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Abstract Cats show a characteristic response to catnip (Nepeta cataria) and silver 
vine (Actinidia polygama), which comprises licking, chewing, rubbing, and rolling. 
This response is induced by plant iridoids: nepetalactone (catnip) and dihydrone-
petalactone, isodihydronepetalactone, iridomyrmecin, and isoiridomyrmecin (silver 
vine). However, its biological significance had remained undetermined. In this chap-
ter, we review the behavioral significance of this feline response. Nepetalactol was 
isolated as a potent bioactive compound from silver vine. Nepetalactol-induced rub-
bing and rolling behavior transfers nepetalactol to feline fur. Nepetalactol has also 
mosquito repellent bioactivity, and as a consequence, its transfer to the feline’s fur 
protects cats from mosquito bites. Licking and chewing the plants damages the 
leaves, which promotes airborne emission of iridoids from the plants and diversifies 
the iridoids in silver vine. Although both the amount and composition of iridoids 
considerably differ between these plants, cats show a comparably prolonged dura-
tion of the response to the low level of a complex cocktail of iridoids in damaged 
silver vine and the high level of nepetalactone in damaged catnip. In conclusion, the 
silver vine and catnip response contributes to chemical pest defense in cats, which 
provides an important example of how animals utilize plant metabolites for their pest 
defense.

Keywords Domestic cat · Silver vine · Catnip · Iridoid · Self-anointing · Pest 
defense · Mosquito · Innate behavior

1  Backgrounds

Silver vine (Actinidia polygama) and catnip (Nepeta cataria), which are a family of 
kiwi fruits and a European herb, respectively, are completely different plant species 
(Fig. 1a, b) but have the same bioactivity to domestic cats (Felis silvestris catus). When 
cats find these plants, they show a characteristic response toward the plants, which 
comprises the combination of licking and chewing of the plants, face and head rubbing 
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Fig. 1 The iridoid response in cats. (a, b) Images of silver vine (a) and catnip (b). Silver vine has 
green and white colored leaves. (c) Images of cats exhibiting licking and chewing silver vine 
leaves, face and head rubbing against the leaves, and rolling over on the leaves. The rolling 
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against the plants, and rolling over on the plants, but does is not fixed to the order of 
licking, chewing, rubbing, and rolling (Fig. 1c) (Bol et al., 2017; Todd, 1962; Tucker & 
Tucker, 1988). This feline response usually lasts 5 to 15 minutes, followed by a period 
of one or more hours when they are non-responsive (Hart & Leedy, 1985). About 30% 
of cats are negative responders to catnip hence it is thought that this response is inher-
ited as an autosomal-dominant trait in domestic cats (Todd, 1962).

This response is an innate behavior elicited only by second metabolites of catnip and 
silver vine with no requirement for prior exposure or learning in cats. Bioactive com-
pounds inducing this feline response have been reported as nepetalactone in catnip and 
isoiridomyrmecin, iridomyrmecin, isodihydronepetalactone, dihydronepetalactone, 
and actinidine in silver vine (Meinwald, 1954; Sakan et  al., 1959a, b, 1969). These 
compounds have very similar chemical structures with five-membered rings fused to 
six-membered rings, which are categorized into iridoids (Fig. 1d).

The response to catnip and silver vine (the iridoid response) in cats is well known 
worldwide. The first reports of the iridoid response date back more than 300 years. Not 
only domestic cats (Felis silvestris catus) but also other felids such as lions (Panthera 

leo) and bobcats (Lynx rufus) show the combination of licking, chewing, rubbing, and 
rolling to these plants (Bol et al., 2017; Hill et al., 1976; Tucker & Tucker, 1988). In 
contrast, domestic dogs (Canis lupus familiaris) are also carnivores but do not respond 
to plant iridoids (Uenoyama et  al., 2021). We hypothesize that only Felidae species 
have acquired the system for the iridoid response during evolution. Considering that 
domestic cats diverged from large Felidae species around 10 million years ago (Barnett 
et al., 2016), we also speculate that common ancestors of Felidae species such as cave 
lions (Panthera leo spelaea) had already acquired the characteristic response. The con-
sistent expression of such a characteristic response to plant iridoids among felids over 
10 million years suggests that the response has an important adaptive function for cats, 
while this response has often been interpreted by pet owners as a playful behavior 
among cats that appeared to be intoxicated by these specific plant species (Espin-Iturbe 
et al., 2017; Hatch, 1972). However, the biological significance of the iridoid response 
had not been understood. Thus, we examined the feline characteristic response to catnip 
and silver vine using behavioral, neuronal, biochemical, and analytical approaches. In 
this chapter, we review our recent studies uncovering the behavioral significance of the 
feline response to catnip and silver vine plants (Uenoyama et  al., 2022; Uenoyama 
et al., 2021).

Fig.  1 (continued) behavior also enables cats to rub their whole body parts, especially their 
backs, against the leaves. (d) Chemical structures of previously identified bioactive compounds: 
(a) isoiridomyrmecin, (b) iridomyrmecin, (c) isodihydronepetalactone, (d) dihydronepetalac-
tone, and (e) actinidine from silver vine, and (f) nepetalactone from catnip
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2  Nepetalactol Is a Potent Bioactive Compound to Cats 

in Silver Vine

In Japan, silver vine (Matatabi in Japanese) is known to induce the characteristic 
response to cats, which is called Matatabi dancing in Japanese culture. In fact, silver 
vine is more famous than catnip to induce the response. Thus, we first used silver vine 
to examine the feline response. To elucidate the biological significance of the response, 
it was very important to establish a reliable and reproducible behavioral assay using a 
synthesized compound that could be controlled, rather than plant materials that emit 
variable amounts of multiple volatile compounds. Previous studies reported some bio-
active iridoids inducing the silver vine response in cats (Sakan et al., 1959a, b, 1969). 
However, since there was no report which iridoids identified from silver vine is the most 
potent bioactive compound to cats, our study started from the comparison of the bioac-
tivity (duration of the response) and leaf contents of reported iridoids.

Synthesized by the laboratory of our close collaborator Prof. Toshio Nishikawa 
(Nagoya University in Japan), bioactivities of compounds were tested by the presenta-
tion of one of the reported iridoids-impregnated filter paper with control filter paper to 
cats simultaneously (Fig. 2a). In behavioral assays, isoiridomyrmecin, iridomyrmecin, 
isodihydronepetalactone, and dihydronepetalactone, but not actinidine, induced the 
characteristic response in cats. Quantification of each iridoid by using gas chromatograph- 
mass spectrometry (GC/MS) showed that a major content was actinidine (14 μg/g of 
leaf wet weight) without bioactivity and bioactive isoiridomyrmecin (1.42 μg/g), isodi-
hydronepetalactone (<0.18 μg/g). Also dihydronepetalactone (<0.18 μg/g), but not iri-
domyrmecin, was detectable in silver vine. Since there was a discrepancy between 
previous reports (Sakan et al., 1959a, b, 1969) and our results, we next purified a potent 
bioactive compound from silver vine by ourselves.

An organic solvent extract from silver vine leaves was resolved by normal-phase 
liquid chromatography using a silica gel column. Two fractions induced the character-
istic response to cats. One fraction without reported iridoids induced a prolonged 
response in cats than the other fraction with isoiridomyrmecin, isodihydronepetalac-
tone, and dihydronepetalactone in behavioral assays. This suggested an important con-
tribution of unidentified bioactive compounds to cats in the fraction without reported 
iridoids. We further purified the unknown bioactive compound by liquid chromatogra-
phy and finally identified nepetalactol which had been missed in previous reports from 
silver vine (Sakan et al., 1959a, b, 1969). Nepetalactol is an iridoid which shares a very 
similar chemical structure with nepetalactone except for lactol and lactone moieties 
(Fig. 2b).

The synthesized nepetalactol induced the characteristic rubbing and rolling behavior 
in all of experimental, pet, and free-ranging feral cats. The duration of the feline 
response to nepetalactol was more prolonged than isoiridomyrmecin, isodihydrone-
petalactone, and dihydronepetalactone (Fig. 2c). In addition, nepetalactol also induced 
the characteristic response to non-domesticated captive felids such as a lion, a tiger 
(Panthera tigris), Amur leopards (Panthera pardus orientalis), jaguars (Panthera onca), 
and Eurasian lynxes (Fig. 2d), but not to non-Felidae species such as domestic dogs and 
laboratory mice (Mus musculus; C57BL/6 or BALB/cAJcl strains), as far as we 
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Fig. 2 Nepetalactol is a potent bioactive compound to felids. (a) An image of behavioral assay 
using cats which were simultaneously presented with an iridoid-impregnated paper and control 
paper. (b) A chemical structure of nepetalactol. (c) Duration of face rubbing and rolling over to 
nepetalactol, isoiridomyrmecin, iridomyrmecin, isodihydronepetalactone, and dihydronepetalac-
tone in cats. N = 12. Boxes show median and interquartile range, whiskers are minimum and 
maximum, dots are individual values. P values from Bonferroni–Dunn post-hoc test. (d) Images 
of non-domesticated captive felids exhibiting face rubbing and rolling to nepetalactol papers: a 
lion (top), a tiger (middle), and a jaguar (bottom). (Original data of c and d are from our paper 
(Uenoyama et al., 2021))

 examined (Uenoyama et al., 2021). The nepetalactol content of silver vine intact leaves 
was approximately 20 μg/g of leaf wet weight which was much higher than other bioac-
tive iridoids contained in silver vine. Based on these results, we concluded that 
nepetalactol is the most potent bioactive compound to cats among iridoids of silver 
vine, which was a suitable stimulant for behavioral assays to elucidate the biological 
significance of the feline response.

3  Rubbing and Rolling Behavior for the Chemical Defense 

Against Pest Mosquitoes

Here, we first determined which behavior (among licking, chewing, rubbing, and roll-
ing), especially between rubbing or rolling, is most important in cats by examining the 
feline response to nepetalactol-impregnated filter papers placed on walls or ceiling of 
the test cage. The assays were designed by Prof. Jane L Hurst (University of Liverpool 
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in United Kingdom) who is our close collaborator. In this arrangement, cats could rub 
the papers with their faces, but rolling would not allow rubbing contact with the stimu-
lus. The behavior assay showed that cats rubbed their faces and heads on nepetalactol- 
paper placed on the cage walls and ceiling (Fig. 3a, b), but no cat rolled on the ground 
when test papers were on the walls or ceiling. These indicate that the rubbing behavior 
provides some benefit to cats but not a general euphoric response with no specific adap-
tive function as proposed in previous studies (Espin-Iturbe et al., 2017; Hatch, 1972).

Rubbing against the source should transfer nepetalactol to the fur, but we failed to 
detect any nepetalactol in organic solvent extracts from cotton used for wiping the 
feline face and head fur using GC/MS, probably because it was below the limit of 
detection. To provide a more sensitive test, we utilized cats as biosensors to detect 
nepetalactol. Biosensor cats showed the characteristic rubbing response to the paper 
that had been used for wiping the fur of cats that had rubbed nepetalactol but not the fur 
of control cats. These indicate that nepetalactol is attached to the fur of cats rubbing 

Fig. 3 Rubbing against silver vine leaves protects cats from mosquitoes. (a, b) Images of behav-
ioral assays presented nepetalactolpapers on the cage wall (a) or ceiling (b). Cats rubbed the 
paper but did not roll over on the floor of the cage. (c) A schematic image of mosquito bite assays. 
To compare mosquito repellency of cats, the heads of two anesthetized cats were put into an 
acrylic cage with 30 mosquitoes for 10 min. Only one of the cats’ heads had been treated with 
nepetalactol. (d) Numbers of mosquito-landing on pairs of cats, when one cat was treated with 
nepetalactol (left), had rubbed itself on silver vine leaves (center) and was negative responders to 
the leaves (right). (Original data are from our paper (Uenoyama et al., 2021))
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against nepetalactol sources, which biosensor cats can detect. In conclusion, face and 
head rubbing against the plants is a functional behavior to transfer plant nepetalactol 
and other iridoids onto the fur in cats.

Considering the function of rubbing behavior in cats, we suggested that plant iri-
doids have bioactivities other than the induction of the iridoid response to cats. Some of 
the plant iridoids are known to be repellent to a broad range of insects, including non- 
herbivores such as Aedes and Culex mosquitoes and stable flies (Stomoxys) (Birkett 
et al., 2011; Feaster et al., 2009; Gkinis et al., 2014; Melo et al., 2021; Reichert et al., 
2019; Zhu et al., 2012). We also found that nepetalactol acts as a repellent against mos-
quitoes, Aedes albopictus, which are the most common mosquito in Japan and bite 
animals in the early morning and late afternoon when crepuscular cats are mostly at 
their peak of activity. Thus, we hypothesized that nepetalactol on the fur protects cats 
from mosquito bites.

This hypothesis was examined by mosquito bite assays in which two anesthetized 
cats had their heads, with or without nepetalactol treatment, placed into opposite sides 
of a test cage with about 30 female mosquitoes (Ae. albopictus) (Fig. 3c). We tested the 
feline heads because of the following reasons: (1) it is particularly often observed that 
cats rub their heads, as compared to other body parts, against the plants and (2) mosqui-
toes easily bite their mouth, eyelids, ears, and nose, which have relatively little fur. In 
this assay, the number of mosquito landing on the nepetalactol-treated head was about 
half of the number landing on the untreated head (Fig. 3d). Cats with rubbing and roll-
ing over on silver vine leaves could avoid mosquito landing as compared to control cats 
(Fig. 3e), while cats negatively responding to silver vine could not avoid mosquitoes 
(Fig. 3f). These results showed strong evidence that the characteristic rubbing and roll-
ing response functions to transfer plant chemicals which provide mosquito repellency 
to cats.

Face and head rubbing against plant sources containing the repellent will help to 
protect the head area from mosquito bites in cats. In addition, rolling over on the leaves 
following face rubbing enables cats to pick up repellent iridoids on their whole bodies, 
which is a functional behavior rather than an indicator of euphoria or extreme pleasure. 
Since self-anointing with plant iridoids is common in Felidae species, the iridoid 
response would have first evolved in a common felid ancestor and have been retained. 
As many felids rely on stealth to stalk and ambush their prey, requiring them to remain 
cryptic and often unmoving, a repellent that reduces their susceptibility to both the 
irritation of biting mosquitoes and the diseases that these insect vectors carry is likely 
to provide a strong selective advantage.

It is reported that nepetalactone has a repellent activity to Ae. aegypti which is a 
common vector of yellow fever, dengue, and Zika viruses (Benelli & Mehlhorn, 2016; 
Birkett et  al., 2011; Gkinis et  al., 2014; Zhu & Zeng, 2006). Our studies reveal the 
repellent effect of nepetalactol on Ae. albopictus mosquitos, carrying Dirofilaria immi-

tis, which infects the heart and pulmonary arteries of cats (Traversa & Di Cesare, 2014). 
These indicate that the iridoid response can at least protect cats against mosquito bites. 
A recent study found that transient receptor potential channel A1 (TRPA1) is the major 
mediator of repellency of nepetalactone to mosquitoes and other insects, such as 
Drosophila melanogaster and Formica rufa. We suggest that plant iridoids transferred 
to feline fur by rubbing and rolling have broad repellence across a range of insects. 

Chemical Pest Defense by the Innate Response to Silver Vine and Catnip Plants…



442

Following these findings, it would be interesting to also examine its protective effect on 
parasitic insects that eat feline blood such as fleas and ticks.

4  Licking and Chewing Silver Vine and Catnip Leaves 

for Enhancing Bioactivities to Cats and Mosquitoes

Cats exhibit not only rubbing and rolling but also licking and chewing of plant leaves 
throughout their characteristic response. Although licking and chewing of plants sup-
port their intake and digestion in most animals, cats are obligate carnivores and swallow 
little, if any, of the plant material. We hypothesized that licking and chewing of silver 
vine and catnip has important adaptive functions rather than consuming either plant 
material or iridoids. In this section, we show that licking and chewing also relates to 
insect repellency alongside rubbing and rolling.

Silver vine leaves crumpled and torn by feline licking and chewing has a much 
stronger aromatic odor compared to intact fresh leaves. GC/MS quantification of the 
airborne emission and chemical profiles of iridoids from silver vine leaves, damaged by 
cats or manually (crumpled and torn by the experimenter’s hand to simulate feline lick-
ing and chewing), showed that leaf damage promoted the immediate emission of total 
iridoids (feline licking and chewing, median 94.7 ng/g leaf wet weight/4 h; manually 
crumpled and torn, 550.8 ng/g/4 h), which was 10-fold higher than from intact leaves 
(9.9 ng/g/4 h). Leaf damage also changed the composition of iridoids in silver vine. 
Nepetalactol accounted for over 90% of total iridoids in intact leaves, but this dropped 
to about 45% in damaged leaves as other iridoids such as dihydronepetalactone, isodi-
hydronepetalactone, iridomyrmecin, and isoiridomyrmecin greatly increased (Fig. 4a).

To examine whether these changes in iridoids when silver vine leaves are damaged 
influence the feline response, synthetic iridoid cocktails corresponding to the ratios 
found in intact versus damaged leaves were simultaneously presented to cats. The 
altered iridoid mixture corresponding to damaged leaves promoted a much more pro-
longed response than those to intact leaves (Fig. 4b). This indicates that the change in 
iridoid composition when silver vine leaves were damaged by cats greatly increased the 
feline response. The increased emission of iridoids from damaged leaves and changed 
chemical composition add together and induce a more extended duration of rubbing 
and rolling response, allowing cats to transfer more mosquito repellents to their fur as 
compared to the response to intact leaves. This will help to reduce the health risks and 
irritation associated with mosquitoes. In conclusion, feline licking and chewing these 
plant leaves also contributes to chemical pest defense in cats.

Feline licking and chewing of leaves has similar effects on the amount of iridoids in 
catnip as well as silver vine. Damaged catnip emitted 20-fold more total iridoids 
(median 11.3 μg/g leaf wet weight/10 min) compared to intact leaves (0.5 μg/g/10 min). 
However, in contrast to silver vine, leaf damage did not alter the composition of catnip 
iridoids. Both intact and damaged leaf extracts of catnip consisted almost solely of 
nepetalactone, which is present at only very low levels in silver vine.

M. Miyazaki and R. Uenoyama
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Fig. 4 Leaf damage changes the amount and composition of iridoids in silver vine and catnip, 
which enhances bioactivity to cats. (a) Composition of iridoids in the extracts of silver vine 
leaves that were intact (left) and damaged (right). Dark gray and light gray indicate ratios of 
nepetalactol and other iridoids (isoiridomyrmecin, iridomyrmecin, isodihydronepetalactone, 
dihydronepetalactone), respectively. (b–e) Duration of the feline response to (b) 0.05 mg of syn-
thetic iridoid cocktails corresponding to the ratios found in intact and damaged silver vine leaves, 
(c) 0.4 mg damaged catnip-cocktail and 0.01 mg damaged silver vine-cocktail, (d) 0.05 mg dam-
aged catnip-cocktail and 0.05 mg damaged silver vine-cocktail, or (e) 0.05 mg damaged catnip 
cocktail and 0.05 mg modified damaged silver vine-cocktail. (Original data are from our paper 
(Uenoyama et al., 2022))

Total iridoid levels were approximately 40-times higher in damaged catnip leaves 
(mean ± SE: 343.5 ± 5.3 μg/100 mg leaf wet weight) compared to damaged silver vine 
leaves (8.9 ± 0.5 μg/100 mg). We examined whether these differences between dam-
aged catnip and silver vine stimulated different levels of the feline response to these two 
plants. Interestingly, cats showed a comparable duration of response to 0.4 mg of dam-
aged catnip-cocktail and 0.01 mg of damaged silver vine-cocktail, which corresponded 
to an equivalent amount of damaged catnip and silver vine (100 mg leaf wet weight) 
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(Fig. 4c). But when the same amount of iridoid cocktails were presented to cats from 
the two damaged plants, they were much more responsive to the damaged silver vine- 
cocktail than the damaged catnip-cocktail (Fig. 4d), showing they are sensitive to the 
silver vine iridoids at a much lower concentration. This was not the case when the dam-
aged silver vine-cocktail was modified by replacing the main silver vine iridoid 
nepetalactol in the mixture with catnip nepetalactone (Fig. 4e). These indicate that the 
prolonged feline response to the complex iridoids emitted from damaged silver vine 
leaves depended on the combination of nepetalactol with other iridoids such as 
isodihydronepetalactone.

Previous studies have reported mosquito-repelling activity of individual iridoids 
such as nepetalactone, nepetalactol, and dihydronepetalactone (Birkett et  al., 2011; 
Feaster et  al., 2009; Gkinis et  al., 2014; Melo et  al., 2021; Reichert et  al., 2019; 
Uenoyama et al., 2021; Zhu et al., 2012), but have not examined responses to the iridoid 
cocktails. Thus, we compared the repellency of the synthetic iridoid cocktails that cor-
respond to extracts from intact and manually crumpled and torn silver vine leaves. 
Mosquitoes are more sensitive to the complex cocktail of iridoids that is induced by 
damage to silver vine leaves compared to the nepetalactol-dominated iridoids in intact 
silver vine. The diversification of iridoids in damaged silver vine leaves provides a 
stimulus that is more repellent to mosquitoes at low concentration, inducing a faster 
aversive response than nepetalactol- or nepetalactone-dominated iridoids in plants 
(Uenoyama et al., 2022). In contrast, a greater amount of damaged catnip-cocktail with 
nepetalactone-dominated iridoids was required to repel mosquitoes compared to both 
intact and damaged silver vine-cocktails. These results indicate that all of the iridoid 
compositions of intact and damaged silver vine leaves and damaged catnip leaves 
induced mosquito repellency, but the chemical constituent profile of iridoids from the 
damaged leaves had a faster repellent effect on mosquitoes than the simpler iridoid 
profile of the intact leaves at low concentration.

Catnip and silver vine have been known as plants that are both unusually attractive 
to cats but are not closely related taxonomically. These unrelated plants have evolved to 
produce very similar, but not identical iridoids as secondary plant metabolites. It is sug-
gested that the olfactory and behavioral sensitivity of cats to plant iridoids has been 
fine-tuned to show a prolonged characteristic response toward either a low level of 
complex iridoids emitted from damaged silver vine or a much higher level of nepetalac-
tone emitted from damaged catnip. These findings highlight the possibility that plant- 
damaging behavior, which occurs alongside self-anointing, might play an important 
role in gaining pest-repellency in other animals as well as cats.

5  Feline Neuronal System to Receive Plant Iridoids

Our studies revealed the biological significance of the iridoid response in cats. To 
understand why only Felidae species have acquired this response contributing to pest 
defense, it is necessary to fully understand the machinery of chemoreception of iridoids 
and neuronal circuits responding to its stimulation for the expression of the iridoid 
response in cats. Cats exhibit the characteristic rubbing and rolling behavior without 
naso-oral contact with nepetalactol, suggesting that the olfactory system is important 
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for the chemoreception of bioactive iridoids. Considering that no cats exhibit the 
flehmen response, which is known as a functional behavior to transfer compounds such 
as pheromones to the vomeronasal organs (Hart & Leedy, 1987), against silver vine and 
catnip, suggesting that nepetalactol and other bioactive iridoids are detected in the main 
olfactory system.

Our study demonstrated that chemoreception of nepetalactol in the feline olfactory 
system stimulates the μ-opioid system, which controls rewarding and euphoric effects 
in humans (Roth-Deri et al., 2008). Plasma levels of β-endorphin (a peptide hormone 
and an endogenous opiate) were markedly elevated in cats after the characteristic 
response induced only by nepetalactol. Inhibition of the μ-opioid system by administra-
tion of naloxone, which is an antagonist of μ-opioid receptors, suppressed the rubbing 
and rolling response in the cats. These results indicate that the μ-opioid system is 
involved in the induction of the feline behavioral response. These suggest that cats may 
experience a positive reaction that has often been interpreted as extreme pleasure 
(Espin-Iturbe et al., 2017; Hatch, 1972), if the μ-opioid system in cats plays the same 
physiological function as the human system. A previous study reported that the intra-
peritoneal injection of essential oils from Nepeta caesarea, whose major content is 
nepetalactone, had an analgesic effect involving μ-opioid receptors in rats (Aydin et al., 
1998). The other possibility for the activation of the μ-opioid system in cats might fur-
ther help by providing analgesia to reduce irritation of arthropod bites.

The iridoid response is non-addictive in cats (Abramson et al., 2012)while exoge-
nous opiates develop addiction in mammals (French et al., 1979). This may be because 
the μ-opioid system is stimulated by an increase in endogenous β-endorphin secretion 
when olfactory neurons are activated by plant iridoids, which markedly differs from the 
process induced by exogenous opiates such as morphine, which activates μ-opioid 
receptors via the bloodstream directly (Oldendorf, Hyman, Braun, & Oldendorf, 1972; 
Tunblad, Jonsson, & Hammarlund-Udenaes, 2003).

Recently, a nepetalactone receptor which triggers aversive response was identified in 
insects including mosquitoes (Melo et al., 2021). The catnip extract and nepetalactone 
activate the transient receptor potential (TRP) ankyrin 1 (TRPA1) ion channel in some 
insects, including mosquitoes. TRPA1 is commonly known as the “wasabi receptor” 
(Al-Anzi et al., 2006), which senses noxious and irritating chemicals in the environ-
ment. Melo et al. (2021) findings clearly indicate the molecular mechanism underlying 
the function of plant iridoids as powerful natural insect repellents. In addition, they 
reported that nepetalactone did not stimulate human TRPA1. Thus, feline TRPA1 is 
unlikely to be the receptor through which nepetalactone and nepetalactol induce the 
characteristic response in Felidae species. Further studies are necessary to identify 
receptors for plant iridoids in cats.

6  Conclusions

Despite widespread recognition of the characteristic response to specific plants such as 
catnip and silver vine by cats, it had long remained a mystery why these plants produce 
this response only in Felidae species. Our findings provide new insight into this well- 
known and characteristic plant-induced feline response, for which the biological 
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significance was first questioned in popular science culture more than 300 years ago. 
We found that nepetalactol identified from silver vine can repel mosquitoes, as a previ-
ous report showed (Reichert et al., 2019). Further studies demonstrated that rubbing 
behavior in the presence of nepetalactol allows cats to transfer nepetalactol from the 
plant to their fur, thereby reducing the number of mosquitoes that land on the animal 
and providing protection against bites from these insects, which may carry viruses and 
parasites. There are few reports about non-human animals exploiting chemicals for 
protection against insect pests; for example, capuchin monkeys (Cebus olivaceus) rub 
lemon peels containing chemicals that deter ticks and mosquitoes against their back 
(Weldon et al., 2011). The examples so far uncovered that self-anointing or using pro-
phylactic self-medication (de Roode, Lefèvre, & Hunter, 2013) with secondary plant 
metabolites to protect against pests and diseases typically occur in individual animal 
species, even though the same pests and diseases may affect many species. Our unex-
pected findings against previous knowledge that cats may experience only euphoria 
from catnip (Espin-Iturbe et al., 2017; Hatch, 1972) provide another important example 
of how animals use plant metabolites for protection against insect pests via a species- 
specific behavior expressed without previous exposure or learning.

Our study also provides evidence that the physical damage of silver vine and catnip 
leaves by feline licking and chewing makes an important contribution to their chemical 
pest defense in combination with rubbing and rolling when cats are exposed to these 
plants. Physical damage of silver vine and catnip promotes the immediate emission of 
plant iridoids. Besides, such damage also changes the composition of plant iridoids in 
silver vine, though not in catnip. These changes in both the amount of plant iridoid 
emission (both plant species) and composition (silver vine only) induced significantly 
extended response to these plants, promoting increased self-anointing behaviors (rub-
bing and rolling) that transfer plant iridoids to the feline fur. Moreover, the diversifica-
tion of iridoids in damaged silver vine leaves provides a stimulus that is more repellent 
to mosquitoes at a low concentration, inducing a faster response than nepetalactol- or 
nepetalactone-dominated iridoids in plants. Thus, leaf damage by licking and chewing 
acts in combination with rubbing and rolling as an adaptive response that allows cats to 
gain effective mosquito repellency from iridoid-producing plants, helping to reduce the 
health risks and irritation associated with mosquitoes and possibly other arthropod 
pests that are sensitive to plant iridoids.

The biological significance of the response that we uncovered in cats cannot explain 
the species-specificity of the response, as other mammals such as dogs also face 
mosquito- borne diseases, which are not specific to felids. About 30% of cats are insen-
sitive to catnip, and the response is inherited as an autosomal dominant trait in domestic 
cats (Todd, 1962), strongly suggesting the presence of one or few genes responsible for 
the iridoid response in felids. By contrast, dogs, mice, and negative responder cats 
failed to even stop and sniff nepetalactol stimulus. These findings suggest that domestic 
cats and the non-domestic felids that also respond might have acquired specific olfac-
tory receptor(s) that detect nepetalactol and other iridoids emitted from some plants 
with high sensitivity. Thus, our next challenge continues to elucidate how and why this 
characteristic response to silver vine and catnip has evolved specifically in felids; why 
the characteristic plant-induced response is limited to Felidae species including the 
domestic cat; and why some cats are insensitive to these plants. A genome-wide asso-
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ciation study between positive- and negative-responder cats to identify the olfactory 
receptor genes and specific neuronal pathways involved in this response could provide 
invaluable clues.
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