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The behavioral response induced by a variety of iridoids in silver vine with
high safety is conserved among a large part of Felidae species
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Species-specific innate behaviors, exhibited without prior exposure or learning, often play a crucial
role in the survival of each animal species. Such behaviors are often induced by chemical cues from
conspecifics, prey, or predators. Additionally, secondary metabolites produced by plants can also
evoke such types of behaviors. A well-known example of plant-induced behavior is a unique
response to catnip (Nepeta cataria) and silver vine (Actinidia polygama) in domestic cats (Felis
silvestris catus) and other Felidae species such as lions. When cats sniff these plants, they exhibit
the characteristic behaviors comprising of licking and chewing the leaves, rubbing against them, and
rolling over on them. This response is induced by iridoids which share a common chemical structure
containing a five-membered ring fused to an oxygen-containing six-membered ring; nepetalactone
in catnip and a mixture of iridomyrmecin, isoiridomyrmecin, dihydronepetalactone, and
isodihydronepetalactone, which are called matatabilactone, and nepetalactol in silver vine.

My master’s thesis demonstrated that rubbing is a functional behavior that transfers nepetalactol
with mosquito-repellent activity onto the cat’s fur from silver vine leaves, allowing them to avoid
mosquito landing. Additionally, licking and chewing that damage the leaves enhance the emission
and complexity of iridoids, prolonging the duration of the response in cats and increasing mosquito -
repellent effect. Therefore, the combination of licking, chewing, and rubbing is likely to serve as an
adaptive behavior for chemical pest defense against pest insects. Furthermore, my previous study
also revealed that iridoid stimulation increases plasma levels of B-endorphin, an endogenous opioid,
and that pharmacological inhibition of p-opioid receptors suppresses the response to iridoids in cats.
These findings indicate that activation of the p-opioid system is necessary to induce the response to
iridoids in cats. Since exogenous opioids such as morphine have an addictive property, the
development of addiction to iridoids in cats might be concerned. Nevertheless, no statistical data
demonstrates the absence of negative effects of these plants on cats, while a lot of olfactory
enrichment products using silver vine plant materials are commercially available for improving the
welfare of household cats.

Based on such the background mentioned in Chapter 1, the ultimate goal of this study is to
uncover why only Felidae species show the response. To obtain clues for the identification of genetic
factors for species-specificity of the response, I aimed to improve the understanding of this
characteristic response in Felidae animals. I initially started with two aims: in Chapter 2, to
investigate types of iridoids in damages silver vine leaves, and in Chapter 3, to assess the safety of
the response to silver vine in cats. Given the chemical understanding and the safety of silver vine,
in Chapter 4, I examined the responsiveness of non-domesticated Felidae and non-Felidae animals.

In Chapter 2, I investigated the presence of iridoids other than nepetalactol and matatabilactones




using a gas chromatograph/mass spectrometry (GC/MS)-based volatile organic compounds (VOC)
collection/omission system. Silver vine extracts whose nepetalactol and matatabilactones were
omitted using the system which can prepare odor samples with and without targeted VOCs easily
had still bioactivity toward cats, indicating the presence of unidentified bioactive iridoids other than
nepetalactol and matatabilactones. Thus, I carefully examined the mass spectrums of minor
compounds and found nine candidates of iridoids other than nepetalactol and matatabilactone.
Therefore, I further compared iridoid amounts and composition in different parts of silver vine and
other Actinidia species, across various sampling seasons and in response to drying treatment. Among
plant tissues of silver vine, the levels of nepetalactol, matatabilactone, and most of candidate iridoids
are highest in normal fruits followed by fruit galls, green leaves, white leaves, and lowest in
branches. Silver vine green leaves with maximum levels of iridoids are obtainable from May to
August. Drying treatment of silver vine leaves for at least 24 h improves iridoid complexity by
increasing matatabilactones and many types of candidate iridoids, which prolongs the duration of
the response in cats as compared to fresh leaves. These iridoids are also accumulated in the roots of
Actinidia deliciosa, Actinidia arguta, and Actinidia kolomikta rather than the leaves.

In Chapter 3, behavioral and physiological assessments addressed the safety of silver vine
exposure in cats. During continuous exposure to silver vine extract for 4 h, cats stop responding to
the extract spontaneously and do not spend most of their time contacting it, showing the absence of
no hallmarks of the addictive property of silver vine. Serum levels of cortisol and glucose, stress
indicators, show little variation between immediately after a response to the extract and control
conditions in cats, indicating the absence of any negative physiological stress response to silver vine.
A 3-year follow-up study of the serum levels of alanine aminotransferase and creatinine, which are
biomarkers for hepatic and renal function, respectively, showed no significant changes among cats
under 9 years old that experienced repeated exposure to iridoids at most 56 times with median of 26
times, suggesting no major side effects of long-term exposure to silver vine on feline liver and kidney
health.

Chapter 4 examined responsiveness to silver vine and catnip in non-domesticated Felidae and
closely related species. I tested 25 out of 41 Felidae species other than domestic cats and seven
species from the families Hyaenidae, Herpestidae, Viverridae, and Canidae, closely related to
Felidae species, which were kept at Japanese and German zoos. In behavioral assays in which 265
individuals from Felidae species participated, positive responders that showed rubbing and/or rolling
against extracts of silver vine and catnip were found in 14 out of 25 species, though not all
individuals in these species exhibited a response. African wild cats, lions, pumas, and jaguars show
comparable or higher proportions of positive responders than domestic cats (approximately 70%),
while relatively lower proportions of positive responders are observed in sand cats, rusty -spotted
cats, servals, Eurasian lynxes, leopards, snow leopards, and clouded leopards. By contrast, no
positive responder was found in several Felidae species, including tigers, cheetahs, and leopard cats.
There was no positive responder among 60 individuals from other families. Considering that positive
responders are widely observed in Felidae species from the Domestic cat lineage to the Panthera
lineage, which diverged 11 million years ago, the trait for the responsiveness to iridoid -containing
plants might have evolved specifically in common ancestors of Felidae. The presence of both
positive and negative responders in these Felidae species strongly suggests that the polymorphisms
in responsible genes that are necessary to evoke the response would have predated Felidae speciation
and been maintained by balancing selection, which is a genetic force to protect genetic variations
and increases their lifespan within populations. On the other hand, a part of Felidae species might




have lost the trait for the responsiveness for some reason such as the genetic drift and the negative
pressure of the response in their environments.

Chapter 5 is general discussion based on the findings from Chapter 2, 3, and 4. Especially, |
focused on the discussion of how the response toward a complex mixture of such plant second
metabolites has been acquired in ancestors of Felidae as species-specific innate behavior and
maintained among a large part of modern Felidae species. These findings in the present study suggest
that a Felidae ancestor might have acquired two or more olfactory receptors each of which has
different sensitivity to distinct types of iridoids contained in ancestral plant species, and these
receptors might be associated with the species-specificity and individual differences of the
responsiveness. The activation of the p-opioid system via Felidae-specific olfactory receptors for
evoking the innate response might become a cause of the harmlessness of iridoids in cats.
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