substance alone
prodiced no erythema in a@& test @mals 0 ontrol animals.

@"° AN
Positive contrdl; All dnimalgQ¥'the @é}? group%hlblted discrete to moderate erythema after the challenge treatment,
and none of ang‘zis of thg>Control gro@hlblted erythema after the challenge treatment, therefore the test

substance ons@ d a@treH@?ensitiz and confirmed the sensitivity of guinea pigs to the positive control
materiake S Q
& "
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Table ITA 5.2.6-2: Maximisation test: Number of animals with signs of allergic skin reactions

Scored after: 24 hours 48 hours
Test group (undiluted QRD 460) 0/18 018 .
: : $
Vehicle control group (cottonseed oil) 0/7 0/6 @’/ S
Positive control (85% alpha-hexylcinnamaldehyde) 9/9 (0/9 control) R 1/9 (0/9 (@rol) K
R
Conclusion & °
O & .9

Since 0% of the test group animals exhibited scores greater tha@ro QRD 46&%& given a sg\ﬁ 1isitisatien pote@
rating of non-sensitizer. V AN @

¥ &

S 5 >
Reference: Magnusson B and Kligman AM (1969). J. Invggt. Dermat 52:268-276. Q Q ©© é&
i 2
Q N - v

Report: pigs. W
$
Q S)
Guidelines & D N s @\ § @@ § %@
OECD 406 (1992): OPPTS 870.26&0% 9985 9 & ©) &© ©© ©© S
N "\% © 6@@ @ Q @ é
GLP: Signed and dated GLP:and Q&ality A@@manc en%@yts we@@%roy@. 2
Q N S %)

N
Executive Summary °\@ N & § @& IS § @9

A skin sensitization stuév\\: base@an eth des §d by«%\z and@uehlé&l%(l&%as conducted on 15 male and
15 female short-hair, art]Q/-Albl um@plgs to eif t@t substance 420 produced a sensitising
reaction. Animals Were as§igned f ach oftwo grqups, e@ gnat I an@DGroup I animals (5 per sex)
remained untrea dur1@ he ind ctloﬁgghase he stidy a served a nai¥g control group. Group II animals (10
per sex), the te@gro ere téated with 0. 4L of @ilut st's e@elected from previous screening). The
animals wer%treated ce we ly fapthree weeksshe. a totghof three treattaents. After a two-week rest period, all
animals (Ggoups I and II) $were c@%ng@ﬁ a virgi test.site w@n a&@anon of 0.4 mL of undiluted test
substany@ @© @
RN N L° "\
N i éso
The sensitivity of g Q- a pigsto a 1tlve§9 sgntrol @terla A)%pha -hexylcinnamaldehyde, was confirmed.
R
QRD 420 prod d no @%at \E the st am@ls (G&) 1) @%he naive control animals (Group I) after the
challenge tre&@ent ahd th & d&dﬁqot et a se%mzm%geactlon in guinea pigs.

QRD 42@5 not a skn@ensn@ und@ the @mdltwﬁs of the test.

o s
. Q& % N SN
Matekials: v O
a\ s R @J@ é} Q X
Test Material: @" & %@420 S

Description: $ \%% §9 Rale ye@o%hquld
Lot/Batch & mb(&, O & T-Y6D
Purity: @ @ © ©° 67.18% technical grade a.i.

CAS#1§ @@ ) & Not reported

St&@y 0%@& cor@un&g& Not reported

Vehlcl@d/or positive control: None / positive control was 85% alpha-hexylcinnamaldehyde.
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Test Animals:

Species Guinea pig
Strain Hartley-Albino
Age/weight at dosing 5-6 weeks / 319-390 g males and 308-363 g females éf 6
Soure e 5
Housing 1-4 per cage (sexes separately) in suspended, wire@)ttom, stainle,
cages N AN @g
Acclimatisation period 5 days © -
p y N 3 %
Diet Guinea Pig Diet 5025 adlibium . O & o
Water Municipal water ad libit @} g}a \\ @Q @
Environmental conditions Temperature: 15-25°C ©Q @ § é\ﬁ é
Humidity: 24-98% ¢ & S R @@ é?}

Air changes: 10-1293¢r hour R @@° S &
Photoperiod: 12 r light/darkyeycle Q S S @
Study Design and Methods: Q

S) N
In-life dates: Start: 4 March 2009 @%: 1 April 2009 (mak&study)% § @ §@
Start: 5 June 2008 Q@End@ July'2008 @&tive trol@dy) @ & S}

fé \@ > @
Animal assignment and treatment.@h sensitisatj on potential of thg test as ssed%smg a method
based on that described by Ritz and Bueh I@Tw p@edu@ere igvolv a) otentlﬁ induction of an
immune response; (b) a challeng€o tha‘t&espo You@’ adulg, Hartlgysilbin, gumea h as Wy a331gned to each of

two groups, designated Groups%nd . Gro anmgls (5 per sex) Qmaln tre%d durlng the induction phase of
the study and served as a naixg contr@ rou o animafs (10 per seX@t gro Gwere treated with 0.4 mL
of undiluted test substance’~A preliminary T#itatiogdtes g carri€dout tg*dete e the@ighest non-irritating
concentration (HNIC) ofthe test@u stan@g prior@ the en&@ose The k%lglC seole@i for the challenge phase

was 100%. SECA QQ S QO

On the day prior toreach @men Sthe animals wse preparéd b%@ppim@% b ¢ of the trunk free of hair to expose
a longitudinal ar le@ X 10 oﬁ‘Z@ach a@al h’%dlwdgl d@ghtﬁyere recorded on Days 0 and 31.
LS

Induction: @)r each@ductlon trea@ent oup Ifanimalsgvere treated 0.4 mL undiluted test substance beneath
adply, 25 2.5cm surgh he left frontquad Wof tkg posure and secured with a strip of non-
S

irritating adhesive tape @ strlp lear 1 ene 1im wassplaced &ver the patch and securely taped. Each animal

was then placed in a a1n %r ap x1m h@urs At the @% of the exposure period, the animals were

removed from the r amers pings\and p@ es v&@re removed, and the animals were returned to their cages.

Group II animals @re tr wee or tlifee wegks, on days 1, 8 and 15. The same treatment regimen and
ucti

test site locatlol@vas u ree @reat ts. G@up I anlmals remained untreated during the induction
phase of the stidly.
@

Observ%ﬂ@%for skin reaions @ch te@ site @re made approximately 24 hours after each treatment and
approximately 48 hm@fter % rst%ductlog eam@n Erythema was scored on a 0-3 scale.

Y
Ch:ﬁk:nge After a two W@!©< res@rlod zf%am& $ (Groups I and II) were each challenged at a virgin test site with

an application of@% mL of undifuted @ 45§§The challenge treatment was on Day 29. The dose was applied in a
manner ider@to the%ﬁluc tre ts, except the test site was placed laterally on the right rear quadrant of the

exposure ar
‘% Q & W
N

©)
Observ&@ns 1n r actlon@each test site were made approximately 24 and 48 hours after challenge. Erythema
was scbred on@0-3 Sé

& @ R

the nu of test sites scored for that time period. The test substance is considered a sensitizer if the mean irritation
scores, the total number of animals with scores, and/or the total number of scores for the virgin test site in the test
group after the challenge treatment are appreciably greater than those for the naive challenge group.

(o
A@Vf_@%ﬁ for eachﬁe period was obtained by adding all of the scores for each time period and dividing by
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Positive Controls: The sensitivity of guinea pigs to a positive control material (alpha-hexylcinnamaldehyde, 85%)
was confirmed in this laboratory. Induction and challenge applications used the neat test substance.

Results and Discussion . @
Mortality / Clinical observations: All animals survived till the end of the study. No abnormal behaVi or cli@7§al
signs were detected. S @

N & @@
Body weights: There were no treatment-related effects on body weight during the stu@jy. IS @
Q ¢ )
Induction reactions and duration: There were no signs of in@ion. {N %\ N é\g
@ G @ &@
Challenge reactions and duration: There were no signs ({1rr1tat10n Q @ @ éﬁ @
@

Positive control: Faint to strong erythema was seen @ 10 animals tv&ty -fopit ho@aﬁe end ogpthe Q@%enge

exposure and very faint to faint erythema was presentdy six amme:@lhe 48%ur rea ean@ore .2 for

the test group after challenge treatment, when corr%red with<the € con{g%l gr orer .1, eqnfirmed
the sensitivity of the strain of animals used and th@ehabl@y of g@ exps#men%@echn %
@ &
Table ITA 5.2.6-3: Buehler test: Number of%%ma’lgwnh Nsmvglgns a%llerg@km reaction lg
challenge \)@ \ @ @ N @ «:»\g S
D* & S @ S Testhink & @ &
| IR S £ T
Scored after: r\@ v @’// 2@$wr§ @\@ V@ § 4§h0urs
Main test — test group v N 0/2 &@ o 9 & U0/20
5 @) @§ N o S
Main test — negative vehicle éontrol ) (f/j@ § 0/10 < @ v~ 0/10
=4 % N
K\% o S 0 o Ghallenge it 100@
& 2og S @ ©Q4 hougs S Q &\ 48 hours
Positive control — tﬁou@ . ) § 0 @@ & @ 6/10
iti GhiclontrolS O S Y @IS 0/10
Positive control Zwehickx ontr(o)l & S &3/ 10(> § ¢ 1
O QO
O & < .9 & ¢ @
Conclusmn@ &) % 6\ og v
& \@'
QRD 4Z®as not a sku@@é’nsm@ underthe C@dmon@g the § N O
S SN Q
Reference @ & N w\’ (&

& 5 F &
& (N N N . . o "
H.L. Ritz and Egy. Buel "Pkaxnin ,@ondu and I@erpretéion of Guinea Pig Sensitization Patch Tests," Current
Concepts in Cfaneou$-T @, p 5342, em@?ress,@Y 1980)
-\
& & Q @ @ \% (I 7. 2009)
N 7 Q

\“\a v, @@ @\ Q@ @
ITA 5.2 7@ %P%ote l/i acti@s of multiple active substances or products
This is not §C @} requdty en b ©@
(€

ITA 5§ %h&&; terﬁ toxicity

It ié(cona@d that sufﬁc t data and information are available from other sources, as detailed below, to address the
short te@toxicity of QRD 460 and hence there is no need to conduct further studies. The waiver justifications below
supportthe contention that the use of products containing QRD 460 will not result in repeated human exposure to
QRD 460 by the oral, inhalation or dermal routes.
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A. Oral toxicity

Proposed Uses for PPPs containing QRD 460. The representative formulation, QRD 452, contains 16.75% QRD 460
as the active ingredient. The intended uses of QRD 452 in Europe are commercial agricultural applications on plants
intended for human consumption. QRD 452 has a US EPA exemption from the requirement for a toleranc @40 Cg
180.1296) based on absence of detectable residue and resultant lack of oral exposure to all popula
importantly, for reasons outlined below, the intended use of the product is not hke]go result in re@ted h@han
exposure by the oral route. @

N <
No Adverse Effects Associated with Natural Occurrence and Permitted Uses. Thegnherent expog& of h@ans
active ingredient components through their natural occurrence or via their pet@%ed uses as ct f66d add@;lves
flavouring agents, and fragrances in food, cosmetics, and otheécXonsumer gogds, including sther %1de@ as n@
resulted in widespread reports in the published literature of adwerse effects. Q @ §

@ @

o )
The components of QRD 460 (o-terpinene, p-cymened d-limoneng)”are natura @ccurrmg n @multl@e of
fruits, vegetables, herbs, spices, and other foods and ages, including’ coffge, tea &:Oho@bev ages, baked and
fried potatoes, bread and cheese. In addition to the natdral occurren@; the Udgtwe i edieﬁ\comp&%nts RD 460
are permitted for use as food additives in the US dnd Eu :and-a¥ frigﬂce addj 1vesosmet,1cs13 Although the

levels are relatively low, the general public is e)@os thes nts ugh fagesti der contact, and
inhalation on a daily basis. According to a 200Worl ealth @rgamz@mn rt“’ (@ dltlvé the per
capita daily consumption of the three main &npo&eﬁjts as ¢ 1ves i%ghe U@and @glrope respectigely, are as
follows: d-limonene, 12.76 mg and 39.307gpg; &«Qy ene@. 472 ﬁng an 85 4{1} a@nen% 093§ind 0.032
me. @Q IR SNy @ K% &
NS )

The Scientific Panel on food addltlvé@ﬂav rings, @roces%g aidsaad ma@rlals @@onta@%nh ‘fé%’i (AFC) report
Maximised Survey-derived Daily @akes DI) %y N @ @@ %

ANTEERN v Q o

MSDI (ng/capita/day) = Annual préduction@g) x 1\‘2@9 ( ug/@) & \ 9
C@sume@x su@ respafse r&e X 3% gdays}§ Q\ %@J)
A S

Notes: @ 9 S) b@ o\© é K 5 \Q

Annual production volume j %e year@Euro@ @ @ Q S

Consumers: estimated to, &% ofthe total @pe@@mlanon = 32 OO)

& @
Survey response rate: @cngade to @ account that d@mwk&by 1ndl@@y may @mcom@e (= 0.6 in Europe)

MSDI values %r p—@ﬁen%@926 pg/cap%%/dayz@a tet@@ene & 27 y@icapita/day®! and d-limonene of 33542
pg/caplta/da@j1 are reportggg All \&5@ Consﬁered&o sa@if CO@em atghe estimated levels of intake.

<
a-Ter;ﬁ&Qne is a mopo@rpene%lnd in the @éntlal @ls of w\varleQQf useful plants, including citrus, peppermint,
thyme, basil, and pa@%sa22 I ad(@)n o @rplnegg is listed in 23 CFR 172.515 as a food additive permitted for
direct addition to @ for%lman @ mv&t}nﬂ (o3 @ @

<
p-Cymene s n 1y @1 mege @OO Jfo s Ol@f intake of p-cymene occurs predominantly from
consumptlon foods suc& s tWr c@ eg, nge juice, oregano, raspberries, and lemon oil, and

9
@V N Q Q

18 Scieqtific Committe O@COS ic Pro@ts an@on Fé roducts intended for consumers. (2000)The 1% update of the
intentory of ingredifn%ﬁs em| edi Qg)smeU@'odu ection II. Perfume and aromatic raw materials. SCCNFP/0389/00 Final

Y WHO (2005), E uatlon of Certagn ¥ ood &gJditive§ WHO Technical Report Series No. 928. 63 Report of the Joint
FAO/WHO Expe ttee ood A@ltives

20 Opinion of @me food additivégy flavourings, processing aids and materials in contact with food (AFC) related
to Flavouring' Gr Valua@n 18 E. 18?@11phat1c alicyclic and aromatic saturated and unsaturated tertiary alcohols,
aromatic 1ary hols thejgRsters from chemical group 6 (2006). The EFSA Journal 331, 1-77.

21 FlaV g Gr, Eva tion FGE.25)[1] - Aliphatic and aromatic hydrocarbons from chemical group 31 - Scientific
Opi@n of nel ood ‘Additives, Flavourings, Processing Aids and Materials in Contact with Food (2008). The EFSA
Jogunal 91851-1009.

22 Cornell Rniversity, Medlcmal Plants website: Medicinal Plants for Livestock, Beneficial or Toxic?

[http: w.ansci.cornell.edu/plants/medicinal/plants.html]

23 Code of Federal Regulations. Title 21, Volume 3. April 1, 2005. [URL:

http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfefr/CFRSearch.cfm?fr=172.515
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spices?*?*. p-Cymene is currently permitted by the U.S. Food and Drug Administration (FDA) for direct addition to

food for human consumption as a flavouring substance and is considered by the Flavour and Extract Manufacturers’
Association (FEMA) Expert Panel to be “generally recognized as safe” (GRAS) for use as a flavouring substance.
d-Limonene is a naturally occurring, major component of lemon oil, orange oil and grapefruit oil, and is@amr
occurring, minor component in other fruits, vegetables, meats, and spices?®. d-Limonene is widely useghas a f1
and fragrance and is listed as generally recognized as safe (GRAS) in by the FDA as@food additiv ﬂa@uring,
and as a fragrance additive. In addition, limonene is a registered active ingredient 15 pesticide groduc ed as
insecticides, insect repellents, and dog and cat repellents?’ More recently, EPA%has registergd limdngne as an
herbicide. Limonene is listed in 40 CFR 189.910 as exempt from the requn%gnent of a tafptancein pestivide
formulations when applied as an inert ingredient to growingscrops or to &%@/ agriculturglscommeadities ctfealth
Canada’s Pest Management Regulatory Agency (PMRA) hasg proposed f@l registration @ the@ of d-@monel@
to control insects. They considered it to be of low toxicity to humans?® Q %@ @ @
@ 9 &
Based on the above information, it is reasonable to conglude that the@ener@}pop on 1sgrequen§§/ an <(\%dely
exposed to a-terpinene, p-cymene and d-limonene, gh the 1nge§t10n of@ood produc Gid deémal (@ct with
plants, vegetation, and cosmetics that naturally %mﬁ lly co So comﬁ@ﬁents&n addﬁmn d on the
reasons provided above, it reasonable to conclud@ at li if aqy, of t&gs da1 xpo of the gengral populatlon
will be as a result of the use of the formulated % uct %ﬂts 1r@§ﬁded lcatl@s foo the

Label Uses Minimize Exposure. The pr sed Iﬁbel 1ze %1211 &@hur@ln sure, ' ud1ng the
potential for repeated oral exposure. Q@2 %enhe& abell’eg old ark for @e in homes,
home gardens or other residential sit@ions Ci%yhlc]; Qimingtss pote@’lal re ildrgy and toddlers.

n&i( a willa Way e ap d as @dilute solution in

Furthermore, the maximum propose@phcat@i rate Of 1.
water, therefore, applicators will neverbe e€posed f@full gth figyduc
@ % @ @j@ Qk S

Protective Clothing and Use ﬁuctio}s el 1struct10ns spe%@ that &hen yising th@product handlers and
applicators are to wear specified progegtive ing.@ rther@ore they ar tmcu\; 0 “Wash thoroughly with soap
and water after handling and before eating @rinki. chewing gum,or usifig tobgted 452 is labelled for use in
commercial agricultural s1tuat1o@nd beli it i Qreas@uﬁ)le C;Q(pectatlon tha e label instructions will be
followed as indicated. Qj:ﬁﬁs reagpnablextg conclude th € pLec Nutlon@peci&d on fhe label (use of the required PPE
and following the hy ei struct1§ ed with the @ende@agrlcul ral application sites and low application

rate essentially elinfijtates @iy potésntidl fortany srgnlﬁcant peeg@oral mixers/handlers and applicators.
In addition, the ddi pearan%e of Qhar residues (@scnbe el ou expected to eliminate the potential
for any inadveitent ora@ngesn@ (e. g ta unwy hed%and to uth

Rapid Foloiar@‘f{emdue De ﬁ %s;du @ ter@ene -cymefd an (@ﬁmonene declined to non-detectable levels

within )@nnutes afterfoliar icati Q%RD 4 Facg.{lﬂ S5E n Primrose at an application rate of 9.35 L
as/ha. T the potel%a fof%an pest- appl on oxal ex osure b pplicators or others is essentially non-existent.
AQ conducted a restgdue decline s nce 5% EC on Primrose (Primula acaulis) (MRID
47209101, see Do@ment II S full&:@e ails Whlcl§ owed rapid dissipation of the marker components,
thus supportlng@w ar nt thar exp&I sidu rodu also of minimal concern. The study clearly shows
that even at agy xag@atecﬁhcaf’m rate, | e thrge magker components are not detectable within 10 minutes of
product application. Essentiaily, '@he 1 s haygdried there is no detectable residual product. This limits
the wind@f opportunl%for hand:to- h e@osure from foliage after application.
N

Resulgs of the Prlmr@tud e co@tent @%h a%upported by the residue decline study Agraquest Inc. conducted
witihQRD 400 (Facm 25 on I@snatoes RI]@ 858903, see Document MII Section 4 for details). The tomato

> 9

24 The Flavog@Fra Prodygtion WQume Consortia. The Terpene Consortium: Test Plan for Aromatic Terpene
Hydrocarpgns. pgfymene. QQOZ
= Purdugﬁnlve§@ CR%YM CrepResource Online Program, Mandarin Orange, Citrus reticulata.[URL:

http urdu@e u/neiwgcrop/morton/mandarln orange.html]

26 EPA 1mon@e R@lstratlon Eligibility Decision for Low Risk Pesticide; Notice of Availability, FR 70 (12): 3022-
(J ry 19, 2005)

77U.S. Reregistration Eligibility Decision (RED) — Limonene. September 1994

28 Health Canada. Proposed Registration Decision PRD2010-21, d-Limonene. 27 Aug 2010. http://www.hc-sc.gc.ca/cps-
spc/pest/part/consultations/ prd2010-21/d-limonene-eng.php


http://www.hort.purdue.edu/newcrop/morton/mandarin_orange.html
http://www.hc-sc.gc.ca/cps-spc/pest/part/consultations/_prd2010-21/d-limonene-eng.php
http://www.hc-sc.gc.ca/cps-spc/pest/part/consultations/_prd2010-21/d-limonene-eng.php
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study demonstrated rapid dissipation of the active constituents of the extract of C. ambrosioides, at 0, 3, 6, 12, and 24
hr post-treatment. All constituents were less than the limit of quantitation (<LOQ) of 0.01 mg/kg at all-time intervals
except for d-limonene, which was attributed to background d-limonene naturally occurring in tomatoes. The product
was applied four times using an application rate of 2.010 kg as/ha.

416) showed that residues of the three major terpene components declined to non- de able levels
after foliar application on mustard greens at application rates of 2690 — 2914 g as/ In the studyg(
416: Residue Levels of Terpenes in Mustard Greens from a Trial Conducted in Califotnia during 2Q07 (Stugy ID No
77SRUO07R-1, MRID 47548301, see Document MII Section 4 for full details), thégroduct was applied %%e tindes at
specified intervals and the plants were sampled at 0, 1, and 4 h(@s after the thi@pplication. ?ig\ N &9
@ N @ @

In summary, results of all three residue decline studies demonstrate that @mle apphcat@hs of@gD or
452 result in no detection of residue shortly after a gﬁanon and mQ accumulano@bf res@ws &er ngklple
applications. Not only does this limit the opportunity=for acmdenta@and Qrnm& exposure fror@foh after
application, the rapid dissipation of the terpene comgpjients and absence of @mdue x sure@@nnn@:oncem
over consumption of these substances through crogxtreate%@mth tl@odl&§ N %
Lack of Acute Oral Toxicity Studies on Q ﬁ% 460 @52 %lmh m‘[ the activesubstal @13 nat highly
acutely toxic to mammals. Rat LDsos were 0 m‘gé and%>5 0% /kg\in stu@ with the ac nce and
formulated EC products, respectively. & N

\ X
Literature Sources: Of the compon@% RD 4@ Qgpubl@ﬁed are Vall®§for hmonene The
International Programme on Chemm@Safety rev1e$ed % llmone 1n 1 08 and@nmd t t¥'essentially non-

Finally, results of a residue decline study performed for AgraQuest Inc. with the QRD 452 product (th alled@
\@ our

toxic”. Following oral or intraperitoneal a(ﬁ@mlst arge’@gan n-ani (ex male\'ats) was the liver.
Exposure affects the activity of. eren Tiver enz ster eve nd flow; changes have
been reported in mice, rats, andddgs M et al 199130 ane tql 2987), Whilst i¥’male rats, d-limonene
exposure causes damage to t@; kidn the e ra@emﬁc@otem ph&@ globulin, is €gnsidered to play a role in
the development of kldneklesm%s and t@refo@ﬂese@ffects@ coﬁ%&dere@? t@e relevant for human risk

assessment. N S & @ @ S

v X S Q é& S
Ariyoshi et al., (197 repgrted ra cel an otal dose§f 40(@1g/kg bw for 30 days showed a 20-30% increase
in the amount andgetivit§DOf liter enzﬁnes (sytochr e P- ) Cyt n% , aminopyrine demethylase, and
aniline hydroxylasé), 1n®ased r&atweg{wer w@ht and decrea d cliesteral fevels. No histopathological changes
were seen in t Ver.@@ @) @ S @

<
d—Limoneng% 2,5,10, 3, and w/da wa a ml@ &1@@ to male rats, 5 days/week for 13 weeks
(Webb , 198932). T @ed ect leyel (N ), based up@ histological examination of the kidneys, was
considered to be 5 mgke bw per daygﬁbut asStited previoysly, thesgeffects are considered male rat specific and not
to be relevant for @an risk as ment).” No opathplogical effects were seen in the liver. The LOEL for
increased liver wéight /kg /day‘z”\tjle h%rest tested and the no-observed-adverse-effect level
(NOAEL) for e@ects 1 liverdvas 3 g/k w/da§ ount and activity of different liver enzymes were not
investigated; tlreforeCthe in sed\r&atlve%l*ver weight m% have been due to enzyme induction.

3 I

<
@j "\ Q\ &®b©\
%, %o@f @ &
o & 80

> L @ A
&0 8

2 IPCS (1998) oncng\nte nal %emicﬂ@ssessment Document No 5. Limonene

30 Maltz H (1 ) AntiCrcin ic mechanism of action of dietary limonene during the initiation stage of DMBA-induced
mam car \ gene Dlss@eatlon abstracts international, 51:4283B.
31 Arigashi T, akak %Pﬂ K, Ishizuka Y, Noda K, Ide H (1975). Studies on the metabolism of d-limonene (p-mentha-1,8-
I @ffects o ne on the lipids and drug metabolizing enzymes in rat livers. Xenobiotica, 5:33-38. (Cited in
PCS

&1@ Concise Intematlonal Chemical Assessment Document No 5. Limonene)

32 Web , Ridder GM, Alden CL (1989) Acute and subchronic nephrotoxicity of d-limonene in Fischer 344 rats. Food and
chemical toxicology, 27:639-649. (Cited in IPCS (1998). Concise International Chemical Assessment Document No 5.
Limonene)



AgraQuest, Inc. Terpenoid blend (a-terpinene, p-cymene, d-limonene) Doc M I, Sec. 3
June 2011 QRD 460 Page: 32 of 71

NCI Black Reiter rats, which do not synthesize alpha2p-globulin, were dosed orally with d-limonene for 4 days at
1650 mg/kg bw/day and no effects on the kidney were seen (Dietrich, D.R. et al (1991)33 Daily oral administration of
277-2770 mg/kg bw/day d-limonene to rats for one month caused slight decrease in body weight and food
consumption. Histological examination of the kidneys revealed granular casts but there were no changes in other
organs. (Tsuji, M. Et al 1975).3*

N N
Conclusion: No reasonable likelihood for repeated human exposure to QRD 460 is fo@een by the o@out . %ith
limited occupational exposure and no exposure to residual product post-application, ¢ is insignifigant po, al for

repeated oral exposure to the marker components in QRD 460. The data on the active, formulatign and ‘sne terpene
component indicate low toxicity. Therefore, use of the active ingredient does n&%present any @ tary%? othepral

toxicity issues and we believe there is no need for a 90-day su%@ronic feediné}g\\mdy. é}f\ \"\ 59 @
&y
S © y Q& &8
@ S o S @
B. Inhalation toxicity R & & @& &
End Product Use Pattern Does Not Tri i : T‘i@@repr ntati formr&l%ion,&*é%D 452,
contains 16.75% QRD 460 as the active ingredient. TKe intended usgs\\aof (ﬁe 452n Euiope are eommercial

agricultural applications on plants intended for hufran cQn A mp@. Q@ @ og & % o °
@ S) @ @
The following additional rationales further, %ﬂbsta%ﬁte @onte@ion t@%thq i@erdeegguse of the p@lct is not
likely to result in repeated human exposuré@% inffalation é@evels\ fikely t@be to&& N é\a O
SRS
<

(a) Label Uses Minimise Exposure:TkQ©prop(Y§§d labe] minifwises me@jp@al forohum exp s@e. The limited
application sites and application I‘% m%imise @1&: po@ntial si ca?% peated) inhalation exposure by
mixers/handlers and applicators @d thevgeneral@popu (5‘(’?0 45§s neither 1 ed g&r, nor to be sold or
marketed for use in homes, hdnie gardens %other résidential situ@ions,cwhich eliminaf@s potential inhalation
exposure of children and toddlers. Flﬁ@erm§l@ gposw@pplicaﬁon rate.is 0,38P- 1.523 kg as/ha and QRD 452

will always be .apphed as, dAilute @lutm@% , therefore, agphca& w1@ver exposed to full strength
product. At typical application v%mes of 400 0@ §

S S 0Q_kiges o
as/hL. é\o > @\y\? @ @@ §\ Q) é& &\
(b) Acceptable SafetkYor Oé&rators,@ork&?and Bystand€ps @5@% delkfor assegping risk to operators, address both
dermal and inhala@% expostre thQugh in most %§s it iSSsonsideded th @ermeﬁ@gposure will be the most important
exposure routes & the § of QRD 4@11 tla%@’terpeg?o d C(@pone re exit%émely volatile by nature and QRD
460 is likely to degradgrapidly in air to form s allpt,@ﬁaturaé@ occufding m&ecules. For field applications it is

considered tat the rapid d%sipatiq&%hd dé?l%;sion i@ the el@iron@nt wi@ﬁean that inhalation is not a significant

ater per hectire thie uivalent to 38.1 — 381
CE{’ S q g

exposur rute. For the aggessmeqit of inhdfation exposuge in grégnhouses the predicted environmental concentration
PECarhas been calcyld#éd as 05087 mg/L. It @Jldob@med that all eVdence from modelling, the literature and

anecdotal evidence sts ¢hat no Qof the @pen@g’}conﬁguents ©f QRD 460 persist in the air and are rapidly
broken down. This means %at the AR alue as@ilculated is st case and any exposure is very short lived.
Comparison of theg@EC alueof 0.087mg/ L with theCacute ififralation LCso for QRD 460 of >5.30 mg/L

demonstrates g @igh in of §gfety. ﬁgrder@ ma, @ude) £8F workers in glasshouses. Since the terpenoid

constituents o%RD 460 d persist in ﬂ@ir bu@%e r%@»‘y broken down potential for inhalation exposure will

reduce rapidly. This is furtheF suppotted byvmdepédent ssments conducted and evaluated for US approval (The

Occupat@l Exposurg afid Risl@ssess nt fé‘ne A v\aﬁcation of Extract of Chenopodium ambrosioides near

ambrosioides to Row@ps report (FEE 07) 3 a,nﬁRID 472091023 contains an exposure scenario with air-blast
§ @ @ N

R
@ S

@
@ %: <& R

33 Dietrich, D@L Sweaberg, JAX (19913\}’NCI-@ack-Reiter (NBR) male rats fail to develop renal disease following exposure to

agents that induce o~ lobulidn nep@pathy.@ndam. appl. Toxicol., 16, 719-762. (Cited in IARC Monographs (1995). D-

Limonene ¥plume ©

34 Tsuji@ F$l Y. ArikawdQY ., Masuda, S., Kinoshita, S., Okubo, A., Noda, K., Ide, H. & Iwanage, Y. (1975a) [Studies on

d-limgiene, a st(ﬁ ubjlizer. II. Acute and subacute toxicities. ] Oyo Yakuri, 9, 387-401 (in Japanese). (Cited in IARC

M@raphs@ 95). D= imo@e Volume 73)

35 E'po C‘z‘ ®, Inc., Center for Chemical Regulation & Food Safety (2007a), Occupational Exposure and Risk Assessment for the
Application of the Extract of Chenopodium ambrosioides near ambrosioides to Row Crops, Project Identification Number CE
07-02
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sprayers). In both cases the reports show that when the appropriate personal protective equipment is utilized the
margins of exposure (MOE) calculated for these types of applications methods are in excess of the target value,
therefore, not of concern.

Lack of Acute Inhalation Toxicity: Studies on QRD 460 and QRD 452 indicate low acute inhalation toxj to
animals (QRD 460 Inhalation LCso rat > 5.32 mg/L, QRD 452 Inhalation LCs rat > 5.19 mg/L). It is geknowlegged
that lack of acute toxicity is neither definitive nor necessarily predictive of sub-ch@nic toxicity. oHdweyer, the
measure of safety established by these studies contributes positively to the weight og@@@idence supparting t@raiver

request. N
3 S
Conclusion: No reasonable likelihood for any meaningful 1ef repeated h %&n exposure {GQRD460 is @eseen

by the inhalation route. With limited occupational exposuréthere is insigi@icant potentiat yfor ated i@halatid®
exposure to the terpene components in QRD 460 or QRD 452. Therefore, @Qs the active i@gredie@ doe@ét pregght
any sub-chronic inhalation toxicity issues. Because the itions for refquiring such a§jidy hawé not Gen % we
believe there is no need to conduct a 90-day subchronic --5; alation study. &’ & & © <
& R
"9 S
& & O
C. Percutaneous toxicity @

O ,
Ve,
Qe 7,
@7@ .
WU
)

contains 16.75% QRD 460 as the active in@gdierft,

| NGIESEESAR Y Ay
The intended uses of QRD 452 in Ewrope afg’cominercial %grlcu§ral ap@aho@@on S 1%@ded for human
consumption. R & & S S o © S
@ .~ % S @ & 9
These uses do not involve the Q%%osefﬁﬁappl@ion to l@fman Skin no@will i@esult in prologed human exposure to
the product. Additionally, there Ts ndigvide 0 syggest thggythe active in dient @ met@olised differently by the
dermal route of exposure thd@by th&dral e or gt a metabolite of th&é%ﬁie@redie@ 1s the toxic moiety. More

N beladw; the@endéid use ofthe p@ct is not likely to result in

importantly, for several additional\reasons outlinge
repeated human expom%xby th@rm%@ute.

AR - A
@ 3§ RN
Label Uses MinimisgyEx e: T&e@op@ 1a<1 minoiﬁ@es thten@l fo%@lan exposure in general, including

the potential for rep ate%«{ermal é%(poskie. N K\ NV @ )

O ¥ =
QRD 452 is n@her d§elle, nor to be Qs%ld pr%arke Qd for &3¢ in l@nes, home gardens or other residential

situations, which eliminatgs poten@ de expo@e. Ful@ferm@, the ggaximum proposed application rate is 1.523
kg as/ha@l QRD 452 willalways & applied as é@ilut@“ti"@m water, therefore, applicators will never be

ex ose& full strength $fodugt: S,
P gx\@ S RO

Protective Clothing'shd U%;nstr@ons é}@}bel i @uctio@ spe@/ that when using the product the following
ersonal protectiveequi t iefl® measures shild befied:
pesonl ot S e A i g

& &L N N
Respiratory; I\@no@ly re@ed iropen, l-ventilated areas. However, in enclosed areas such as
@green}@ es/ g@%ﬁho&e@, opq%rs may be advised to wear respiratory protection.
0. R > o
Eyes and Face: Q" Chémical safety g@%gles Qafety glasses with side shields.
\% ~ g N S
Hands/Skin: @° @iovi@ade @)m cl&@cally resistant material such as neoprene, vinyl, rubber, or nitrile.

& As LS R | |
Other ClOthl@ \% suitabte praggetive clothing such as long-sleeved shirt, trousers, and shoes with
% ks. % )

T o O

Hygien@g eas: @ Waﬁ@%ands and exposed skin before eating, drinking, smoking or using the toilet.
R
$ 2 @ D
@J
S | | | |

36 E*pongnt®, Inc., Center for Chemical Regulation & Food Safety (2007b), Occupational Exposure and Risk Assessment for the

Application of the Extract of Chenopodium ambrosioides near ambrosioides (CE), Project Identification Number CE 07-01.
(MRID 47209102)
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Acceptable Safety for Operators, Workers and Bystanders. Risk assessments for operators, workers and bystanders
have been conducted according to EU models to cover the proposed uses for products containing QRD 460. The
models are based on many worse case assumptions and hence are conservative with the result that exposure is likely
to be overestimated; however acceptable risk to operators, bystanders and workers can be demonstrated provided
appropriate personal protective equipment is used. This conclusion is further supported by an independent
occupational exposure assessment for typical greenhouse and agricultural row crop applications for the bignded
ingredient formulated product, QRD 452 conducted for approval in the US. The report @eport ID: EC@ imic
10-01)37 demonstrates that QRD 452 may be applied in greenhouses and to row cropsQithout any cause for ern
as long as appropriate personal protective equipment — long sleeve shirt, long Houser@shoes plus sacks, aanater
resistant gloves — is worn. The total margin of exposure (MOE) for all mlxer/loade%and apphcatc& is gréater
than the target value of 100. Occupational re-entry exposures wilk be negligible, Since several résidue decline %ies
have demonstrated that the active ingredient residues do not p@%ést on foliar s@aces beyond@é tn@seqmr@ or th&®
spray to dry. In other words, immediate dermal exposure from handling or @ymg the S

@ ©)
@ & Q N
Rapid Foliar Residue Decline Residues of all three é%ene compone@s of} % subs@nce de@me t@ non-
a

detectable levels within 10 minutes after foliar appli ns of FacimSEC o mro e at @pplm@lon 0of 9.35
L as/ha. (Note: FACIN 25EC is a discontinued brand n %%whlc @as ﬁ&aced ®@ith thexpame %@qule& SEC, the
plant extract-based product) Thus, the potential any g t appiﬁcahon@ermal%&pos by apﬁ’icat rs or others is
essentially non-existent. AQ conducted a residue de e s@@ﬁ/ t1tler51@nce of Facip25% @ on Primrose
(Primula acaulis) (MRID 47209101, see D ent. talls) &hich shows r: dis§pation of
the Facin components, thus supporting the atgumentghat esure es1d1% %n1mal cern. The
study clearly showed that even at an ex eratz&‘&appl a on r%e th gﬁon@s are @bt detectable
within 10 minutes of product applicatio@ Essefitially, b{dthe tithe the I@Nes driefithere &%ho dgfectable residual
product. This limits the window of rtum@ for dermal e)%os om f age T ap atlor&%ﬁe requested 4-
hour Re Entry Interval further expa@r; the @jety m@gm fakdhis p uct @ o

Results of the Primrose study a@mswtent wﬁ@and uppoﬂed%l th &éldue@:ch study A@aquest Inc. conducted
using Facin 25EC on tomatges (M 468@03 Docufiient MI @n 11 d&pails). The tomato study
demonstrated rapid dissipa %%) of the activéconstifgents ef the extract oRC enomm brosioides, at 0, 3, 6, 12,
and 24 hr post-treatment. All cogstituents were d€ss th he 111@ of uantltatly\\ﬂ (<L$vof 0.01 mg/kg at all-time

intervals except for d-l@ hlclwas atfributed g-bac und ®1m0 e natifrally occurring in tomatoes. The
product was applied d&ur tlg;:s usi fcationrate a2 kgyas/ha. Ir'summary, results of both the Primrose
study and the To studgydemons ate that m&lple g@catl of Fdgin 2 results in no detection of residue

shortly after appé@atlon%d no a&umu;lgtlon 0%81(1116& er m ple

416) showePthat residuesof the %th,ree e componen@decln@ to non-detectable levels within one hour
after folgdapplication ust gree t rates of 2 1 g a@ In the study, QRD 400/QRD 416: Residue
Levels of*Terpenes ine ustard\ from @1211 sQn cted in California during 2007 (Study ID No. 77SRU07R-1,
MRID 47548301, ocu%ﬁent Se ion 4 J%@ full&tmls) e product was applied three times at specified
intervals and the s we% sam at an ours after t& hird application.
N

Lack of Acuerma@@ oxw@ Studies on\Q@D 4@ andQ%) 452 establish that neither product is highly acutely
toxic to mammals. The d@fnal 0 1n reat an 5,050 mg/kg and 2,020 mg/kg in studies with the
technical §§formulated oduc espe@ @ 1151%3{];6: lack of acute toxicity is neither definitive nor necessarily

Finally, results of a r@i’due &%@hne p;rfo Q%gr A uest @c %@the QRD 452 product (then called QRD

predicti f sub chrongc toxict the meas established by these studies contributes positively to the
welg]g&gof evidence s?}@%ortm 1s w erre

Conclusmn Thezxeqis no reason bq% hke@lood Qr repeated human exposure to QRD 460 by the dermal route. With
limited occupational e @su@rj@ no g@osure residual product post-application, there is insignificant potential for

repeated dm@ expasu e terp%ﬁe co@ponents in QRD 452. Therefore, use of the active ingredient does not
present anyederm @mcm@@wesgsd thet&ds no need for a 90- day sub-chronic dermal study.
& & o O
é\’ SO SR

A
&
o
37 E*ponent®, Inc., Center for Chemical Regulation & Food Safety (2010), Occupational Exposure and Risk Assessment for the
Application of QRD 452 in Greenhouses and to Row Crops (Metric Units), Project Identification Number ECANA Mimic 10-01.
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ITA 5.3.1 Oral 28-day toxicity

See section ITA 5.3 above.

ITA 5.3.2 Oral 90-day toxicity (rodents) . @ @3@6
N
See section IIA 5.3 above. Q@ &@Q @@
ITA 5.3.3 Oral 90-day toxicity (dog) @\% @@ @"\ %@
e
See section IIA 5.3 above. V(@ Q@} @g}g @\\ %@Q &@
@
IIA53.4  Oral 1 year toxicity (dog)%@& Q@ &@% Q ©§ é}©
S
See section ITA 5.3 above. %@ @ . @@ @Q ©\© %@) @
A
° X ¢ R
IA53.5  28-day inhalation tosici @@odegg S @@’% ~ &\ N
@ Q &
See section IIA 5.3 above. &% \@ N @Q % § @ @
O & & S S Qo §
HA53.6  90-da fio e &0
3. ymhalng;§ 1c1t§rod@s) @:\a @@ @ @
. CA N @Q N &@
See section IIA 5.3 above. Q @ & @@ @ &© @@ @@ N
v @
I1A 5.3.7 Percq@%eous\zs d@vtom@j (r%»deni@Q 2 @6 &
kN (g N
See section IIA 5.3 above. \@ © @Q §@ S ‘?\,@ § @a@)
@ o
1A 5.3.8 @ércu@ge @s $90- @a to@ty %odené§ & Q\Q
N
See section ITA 5.33Pove. & \ N \Q §g)@ @& @@
SR ATy Y E S
1IA 5.4 @Ge@to icity © «7 & @ & @
&) D Ry
0
QRD 40 its main co n@a examined jathre notoxg:lty assays; bacterial reverse mutation assay,
mamm @ hromoson@aberref%n test@a@msche@gbed DNA re& assay.

QRD 406 is the cod@num er glve %C ﬁ@podw@f plan&tra%techmcal grade active ingredient (tgai). The active
components are the thr (o- t@me —cy e, d-fimonene) in similar proportions as in QRD 460 and
hence it is con@dered @h t regyits Qb ned @Dm st@les w@i QRD 406 are also applicable to QRD 460. Full
compos1t1ona7@etalls e profidled i m% ocu@m‘c] a@ns m@‘matlon is confidential.

Table II@ 4-1: QRD 406 - Sl@mary"f gel@hxwl{{%tudles
{Q\

Stu R Ny L, O ose els Result Reference
& S @@” é@
In vitro studies & S
9 o I I
Bacterial reveSp mutation §' RS 85190 ng/plate Negative , 2003
(OECD 47& &9 o

Mamm Ch@osog%er@ 0-1.4 mM Negative _A,2004 """"""""""

(OECP473

dA%@DNA r%alr Sy 0.00005 mM - 0.158 mM | Negative B 200 |
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QRD 406, containing significant levels of all three relevant terpenes, has been evaluated for possible genotoxic
activity in three in vitro assays, covering three different endpoints. The Ames test for gene mutation, the IVC assay
for clastogenic effects and the UDS assay for general DNA damage and repair activity. In all three assays QRD 406
was examined at doses limited by toxicity, and in the Ames and IVC assays, in both the absence and presence of
auxiliary metabolic activation. The use of the Ames test and the IVC assay are considered key assays for,
for any possible genotoxic activity arising from the alkene components present in QRD 406, and the cpg uct
usual mammalian cell gene mutation assay would not have added any significant add nal 1nf0rma@ @
ntain
th

assay, however, adds an evaluation for general DNA damage/repair and this is Valuabl@ Chemicals mple
alkene groups would be expected to be active in in vitro assays if they are genotoxw@-{nd it is co dered ere is
no justification for using animals for an additional investigation, given the negaﬁye results ob the @Qree
assays above. N

© & § @

The negative results obtained with QRD 406 are consistent WY a Structurg=3<tivity Relatl(@%up AR alua@%,
which only alerts to possible active centres in the alkene @ups for limosigne and terpinghg. Thé@valla@e me h« olic
data for limonene indicates that metabolism is to chenx -s' Is that are re@ﬂy %rete(@@&nd wauld not be ex% fed to
show significant genotoxic activity. %Q‘T N 9

S @ ©\ N @

Y
v
Literature Sources: The above is supported by @hshe&enot%%ny %@ta 011@ @thre OR D460 components.
& <o
d-Limonene has been studied in a battery c@ﬁorto&@l i %0 ts th is ng ®1dence that 1 or its
metabolites are genotoxic®. Several in vifko Ames,studigsare abl %y ichep §bmo nene an. epox1des
i

being tested at concentrations of 0.3- 3333% g/p &in | inyyitro a’sgays i fer stra f Salyonelldyphimurium,
in the presence or absence of metabolic@ptiva (FLof@ et 9804 et al ah et al,, 198342,

Connor et al., 1985%; NTP, 19904). AH were gatlve P, 990 w mon@ d1d® incfease the frequency
of forward mutation at the TK+/- locus ir@mouseP517 cells@ d1d netlc “Wamage in Chinese
hamster ovary cells (Anderson , 19 5%‘5) or malignaptly tr orm Qnan h ter@mbr e&ells (Pienta, 19804%),

administered via the

Similarly no evidence of mutaggplclt was re an in vivo sp st with micg (limon
i.p. route at 215 mg/kg bw/ & 9- urlnéestatl(@) F ahrlg, 19@7)0r°@ mvivéComet assay in rats and

mice (dosed orally at 2000-:n kg) (Sekihadhi et 6@02)4§ @ %, Q&g
% @ 9 & < w "\@
N @y\’ @ @Q ”\a @) N
\@ @% NS & & E
N AP

o
38 Tennant RW @ As @ (199 1®Class1@at10n%gcordl 3v\\tf) c$a1 st re, nggfagenicity to Salmonella and level of
1

carcmogenl&)ty of a fukther 39 emicgls by t tz}gnal T ogy Prograt,, Mutat Res 257 (3) 209-227
39 IPCS (1998). Concise Int tlon emi sess nt D umen@ 5. Limthene
* FlorinA Rutberg L, Cu 11 CR 0) Qreenn@obacd%smoke @nstituents for mutagenicity using the Ames test.
Toxicology, 18:219- @ﬁlted n\\IPCS 98). @156 hfternat]&al Cheg%al Assessment Document No 5. Limonene

41 Watabe T, Hiratsul Osawa'N, I M (1981) A parau@e study on the metabolism of d-limonene and 4-vinylcyclohex-
1-ene by hepatic mié&®some A, eno @33 -344, (Clte in IPC 98). Concise International Chemical Assessment
Document No 5. Eimoneng)

42 Haworth S, k@ylor T,@ortel s K §T3eck elgﬁl% almonella mutagenicity test results for 250 chemicals.
Environmentgl mutagenesis 1' 42 d i 1n S (1 e International Chemical Assessment Document No 5.
Limonene) %

43 Connm@ Theiss JC, Qanna Hz@\/[ontelth D <@tn (1985). Genotoxicity of organic chemicals frequently found in the
air of mobile homes. T@olo@tters @’33 4&1&(&@ CS (1998). Concise International Chemical Assessment Document
No &L monene)

S
4 NTP (1990). Toxicqlogy an@:arc&%enes@studle&@d limonene in F344/N rats and B6C3F1 mice. Springfield, VA, US
Department of H& andHyman, rv1ce@’at10nﬁ@1$t1tutes of Health, National Toxicology Program (NTP Technical Report
nc1se%terna@nal Chemical Assessment Document No 5. Limonene)

No. 347). (Cl@ 98

4 Anderson@h ZeigerE, Shélhy M esnicKQIA, Gulati DK, Ivett JL, Loveday KS (1990) Chromosome aberration and sister
chromatid @c angg; st res@s wi @ chemicals. Environmental and molecular mutagenesis, 16:55-137. (Cited in IPCS (1998).
Conc1se 1 Ch%lcal A@e sment Document No 5. Limonene)

46 Ple@ tion aftd relevance of the Syrian hamster embryo cell system. Applied methods in oncology, 3:149-169.
(Cy n IP(@ 1998). nm@mtemanonal Chemical Assessment Document No 5. Limonene)

47 Fahrig 984). Genetic mode of action of cocarcinogens and tumor promoters in yeast and mice. Molecular & general
genetic 4:7-14. (Cited in IPCS (1998). Concise International Chemical Assessment Document No 5. Limonene)

48 Sekihashi K et al (2002) Comparative investigation of multiple organs of mice and rats in the Comet assay. Mutat Res.517 (1-2)
53-75.

o
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One genotoxicity study on a-terpinene was identified reported by Gomes-Carneiro et al. (2005)*°. Mutagenicity was
evaluated by the Salmonella/microsome assay (strains TA100, TA98, TA97a and TA1535), with and without
metabolic activation. A broad range of doses were tested at levels limited by toxicity and the results indicated a-
terpinene was not mutagenic in this assay.

p-Cymene is reported by Rockwell and Wall (1979) as testing negative in an Ames assay us gm@@la
typhimurium strains TA98 and TA100. 0.5 ml (reported as equlvalent to 1706mg/1%bw) was “ @mt& to
Sprague Dawley rats, the urine was collected and tested in vitro> @ & IS
S
3 S
& o P
© OGO S
ITA 5.4.1 In vitro genotoxicity testing - Bacterial as@ for gene tat@n @
© <

& RN )

Report: 11A 5.4.1/01

o N & &
Guidelines RS A 4 S o o
&% \@ \@ | < @ @
Reverse Mutation Test Using Bacteria. OPS SZO\XJ OO% EPA@ C—47<\(§@8): é\a é\g ©§

N v
GLP: Signed and dated GLP and Qu@% A%lrange ‘@ten@% we r@rov&é‘% S @ )
NN N
There were no deviations from the %ﬁn%@ulatgﬁguld@e coSidere t@cor@mis&ﬂe sci

=
)
<
=
&
<
o
=
-+
=
o

. K @ & @ O\ o
Executive S @ Q %
xecutive Summary O\@ ®) @@ N N~ Q\ N

QRD 406 (containing >99.9% r@terp@es (th@malns we@Qalph%%terp ne&;? cyl@e d-limonene and p-menth-
2-ene-1,4-diol) was te€ted in @bac 1 re ion &%ay foits p%ntlal&t% induce point mutations in S.
typhimurium strains@% @{AIOO § @AIS and £ colz@@aln \Q/P uw@

@
The potential m eni of QR% 406wyas teg@@%i in tlﬁa\pre en% an bsenc&wt metabolic enzymes, S9, from livers
of rats treatec@wnh § oclor @254, @xpeﬁment @W @N corpgration assay and experiment 2 was a
preincubatioy assay. posu comggntratigns o 0, 2@7 O @il. 6@73%} and 190 pg per plate. Triplicate plates

were 1ncluek for each coffeentr N
AS @g@ § & & &8

Q)

Ellgull;;e;ic(l)ﬁltatlon of test&%bstag w?séb\serv?ij& on Qe plat%\at any exposure concentration before or after
: N A @ SN
“ > ISR
Signs of bactegipl to clez@y ob@ved @’the f@aximum exposure concentration, 190 pg per plate,

demonstrated\{ all te@&r @s b \%rlo \degre f re(@gtlon in the background bacterial lawn. Exposure to all
concentrati s below the maxXimu XpOSULE con tratm@ resulted in a background level of reversion with minimal
bacteria f@ ity. The n@jnber§eve@ams plage%&om these non-toxic concentrations were largely within the
range of the means + 2xstandar ations e corresponding solvent controls. They were all below the
upperdlimit of the regpec storiggl di l\a yls@mde control. These negative results were consistent between
plat\ncorporanon and pre@ba@n smdle @

It was theref con (Ped QK@% (>@ 9% monoterpenes) was not mutagenic to S. fyphimurium
strains, TA A@, TA1537& E. coli strain, WP2 uvrA, under the test conditions.

N
& \UJ u
N S @
* Gorfies-Carngyr 1ana 1\%E Felzenszwalb I, Paumgartten FJ (2005).Evaluation of beta-myrcene, alpha-terpinene and (+)-

S0 Rock nd Raw I (1979). A mutagenic screening of various herbs, spices and food additives. Nutr. Cancer 1 (4), 10-15.
Cited pinion of the Scientific Panel on food additives, flavourings, processing aids and materials in contact with food (AFC)
related to Flavouring Group Evaluation 18 (FGE.18): Aliphatic, alicyclic and aromatic saturated and unsaturated tertiary
alcohols, aromatic tertiary alcohols and their esters from chemical group 6 (2006). The EFSA Journal 331, 1-77.

an@@gnene in a@mella/mlcrosome assay. Food Chem Toxicol. Feb;43(2):247-52
a


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gomes-Carneiro%20MR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Viana%20ME%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Felzenszwalb%20I%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Paumgartten%20FJ%22%5BAuthor%5D
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Materials:
Test Material: QRD 406
Description: Light yellow liquid, extracted from a herbaceous plant
Lot/Batch number: 03D-2, Lot C @ @6
Purity: >99.9% of the sample was monoterpenes (the maig ones were alpl@erpen@,”
p-cymene, d-limonene and p-menth-2-ene-1,4-dj @
CAS#: Not reported @’ & O\Q
Stability of test compound: Expiry date 23 April 2004 % § § ©
<, < SN &
Control Materials: N Q@ @@ Q\ %@ &@
Vehicle control: Dimethylsulfoxide ([{VISO) @ % QQ L& st@
Positive control: Nonactivation: @) @© @
Sodiue 5 pg/plate%l@l‘ @ & & @}
Methy ethanesulfo@e 1 ul/platg; VP2 C%‘\ 1
\ oﬂu late TA98 =, Q N
noaggme @ roc Cl@ﬂde @g/pl@ TARS37 % o °
Act1va © @ @

& Ammoan Cen %O u@g %@537 Ou plate uvrA

B % (a)pyrene 5%0 ug/ 7
cloph&ha% mor@lyd plat
Mammalian metabolic system: S dane@ 9 6 @ & @© @Q \%
& v S @ S ST &
X | Induced X g%clorl*zﬂ <« X PRat, @ o Tx Pliver
Non-induced < Pher@)arbn@ﬁ) e O Mouse L D 9 | Lung
> Ndne 7 § @ (égam%qer o @Q Other
R %J N °\ @

S9 was purchased fr Molecular ico ,Q / Inc.§)onq§qc S.A. an@ storeé“at -80°C. It was the 9,000 x g
fraction of liver hq gen eMfrom ag zc Dawley rats fi&ated ArGQlor 1284. Immediately prior to use, an S9
mix was constitu tand&d f ula (N@ron a{?\j’Ame@l 983)%.1 aH,PO4 / Na,HPOs, pH 7.4; 5 mM

Glucose-6- pho N@DP 3 l& 1%4 g@and@ A)ra(;@liver S9.
Test orgam@ls w\j @ 6\ Q@j @@ \@9
S. typhi%wrmm straln@ @ &, ) N, O
TA97 X [enos SEPGEE SIS TA102 TA104
X | TA135 & | xS 1A Sy | e T O list any others

E. coli strains@ f]© \3) © Q @) @

L Lwmokition [ @31’2@4 QA p & [ | [ |

IS
~
Properly mamtamed‘?@ % N @} @ Yes I:l No
All strams were <%{)ugchased@% drj gd? dlg%cmd sQ@d in a refrigerator. Frozen permanent stocks were prepared from

fresh cultures of tHe discs,and s@red ate80°C afer the addition of 9% dimethylsulfoxide.
R

Y
Test comp&@i c@gentr ns usgd )
Exposg% 0nat1o%were%®@ 3,7.0,21.0, 63.0 and 190 pg/plate.
S
F@ str%é@ tr1pl1g§le pl@s were used for all test substance and positive control and vehicle control treatments.

7O,
Study gn and Methods:
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In-life dates: Start: 22 July 2003 End: Not reported

Preliminary Cytotoxicity Assay (plate incorporation): Method not reported.

Type of Bacterial assay: @ @6
: g
e X plate incorporation assay (-S9 and +S9) @ @® @
e X pre-incubation (30 minutes) (-S9 and + S9) @,Q AN @

Protocol: 0.1 mL of a test substance solution was mixed with 0.1 mL of a fres&ﬁ%yermght cult@ and@? ml‘&@ S9

mix or 0.5 mL of 0.1 M phosphate buffer, pH 7.4. '~
phose P Y & & a8 2

In the plate incorporation assay, this mixture was 1ncorpor<ted into 2 mL © agar by tha&@que@ anure&@ 0
the bottom agar immediately. %@ Q&
&
In the preincubation assay, the mixture was pre-incub@gied at 30°(§ 30 m@befo % xg&g@mtl\z&@ tor The
‘”\a

control tubes and plates were handled in a manner@xenncal@y the ed @Qgs

All plates were incubated at 37+2°C for 48- 7 ours. @he nu@@ger 0 vertar@col ies pe ate @ Sounted.
€ ta r\

The background lawn was evaluated as part%Qf nce\@f tox@ty Pﬁ%mna of the test as also
examined. @ @
Q & &
Statistical analysis: Dunnett’s analysg@/as u%l to e&%ar ﬁ fr&r@he ﬁx@@ted a M@ contt@j) plates
o <
Evaluation criteria: @ @@f) @b @ S @© @© \

Positive result: A concentratlo@elatedgncre e over ¥ rangg tested a reproducible 1@ase in at least one or
more concentrations in the nufhber @%revert$ colagies e@plate iRy at le%%one @g’am with or without metabolic
activation system. A statistiegl meti® as an aid in evaluat?@ th%\st resuf@ but it should not be the
only determining factor. ASpositive result T d1ca hat@e test @ﬁ%le indtices 10ns in S. typhimurium or

E. coli. o N
S S \ S & -
Negative result: @resu& does § me@the aer 1a it@will &e repm@d as negative. A negative result
indicates that the @@am 185 no&ﬁmutagéﬁ’c 111\ this tests S @ &
o O N L ~
Equivocal res@: I@? defirfies Judg@nent%an be %ide %@t thesgbove @jiteria, even after repeated experiments,

then the res% will be described as égnivoc °\ Qp kY
N & & @% PSS
Reporﬁéﬁesults o .9 Q" % @)

S Q,
\ NN
Preliminary plate dgcorpor ay ‘Bacten@'oxwl@ of 406 was demonstrated as a reduced background
bacterial lawn and@ dec@ vertdhts pe@late 406 showed concentration-related toxicity to TA
100 and WP2 wyrA. Apcon at1or@ lo‘@63 u@er pld, little toxicity was detected in either strain, with or
without the pfeence ©F S9, Ot l&%g mg\\@plate@shgh@nmble reduction of the background bacterial lawn was

observed ugAlOO plates and a V@Sllg el ofgeductidn was seen microscopically in WP2 uvrA plates.

The add@ of S9 dl@o se m% affect the «Qactena@oany of the test substance. At 560, 1,667 and 5,000 pg per
plate4he bacterial lawn of 00, pfétes w, arkedly or completely abolished with or without S9 while the lawn of
WPNWA plates grew int earl@mble cotonie®)

Experimen @lme l%?)rp a.\i tion @y) AQpredwted by the results of the preliminary study, 03D-2 was toxic to
the tester st magimum exposyFeoncentration, 190 pg per plate. A slight but clear reduction of the
backgrou acterfal lawg as rved in’all S. typhimurium strains whereas, in WP2 uvrA, a reduction was seen
only wi e aid%F a microsc In a few plates, the lawn bacteria that escaped the toxic effect of the test substance
overgie'%y into @slbl @me&l distinguishable from the revertant colonies.
s v

N%bwo@@oxw signs were observed at four lower concentrations. The numbers of revertants per plate at these
conce ons were at a level similar to the corresponding solvent controls. The mean revertant numbers for
triplicate plates were largely below the means plus 2 SDs of the respective DMSO controls. An exception was
TA100. In the presence of S9, the numbers of revertants per plate at 2.3, 7.0, 63 and 190 pg per plate were 148+14,




AgraQuest, Inc. Terpenoid blend (a-terpinene, p-cymene, d-limonene) Doc M I, Sec. 3
June 2011 QRD 460 Page: 40 of 71

161£15, 14948, and 150+7, revertant colonies per plate, respectively, slightly above the mean plus 2 SD of the
DMSO control, (126+8). Although the differences were significant by one-sided Dunnett's analysis (p <0.05), these
means showed no trend to increase with higher exposure concentrations of 03D-2. The data was, therefore, not treated
as a positive result and not analyzed any further. o @

Experiment 2 (preincubation assay). The reversion rate of every tester strain after exposure to 03D-2 “«@s at
of the corresponding negative control. One mean of WP2 uvrA plates without S9 3 png per p
revertants per plate, slightly above its negative control 16+4. Similarly, the mean of @%1537 plates @yith S 3 ug
per plate was 1543 revertant colonies per plate, marginally over the mean plus 2 SD @f its DMSOgcontrots Dunnett's
analysis showed no significance in both cases (p <0.05). Besides these exceptlons%he numbers &ver%%s per@late
from the rest of experiment 2 were below the means plus 2 SD@ the correspo@hhg negative ?&‘&ntrols\ é’

\ @
All the concurrent positive controls in the experiments induced significant @bers of rev t co@ales Catll®&
that the sensitivity of the assay was at a reasonable level. @jte concurrenthegative contrcg\(xrere Q@lmll@ evel$s

the respective historical negative controls. Q @@@° Q S @&
N9 N N\ 9
Conclusion . @S DL
é @f@ %Q {N 6& S S Y
QRD 406 was not mutagenic to S. typhimuriu strain%@A% Q‘:\ 100, AlSS@TAIS”J@j an@. colj %rain,&wf?
uvrd, under the test conditions. é N N S § @ @
Reference: @ > ° O = Q> @)
RS & © » O
S~ &N LS 8 oS §f
Maron, D.M. and Ames, B.N. Rev1s@meﬂé§<@7 for @t) &Sl nell@age@’t}’ te©ﬁ9 MutgtyRes, Nﬁ 173-215, 1983
> L SRS
& TS TS TS s e
DS SN NN

v
AN
ITA 5.4.2 & vztig@n&f@xlat@test ﬁ? T@ oéelastﬁggem%@m mammalian cells
O

Report:

Guidelines ©\ S Q>

% %
In Vitro Mammahan C %osogéiyb 1on Fest. O 473§1997): OPPTS 870.5375 (1998): 2000/32/EC B10
(2000), ICN \, Heling'SIA (1696): KN GuidShne 828'(1998

o §9 NS A @

=
GLP: @d and date%GLP an@@)ua@fAsg%)lc staféments were provided.
D

Ther@% ere no dev1atR§s froa%the c@nt rq@lato Qldeline considered to compromise the scientific validity of the
o v & @Q N
Executive Sumg(l@ary % > @

In a mamma §§1 ﬁl say, ?@man lymphocytes in whole blood culture, were stimulated to divide by
addition hyto@pemag 1n1@1d exposed to Facin (100% a.i, QRD 406) both in the presence and absence of S9
mix degived fred rat rs. SQlvent and positive control cultures were also prepared. Two hours before the end of
the i bati(@periq§ce;§?ﬁsmn was arrested using Colcemid®, the cells harvested and slides prepared, so that
m@ ase£ells could be ined for chromosomal damage.

&
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In order to assess the toxicity of Facin to cultured human lymphocytes, the mitotic index was calculated for all
cultures treated with the test substance and the solvent control. On the basis of these data, the following
concentrations were selected for metaphase analysis:

treatment, 17 hours recovery: 0.7, 1.1 and 1.4 mM. @
Second test: Without S9 mix - 20 hours continuous treatment: 0.1, 0.2 and O.A)@QM. With S&@rynix @hours
treatment, 17 hours recovery: 1. 0, 1.2 and 1.4 mM. Q N

o & .9

. 9
In both the absence and presence of S9 mix, Facin caused no stgtigtically signif@%ﬁt increasesti\{lﬁ\he f&portio@%f
metaphase figures containing chromosomal aberrations, at anyXdose level, w Q&"-) compared V&@@ the ent &@trol, i@
©

either test. N
SN

<

@ & VO &
All positive control compounds caused large, statisticallg=yignificant incses @ythe p@orﬁo&of aber@nt cells;
demonstrating the sensitivity of the test system and t ficacy of tl%§9 mix@ & ©\© %@) Q@)
N

© % Q\ %
It is concluded that Facin (QRD 406) has show&o ev@%‘)nce #fclast nicg@}vity@his <1 vitro %ytogenetic

test system, under the experimental conditions desc@ed. @ Q Q &
o S & ¢

S N > % ®

First test: Without S9 mix - 3 hours treatment, 17 hours recovery: 0.25, 0.75 and 1.0 mM. With S9 m@_% h@
@

Materials: Q@x K\\ %@} o\& y\g& w;\ @éﬁ é\g ©§
Test Material: Edein @% L8 @ @Q N @ 9

A, .
Description: @ssen%:}?l oil extract oggheno ium @brm&%s Y ambé?iodes. Mixture
m@tet‘@q@es( ity gfco p@nds% sesquiterpenes. Pale
a

N @)
Lot/Batch number: ®3D-2e & N fog AN ‘N 9

Purity: 2 Soove e N S
CAS#: @ N%eport @
Stability of test ce@%ﬁoun@v @gpiry @te 30

& o
Q v @
Control Materials@@ é ‘\@ NN, e Q © @§ @@
. < \N D S > N
Negative: O S Slle v
Solvent cowtrol ¢§ %© 10 mM @
(final c@centration)ﬁg\ﬁ

X
Po@ control: & § Ak@ce of S9 m@dit@cin @9.2 pg/mL (3 hour treatment), 0.1 pg/mL
i ent

N

. N continu@iis treat KN

§ S @rese&cf %mx lo h(%)hamide 10pg/mL
M li %1’ “§9d@@§d \% SN
ammalian mgtabolig=system? eCive

X | Induced % A@r 12500 f@ 6@ Rat X Liver
Not@ced 5 ?I}}mbar@ﬁ /‘}&J . Mouse Lung
) @ %ne« v& ) Hamster Other

x> RS Q Ot@%—nap@ﬁoﬂa&@e Other

O ©

N
The metabolic %ati Ssyste 9-mY use@ this study was prepared and stored at -80°C or below until required.
S9 mix contagapd: S%r cti 0% V%), M@?lz (8 mM), KCI (33 mM), sodium phosphate buffer pH 7.4 (100 mM),
glucose-6-&h spha&( mM)) NA§ (4 m¥D). All the cofactors were filter-sterilised before use.
@ €

@
Test c@g@ m al(i(a\%cellsi@@ulture

N) \(%gycells @ﬁinesi@amster lung fibroblasts)

X $uman lymphocytes.

Y Chinese hamster ovary (CHO) cells

Media RPMI-1640
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Test compound concentrations used:

First test

Absence of S9 mix 0.25,0.50,0.75, 1.00, 1.25, 1.50, 1.75,2.00 and 225 mM¥ &

Presence of S9 mix 0.50, 1.00, 1.25, 1.50, 1.75, 2.00, 2.25 and 2.50 mM = &

Due to inadequate toxicity in the presence of S9 a further 0.2,0.3,04,0.5,0.6,0.7, 0.8, 0.&%@0, 1.1,1.2, 1.3@n 1.4@1\4

repeat test was necessary to isolate suitable levels of . N

cytotoxicity. QS @

Second test ﬁ D © tﬂ\ﬁ

Absence of $9 mix 141@%?0 0.8, 0.6, 0@\\02 OIOOS@OONM @ @
: 5 @ X

Presence of $9 mix 1.6, 14, 1.2, 1.0, 0.8c0%, 0.4 and 0.2, S & .0

@ S © X O @

Study Design and Methods:

o

AN
In-life dates: Start: 28 June 2004 End: 27 Augu%zom O . @
@ L @% S
Experimental Procedure N @© @
I R &
Culture of lymphocytes: Human blood @ coll@d as@}wall rom @ealth%non- ingmale @ rs, pooled
and diluted with RPMI 1640 tissue cu @ é@gum d IO‘V etal f se /mL sodium
heparin, 20 I.U/mL penicillin / 20 ug/{l stre d mm ®§ Ah ts € cell@lspensmn were
incubated at 37°C for approximately 48 houss. The ulture ere to r pen thte cells.
@ g g g, ks i

Treatment of cells — first tesb&fter appro ately 4% houﬁg, 50 ghq ts of F@n w& added to one set of
duplicate cultures to give ﬁnal%once%ratlon 0.0%g, 0. 15@0 313%) 625N1 5, 280 %) and 10.0 mM. DMSO,
the solvent control, in 50 uL@lquoth/as %%d to cultures. Mltomyc @ﬁna]& centration of 0.2 pg/mL,
was added to duplicate culfbes. % @
v & 9 0O @ 5 w \@

Immediately before tpgatment & th ond @t of elifture N mL o@med@m wasygemoved from each culture and
discarded. This Wagiacég with %HL 0859 mix; fo d byB0 aliquogs, of the various dilutions of Facin,
giving the sam “series, oF fi conceiitrations  as “above. NS M (506CpL) was added to two cultures.
Cyclophospha was ded I%uph cult%s at&iﬁnal ncent@n of T® ug/mL.

Three hours@gfter do@rjlg, the culu@s w cent@ﬁged £§0 for 5 nutes The cell pellets were rinsed and
resuspeng&@> in fresh medé}%l T en inc te@or a E@@er K&hours
AN @

Due to a steep toxic ” ons@ the gbsence @Qd prese s%ce of S9 mn&he test was repeated in order to isolate levels of
i i i o
suitable cytotox1c1%§or metaphas ly% é@ >

Two hours befg@ the célls we@ames@d ml@lc act@ty walirrested by addition of Colcemid® to each culture at a
final concentr%@on of U1 H§L A@ter 2 1S 1n@§batlo@ach cell suspension was transferred to a centrifuge tube
and centrifuged for 5 minut § g. %e cell @llets Were treated with a hypotonic solution 0.075M (KC1) (pre-
warmed °C). After @10 m@l e per@d of otonic incubation at 37°C, the suspensions were centrifuged at 500
g for 5 minutes and t 11 pellets fixed by 1t1on 8@reshly prepared cold fixative (3 parts methanol : 1 part glacial
ace@cld) The fixative W@r plac tw1Q @

The pellets were@esus ended n cge@ 500 g for 5 minutes and finally resuspended in a small volume of
fresh fixative & few ps e celsuspensions were dropped onto pre-cleaned microscope slides which were then
allowed to aitsdry. s{te sli erg then \gZ) in 10% Giemsa, prepared in buffered water (pH 6.8). After rinsing in
buffered er théSlidesayere lefp to air-dry and then mounted in DPX. The remaining cultures in fixative were
stored @d&naly%@% completed.

@ oo y o . . .
Tr@nentcells Decon: test Cultures were initiated and maintained as previously described. In this second test
ti treatment was used in the absence of S9 mix. In the presence of S9 mix, a three hour treatment was
used, ag 1)t the first test. The harvest time was at 20 hours for both parts of the test.
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Duplicate cultures were used for each treatment and two cultures were treated with the solvent control. Positive
control cultures were treated as in the first test. Mitomycin C, at a final concentration of 0.1 ug/mL, and
Cyclophosphamide, at a final concentration of 10 ug/mL, were added to duplicate cultures.

Three hours after dosing, the cultures containing S9 mix were centrifuged. The cell pellets were
resuspended in fresh medium. They were then incubated for a further 17 hours. Cultures treated in the %sence
mix were incubated for 20 hours.

@

All cultures were treated with Colcemid®, at a final concentration of 0.1 ug/mL, @30 hours be@re th %e% of the
incubation period. They were then harvested, fixed and the slides prepared and e{%gmned as prev@usly crib@e\g@

N N @
Evaluation criteria: VC@ Q@} @@? Q\ %@ @
S Y S
An assay is considered to be acceptable if the negative @%1 positive crol values lie@ithin the curpfent hi%{ical
control range. &° S & <
s @ N9 6 @
The test substance is considered to cause a pos1t1vg<espon%ﬁ the @owm&\on@g@”m argmt o\v\ﬂ %

Q @ X

e Statistically significant increases (P<(.01) i@@the f@uenc@of me@pha@s w1th@§berr@hro&posomes
(excluding gaps) are observed at onegr’motetest congentr

e The increases exceed the negativeéentm@nge 0@115 la@rator@taken ag, the 9@ con:Egjence Rt

e The increases are reproducible b@e lzIgﬁcplica ul Ny

e The increases are not assocw{ witlplarge <ha gestgg pH o@ml@ of thytreatrfignt medium or extreme

toxicity. (@) S O\‘”\a

e Evidence of a dose- relatl@shlp 8C nmd@d to @port@@cor@usmn @ ©© N
< @ &@ . Q)
@
A negative response is clafmed 1f@0 Ct]% t1s1gn1ﬁcant 1ncreas @n t}@luml%r of aberrant cells above
a

concurrent control frequen@hes are%bserve ta &\‘u ose 1. § W §
. S @ N é a0
A further evaluation be carried oat f the@ove @erm gry a positive or @negati&e response are not met.

@
Statistical analy@ Th n@mbe §faberrant n@phasg&e Is 11$ch H@mer@oup was compared with the solvent

control value ugi@g the due-tailed Fish xactt@t(Fl 19R).
FE S
Reported I\{@ults % % <\ @ @ @7

Toxicit&ua In the @‘st tes@lue to 1nad@ﬁate to@%ty profiles @peat tests were performed in order to isolate
levels of suitable ¢ xmtgé or phas@ana 3. Irfithe absence of S9 mix, Facin caused a reduction in the
mitotic index to 4 the solve@d con c?lbvalu t 1.0 fM. @e dose levels selected for the metaphase analysis
were 0.25, 0.75 an @ § epr @nce miyFacinGaused a reduction in the mitotic index to 48% of the
solvent contro @lue e lev@ se],e@d for {He metaphase analysis were 0.7, 1.1 and 1.4 mM.

In the sec test, in the absenc@ S9 TiiX, Ea@l c a reduction in the mitotic index to 61% of the solvent
control e at 0.4 m,M@The se lev se@ed f@{ he metaphase analysis were 0.1, 0.2 and 0.4 mM. In the

presence of S9 mix, Regi ct1 theb tic index to 49% of the solvent control value at 1.4 mM. The
dos&i%@els selected F&r the 1@ anal 0 1.2 and 1.4 mM.

Metaphase an h&b ts th absence and the presence of S9 mix, Facin caused no statistically
significant in ses iftthe p ortloiN)f ce@ with chromosomal aberrations at any dose level, when compared with

the solvent trol.
& ‘”\7

Both 8@1% @ntrol omps Mitomycin C and Cyclophosphamide, caused large, statistically significant
1ncre§ 1) 4> the proportion of aberrant cells. This demonstrated the efficacy of the S9 mix and the

ity(@ etes yste@
N

&
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Table IIA 5.4.2-1: Summary of results — test 1

Exposure Concentration of Cells with aberrations, Cells with aberrations, Relative
period mix Facin (mM) excluding gaps including gaps mitotic index
(hours) &)

Individual Mean Individual Mean (%) O\Q N
values (%) (%) values (%) O ©
3 0 (DMSO) 1 1 1.0 1 1 @f 1.0 &@ @
0.25 0 2 1.0 0.2 .08 10 S ° 0
0.75 2 1 1.5 2 1 75
1.0 0 2 1.0 0 0\9%8 L, 5© § 4%@
0.2 pg/mL 17 14 135+ 18 ¢ 715 1&@** Q
Mitomycin C X f\@ @ @ < @
3 0 (DMSO) 2 1 15 &% 1 \@ 15 100
0.7 4 3P 35 &3 3 40Q § 1
1.1 0 05 R0 g1 & Qs ©)
1.4 4| QP 0. | sl 2R @0 g
0.2 pg/mL 28 4 | 26. 0**@1 30 | 23 6‘“ S RANE
cyclophosphamide 4 N RS R N v
##% = p<0.001  otherwise p>0.01 0 %w @@ Q@ b@j D é @ %
© @
Table ITA 5.4.2-1: Summary of results — %%t% SN RS
y i o T 0y S

Exposure S9 Concentration of éRs with rra@m, Ko Ce@vith ratigps, © Relative
period mix Facin (mM) > excl& g gaps q incl g ga &) mitotic index
(hours) S NS LB (%)

@ P Indigighal &  Individyal @VIea (%)
oY values )@ (%) X valyes ©%) { S
20 0 (DMISO) < 0.5 & 1@ 05 100
@1 é @i@ @i | T 10 ﬁg§ 920 80
\0 2 9> 3 z%% LY ©3 @% 2.5 75
1D o 16 §J @ 1 & 15 61
1 gl %] W5 Ql 1 17 | 15.5%% -
,((@S/htomycm Q@ w@ ) 4 §’ P Aé i
3 0ADMSO, 1 1 D 1 &1 @2 1.5 100
@ @i 0 Q)% 27 K @ vz N2 2.0 86
Q 1@ S V| = 25 s 2 2.5 68
(S % | e TS| | 3 25 49
10 pg/mL@ 15 18 @y 16.5%+* | 47 19 18.0%*x* -
|2 cyc/Bphosplétmide @% & Al &S v
o = pR0001 other@\sje p>®l N S ®) %N, @)
S DO O g N
§ & § N & O >
Conclusion @, Y IS S
e . O @

It is conclude@hat Fa@n h evi

the expern@tal condltlons d sc

Referenc§:

Y

Fishot RA. The Exact T@men@f 2
Company, New York. 1973

Q
&

«%

X
@

(A 2004)
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ITA 5.4.3 In vitro genotoxicity testing - Test for gene mutation in mammalian cells
Report: ITIA 5.4.3/01 L, 2004. Facin: In vitro DNA repair (UDS) test using rat hepatocytes.

. Laboratory Report No. LDA 062/043249, 08 October 2004. Unpule d. @§

Guidelines D

» S & .o
Unscheduled DNA Synthesis (UDS) in Mammalian Cells /n w@ OECD 482 @86) OPPT&?O 5550 (1998); EP@
712-C-98-230 @)

. . & O NQ
GLP: Signed and dated GLP and Quality Assurance s@ments were @wded @)

There were no deviations from the current regulatory@uieline cons@red t&g‘mp&gg%se ﬂs@©501e e Va@y of the
study. & &° %, ©©
& & & & I
. %, (ORI
Executive Summary % @ @ Q % S
% N Q
Facin (QRD 406) (purity 100%) was teﬁgfor p&%ntml@}] g efiic actl@%y bk easuriQg 1ts §use DNA

repair in cultured rat hepatocytes on two ep%‘i ident 0‘@5101’1

o

©/°

@1 D @ %
For each test, hepatocytes were 1sola@ by enzymatic dlSS 1at10 m o malg \—D ra@ﬂ wege ecultured in vitro.
The isolated hepatocytes were allgwed te attach gg-cov a@«er eate(@nth ifher the solvent control, test
substance or positive control fo houmtog%%r with @"mthyk H) t 1d1n<%at a ﬁn conétration of 10 uCi/mL
to ‘radiolabel”’ DNA undergomigq\repal&rephg@ @} @ N @2

%
All cultures were treated with a d%f Volun% of 2§L @2 IQQQI S&f”vent?sgntrol@ltures were treated with the
solvent, dimethylsulphoxide (D$ ). Eoxitive @ntroléﬂ tur: ere ted @@th 2- ac@lammoﬂuorene (2-AAF).

@ )
Following treatm é&e h tocyt@werg\é ased’ @our%@@ith n{tdia c@ammg unlabelled thymidine, they

were then fixed a roce\ fm@%toradl ra& &\ N @ §

The 1ncorp0rat§ ra ct1V t%lmldme resuq’ﬁ%s in the dep@on ofysilver@rains in the overlying autoradiographic
emulsion. After fixation and devef@bmem%toxw@ was @se ezs@@ and seven highest concentrations of cultures

treated the test subs‘ré% ng @xwuy weregelect r scoxing as follows:
V@ @ @ QS RS S
First test: O 05, 0. 01@0 OOQ%G OO@& 0. OO§O 0@58 eﬂf@ 0. 009@% mM

Second test: 0. 158@% 05@158§05 @015&%’000@nd 0@%158 mM
@
DNA repair %?s asse@ged @om ng t@ gran@g\unt @hepatocyte nuclei with the accompanying cytoplasmic
clear

grain cou t%The gross nu cond tifdnet &&lear grain count from test substance treated cultures were
compare@hth the congu@nt V@cle cortrol vahyes. N

o 9
No t%ﬁstlcally signfficant 1@% 6@1 th et nu@ear grain count, cytoplasmic grain count or gross nuclear grain
count were obtalned at any(@f)se l&wel of @acm nk@her test.

Cultures trea it ﬂ% e coﬁ%pol a %2 AAF) showed a statistically significant increase in the net nuclear
grain Count ich \X@S acc anl@gby amgcrease in the gross nuclear grain count.

Itis coﬂ@m ﬁt F%m (Q@ 406) did not shown any evidence of causing unscheduled DNA synthesis in this
in vm@ est

Q& EY
&
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Materials:
Test Material: Facin
Description: Mixture of several monoterpenes (majority of compounds) and o
sesquiterpenes. Pale yellow and transparent liquid @ @6
Lot/Batch number: 03D-2e @ @
Purity: 100% a.i @b &@ S
CAS#: Not reported o8 Q\Q
Stability of test compound:  Expiry date: 30 September 2005 % § § ©
<, < SN &
Control Materials: N @ O ©\ %@ &@
Vehicle: dimethylsulphoxide (DMSO) & Dose Ve: 20 uL %@ﬁ m@ell L& st@
Positive control : 2-Acetylaminofluorene (2-A%@ Doseyolume: 20 uk@er 2 inL el]@© @
St i : ~ @@ VO e &
udy Design and Methods: . RN @ ©\ %, KQ
N9 - S
In-life dates: Start: 20 July 2004 End:@7 Se&ber 4 Qp b@’ 04 & %
@ KR N

033 @ x%@
UDS Assay: The study consisted of two in@n@tests@asse@he p&%gtiacl (@%e test substance t(gggse DNA
damage in rat liver cells. @ N\ @ &N QO O N é\a S
Q & v D R < @
S e W S §f
Y

The seven highest concentrations of %@ures Kated’wlth thidutest g@stan% no cit)@\\?%re selected for
S

scoring as follows: Q % & S o © <
@ . @ £ & @ O o
First test: 0. 05, 0.0158, 0.005, gﬂ@lss,moos@.ooms and 0%00005@h © . Q
v N @ N -
Second test: 0.158, 0.05, 060\@8, 0.063, 0.0@?& 05, and 0.000158 m@ & @9@2

< )
Cell Preparation: Im@dia‘tel@ior J&a@se, he;@toc Wer%gglate&rom&Spragggawley male rat.

N2
The animal was ki@y @osurv%@an e eas'{% coqc&@ratio carbon diox@e. The liver was exposed and the
hepatic portal veinywassannulated. Perfusin dia were held’in g &ater Bath at approximately 43°C to give a
temperature ofs rox@ely @°C at& OL@I% Theyjver initi perfused with EGTA solution for 3 minutes
to deplete the liver ofigalciumgons and reduce ellula@adhe@n. THOvena &¥a was cut below the liver to relieve any
excess prqss@e on the liver to all@gﬁv ep sate@drain@rou@ The daver was perfused with collagenase solution
for 10 mipytes, excised pla§ na i dish with furthéfaliquobef collagenase solution. The liver cells were
combed mto suspensip&@hen ltebed \z&rOUgh é@@ﬁ)n b&@ng cloth (2&& mesh).
S .
The hepatocyte su%§nsio waz§@§fuge@>t 50&%%00 rp@), th@upematant discarded and resuspended in Williams'

medium E, complete (W«@I . rifu@%n and resu@rsior@@S the cells was performed a second time to remove as

much debris @éssib ©© N \© N >
D Q 9

A Viablf@count was perform ter @%n@g@aliq@@of the cells with an equal volume of trypan blue solution.

The viabde:Tell yield wai%so cafQulated. N
Tesf&%!' § @ . @ Q@} @Q
' T & Q

Total cell yield'&g x 108 cegg@i&L §@ @
Cell viabili @ @ Q Ko
& @0
Testi @@ @ o §
T(Qﬁell é@d: 12%x 108ells/mL

©
Cell Vity: 67%

©@
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The isolated cells were suspended in WEC at a density of approximately 0.2 x 10° cells per mL. This cell suspension

was dispensed in 2 mL aliquots into multi-well tissue culture plates, each well containing a coverslip. The cultures

were incubated at 37°C in a humid atmosphere containing 5% carbon dioxide for a minimum of 90 minutes to allow

hepatocytes to attach to the coverslips. After this attachment period the supernatant medium was removed and the

cells were gently rinsed with one wash of Williams' medium E, incomplete (WEI). S
N

The medium was then replaced with WEI containing high specific activity (meth@3H) thymldy@A er@am

Biosciences UK Ltd), batch number 233 (Test 1) and 234 (Test 2); specific activity 9 %j@ld 86 Ci/mma], resp@rely.
N

Culture treatment: Facin was dosed at twelve half-logio concentrations up to a§15nax1mum ﬁn®©con ratior%af 5

mM in Test 1 and 0.5 mM in Test 2. Each 2 mL culture was tr@ed with a 20 s:iﬁﬁahquot of théwehicle,| M@) test

substance solution or the positive control solution. Six cultuf@wvere treated @each concentgy 1on®ept tha twe&

four cultures were treated with the vehicle control.

@ &© @ S K®
The cultures were returned to the incubator for a tr ent period 0Q18 @er thig labelllg% pexi oq the
medium was removed and replaced by WEI contai 250 uM c@ig (unl@elled) t R (Td®). T @bultures

were then incubated for a ‘chase’ period of approximately 24 hour h1$§?1>d1t10n@f’culn® pen%&helps% wash out
excess radiolabel and improves cell morphology facif tmgssg seq}ﬁlt gr% oun@alysw 0 aut%radlographs

Cell harvest: After the 24 hour cold chasq@th tlf%@’dm&%covﬁg with atta cells were f€mov rom the
culture medium, washed in Hanks' balanced s\ alts, sdlutio ree h'of-§ minu ﬁx d in 2.58v/v acetic
acid in ethanol (2 washes each of 5 mln and&%shedgwmempuni{}\ﬁ watety The Versl Were@lowed to air
dry and were mounted on glass mlcrosc®e sh%?s w1th e ce{g yer u@em@ us1n® PX ntag; The mountant
was allowed to harden. Q SO
© 9 ©© S ©© ©© S
Autoradiography: Autorad10 s y\\ré prep@ed Boger: %73)m three cul@ﬁres each test substance
concentration and positive conteg, anggrom 1 h1cl&control cu tureg
@ \

Q @ 9
After the exposure perlod%%l ggs for Text 1 s fo@ést 2)Y\slide %ere @eloped using Kodak D19
J
<

developer. The cells wege stain ingjeyers@aemay @ agd@lowé;ito air dry s @
v X & O © é& O
Examination of slides: T@ shde@ere%@ndomm% ed @1 graln cou analysis performed using a Leitz
i dichted Soxgerer i 4 ) 51s solid state video camera. Prior to

Laborlux microscopy connéodted t
grain count ana th toradt%grap@ wer amm&gl fo s st sut@tance induced toxicity (eg pyknosis,
reduced levels @f radi 11n@ Shd@weré’@;aml -1mn@r51on objective.

The image\%alyser was ‘ﬁsed e a{@c unt §ode Flfty ato @ over several widely separated randomly
chosen s of view f twe vehic nirol cult werg dn aly In addition, fifty hepatocytes from each of
two cultures at the sefren highest nons@xm t@ubsﬁ’mce chcentraté%ns and the lowest positive control concentration
at which a positive gﬁ was identificd wesg anal@d Q

) Y &
Only results fr(@ hepatg ':Q tes @ in S&se @th a r&al r&hology (i.e. not pyknotic or lysed) without staining

artefacts or de&pis WG@I‘GC@ E oNach gll the %@nbﬂ@f silver grains overlying the nucleus was estimated using
the image %alysw system, then thén mb%j of si rai@ 1n an equivalent and most heavily-grained, adjacent area
of cytopl was estimategl. T ytopl@mic g@m cofﬁ@t was subtracted from the gross nuclear grain count to give
the net nu¢lear grain ¢opmt. @
¥ NN
Ry %, S

Dataanalysis: Statistical aluafidn of both ne d gross nuclear grain counts was performed using classical one-
way analysis ofgvariance (Sn@@ecor gnd C §hran 1967) followed by a Student's t-test with an appropriate
transformation Sf Vah§§“1f i ated& exce ive variance. Critical probability levels are based on a one-sided
distribution. @
& é\f ©© 2 @

A posirﬁe is normall® indicated by a substantial and reproducible dose-related statistically significant
increaséuin thednet nugleyr graimdcount which is accompanied by a substantial increase in the gross nuclear grain count
ove@ncu t solvgiit congrol values. Normally the effect would be dose-related with the highest response being
obsérved oncentrations;%;t below the toxic level.

A negagve response is indicated by a mean net nuclear grain count which is not significantly greater than the
concurrent control.
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An equivocal response is obtained when the results do not meet the criteria specified for a positive or a negative
response

Results and Discussion R 6
Test 1: Cultures were treated with Facin at twelve half-login concentrations to give final concentrationsitangin, m
0.0000158 mM to 5 mM. Assessment by microscopic examination prior to harvesting @wed that tre nt Igvels of
0.158 mM and above, showed few healthy cells and many dead cells, indicating toxi%ﬁ & 'S

D
Seven dose levels selected for scoring were 0.05, 0.0158, 0.005, 0.00158, 0. 000§%0 000158 an§ 000§ mM.%The
positive control cultures dosed with 2-AAF at the lowest conce@atlon (1 ug/n@were selectgg\for sc\&gng QS

@
Table ITA 5.4.3-1: Summary of results — Test 1 (100 cell&scored from Z@les) %@ @Q éﬁ « S
(@)
Treatment | Culture | Final concentration Me&sﬁ) nuclear QMe eyto \s\%nic& Me#s net ghin
Number (mM) @unttSD untd:@) O] ¢yeoun

Vehicle 1 - 12. @7 007 [ O 18&@’9.85 O [+ -6.3616.99
control § $

2 . 1& +7. @ﬁ &£ 2941002 857,05

3 . y\% sl S o | A7 O &ae

4 - o \\ nar2” | S 12@618.12&” O

5 - R R 1@1%9@ @ §J76i1§€ & 6272769

6 S ﬁo 9@;6 o S| O 6.7@12ﬁ© 5 05.746.38
Facin 7 04005 «_” 1%@&7.1@ S 20@5%9%@ -7.90+7.07

8 0000158 &S 10.48+5.69 G wosges G 65758

9 e 0. S| 1096836 17, 84 91,9 -6.88+6.22

10| 0901s8 @ § L3718 189 i9@§ -7.38£7.19

n & 350,005 o 70087 Of @5 19.82+8.13

1 o 0.058 O %3 034@ o 248521020 11.48+7.55

& L9 Dos. YOS 165611088 0 22%06+14.03 -8.1048.05
2-AAF | D14 &7 o) T S411s2351 S 17.79:9.65 36.32£22.18

U@ o
5
N 9 % \r\j@ ~HRs v @ v

Test 2: &(ﬂ\ the basis of a fro§ est 15 1na1 ancentgggions @{?ﬁcm@osen for Test 2 ranged from 0.00000158 mM

to 0.5 mM. Assessmént by r%i?rosco ex atlomgnor g&harveg%g showed that cultures treated with Facin at 0.5
mM had few live ce ?@ indicating toxicity. @ @
%’ %

Seven dose levels sele fo&}}orl g@@e’re @58 (@ W§ 0.005, 0.00158, 0.0005, and 0.000158 mM. The
positive contf@culml@ do%@w h{%AF “the lo%est co@entratlon (1 pg/mL) were selected for scoring.

S 4
& o & &
N NG RN
v %@»@Q@@
> %@J@\@&@
I @ S 9
§E Ve
O RS
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Table IIA 5.4.3-2: Summary of results — Test 2 (100 cells scored from 2 slides)

Treatment | Culture | Final concentration Mean nuclear Mean cytoplasmic Mean net grain
Number (mM) count£SD count+=SD count+=SD
Vehicle 15 - 12.65+6.34 22.34+10.12 -9. 6%@69 §
control 16 - 12.91%6.70 21.89+10.49 @H 4(@3
17 - 18.9449.35 31. 1911@7 25@4
18 - 13.57+8.01 22. 1% @ 3389, 61
19 - 11.51+7,97 21741192 - -9%76
20 - 9.06i®g [@9&10.46 O] % 911@§ @
Facin 21 0.000158 8.36+3.45 O%17.29:6 94~ QQ 85, 9@\©
22 0.0005 i5.18 § 9.50:921" | 65447, @
23 0.00158 38i5 88 .| . @3.28:9%0 . O] 109
24 0.005 & 15.9548. 24@ {@28.3@@29@@ N -12996+7.72
25 0.0158 O 1o Fors a5’ K 238410 % 4839
26 0.05 @ﬁ \\@ 25&@0 q §§g7.40§.39% D 96
27 0.158 ®@§ N @:7 | O 171008 P60
2-AAF 28 L o @\8&@0 K @3 02282 & Gmsoc1412
Q N ) N
Q &@ @@2 @6 @@ @ @© ©©© o

No statistically significant 1ncg§a§es inthe n uclear
count were obtained at any dos

Cultures treated with the po itlv
grain count which was @eomp

&

Conclusion

@

S
It is conclude t Fa@ (QR@ 406) &3 % nq&@’own%@y e
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@
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Vi@nce us%l@g unscheduled DNA synthesis in this in

° ©
raln@unt ‘N
S

&@@
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%%%6 @@'
o5

<
tora\@gra @Q\EIS%SI‘ A@nﬁ%erdam

@ @ S \ N
SN
IIA'5.4.4 @(nvivo ethox §
\*\g 7, bo aé\ @mc@nucleus test in rodents
QRD 460 has no@een tested is a '@) ho

above and pu

@rjam dount, c@o las@lc g%n coun&r gross nuclear grain

mtl@& test.

ntro agent §
by@ 1ncrea e in groSNlucle

stlcally 9§kgnlﬁ@ increase in the net nuclear

ttlcal @hod@h ed., lowa State University Press.

(I . 2004)

est@\g (somatic cells) - Metaphase analysis in rodent

er other genotoxicity screening has been conducted and summarised
r thek\c,omp@en s. These are discussed in Section IIA 5.4 above.

II@' 4. 3o @ I@uvo not0x1c1ty testing (somatic cells) - Unscheduled DNA synthesis

2
S

QRp

above

ITA 5.4.6

@ %r a muse spot test

In vivo studies in germ cells

60 not been tes@ in this assay, however other genotoxicity screening has been conducted and summarised
andypublished data exist for the components. These are discussed in Section ITA 5.4 above.
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QRD 460 has not been tested in this assay, however other genotoxicity screening has been conducted and summarised
above and published data exist for the components. These are discussed in Section ITA 5.4 above.

ITA S.5 Long term toxicity and carcinogenicity S

No long term or carcinogenicity data exist for QRD 460. However, AgraQuest Inc. believes suffi ont datédand
information are available from other sources to address the repeat toxicity of Q 460. These@rguments are
presented in section ITA 5.3. The waiver justifications support the contention that thezse of products%ontoai@g QRD
460 will not result in repeated human exposure to QRD 460 by the oral, inhalatiog or dermal rougs. F rmote
evaluation of the three terpene components by Structure Activity Relatlonshlp ?%AR) and e&@mhec@geno )%ny
assays is sufficient to allow a conclusion of no significant @notoxw actlvégy There 1s:@1 ref&&no on I@
anticipate any carcinogenicity due to a genotoxic action. @

The meeting of the Joint FAO/WHO Expert Committ on Food A%ﬁlves (JECF @was re rte@@y W in
2005°'. The components of QRD 460, a-terpinene, mene, and d .Cu wegg® all ussed as esth

flavouring agents used in food. Many flavouring agefits occur nat y in f ftee, &kcohol VEEAES
and fried potato, heated beans, tea, bread, cheese)ggnd the@bstan@s w1tl?i\];ughes\g atur ccurizglce arégl-limonene
and p-cymene. As previously summarised, the p& capit@daily Gonsurpption ma& companents as food
additives in the US and Europe, respectively, qre: d—@‘onen@ 2. 76@@ an 9.3 mg; p@yme@
1.085 mg; o-terpinene, 0.093 mg and 0.032ung. The co@u’ttee @nadet@% use ©f a-tgrpinene, P-cymgn
limonene as flavouring agents in food WOU@\wt present a@ et}i &nceméthese"%stimat&urrem 1nta ues (less
than the human intake threshold of 1800 {¥/kg/pégson p 11 exsept d- Furthermore the committee
concluded an ADI for d-limonene ise‘é specgfied” far thegg s Qf Short gﬁl teucity séadies in rats and

mice and developmental toxicity in ®jce, rats and bblts HO repprted Wi sted_atdose levels from

250-2800 mg/kg per day and it w5, conc@gg@d th pos@ sa con e estlmﬁed current intakes
of 660 pg/kg bw per day in Eure@e. Theses ab%lment @n acegptablgyaily %take exa§sse numerical form was

not deemed necessary. R & @
e & & o © & %

Literature sources: Théy Inte%tional @rogr@q @ Cherfjeal Sf%ty”@ww@ d-limonene in 1998 and

ol g 0§l or %rapemto%l administration, the target

considered it to be a chg\gmwal Qith faifly low Gxicit

organ in animals is thixliver (€xce ale rgts). nhalayion studfes wey 1de1a{ﬁ’ied at the time of the review.
Exposure to limonergaffects the a@llty o different li nzyn@s hver wel cholesterol levels and bile flow;
changes have beensteporte@in m§% rats, and do}s In ma —hm exposure causes damage to the kidneys
and renal tumoé.) ver the ma§rat spegific %@teln alph lobul‘ﬁag is considered to play a role in the
development oﬁeop@c as, Well as fioh ne@plastlc@g ney 10ns§ th@fore these effects are considered not to
be relevant @j humantisk assessme@ % 6\

Dogs o dosed w1th gjmon at 0.4>- 3. /k b@a §0 m bw bitches and 3024 mg/kg bw dogs) for 6
g g y 649 g g/kg g

months resulted in t bo W/elg ss dgg'to v, &ﬁntmgg{l som@umals (Tsuji et al. 1975%). Slightly increased
total and relative r weights an_38% incggase 1@al§e phosphatase and cholesterol in serum (but no
servi

histopathological &Rang ere @n dogs foll@mg oral’administration of d-limonene at 1.2 ml/kg bw/day

for 6 months (e@ivale@ @ng/k@w/da@\(We‘t@et al. §903%).

Q

In 1990, ﬂ%natlonal Tox1<§ogy gra 55 t@@ed d-l&nonene in a 2-year study; groups of 50 male F344/N rats

received @ aterial gra@y at Q , or @0 n@%g bwi%l?ay whilst females received 0, 300, or 600 mg/kg bw/day;

N N SN @

SR

51T WHO (2005), Evaglatlon o%ert i o d1t1v @/HO Technical Report Series No. 928. 63" Report of the Joint
FAO/WHO Expe#f Committee o 1t1ves

S2IPCS (1998 @ niernapfsital Chézfmcal @essment Document No 5. Limonene

3 Tsuji M, E, "ﬁnkav@ Masyda S, T@aka T, Sato K, Noda K, Ide H, Kikuchi M (1975) Studies on d-limonene, as
liz
)

gallstone s@lyibi ): Clzbnic t@@ity in dogs. (Japan) Oyo Yakuri, 9:775-808. (Cited in IARC Monographs (1995). D-
LimonerVolu

4 We@%R, a L@%Iyseﬁ\DK Alden CL, Lehman-McKeeman LD (1990). Assessment of the subchronic oral toxicity of
d—@ene iggogs. F Fé6d an@emlcal toxicology, 28:669-675. (Cited in IARC Monographs (1995). D-Limonene Volume 73).

P (1 . Toxicology and carcinogenesis studies of d-limonene in F344/N rats and B6C3F| mice. Springfield, VA, US
Departrienit of Health and Human Services, National Institutes of Health, National Toxicology Program (NTP Technical Report
No. 347). (Cited in IPCS (1998). Concise International Chemical Assessment Document No 5. Limonene)
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B6C3F; male mice received 0, 250, or 500 mg/kg bw/day and females received 0, 500, or 1000 mg/kg bw/day. Whilst
slightly lower body weights were seen in high dose male rats and female mice, there were no other clinical signs.
Survival in female rats was reduced after 39 weeks. There was no evidence of carcinogenicity in female rats or in
male and female mice at any dose. There was clear evidence of carcinogenic activity in male rats, based upon a dose-

related increase in the incidence of hyperplasia and adenoma/adenocarcinoma in renal tubular cells. The ¢ og
response in the kidney of male rats has been linked to a unique renal perturbation involving alpha2psglobuligsand
therefore these effects are considered not to be relevant for human risk assessment. @ @ @

N

d-Limonene was given orally at 0.5 to 12 g/m? body surface area (BSA) to patients @nh advanc%canceNn a Phase
1 clinical trial. The maximum tolerated dose was 8 g/m? BSA. Whilst dose related%astromtestln@ de effects suéh as
nausea and diarrhoea were observed, the authors reported tb@d -limonene li%l” low toxici @ollow@g s 1@ and
repeated dosing for up to 1 year (Vigushin et al 1998). &) ©\ %@ @
| | S b )
The International Agency for Research on Cancer®’ c@dered there §s inadequate &dene& hy@ans the
carcinogenicity of d-limonene but there is sufficient eygdgnce in experirngenta mma or ca@mogen ty. However
the renal tubular tumours in male rats was conclude e produced@y a no@sDN echﬁysm ugh an
alpha2p-globulin associated response, therefore the mechapism by<hich %mone@ 1ncr§es ﬂl&mmd@ e of renal
tumours is not relevant to humans. IARC classiﬁ%l hm@ ne i rou}&)@g not «;&srﬁ ¢ as to its carginogenicity to
O & %

humans). ©
) S @ @ Q Q @§
RN % %
In summary, no reasonable likelihood fo?epeat%d hun@s expgsire todQRD-460 is @rese by theoral route,

inhalation or dermal rotes. With limited upatg%al exgosure and no.gxposu resj pr@@nct posb-application,
there is insignificant potential for reped®d exposure t(@fhe t r ne c@po aluation of the
three terpene components of QRD 4@y SA nd es%b gen chlt says@ sufﬁ@nt to ?&llow a conclusion
of no significant genotoxic activrty ere @@the e no, son ntlc @arm nrc1tNue to a genotoxic
action. Furthermore, the data % he te Pene co one toxiQty anidthere are data for d-

ly ate lo
limonene indicating that after repeated a minjstration to rats th %urs no@l were in the male rat
kidney and these have beegn genegally agsgpted due @ a non- g xiceqnéchanédm, namely through the

accumulation of alpha 2U°s% uli%. urtéer use§ anln@ls in @nductfﬁg lon@m@hes on these chemicals is
considered unnecessary ®) & @
ST 2 @ S &

(o
ITA 5.5.1 @Log terr@ Q?s) 01@1 t 1ty 1@the ra@ (c%ﬁ)e a combined long-term
a& car@nogefﬁfut&%tudy)% @ @ S
@

No long term carcy§gem¢%@ data e@lst fo%\QRD@}@ hver ﬁler@data and information are available from
other source@@nd are discussed in S@tron % 5. 5@0% @ @7

<
IﬁA@ 5.5.2 @arcr\@gemcrty s@rﬂy Jr@he rat (ca.n@e a combined long-term and
@arémoge&clty dyfgj

No long term or car01 ~Jata e for D 46 ow%@ sufficient data and information are available from
other source ’e‘" are cussg@h Settion H& ab%ve @

II@SS @rcn@mc@ st@y in t%he mouse

No long term or carginogenj dat@mst QR 60, however sufficient data and information are available from
othéisources and are dlSC d 1n®>ctron ove.

ITA 5. § éylegﬁusnie\f act%n and supporting data

No data t fo % @), h@@ever sufficient data and information are available from other sources and are
d1scusse®n %.. A 55 a%@.
& @@ Q) %
3¢ N
\
36 Vigu DM, Poon GP, Boddy A et al (1998). Phase 1 and pharmacokinetic study of d-limonene in patients with advanced
cancer. Cancer Chemother Pharmacol 42, 111-117.
57 TARC Monographs (1995). D-Limonene Volume 73.
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ITA 5.6 Reproductive toxicity

Prompted by a journal article indicating that a-terpinene had embryofetoxic effects, QRD 420 has been tested in a
developmental toxicity study in rats. The maternal and developmental no-observed-adverse-effect level (NQAEL)
QRD 420 reported in this study was 60 mg/kg/day. No embryo/foetal developmental toxicity were seen fvany
level in the absence of maternal toxicity. QRD420 is similar in composition to QRD 460 except that i@so cofitiins
canola oil (see Document J). @ @
@ NS
Literature sources Of the QRD components, most published data are availab §or d- hmonen@Whl 0 stg@dles
were available on the reproductive toxicity of hmonene there is no ev1de1;& hat hmonen@has @atoge&nﬁ or
embryotoxic effects in the absence of maternal toxicity>®. V(@ @} é}g \ @Q @
O
2869 mg/kg bw/day d-limonene was orally administered toQats on days 9- @%f gestatlon%ecrea§ bod %el t@ld
deaths was seen in the dams and this was accompani @by delayed ification, deckeased to an(@ gan
weights (thymus, spleen, and ovary) in the offsprm@m et al. 1975%%). ( 1lar cts e seen in m e« orally
administered with 2869 mg/kg bw/day d-limonene ays 7-12 o stat; gr a& en 4 \ e dams
and a significantly increased incidence of skeletal@omah@ and @ayed mslﬁc 1 in offspgng (K&iama et al.,
1977a%). However no dose related trends were sé&h in raBbits a mlst ter1 50& 1000 g/kg bw/day)
on days 6-18 of gestation; at 1000 mg/kg therg was r@ﬁtaht}.nd re@ced W ht @m ama@g the d at 500
mg/kg bw/day, maternal bodyweights were decr ased\(Kod\ﬁﬁa et %197%@% 5 §
& @ R
In humans limonene has been detected t &uan@ed l@reast mﬂk o@n o@p @y exposed mothers
(Pellizzari et al. 19822). \ N) 9
S > &

The embryotoxicity of a- terp1nen@s repQrt r@t@d byf@amo@@zl (@)63 ©ts w@ do?@ral at 0, 30, 60, 125 and
250 mg/kg bw/day in corn oil fréth day*6s15 estatiofOn day 21 q@pregnancy caesdrea tions were done and
the number of implantation sites, livi g/dea(ﬁtus% resogptions a‘hd corpora lute’@ were recorded. Foetuses were
weighed and examined for e@mally@mibl%ﬁalfo t10ns and one-third 8@he @wses fRach litter were evaluated
for visceral anomalies by @\microsectioning tec @s repo otted agyat @OAEL, based on reduced
weight gain at the two highest @% levéds, of 60 mg@ N il ratio p sorptions/implantations was
observed over the do nge &ited. devglopm L Wa epo@ to b@ 0 mg/kg based developmental
effects which inclu igngiof dela ossifitation (poor sifiednd not 0s51f@1 bones as well as irregular spongy
bones) and a high@md&l@ of @fnor skelétal {Nformagons a@ mg/ S

N P A B
As both QRD @) an§ ruct r@y s1m1@1r Q}& 420 @ntam@@erpl e, it @as these data that prompted testing of
QRD 420 ingyrat developmental toxipity stidy. Falbdetail@pT this smdy %i;ereported under point ITA 5.6.10 below.
In additiof separate re a@en c@ucted to re- @aluat res f each rat developmental toxicity study (I

11). This re@ew ha@d toa f th@onclu&on on @e NOAELSs as stated for the individual

studies. e revise om t (O] S an mpare int aolc below.
d Th d@sc @ﬁh@w studic %&) aed ha table bel

& @ o &
@ S
F T
8 IPCS (19& Concise Intem@onal“@emlc sess@nt Do&@ment No 5. Limonene

9 Tsuji jisaki Y, Okusg A, A@wa Y, Kioda ]@de H. IReda T (1975) Studies on d-limonene, as gallstone solubilizer (V):
Effects ondevelopment ofyat fetéses d&ffsprlng& apam@yo Yakuri, 10:179-186. (Cited in IPCS (1998). Concise

Internagional ChemicakAssess DOCL@enti\Ig ne)

60 K odama R, Okubo A, Arak , Ide H; keda@@i77a) Studies on d-limonene as a gallstone solubilizer (VII). Effects
on development ofgneuse fetuses anQoffspri@ (Japgn) Oyo Yakuri, 13:863-873. (Cited in IPCS (1998). Concise International
Chemical Assessguent Dogument S.Li ene)

6l Kodama R, bo ASato aki E tﬁ'oda KZde H, Ikeda T (1977b). Studies on d-limonene as a gallstone solubilizer (IX).
Effects on d of ra}:ﬂ@t fetus€s,and O?Qrmg (Japan) Oyo Yakuri, 13:885-898. (Cited in IPCS (1998). Concise
Internatio Asse ent ument No 5. Limonene)

62 Pellizgati ED, MaitwellED, HA%S BSH 111, Wadell RD, Whitaker DA, Erickson MD (1982) Purgeable organic compounds in
mothefs milk., etin@envm\)&ﬁmental contamination and toxicology, 28:322-328. (Cited in IPCS (1998). Concise International
C al AsSgssment No 5. Limonene)

63 Arauj&§ Souza CAM, De-Carvalho RR, Kuriyama SN, Rodrigues, RP, Vollmer RS, Alves EN and Paumgartten FJR (1996).
Study oftle embryofoetotoxicity of a-terpinene in the rat. Food and Chemical Toxicology Volume 34, Issue 5, May 1996, Pages
477-482


http://www.sciencedirect.com/science/journal/02786915
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%235036%231996%23999659994%2371430%23FLP%23&_cdi=5036&_pubType=J&view=c&_auth=y&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=04d2d3f2cab8ad82584ef0af90170954
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Table IIA 5.6-1: QRD 420 and a-Terpinene: Comparison of rat developmental toxicity studies

Endpoint o-Terpinene QRD 420
(89% pure) (containing 38.8 % a-terpinene)
Reference Araujo IB et al., 1996 _ 2009 J\@o 6
Dose levels (mg/kg/day) 0, 30, 60, 125 and 250 0, 60, 120 and 240 %
Dosing period gestation days 6-15 inclusive gestati@days 6-19 inclysjwe
Terminal examinations gestation day 21 @staﬁon day 20% @®
Implantation Loss Only 56% of mated females given 250 No, eff%ct at highest dose of@
mg/kg/day were pregnant at termination w2 /kg/day on im@ntati@ %@s
due to whole-litter losses at th@me of & %\ N QS
implantation. @ A @ @
P . . N
Maternal Body Weight Severe effect (weight loss)@llowing the ©\§educed mat@@}ff) wei@@gain dueto D

7,

start of treatment with 28)mg/kg/day. q 240 mg/kg/dadand to a sser@ent t@
Reduced weight gain wgh125 mg/kg/day; @(f’@° 0 m&j’ﬂ&g/ dz}%@d @)&
a more severe ¢ than that of X, | . NOAREL\0O"mg/ke/@ay

PO R AR

120 mg D420§day. é@’ N A RN

NOAE mg/i@/day . 4 X ey .
Foetal Body Weight Lower fogtal bod@eight@n\\x%h ] &])zow oetal by w%@ith SN ’
24% mg/kgitay - lower by §36%

250 mgikg/day *dgwer byNi4.9 ¢ fojwing
followin@w dai} Noses @easu@n @& 14 dady dose@”meas%ed on 20.

day 21w, N o effé@of 1 /kg/da.
Q®Qoeff$f125§§g/kgég§ @ @@ §y @% y %@

Foetal Anomalies Q 2No tera}éﬂqgenici% /\Q @v @QNO tgfﬁbgen@%/

(-

. % O X)) .
Foetal Skeletal Observations @terqd%@slﬁcatl@of a 11 nurfder of QD Altere@)sm on ofa small number of
boties at 12§ and 250 gkghday. @ ¢, bonesat 240ng/kg/day.

NOAEL maternal toxicity ((%\ @0 mg@/day (o4 @ o 2 60 wg/kg/day

NOAEL developmental toxi"ei{j/ D 125 @/k @% v ”\,\ZQ k@ng/kg/day

% @ (répprt corfehudes g/k&/z@/) N o, (reporg c@ludes 60 mg/kg/day)
N KN NN ~)
§ & v C
S . KQ @
The magnitude of@% eff c@ of t%}tment% th@;egnaimrat is Qgater @§h a-t&pinene than with QRD 420. This is
to be expected%@en tha&RD 420 coptains onfgy 8.&@&&4 inene§owevé¢z the types of effect seen are generally
similar. N © N Z) Q @
& TP A &

Both suli@nces induce @famm@xici@wsing a ret@etion odNeight gain particularly in the period shortly
followifig the onset of @atme@aroun the gime of @ajor dgano cndsis. The effects occur with similar nominal
dose levels (125/ 1%@@ 25%?40 g/daydn tho%\h the geverity-Qfthe effect is much greater with o-terpinene than
with QRD 420. I ditiqn, the g@set of treatméir with@ighe%dose level of a-terpinene, 250 mg/kg/day, caused
whole litter loss i@ 44‘@ th@ ated@mal@& Th@lOAE@ for maternal toxicity was 60 mg/kg/day for both
substances. @@ Q* ¢ Q\Q Q Q g

©) QO N N
. D QD % 9 o .
At the highest dose levels test@ both\substafides cafded a reduction in mean foetal weight, probably as a
consequ of the effecfon m al bodd wei t, and hence the greater effect of a-terpinene. Ten daily doses of a-

terpinene on days 6- f gestation tesulted dy a mé@ foetal weight 14.9 % lower than in controls, on day 21 i.e.
foll@ng 5 treatmefitefree days. In %mp@nﬁaily doses of QRD 420 on days 6-19 of gestation resulted in a
meanfoetal weight 8.6 % I&er tl@} in C@nt Is ay 20 i.e. on the day following the last dose.

@" N

There was nc@der@ te&ﬁemcﬁy or a@lgmal foetal development due to treatment with either substance.

Altered O@Cgﬁf a sall n &er of ﬁes of the foetal skeleton was observed for both substances. Only a small
number§¥ ossifigation gentre ¢ affected yet those altered following maternal treatment with QRD 420 were also
those aftered Hyn ate@% treatgient with a-terpinene. It is arguable whether these minor temporal alterations in only a
fe the @gny skdidtal cq ponents should be regarded as evidence of developmental toxicity. At the highest dose
le\%s tested, 250 mg a-terpinene/kg/day and 240 mg QRD 420/kg/day, it is the reduction in mean foetal weight that
deﬁneﬁ developmental toxicity. With 125 mg o-terpinene/kg/day altered ossification is confined to only four
areas of the skeleton and with 120 mg QRD 420/kg/day and also 60 mg a-terpinene/kg/day only one area of the
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skeleton is affected. These changes are considered too minor to be of toxicological significance and in themselves are
considered not to provide evidence of developmental toxicity.

The review concludes that the NOAEL for maternal toxicity in rat developmental toxicity studies was 60 mg/kg/day
for a-terpinene and for QRD 420, containing 38.8 % o-terpinene. Developmental toxicity was seen in
presence of maternal toxicity and a reduction in foetal weight. The NOAEL for developmental toxfeity wa@S
mg/kg/day for a-terpinene and 120 mg/kg/day for QRD 420, containing 38.8 % o- terpu@ne These copctisions differ
from those of the authors for each study and reflect different interpretations regard@the toxicological m@cance
of the reported changes in foetal ossification as described in the previous paragraph. @ @ o
There was no evidence of teratogenicity or abnormal foetal de@opment in th %&’t due to m é’mal tfe@tmen th a—
terpinene or QRD 420 containing 38.8 % a-terpinene durlng‘@ period of o nogenes1s aéﬁse Is tha@ndu
maternal toxicity. Minor, transient alterations in the ossification of a few s of the foet@skel@@n We@ een il’y
in the presence of maternal toxicity and reduced foetal weét & @ @

R o S &

&
There are no further data in the literature indicating se effects %eprod@twn de%ﬂe&l@r extépsive @ as food

o

additives. K &° @ %\ %@7 ©© \ Ry
ITA 5.6.1 Two generation r%rodu@we @gﬁmt@ thérat & o @ @ o
N
Not required, see section IIA 5.6 above. @& o\ @} &© ©§% W;\© é\g é\g ©§
Q &N & & & ©
ITA 5.6.2 Separate ma an&em @st dg,@es \@ § ©§ §j %@2
o © O @Q O © O
Not required, see section ITA 5.6 a@ve v\g @ @J@ @ Q& @ ©© %
© S @ g O
I1A 5.6.3 Three seg*cnt @gns@} > S @ o\@ ©
&) & R @ X
Not required, see sect10n IIA 5. 6@9% ©§ g@& § & R §
S N Q N N
I1A 5.6.4 @%m&man@th u,\\@ sayfor @m& fertility © @&
NN, e 9 S
Not required, seé@cho@A 5.6 &bove& @ x\ S §@ §
> & O W & O

ITA 5@? 5 @Cro%-ma@ngs %f re@ed m@s V@t%) ul]iggeated females and vice versa
Not req@d see sectlo@?{A 5. §ove @ @% § ‘i§ ©\

o\ §
%,
I1A 5.6.6 E ecto %en@ato%{@esls ©) >
" Fo & &

N
Not required, sect@@[ A 5@ aboKQ o \

11@6.7 ]%febcts : 00gge es%

\
Not r&qﬂulred see sectT@ IIA%6 abo@ @} @Q

R
IIA 5.6.8;, Sperm@otlh@, m glty and morphology
S

Not required@e sec*m%n II@ %6 a‘t{);\;’ ©@

IL@@g 6$ I%e@atwn of hormonal activity

%@&ﬂab @nfon‘@?on §pports the conclusion that QRD 460 is not comprised of estrogenic, anti-estrogenic,
gem@or anti-androgenic components. The terpene components are naturally occurring materials that are present
in fruit@pd vegetables. To date, there is no evidence in the published literature to suggest that natural exposure to
components of QRD 460 affect the immune system, function in a manner similar to any known hormone, or that they
act as endocrine disruptors. Moreover, the use of QRD 460 is not expected to result in any significant exposures,
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effectively obviating any opportunity for negative effects on humans or the environment. Presently, based on the lack
of exposure and the low toxicity profiles of the natural and synthetic extracts, no adverse effects to the endocrine or
immune systems are known or expected.

ITA 5.6.10 Teratogenicity test by the oral route in the rat @ @b

Report: ITA 5.6.10/01
420 in rats.
Bl 1 60616-3799. Laboratory Report No. 2212-001, 12 June.2009, Unpubli

W, 2009. A developmental toxicity study o

~ 2>
Guidelines V(@ Q@} @%\ §\ < > @
Prenatal Developmental Study (rat) OECD 414: OPPTS 8@3 700 §© &6% Q ©§ é&
GLP: Signed and dated GLP and Quality Assuran@atements A/ prqyl@é@d @Q @\6 %@) Q@)
There were no deviations from the current regulatzf@&y gum@%)r:e (@ﬂ%derto c%@%omi@@he sc;e tific V?ﬁdlty of the

S
study. %% O\@ \@ Q % IS Q @ @
Executive Summary @& S @ &© ©& w;\© é\a é\ﬁ ©§
In a developmental study, QRD 42 Q @mm%@d ezally, & ga\§ § prif@iparous female

m
COBS:CD, IGS rats during the maj rganogenes1s perlo Four gipups h o&% rat @ere‘, &sted at dose levels
of 0, 60, 120 or 240 mg/kg bw/day), on g ion q@ clu

@ Q’ia @@ @ &

>
Dam body weights, weight gaitfand food con ptlQ&WBI‘C easur&@%rou&@ut th%study %e rats were sacrificed
on Gestation Day 20. Caes@ean seCyions wWre p rmed on all surv1vﬁ@ grayid rat @or each animal, corpora
lutea on each ovary were <@ounte%and th&ute a @moved@elghe andwgxami for implantation sites and
tissue resorptions. Foofuses wers ’sexedh weighdd an ub]gc &oss g{temalx%ceral cephalic and skeletal
1

examinations that allo for f@’ess@% of @elop@tal a@ rmal

&
Statistically significant c@ases 1%1@%31&1%&1 body, Welglﬁ)odgelgh@m ood consumption were seen at the
240 mg/kg dos@v statisticall 1gnlf®ltly decrea d tal &ody W%ight gain and Gestation Day 20 food
consumption v@e se%§t the $20 and940 nig/kg d S&’Ieve ” Adjusfed bogy weight (uterus weight subtracted from
final body ight) was statistically &égnificaqntly d?eased@vthe 240 mg/Re.dose level, and adjusted total weight gain
(uterus w t subtracte(gﬁﬁom @al ga@as st tl@ly s1can<tQ ecreased at the 120 and 240 mg/kg dose

levels. &
v

Q S
No statistically mg@ant d%fere in the mea@umb&)f cqrpora lutea, total implantation sites, percent pre- or
post-implantation @ss, s or d f@ses per litt resorptions per dam were observed in the test
substance-treateg gro ]& d to fhe Veh@ con@» gro@’ No increase in the incidence of any gross external,

visceral or cepfalic a rm%@es v&&\bse@d at a(%s dose@vel

Signs of 1 tox1c1ty cdésiste a sta@tlceﬂ@lgn 1%t decrease in body weight at the 240 mg/kg dose level, and
skeletal variations at 120 an 4@\mg/kg dose le@s Skeletal variations consisted primarily of signs of delayed
ossifigation and irregylarlyShaped @uan@é in the skull. The decrease in foetal body weight and the
assodtated skeletal variatiofty wer nside sec@ldary to the maternal toxicity seen at the 120 and 240 mg/kg dose
levels. @°
NS S
In conclusm@he %&ema@ developal no-observed-adverse-effect level (NOAEL) for QRD 420 was 60
mg/kg/day;s However, ne; mb Y\/’foetal developmental toxicity were seen at any dose level in the absence of
matern icit @
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Materials:
Test Material: QRD 420
Description: Pale yellow liquid °
Lot/Batch number: 08-137GJ-1 s @ @6
Purity: 100% @ @ @
CAS#: Not reported QS &@ Q@
Stability of test compound:  Not reported © IS N
S O & 2
Vehicle and/or positive control: Food-grade canola oil @ @g\? ?ig\ \‘\ @é\ﬁ @
Test Animals: V @Q %@Q § éﬁ é
Species Rat @§ S © N ©© @%}
Strain COBS:CD, IGS R o @ S o
Age/weight at dosing Approx1mately 4 weeks/ gestn 99\—%%8 A
Source IS
Housing Individually ho
Acclimatisation period 1-4 days N N
Diet Certifisd Rodg\t Dle@soqz { I
l)@llblé@% é\ﬁ @\ S N @
Water Municipdbtap water ad libitum ©\ S @ S %@2)
Environmental conditions mpegture; Z)-23° @ &© ©© ©© S
@ Hupitdity: 31%82% > @~ Q SIS
§ Alr%ha§ 1& um of 0 pelt&r © % O
2 éﬁotop@ d: 1Zhours 1@ /12 houfg@k @\ %@‘J)
o & &
Study Design and Metlggd?: @ @ @) b@ N <§ & e s §
S & 8 <
In-life dates: Start: @Sept&mber 2@ d 03"®ctq \.Q 008@
S Q¢ 9 & Q@

> NN @ @
Mating procedyxe: Ti@mated%regn@t rats € used, ‘”\9
ééﬁ N Q c&@r §

Animal assignment: @inimeﬁ? weré&gandomly as ed to<§ groups u 1% an in-house developed computerized
randomization procedure Based gabod %hts sho 1nt llo table:
ZEon procecurt Fpeed Apody ORI, STShORS S

Table I1A 5.6.10-1: @gmal@umbe&ﬁand t@gtm&ﬂ groggs Q\

Y @ Diose level of QRD 429@g/kg/day)

0(cont@1) o% | LV | O 120 240
Q
%25 D §Q\ R 9 ”© 25 25
@ *o
@ 2 @ N
Dosessglection rati ﬁ I@gepm@ \©
N Q S
Diet/dosage pr@‘watlon and @naly g formulations of the test substance were prepared weekly at

concentrations &f 12, 2¢~and mg (for 60, 120 and 240 mg/kg/day dose levels respectively. The dosing
volume was&Q¥mL/kg bodycweight and vehicle was food-grade canola oil. Each formulation was prepared
independently by @'{ghi ea priatealiquot of the test substance into a labelled, calibrated flask. Vehicle was
added t& flasland the Tormtion was mixed until homogeneous. The formulation was brought to final volume
with z&d@' iona§};cl ixe@nd then transferred to a labelled dosing jar that was stored at room temperature.

@

A(%eved Q@lcentrations § homogeneity and stability (over 8 days at room temperature) were determined on the
initial @1 of dosing formulations.
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Concentration analysis results: Analysis of the dose formulations determined that all formulations tested were within
10% of the target test substance concentration. For the dose formulations with target concentrations of 12, 24 and 48
mg/mL, the percent relative standard deviations (%RSD) were 2.0, 0.15 and 4.2%, respectively, and the overall
accuracies (% of target) were 93, 91 and 92%, respectively.

Homogeneity results: QRD 420 dose formulations were homogeneous, with %RSDs of 2.0 and 4.2 for &ggi ag§48
mg/mL dose formulations, respectively. @

N & @
Stability results: A one-week stability study of the 12 and 48 mg/mL QRD @0 dose for@ylat at room
temperature indicate that QRD 420 dose formulations can be stored at room %nperature fo@t le ightf@ays
without degradation. @ {\9 \ @

@

Dosage administration: All doses were administered once daily by oral ' batlon (g 0 stat1 &’days@ 0
19, at a constant dosing volume of 5 mL/kg body weighg/day. Dosingéwas based on 1v1du od@f;@elgh%t the

time of dosing.

: v ) @

. Y ARSI SRS
Observations: K @@o S &% v\g & o %,
Maternal observations: Animals were exa ed forsigns t0x1 and @ortaht}@tjwm@%lally %leas‘&fhours
apart. Complete physical examinations wé%perf% ed oy the day “of sando ion. Subse@ritly y were
examined for signs of pharmacological or c eﬂ%&s ap@nma@ 1-2 Kours aﬁ@r dos@ﬂon ge\\sgtatio@ s 6-19.
Ny

Initial (Day 0) body weights for all gro@s w proyigd b, ﬁ anm@i S @ I. reaft@each@t was weighed
on Gestation Days 6, 9, 12, 15, and a@audy te na%on (G%atlon ® 20) @@

o,

\
Food consumption was momtor Dagé% 9,@12 15, ef§ at s@% ter@%atlon (%esta@n D%\ZO)

Any females that died or we@kﬂled&extr&@s durf the st@y were exa@led @groscogﬁally Any abnormalities
or lesions, the number of degpora lytea per @/ary the iy mber@“’foetu&@s were eco Uteri that appeared non-
gravid were further exam\gned b morgym sul@lde stajning t\(@onﬁﬁr\g the Qéion pre{g\@t status.

X @ S
All surviving rats w@qlle{on gest@atjon d@ZO and%w @caes@an sectlon ssue masses and suspect lesions, if
present, were colledted an@prepired for Histo Nbolog&a exa Thegu terus was removed from the dam,

After weighin@ ra lu@a weretounféd and ord ft a r1ght ovaries. Uteri that appeared non-
gravid were%lrther e 1ne Jby a@nom sulfide stain to conﬁr %be non-pregnant status. Each uterine born

was inspe for im lan ns the nts € I orde -- f cl ed as:
Y “@ p fﬁ% a&

o,

- early resorptlon (pta O&Bs or um{gcogn@le fo%tal t1§§1e) Q\

@
- late resorption (;ﬁ@cent@th a@@toly@ rego@mzab@foem%
- dead foetus i@ems v@h n%@ns @&\ltoly@) Q\

- live fo@oems p1nk @ colo@nd re@jg/nd@ toue@\’

Foetaly observatlonvs%Q T %oew@ We@ d counted, weighed and given an external morphological
examiation. All foetal a@’orrn@es wer ed. Observations (e.g. normal, within normal limits) and foetal
variations or m#&fOrmations e d ent@for each foetus. Sex was determined by ano-genital distance.
Approximatelysone- hao%of g@etu@ from each litter received a visceral and cephalic examination. Foetuses not
chosen for V@ral/ %hah amination processed for skeletal evaluation. Foetuses were randomly chosen for
either vis l/ce &f @«:le evaluation; however, dead foetuses were designated for skeletal examination.
Observ&@ S (nﬁ 1 c%abno@ findings) were documented for each foetus.
> %, | | .
ic E #hinati@n: Degapitated foetal heads from approximately one-half of each litter were fixed in Bouin's
&mn f@a minimum of one week prior to an examination using a modified Wilson's Razor Blade Technique. A
stereor%@)scope was used, as needed, to examine the cephalic structures and organs. All abnormalities were
recorded and classified as variations or malformations. Foetal heads were preserved in 70% ethanol.

trimmed of exc dhe fat ani é@ed withy the o%wles§ grlor to ova% the foetuses from the uterine horns.
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Visceral Examination: Visceral examinations were performed on approximately one-half of the foetuses from each
litter using a modified Staples Technique. The soft tissues (excluding the head) of each foetus were examined using a
stereomicroscope. Foetuses were sexed prior to visceral examination and again internally for verification purposes
during the visceral examination. Adverse or abnormal findings were classified as variations or malformations.

Skeletal Examination: Approximately one-half of the foetuses from each litter were processed:sfor sk@al
examination. Foetuses were eviscerated, skinned, fixed in 95% ethanol, stained with@lcian Blue, en stained
with Alizarin Red-S/potassium hydroxide solution and cleared. A stereomicroscgpe was usedg as n@‘, for
counting and examining the cartilage and skeletal formations. All skeletal abnormalities were rec@ed anid, classified
as variations or malformations. Foetal skeletons were preserved in glycerin. % ® & %@g)
N
Statistical analyses: Means and standard deviations were &ulated for @%pplicable pa@rw\’net \inclu@ﬁ@g lité®
body weights. The dam was considered the unit of statistical evaluation. ternal bod @éight&dy@rght @in
and food consumption data were analyzed by analysis of&rrance (ANGYA) using L AT. @a ights
and adjusted body weights/gains as well as foetal weight data were a&yz%?y ANQVA u@ng S & n the
presence of a significant effect, post hoc compariso ere performed usingZDunnet e& 1n1@1m sigificance
levels of p <5 0.05 (SYSTAT) or p <0.05 (LABCQT) wep%used %@e cqgﬁaarlsor@’ %

The incidence, or the means and standard devra %@s of ate n and @etal o@erv calctilated.
Calculations and statistical analysis of ca a%an e onQ@ al pa eters&re per usi -gl e litter
(number gravid on Gestation Day 20) or vighle 11tteN1f th ram act fi the u \‘% analysis.
The number of corpora lutea, 1mp1antat101algg\fhve)%nd n(mgrable& uses d ea@and 1@ resorptions
and gravid uterine weights were calculdted the to 2ber for@ach ed ber of litters
evaluated. Foetal weights by litter % sex e cal\llat d m tw eps rst 1nd1 ual féetal weights were
used to determine the mean foetal weight fozeach nd t tte anwr o detrmine the mean for
each group. Pre- and post-imp ion, I%S were te u ng the erce@ oss far each litter followed
by group mean calculations: e mean numtber of corpora lutea l m@anta n srtes@nable (live) foetuses,
resorptions, percentage pre- and posgimplantdtion 1ggs, and Fetal bo ts by Titter @nd by sex, were analyzed
by one-way ANOVA. Intlie presence Ha sig@@icant&effect < O%) Dﬁ@ett‘ t was used for pair-wise
comparisons to the control gro arean d fo@t n&lyses w\:e%é per@;med using SYSTAT. The
incidences of selected@életal r1at1mgs (by, foetus £or in 1Vidual 4lieratiohs: su raoccipital, reduced ossification;
squamosal; irregulardsternabrae, 551f and §Rto dm@e os@’lcatlon by foctus and by litter for grouped
alterations: supraocgypital squamosal) %uere c%lpare ing Ch1 uar with the foetus and/or the litter as

the experimental it \gSquar&testscggerep rrned@ n TA %
Bttt g YL

Indices: The followlig indtees e cal%llate Q%)m c@rean @ctlo&}@cords of animals in the study: % pre-
1mp1antat1<%1 0ss, % postm;npl tatio @, % li §ants on -li¥& implants, % litters with deaths, % viable

litters Witl> resorption C9, viabte li with% abnosmal f% ses, abnormal/live implants, % non-live and
abnormalitotal 1mplan% N R § S N g\
Results @Q %& § Y;a\ &f@% © >

Ko I SN

Maternal tox@@y' @ @ S \© "\@ v
e o &
Mortal@d clinical @deaﬂ@:«\&cu @d)dur‘ﬁsg the study. All females survived to scheduled caesarean
section on’Gestation D O O mg/kg 1b1ted redness around the nose fur and red vaginal discharge.
All O‘d%er animals were esc@d as ‘mal t@oug@gt the study.
S
Bodywelght O@Gestatlon Days 9, 1215 an&, 20, body weights were statistically significantly decreased in 240
mg/kg animals&ompaggddto cgiittols %&dy weight gains on Gestation Days 9, 12 and 20 and total body weight gain
were statlstl %if an decreased in@40 mg/kg/day animals compared to controls. Total body weight gain
ign

was also stdtistica ntly reasedvin 120 mg/kg/day animals compared to controls.
TP
& "

&
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Table IIA 5.6.10-2: Intergroup comparison of bodyweight (g) — selected days

Dose level of QRD 420 (mg/kg/day)
day 0 (control) 60 120 240 _ -
9 260 263 261 2458 &
12 279 282 279 &y s
15 301 304 297 o 276007
20 364 363 353 S 3 o
** Statistically significant difference from control group mean,@0.0l @} @iﬁ\ ©\°\ i @é\j @
S
Table ITA 5.6.10-3: Intergroup comparison of bodywelgilt gain (g) &©Q %\%@ QQ (§9 Q&o\©
Dose 1e2® QRD 420 (nﬁ?/kg/@gy) N
day 0 (control) @, {ﬁ) Oy > w\ﬂ@ 24@@
) o R oD Tuy A
12 19 B @ 9 1& O &
15 22 RSN R S
20 63 &2 o A w256 @] & S
total 123 NN N

** Statistically significant dlfference%m @trol @?up r@i p<®){ §© ©© @@QJ
oS <@ 2 S
v a
Food consumption: On Ge@%’atlon ]é%fs 9, § 15 a@ 20, f(@a consumptt@ wasestatistic#lly significantly decreased
in 240 mg/kg/day ammals%omp%{j‘ed to c@trol ood%onsu@mon &Ges@%n ]@ 20 was also significantly

. . %
decreased in 120 mg/kg/day ani congpared t@rontrh S @
b sof O 8 & o

Table I1A 5.6.10-4: @terg@up co@arim@of fooﬁon {@ptmn@g) S) &
/a\ <

N D%g\leve@r QRD§20 kg/@
day OO0 (eofitro) © | O o0 O 420 240
9 |2 45 Y @ D743 30%*
2 AL RS Q" 53 4155
15 B O Ok x| A 57 5%
20 &os & oy Y s 100* 98+

* Statistically s@nﬁcar@iffe@e rofw cont@grou@lean §@%0.05
Hk Statlstlcall§@1gn1ﬁ nt ence (T rol \ap m@l p<0.01
rengfom syl g3

Sacnﬁc@ patholog{@ @ &O@ Q\&

<
Gro{xpathology (€)% 240@/1@&@ daréﬁd a@\xall spleen, pale liver, and red left ovary, encased in clotted
blood.
Ny

Uterus wei@ % ted dy weight @uerus weight subtracted from final body weight) was statistically
significantl Creasg mgikg/day)Cand adjusted total weight gain (uterus weight subtracted from total gain)
was statistigally @ﬁca@y de@@sed at 120 and 240 mg/kg/day compared to controls.

%@@@%@

S
& & <

&

@@
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Table ITA 5.6.10-5: Intergroup comparison of uterus weight, adjusted body weight and adjusted body weight
gain (g)

Dose level of QRD 420 (mg/kg/day)
0 (control) 60 120 4 O
Uterus weight 79 72 78 70 ©
Adjusted body weight 286 291 15 7 2599
1 1 * *
l;gjnusted total body weight 44 046 w\\% 9 o § @;@6 %@
* Statistically significant difference from control group mean, .05 @} é}a Q\ @Q @
** Statistically significant difference from control group mean, p<0.01 ©Q @ éﬂ é

Caesarean section data: Data are summarised in the -ii\-\‘ below: Q &° S <
‘o L &

N 9 K

No statistically significant differences in the meag numbeg of co@é lugggl tot l@ﬁplar&on oi{%?s, p%ﬁt pre- or

post-implantation loss, live or dead foetuses per &r or@ptal resorptiods per d& or §§ ratio were %bserved in the

test substance-treated groups compared to the \%hlcle %%ztrol p. Q @ & &
"SRR % @ @ @

Table IIA 5.6.10-6: Caesarean section orva;l%s for@:l pre&@nt fgﬂ es® \ é\ﬂ %, §

@ D @
Observation @Q % N @Dos@&rel 0@RD 420 (mgtkg/d

& Y ewh b am
Initial group size (sperm positive) @ ‘?”\:Q @’J @ ®D éZS @ ﬁ© 25¢ 25
Animals Pregnant Q . NS o &@ 259 . 209 25
Number of viable litters & © @ @ 257 %%’ @ %3 24
Number of non-viable litters = § @ S 0 % NS 1

2 g &, Q| « (©)
Nonpregnant @ @ Q&\a @, Lo @\j\ ©) ® D2 0
Total number of corora 1u ST © 337 331 366
. o &%
(mean + SD) g1 @{@@ﬁz& 14427 15425
Total number <®mp1 @ SN 3410 3 318 327
.9 S)
(mean + SDF 2 A R 4 o) B2s 14422 13422
% pre-i ntation loss ean ) @ 9.4 N NilO] 4+5.4 10+£9.6
Qi N S)
Total number of 11V 1ant %Gfoetu ) % S 3 LAY 289 297 297
¥ .
(mean£SD) Y & f\’\ © 1389 p| 12028 1342.6 12434
% post-implantggjon log%gnea%@SD) TS Ossgy | 10:131 6+11.8 9+20.6
% live implaﬁ@(out oﬁota lan A 9 89 93 91
S Q 9 2z
Number ofdeaths (implants) R \(? 0 0 13
% Q @ @b o
(mean +SD) SO <Q00.0 0+0.0 0+0.0 1£2.6
% n@lve implants‘feut of®l ua@@nts) V @ 6 11 7 9
Litters with deatl@ @ Q\J 0 0 0 1
% litters with déaths <\ ° J@ § N 0 0 0 4
Number of, {&rpt@g § . ©@ 19 34 21 17
(mean % §B) kg O & 1+1.4 1+1.7 1+1.7 1£1.0
Litters*Wwith r t10 S) o 9 12 8 11
2 & B X

% gjable liters with resorptidns 36 43 35 44
Numbe(y@ abnormal foetuses 5 6 6 9

Litters with abnormal foetuses 5
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% viable litters with abnormal foetuses 20 24 22 29
% abnormal/live implants 2 2 2 3
% non-live and abnormal/total implants 7 12
Sex ratio (male:female %) 55:45 52:48 48:52 @%:50@®>
Developmental Toxicity: @b @® S
@ S8
Foetal body weights: Male, female and combined sexes foetal body weights wer%tatlstlcally m@dcan‘t@decr%sed
in 240 mg/kg/day animals compared to controls. 2, N . Xo
© AN % SO
Table IIA 5.6.10-7: Intergroup comparison of foetal bod %1 ht (g) 4 © Q\ &@ @
group comp y weight(g) O S & S
Bose level o{@RD 420 (mg/@/day)N & @
0 (control)@g@ R ;(@ Do O
Male (no litters/group) 4.02+0.209(25) @gﬂ&@% 4> &(@’&0.2@?23)0 %.72@425* (25)
Female (no litters/group) 3.84i0.26@24) 1938427266 @5) | 29790264 (23) | 3.84£0.376% (25)
Combined sexes (no litters/group) | 3.95:0220 (25)7| 3.99%0.268125)3| 3.9080.265 (23) | 4610880 (25)

* Statistically significant difference from c@trol g&%p mean, p<()$g\5j é &\ N R

& v R, & S}
@Q RN § &
TS NN D
External examinations: There were@) tregiment- related 1®denc§f gro&y exteé‘f abnqgaliﬁe&malformations
or variations). @ v\g 404 @J@ @ Q& @ ©© %
< S @ O
Visceral examinations: Therg\iveré‘&no trgment— ‘glated @idencés of @cer@l @norr%lities (malformations or
variations). S ) @ N
. © N & 2o
AN % & L
Cephalic exammatmn&Ther@re @g@eatme@—rel 1nc‘ld§nces é%eph@c abrregnalities.
@ S
Skeletal examinati '@t s@ce ted skeletai@) or 1tles qwere G@served in the supraoccipital and

squamosal bones he , andin the steme of fies pectoral g1r the foetus as the experimental unit,
there was a statiSticallysBnifigant inc&e i @ incidgiice kele bnorn%mes (all alterations combined) in the
supraoccipital and s osal bones at 240 g/ /@y, affd>a sta@tlcall}@lgmﬁcant increase in the incidence of
abnormahtl\f@m the stern&g ae atq%% g/day@heS@hang ere not statistically significant using the
litter as xperimental @nit. AN

JgFrperimentzein @ S < e
Skeletal abnormahtrﬁ-@\m the&uprao@mta&l @nes ersmt &f redﬂv&d ossification and discontinuity, while irregular
shape was the pri abn mah en 1&}6 squd @hosal @;1 an analysis of individual alterations by foetus, the
incidence of irreg arly n@l bores was@atls ‘%%@lly significantly increased at 240 mg/kg/day. The
primary treat@&-rel abn alit e steridbrae was unossified 5th and/or 6th stemebrae. In an analysis
of individual afterations b tus, « inc xlce obthis @ormality was statistically significantly increased at 120

and 240 g/day. No other staty tlca@“\ﬁgm nt 1% éases in any skeletal abnormalities were seen at any dose
level. served skeleq@l abn@nahtle ere@nsid@ged variations not malformations.

@ AN S
Coné}fsion R @ °\@ Q@ §\
©)
In conclusion, {&’ maternal a dev&@%men@ no-observed-adverse-effect level (NOAEL) for QRD 420 was 60
mg/kg/day. Wewer, no ryo/foetal @Velopmental toxicity were seen at any dose level in the absence of

1
materna toi ty. § @@ §7 )
@9@ @@@ @ "N (I, 2009)
>
& & <

&
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ITA 5.6.11 Teratogenicity test by the oral route in the rabbit

Not required, see section ITA 5.6 above.

ITA 5.7 Neurotoxicity @ @6

N
Sufficient data and information are available from other sources to address the neur@@cicity poten&@ of @ 460
and hence there is no need to conduct further studies. & \

Low Toxicity Studies on QRD 460 establish that the active substance is not h@y acutely t%@ tom%lm he
acute oral LDsp in rats is 2,000 mg/kg, the acute dermal LD@ >5,050 mg@ and the agLCm\@ rats @ 5.3@
mg/L. In the acute oral toxicity study, mortality occurred only at the 2000&hg/kg level. icalstgns i surviydes
included diarrhoea, piloerection, polyuria and sahvatlon 1mals that dig@n test exhibited decfSised @Vuyg@ dy
tremors and staggered gait, macroscopic findings in t e ammals r€ycaled gas 1% gastrointestinal trdé and
discoloured content in the large intestine. These clini igns are 1catiV l tO)@ y r%er thasa more
direct effect of the chemical. No clinical signs of toXicit were se t theimit ¢gases ofthe de andQnhalation

g ) N d@S qél anin

toxicity studies. R @ N
@ @ é}’ @% S

Literature sources: Again, available only foré%—hmo@he 07} adm@stra ion of 3wl to rA& an @llted in
decreased motor activity/lethargy®. Similar, effect \%re rep %rted @NTP ml@and xats orally do§vith 1000

mg/kg bw/day (mice) or 1200 mg/kg bw @y %ﬁ@) Des@te eg(t%nswe @e of/@\\>osur th@@mpo ts of QRD
460, there are no indications of neuroto llte re @ @, @
@ @9

None of 8 human subjects reported ‘5%1 di mfor@mtat@ or ptom@ela 0 cen@a nemous system effects
during a 2 hour inhalation expos%@to d- hmonene@ 10, 225 or 4 g/@ (Falk l1ps§et adx 19936%)

I1A 5.7.1 Acute neu@tom@ @t @ s @@ .9 &
R

S~ S &
Not relevant (see I1A 5.7 above)@ @ 6@ QO « o ©)
N S o> O s S
% Y
IIA 5.7.2 @Del@yed -@rotcﬁy ﬁllog agyte exp@sure
SGNS NI
Not relevant (seéPA 5.@&)0%). ' @ AN § 2o
S (§ O O @3\’ @b QO @

A @5 3 O (i%y dmye@beur@mcl@? o &

Not rel&&t (see ITA 5. @%{)ove@ Q° § «:»\9@ o ©\

S RO
IIA 5.7.4 @§ S %hr@ n@otox@ﬁ’ty —Pat +90 day

Studies on d-li enesas solub%ﬁier (Lgg3eneral pharmacological studies. (Japan) Oyo Yakuri, 8:1439-1459. (Cited in
IPCS (1998) ncis al Ch@ucal ASgessment Document No 5. Limonene)
6 NTP (1 ) Toxggology dhd carcg enes1s studies of d-limonene in F344/N rats and B6C3F1 mice. Springfield, VA, US
Departl&g of Heajth an urnan@emces National Institutes of Health, National Toxicology Program (NTP Technical Report
No. 34@) Clte@l%/?ﬂeal nad&¢2008). Re-evaluation note: Review of the 2004 Re-evauation of Citronella Oil and related active
co nds @ se as @’rson@qsect repellants. REV2008-03

k FilipsSon A, Lof A, Hagberg M, Wigaeus Hjelm E, Wang Z (1993). d-Limonene exposure to humans by inhalation:
Uptake,(distribution, elimination, and effects on the pulmonary function. Journal of toxicology and environmental health, 38:77-
88. (Reported in NICNAS. Limonene Priority Existing Chemical Assessment Report No 22, May 2002).

64 Tsuji M, Fu]ls%@( h1 Nak%@ml K lesaka F, Mito M, Aoki T, Kinoshita S, Okubo A, Watanabe I (1974)
terna
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ITA 5.7.5 Postnatal development neurotoxicity

Not relevant (see IIA 5.7 above).

ITA 5.8 Toxicity studies on metabolites \@ @@
Based on the available published data on the terpene components detailing mode of ac@ and breakc@ pat@ays,
there are no metabolites of concern. . <

: 3 S
ITA 5.9 Medical data %o N \ %

(€
ITA 5.9.1 Report on medical survelllagce on mam@cturmg p@t p Q: N
@ S
Routine medical surveillance is carried out on all ma%@ﬂmng plant p%onn@ ‘and eth ith ro ne he@ and

%

safety records indicate no adverse reactions to the ene compo S durl manu nd &@(ag f QRD
460. K @ @ "\ %
@ <o
ITA 5.9.2 Report on cllnlca]%ases @d p&onn@ 1nc1(@nts @ @&
No clinical cases, adverse effects or poiso % 1nc>Q\1ts re@med @ & °\© é\g X §
) o % Q Q

> \
ITA 5.9.3 Observatlmgs©0n é@posmge@of the g@@’al @ul@§ %ﬁ ep@mologmal

studies Q %@ @@ ©© @@ & ©© ©©

Literature sources: Exposu&ata v%re identified for d- ﬁnon No@ of %human@ubjects reported any
discomfort, irritation or symptoms retased toééiﬂtral ous‘@stem e fec rl% hou@nhalanon exposure to d-

limonene at 10, 225 or 45% /m?® (Falk Fégpsso al 1 93 67); @owevel\a sli ecl@(Z%) in vital capacity was
observed following exposure at t@}ﬂgh%‘c cone atl & @)
> S \ Q) K N

T D $
De Bertoli (1986%) @ red mdo@onatlor@(ﬁ 11@nene@enant10@er not%pemﬁed) and reported them to
range from 10 to ug/ meaq 140 ;Iig;m3) hereqs@ont g@mery ekal., 1989% reported ranges from 1.6 to 78
ng/m® (mean 18 §g/m’)siy, 17 restdences in Ru ngto A edr i

Angeles, Califprria tobe’40 ugim’® (Walla ) @lhn an®)
higher in wmter whel@here Was red%ed Ve%tllatlo% @ o

In 1994 @S reported 1nt of 11 ene from i ra utdO@\air for the general population is estimated to
be 10 an 0.1 ug/kg p day, @ctw&y based on the, daily inhalation volume for adults of 22 m3, a
mean body weight aleé’%and f@ales %ﬁnd assumption that 4 of 24 hours are spent outdoors. The

@®©@°\@©

or concentration was measured in Los
, (19937") reported concentrations to be

PR @ O @
©
© O 0
%7 Falk Filipsdon A, Lof A, Hagberg g- eln@ W !Z (1993). d-Limonene exposure to humans by inhalation:
Uptake ribution, ellm@@tlon effec *Jc th lmo functlon Journal of toxicology and environmental health,

38 77-88: (Reported 1§CNA%‘leO nene Priogity EX1§1@ Chemical Assessment Report No 22, May 2002).

%Bl;‘ertoh M, Knoppel oE, feil A, ,-'(:7-" ora @chaueﬂburg H, Schlitt H, Vissers H (1986) Concentrations of selected
organic pollutants in lndoor@ld out %r air in Northe@ Italy. Environment international, 12:343-350. (Cited in IPCS (1998).
Concise Internatigyal Chemical Adsessme ocu§m No 5. Limonene)

% Montgomery Kalmad DA ( ) ln%o /outdoot™air quality: Reference pollutant concentrations in complaint-free residences.
Applied indySirial h@mne 4@717-20. ( 1te PCS (1998). Concise International Chemical Assessment Document No 5.

Limonene

70 Walla@ Nel W Zelgenfus @elllzzarl E, Michael L, Whitmore R, Zelon H, Hartwell T, Perritt R, Westerdahl D (1991)
The Lgs Ang dy: onal exposures, indoor-outdoor air concentrations, and breath concentrations of 25 volatile
@mds.uma expo, live analysis and environmental epidemiology, 2:157-192. (Cited in IPCS (1998). Concise

ationé)Chemic As@nent Document No 5. Limonene)

' Fe liﬁon R (1993) Seasonal trends of volatile organic compounds (VOCs) in Canadian homes. In: Saarela K, Kalliokoski
P, Se en O, eds. Indoor air '93. Vol. 2. Chemicals in indoor air, material emissions. Proceedings of the 6th International
Conference on Indoor Air Quality, held in Helsinki, 4-8 July 1993, pp. 117-122. (Cited in IPCS (1998). Concise International
Chemical Assessment Document No 5. Limonene)
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arithmetic mean of limonene levels in indoor and outdoor air was reported as 0.04 and 0.002 mg/m?, respectively,
based on the study from Los Angeles (Wallace et al. 1991).

IPCS” considered exposure to limonene via drinking water is likely to be negligible due to its low solubility,
although there is also a potential for dermal exposure in the occupational environment, the principl&Stout

occupational exposure to limonene is likely to be via the inhalation route. The dermal uptake of d«limon in
humans was reported to be low compared with that by inhalation (Falk et al., 199173);@0wever, no @imt've data

are provided. IPCS report data from the National Exposure Database in Norway; occupatiw@ enyighment
concentrations of limonene between 1985 and 1992 ranged from 0 to 886 mg/m> ¥mean 28 m ) (Byelstad and
Wolbzk, 199274). Occupational concentrations ranged from 0.9 to 400 mg/m? (G&gsson etal. l md{ﬁ@om
Sweden, @ & IS

@ % & e

The estimated intake of limonene from occupational exposyre was deterrm@?assummg 8 (@24 h(@f@s aregspent 1@6
workplace each day, with an air concentration of 150 gg/m3, which 1§, the occupat1®l exp@ure 1@nit V?\b
Sweden (National Board of Occupational Safety an%ggealth 199376% Th@mta f hm?gnene a@om ith

working at the occupational exposure limit was esti as 17 mg/%body V@lght pe ay\ 9

% @
. : @% ‘”Eq v
IARC confirm the 8 hr time-weighted exposureé?mt f@ thpene & w%@f is 1$mg/m and %the short term

o 3
exposure limit is 300 mg/m”. % @ @ &

1A 5.9.4 Clinical signs 9@(1 syJﬁpton@of p&l@()m@ ands:etal@bf c@1cal§ts
% X S @
Specific signs of poisoning: QRD 460 o) lo%cut@ t@lcﬂ}&iﬁ sy ms &ndl@lve of general
toxicity rather than a more direct effe@of the c 1 and sam@@n b@pect&ﬁﬁor humans,
however, no cases of intoxication @th Q 60 @i@v ©© N

@)
S
> R @ NS
@ < L
SR SR SO

Clinical tests: No specific motﬁormg@rogra@lave@een p%gorme(&n hup&(%?s @

11A 5.9.5 Fn%t an@gneasu@f‘?es §

General @ ﬁove soutge of @osuro@ I\firrit@on or‘ther signs of toxicity occur, seek
@ $ ical attention. O @
\\_JJ

In case of skin act HR move coq@g‘nmat &lotm% r/\\- ghl ﬁsh skin with plenty of soap and
@ Q wa@ If iggatdti qﬁemsts ek « fical attention.

In case of ey contactq Bold e open d rins@stow 1 and g y with plenty of water for at least 15
N g}g %&mim@ If présent, @mov ses and continue rinsing eye. Seek
N @ Q) medi attgn@on Q @

In case of ingestion@\ é\ a do@r m%ﬁhate&gé ifa laﬁge amount is swallowed. Have person sip a glass
@ % wa@f ablefty swalfow. D@not give anything by mouth to an unconscious
Q

erso@ N Q @

S QO
In case of mlw&tlonﬁ)U Mobve pe;ég)%{ to ﬁsgéﬁ au%\\lf person is not breathing, call an ambulance, then give

o il § AP INC
@; O\a@ Q @ @ O\Y\?

SN
72 IPCR(1994). Assessi@leal ks oﬁ@emic Der' ion of guidance values for health-based exposure limits. Geneva,

Wond Health Organization, fibernatighal Prog hemical Safety (Environmental Health Criteria 170). (Cited in IPCS
(1998). Concise I exnational Chemi As@mentgocument No 5. Limonene)
73 Falk A, Fischeg] Ha 1) Plﬁ%ﬂc ras@gaused by dermal exposure to d-limonene. Contact dermatitis, 25:198-199.

(Cited in IP(@ 998)\ c1s ernatioral Chemical Assessment Document No 5. Limonene)
olb

74 Fjelstad PE, Wolbaek T (1992) A ndtienal e)@sure database. In: Brown RH, Curtis M, Saunders KJ, Vandendriessche S, eds.
Clean ai @work W tl‘el@ in agsgssment and measurement for the 1990s. Cambridge, Royal Society of Chemistry, pp. 303-
310. ( %@ inl \g. (1928). Comegse International Chemical Assessment Document No 5. Limonene)

& Ca?@on H, i ers%ﬁ 61d™% Antonsson A-B, Solyom P (1991). [Limonene - a solution of the environmental problems.]

sh En§gronmen h Institute (Report B 1030) (in Swedish, with English summary). (Cited in IPCS (1998). Concise
ati Chemical Assessment Document No 5. Limonene)

76 Natio! oard of Occupational Safety and Health (1993). Occupational exposure limit value. Solna (Ordinance AFS, Vol. 3).
(Cited in IPCS (1998). Concise International Chemical Assessment Document No 5. Limonene)

In
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‘ artificial respiration.

ITA 5.9.6 Therapeutic regimes @ >
This product has low oral, dermal, and inhalation toxicity. Direct contact with eyes @y cause tempo@/ irritfion.

Repeated or prolonged direct contact with skin may cause irritation in some indi als. No an& te IS®IOWI’1
therefore, provide symptomatic and supportive care as necessary. @

\
ITA 5.9.7 Expected effects and duration &pmsomng g&% functmnw@th&@pe@evel

and duration of exposure or ingestion @ @
N & P & s
. . Q %, @ @)
No specific effects can be deduced from animal data. No @an data are dyailable. ® Q EN

o

ITA 5.9.8 Expected effects and d@@tlon of p isonin&a s a fu@nctﬂ\g@ ol;%%?r @ime
periods between expo§ure @ﬂ@ingghon a@ m(@’ en@men{ of treatment

& NS
No specific effects can be deduced from amma%ata N@J&hum\a@%ata a@awa&a@e @ @ o
N . %
1A 5.9.9 Dermal penetra atio \\ @ .8 O %\ A ©§
OIS & &
No studies with QRD 460 have been 1 ertak@’ '~ y\ﬁ @@ @ N %@
O s

Literature sources: In shaved the“%lermal %SO‘R@ of [@I d/ onen®fr0n§thm&water was rapid and
reached the maximum level in ‘% 1nutc§(vo hafer & Scha%r 198977). Iﬁgone human Stl@y where one hand was
exposed to 98% d-limonene fo the ke o@llmon%ne l%@as re@j)rted to be low compared

with that by inhalation (Fal{ al., 1991); k@yev@o qu@tltatn@dgata arg prov
The default value of 10@% absq@on %gﬁ) theret©re b@ed lesk aéssmém o\®

&
S
TIA 5.10 (ﬁr\/@emﬂ%nd&s N 9 & & &

5 S %
This is not an at%@j@lulrer@nt S) Q&@j @3\’ ©© ©§ @
g\ oy

1A 5. S @1 (y.afid overall evaluati
&@ um@ry@ma alian 0@@ lyéi g rall evaluation

AgraQuest Inc. be@ s th. t,\tog Wlt& sfg}les d@lduct%& there are sufficient data on the toxicity of the
terpene compone%@of RD 4 sSess mébimalid® tox ity, and hence further studies are not required.
Furthermore, use of pro s C ininggIRD. E%O w1®not re@t in repeated human exposure to QRD 460 by the

oral, inhalation @ der@ rout @ N
M Ay .
Studies on ﬁ% absorption, dlstrlb@n e@%on id mg@@ohsm in animals

There are no ADME@ for howsver pu@shed data exist for its terpene components d-limonene and p-

e and these ddte 1nd1c$the t% ave siinilar pathways of metabolism in animals and humans. Following
an oral dose, the compof@’nts () R 460 1@ rapidly and well absorbed from the gastromtestlnal tract and
metabolites are e@’breted most via \ , Wi 48 hours. The amount of d-limonene absorbed via the oral route is
similar in d;i@n s @ed Wue ge from 50-96% in rats, guinea-pigs, hamsters and dogs whilst those in
human mal %s argy) por@ as 0%. Absorption via the inhalation route is also rapid; the percentage
absorbed @e r@@te av€rage

§@§@%®
R . ¢

7 voh Schater R Schéfer W (1982) Die perkutane Resorption verschiedener Terpene-Menthol, Campher, Limonen,
Isob acetat, alpha-pinen-aus badezusitzen. Drug research, 32:56-58. (Cited in IPCS (1998). Concise International

Chemical Assessment Document No 5. Limonene)
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Whilst fewer data were identified for p-cymene, similar absorption values (60-80%) are reported in rats and guinea
pigs. Given the similar structure and properties of terpinene, absorption values are likely to be comparable. The
available data indicate the components of QRD 460 are readily metabolised to materials which are rapidly excreted
within 48 hours.

Acute toxicity R >

QRD 460 is harmful if swallowed; it is of low acute toxicity by the dermal and inha@n routes. Thégacuteg@ LDso
in rats is 2,000 mg/kg, the acute dermal LDs is >5,050 mg/kg and the acute inhalatfon LCso in rats is >*§,30 mg/L.
No gross abnormalities were noted at necropsy. QRD 460 is not irritating to itir%eyes or skin.IRD is d%kin

sensitiser. @ & %\ °\ @@ @

While QRD 460 did give a positive result in the LLNA test, it is important @Qonmder tha&ﬂt@o oth§%sts W\ﬂduc@
with substantially similar active substances using the Bue@ and Magn@on and Kligm@np maxuﬁ@zan @neth

were negative for sensitization. It seems unusual that a le, previouslytested, mix of the three te@ﬁene
constituents would result in a positive response whe LLNA methed is enfployed. Snene hé&s been @assified
as a weak sensitizer, however, this has been widegtmbu d-to th ese %f hn’f/\@’nene%ma ovr}’prod{\rﬂ U but

neither a-terpene or p-cymene are classified as se 1zers@,1teramre indi& tes 450 does not ontaln
sufficient d-limonene to trigger a strong sensitizing rea terﬁ nves atrons d1c that arenot
significant amounts of limonene oxides in th% t mé& so fo;%e po e LLN res 1s s1ly
explained.

\
5
The product, QRD 452, also gave a n%i@ e r%%dt for s@srtrg@n us1@ thg @%hler tho@owe@r because the

LLNA result for QRD 460 would ovgtide the chler Yesult for Q e hagard ass@smen&and a
Calculation Rule would be applied N%E@est u@@ 52 ﬁ{@con@ s101§ Thé?ehmm%ry results indicate
this test iti A t t

is test is positive; AgraQues I% ] 1n& gating these@ew re& @Q o > é&

In common with all toxicity @ts théLNA@@lot 1@% acc@te reports @w lite{%gure iflicate it is approximately
90% reliable (similar to Magnusso and Kl@nan Buehler), t@fore “the p $bilitye¥ists that the positive
results reported for QR%6O m dlcat@e of t} Q. ctiveSubstance’s true 1010@%11 nature. Potential false
positives in the LLNA &te not Wgprec ted. ther er@mpl . Of matehls 1@1%& i this manner include: sodium
lauryl sulfate, fatty suc% as ole§l @ 11n01 ac ual@ octino lo% ain fatty acids, and non-ionic
sugar lipid surfact &

Finally, real w@ ex (@ence @th the@lant é{@jact— ,g ble actrve substances, as well as their
T f

respective formulate oducts; do 1wt sup rt thegonclus the LN:% ests. The plant extract-based and

terpenmd@ d active subgtances %ave b anu ctured for a ears without a single report of dermal
sensitiz, from man uri ersorfagl. Slmﬂarly, pla t tra ased and QRD 452 plant protection products
have been widely used\\(D evelopmentrials a@omﬂ%@rcml use) in 'g%sUSA with no reports of dermal sensitization or
other adverse effect@ N o @ &

X %, @

[ Christensson JB, Joha S, Hs@/all L@%sso NSH Bor@ Kaz{§rg AT. (2008) Limonene hydroperoxide analogues differ
in allergenic aet@wty. Coggact D titis,§9: 3443

[2] personal @mml@tlon I (2(@©
Short te}@joxicity o\@ QQ @ @

Wh%ﬁ\gno data are &aﬂab@ Q % ad@ss short or long term toxicity, AgraQuest Inc. believe use of
products containing QRD %60 wilb not@asult @epeated human exposure to QRD 460 by the oral, inhalation or
dermal routes; L@h ore th te data on active ingredient, formulation and short/long term toxicity data on
the compon indicdte lowtoxicity. The inherent exposure of humans to the active ingredient
compone orééhg}err ral @g:urren@ or via their use as permitted direct food additives, flavouring agents, and

fragrance foogCosmélics, aother consumer goods, including other pesticides, has not resulted in widespread
reports fhthe p@ 1shed\literatyre of adverse effects. a-Terpinene, p-cymene, and especially d-limonene are the most
comrr@ te re &ey occur naturally in a multitude of fruits (especially citrus), vegetables, herbs, spices
(m@ o i, berg ot @ caraway), and other foods and beverages, including coffee, tea, alcoholic beverages,
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baked and fried potatoes, bread and cheese. Although the levels are relatively low, the general public is exposed to

these components through ingestion, dermal contact, and inhalation on a daily basis. According to a 2005 World

Health Organization (WHO) report’® on food additives, the per capita daily consumption of the three main

components as food additives in the US and Europe, respectively, are: d-limonene, 12.76 mg and 39.307 mg; p-

cymene, 0.472 mg and 1.085 mg; a-terpinene, 0.093 mg and 0.032 mg. S
D

The Scientific Panel on food additives, flavourings, processing aids and materials in co@ct with food @C) ep@ted
Maximised Survey-derived Daily Intakes for the three terpene components. All wer%@]@nmdered of ®#Q safet@ncem
at the estimated levels of intake. @

< @ 2

Genotoxici 5 o\

Y O > & \ @Q @
Three genotoxicity assays have been conducted with QRD 406 which cont s essentially Nz same@ropo@ 0@%
three active terpene components as QRD 460. The reversgjmutation ass showed that @y tgai \@s not@utagehic to
bacterial strains TA98, TA100, TA1535, TA1537, a . coli strain WAW e tesk materia pro% d no
statistically significant increases in chromosome/c atid aberrations m@?uman (@ytes Gith, ithout,
metabolic activation. The third mutagenic assay was also tiveHe tg i“did no@éuse dpdche tted repair in
cultured rat hepatocytes. One of QRD 460’s compy ents d 1m0119ne h KT d in a battery of short-term
in vitro tests; there is no evidence that the act ye 1ngr pon@hr 1ts@1etaboh es a §gen % These data
together with an evaluation of the three congg ents\o QI@% 608 suff@nt to @ a@n@n of no

’ . @

significant genotoxic activity.
@ Q

% \ 2,
Long term toxicity and carcznogemczty @Q @% N < @ @’ @Q @ @

Whilst there are no long term or ar%no%{ﬁicny 1@ aso @ate éﬁ carc%ogemmty due to a
genotoxic action. Furthermore,data\ d 11m ene@adlca ha @r repeated a@nms&mn to rats and mice,
the only tumours noted were inithe male rat k 1{1 these have b ene ly a pted asdue to a non-genotoxic
mechanism, namely through the acc latiiyof algha 2U-g Wbulin. urtl@xs use ‘@{amn&\i@@ in conducting long term
studies on these chemicals® Qcons&ered unf@cess N Q° % §

S @ NN

SEE RN

A published reportph t @mb %Emoxwlth as\terpinen @(wh the vel @ $ental NOAEL was reported as 30
mg/kg based ondevelopniental effectssat 60 g bwi&lay ‘g§atem& OAEL was 60 mg/kg) prompted a

Reproductive and deve@mentﬁ@j@tox@b

developmental@xicit tudy @h QR]@420§Q ctur arable to QRD 460 (except QRD 420
contains cangla oil, s docu%ént JeThe NOAELsfar mat 1 toxici 0 mg/kg/day QRD 420. Developmental
toxicity was “seen only imthe nc@mate 1 toxicity J@etion in foetal weight. The NOAEL for
develo tal toxicity g /kg/day for QRD 424> Therg was @ewdence of teratogenicity or abnormal foetal
development in the rag, due toumnateraal tre nt with Q D 420 dgsing the period of organogenesis, at dose levels
that induced mate oxiit . inor, tragsient ratiogsin § ossification of a few areas of the foetal skeleton
were seen only in ¢he prece 0 ten@om@c\m and @duced tal weight.

RS >
Neurotoxicily@@ @© o

N N °\
A O
There is @dlcatlon either fr@the d@a on @J\’D 468-0r from literature sources, that the material has neurotoxic
potentla @ N Q
& & &3
Der%l adsorption 703 Q\ R O
<& @ S

@"° < Q
No data have bgen gendrdted.
Pl g

Of the condponen % QR@@ most pu%?shed data are available for d-limonene. The International Programme on

Al

Chemicat\Safet @re 3 wed %‘l@nonene in 1998 and considered it to “essentially non-toxic”. Following oral or

1ntrapimonea ming t10&9 e target organ in animals (except male rats) was the liver. Exposure affects the

NS A
@J

8 WH! 005), Evaluation of Certain Food Additives. WHO Technical Report Series No. 928. 63" Report of the Joint

FAO/WHO Expert Committee on Food Additives.
7 IPCS (1998). Concise International Chemical Assessment Document No 5. Limonene
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activity of different liver enzymes, liver weight, cholesterol levels and bile flow; changes have been reported in mice,
rats, and dogs. d-Limonene causes a male rat-specific nephrotoxicity resulting from the accumulation of the male rat-
specific alpha2p-globulin, female rats and males of strains that do not express this protein and other species are not
susceptible to the nephrotoxic action of d-limonene. Therefore the nephrotoxicity is considered not to be releyant for
human risk assessment. Canada’s Pest Management Regulatory Agency (PMRA)® has also proposed full straf{
for the use of d-limonene to control insects. They considered it to be of low toxicity with no evideng€ thagip is
carcinogenic to humans, neurotoxic, genotoxic, teratogenic or a reproductive toxicant.@@ @ @

The Scientific Panel on Food Additives, Flavourings, Processing Aids and Mater@js in contac w1th Faod (AFC)
considered p-cymene and o-terpinene and d-limonene along with other aliphatic,a¥jcyclic and argpiatic gaturate@and
unsaturated tertiary alcohols, aromatic tertiary alcohols and a@nanc hydroc{&ms 20068, a‘hd 20082~ Th&‘were
considered to be of no safety concern at the estimated levels o‘@mtake @ ©\ @ &@
In summary, QRD 460 shows low acute toxicity and @lst no data @§1©st for repea@w expo‘@res @en f‘\ use
patterns for this product, no exposure is expected. Dan one of the%mp@jents @QRDQ@ also~ndi ) low
toxicity following repeat exposure. %@' N . @ \ @
S D v\, &
RV Y
Overall: Q @ 7, @7& § o %

- Repeated human exposure by the oral ro%%is ne&@’tmp@ed fi z l Oori %d use?rodu& 452.

- The opportunity for exposure is s @» gwe%the @ﬁed be 6e ar‘ggcatlo@nd the inte between
applications. The components of Q 60 Cga rapi @1 ore agly exp be a Series of acute
events rather than subchronic in nat V\g @@ N @9)

- A residue decline study showe@hat @e marker co@onen@f the@ctwe&’éredlﬁﬁ weife%not detectable 10
minutes after application to @rose feaves. U S & ©

- A study where QRD 400 «yds a phed ylmeiat ~2 kéds/h ’d tom@)es found thafhe residues of marker
components were below@%le limigof whapyCan b@neasur (0.01 mg/k@t 0 t0.24 hrs post-treatment.

- The components of QR 460 have all aen a@veﬁy FD/@&?‘:d wito as@d ad@%ves

X N 9 ) °\ S o
NN @% @ § 9O o O

Acceptable daily ig@e (A@QI) . Q @Q @@ o @

The acceptabl <®§<‘1Dy 1nt& (A I) is <%&Vf:d ﬁ@n th ﬁ{\)(A N3 I?n t] @ost swt\rsﬁptible species in long term toxicity

and multi-gencrdtion rod n toxicity s%‘ﬁdws thhca@n of @ appropriate safety factor. The dietary

route of exp@ure is the m&sﬁt releva@for d‘%va‘u@f this‘@id- p@]t N

< L L

Howevé& has been &%bhsh@ that there wald be n®detectable re@ues of the marker components of the active

ingredient on any r%\agrlcl&l%ral @zmmod@s attgh} tlmKOf hars&}t resulting from the use of products containing

W BN

@7@ f

QRD 460. (o3

& S SN
The componen@of -te. @ene @ymm@ and @11monene) are naturally occurring in a multitude of
fruits, Vegetag@s her! p@ other fopds a eve@es Although the levels are relatively low, the general
public is exposed to these p ts thr&u h 1@stlon @ermal contact, and inhalation on a daily basis. According

to a 2003World Health Gpganization ( 0) r@rt“% ood additives, the per capita daily consumption of the three
main components as additives in the &and ﬁope respectively, are as follows: d-limonene, 12.76 mg and
39. @ng, p-cymernd,, 472@1 and@’085 t@mene 0.093 mg and 0.032 mg.

&

& L o &
NEW I
80 Health Cangdd Pro RD2010-21, d-Limonene. 27 Aug 2010. http://www.hc-sc.gc.ca/cps-

81 Opinio @r the S@gentific Pa a
to Fl rlng p E\% atlor@ (FGE 18): Allphatlc allcycllc and aromatic saturated and unsaturated tertiary alcohols,
aror%tlc ter alc%§l’s and Their esters from chemical group 6 (2006). The EFSA Journal 331, 1-77.

82 uri roup E luatl@S (FGE.25)[1] - Aliphatic and aromatic hydrocarbons from chemical group 31 - Scientific
Opinio he Panel on Food Additives, Flavourings, Processing Aids and Materials in Contact with Food (2008). The EFSA
Journ 8, 1-109.

8 WHO (2005), Evaluation of Certain Food Additives. WHO Technical Report Series No. 928. 63' Report of the Joint
FAO/WHO Expert Committee on Food Additives.
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The Scientific Panel on food additives, flavourings, processing aids and materials in contact with food (AFC) reported

MSDI (Maximised Survey-derived Daily Intakes) values for p-cymene of 926 ug/capita/day®, a-terpinene of 27

ug/capita/day®® and d-limonene of 33542 ug/capita/day®*. All were considered of no safety concern at the estimated

levels of intake. In the EU, JECFA considered d-limonene poses no safety concerns at the estimated current intakes in

Europe. The establishment of an acceptable daily intake expressed in numerical form was not deemed nece, FS

N

In conclusion use of plant protection products containing QRD 460 will not contribu@to dietary ex@re @f‘[ ese

terpene components and it is therefore not relevant to establish an ADI for QRD 460. @JQ & @

This is consistent with the regulatory situation in the US where the EPA grantedcéﬁemptlon fror@%e re@jﬁreme@for

a tolerance (40 CFR 180.1296) based on absence of detecta@ residue and@%ﬁultant lack?gf% oral egcposu@fo all

populations. < @ @) Q\

§ TS

Acute Reference Dose (ARfD) %@& Q& Q R ©© é}

R N

On the basis of the available database on QRD 460 ax@s terpene cc%}nponc;i@lo %:t refé{@ce g\;@ is @red.
NN NN

- QRD 460 shows low acute oral toxicity with @ MLI@% 20 g/l%% §

- A rat oral developmental toxicity study %1 QR®2O eal e 0 teratggenic_or e@ot ffe % n the

absence of maternal toxicity.

S, @ S
- There were no clinical signs indicativ@pf pqlslggnacol(@ical of\target Qygan {&%cﬂy he s@dws ucted with

QRD 460. RN SRS S &
- There is no indication, either @m the @ata o>QRD “#60 %from QiseratugdFour thasigt/ﬁ)e material has
neurotoxic potential. 9 @6 Q) @ @© ©©
- All available information srts Q&E QRDZ%JO iséot congnse%ﬁ estrogemc, %ﬂ es@gemc, androgenic, or
anti-androgenic componen‘ﬁy C& § & > & \
& ) Q 9
s & o v S8
Acceptable Operator Exp&ure c%vel % L) @ @ o §
The acceptable ope%ﬁ exposure 1@” (A L) rlvegﬁrom the NO(®)EL 1&the most susceptible species in
short-term  toxicity\fincl g d§ esﬁ? as tht@ro @Q p@wulﬁa&@ relevant) and multi-generation
reproduction/de mental toxi studies with_the apphicatio opriatesafety factor.
produ: v %& xioigy stydies with the appt pridt y

U

/®

Whilst no data@e av@blemg QRD 460 to %dress@l%ort ng t&m tox@ity, AgraQuest Inc. (AQ) believe use of
products coffaining QRD 460 w (ot resylt in @%eate@uma@expo@é to QRD 460 by the oral, inhalation or
dermal rqutes (see secti or fulfetails). Furhermor&the @ue data on the active ingredient, formulation
and sh(ﬁ%é ong term tQX y dat@n the comp@ﬁlts pt@RD 460 1nd& e low toxicity.

A rat developmen@oxw% stud as c %uctgg ith Q@) 42@0 better understand possible embryofetoxic effects
from a-terpinene r @ratur& The NOA or maternal toxicity was 60 mg/kg/day QRD 420.

Development @éxwl as sé@n on n the escn of madternal toxicity and a reduction in foetal weight. The
NOAEL for developmental}gxicit as 1 g/ @O 420. There was no evidence of teratogenicity or

abnormal al development in t@ at, @%to ma al rédtment with QRD 420 during the period of organogenesis,
at dose s that induc& mat@lal tox inors¢ransient alterations in the ossification of a few areas of the
foetal skeleton were @n or% in t pres@ee of Qternal toxicity and reduced foetal weight. However, in the
abse{& of context frem oti@r 5% rel@ t fm@OEL setting it is not considered appropriate to use this single
study as a basis for settlng % AOED. @ &

<
It can therefopgPe c@lde@ it iSeot re@vant to establish an AOEL for QRD 460.
% v O
5 @ P S

(7» @
U

8 Opigion of ‘@%ﬂe P zlgé}n food additives, flavourings, processing aids and materials in contact with food (AFC) related

@ Group alu h 18 (FGE.18): Aliphatic, alicyclic and aromatic saturated and unsaturated tertiary alcohols,
atigtertiary alcohols and their esters from chemical group 6 (2006). The EFSA Journal 331, 1-77.

85 Flav g Group Evaluation 25, (FGE.25)[1] - Aliphatic and aromatic hydrocarbons from chemical group 31 - Scientific

Opinion of the Panel on Food Additives, Flavourings, Processing Aids and Materials in Contact with Food (2008). The EFSA

Journal 918, 1-109.
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