
Catnip and the Catnip ResponseI 

ARTHUR 0. TUCKER2 AND SHARON S. TUCKER3 

Fourteen chemical compounds from diverse biological sources elicit a unique 
pattern of behavior in most species of the family Felidae. These chemicals may be 
grouped into 7-methylcyclopentapyranones, 7-methyl-2-pyrindines, and 4-meth- 
ylbenzofuranones. They may function as either hallucinogens or cross-react with 
naturally occurring social odors. 

Catnip (Nepeta cataria L., Lamiaceae) has been long known to elicit a unique 
sequence of responses in the domestic cat (Felis catus). Over 200 yr ago John Ray 
first noted that the animal was attracted to catnip when the plant was withered 
or bruised; this was later reported and confirmed by Philip Miller (1759). Until 
about 50 yr ago, these two observations remained the only published reports on 
catnip. 

THE CATNIP RESPONSE 

Todd (1962, 1963) described the response of the domestic cat to catnip as 
consisting of four components: (1) sniffing, (2) licking and chewing with head 
shaking, (3) chin and cheek rubbing, and (4) head-over rolling and body rubbing. 
He stated that, although none of these automatisms is unique to catnip, the 
sequence is almost invariable. Additional observed reactions are digging or paw- 
ing, scratching, salivating, and washing or grooming. The complete catnip response 
seldom exceeds 15 min and is accompanied by a 1-hr refractory period. The 
response is not elicited during the first 6 to 8 wk after birth, and it may not develop 
until 3 mo of age. Estrogen injections cause some immediate increase in the 
intensity of the catnip response among responding animals, but the response wanes 
as spontaneous courtship display reaches a peak. Palen and Goddard (1966) stated 
that the combination of body rolling and face rubbing in response to catnip is 
independent of sex or the presence of gonads. They further stated that catnip does 
not result in an increase in killing, fighting, or sexual mounting when cats are 
paired with live rats or with cat-size objects. Catnip does produce, however, an 
increased attention to stuffed objects and a decreased attention to rats; the in- 
creased attention appears to be similar to that shown by males to estrous females. 
The rolling pattern produced by catnip also appears to be similar to that pattern 
exhibited by estrous females, but catnip does not induce posturing (lordosis), 
treading, or tail deviation, and vocalization is rare (Palen and Goddard 1966; 
Todd 1963). 

Hatch (1972) modified Todd's four-component sequence to include six phases 
in about 10 min when cats are presented with stuffed toys that have been sprayed 
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with catnip extract. Hatch also noted additional responses of stretching, animated 
leaping, licking of the genital region, apparent hallucinations, sexual stimulation, 
euphoria, sleepiness, and/or eating. Environmental factors that qualitatively in- 
fluenced the catnip response include environmental (sounds and routines of the 
habitat), physiological (early acute urinary infections, loss of smell, urination, 
defecation), and psychological factors (adjustment to habitat). The personality 
and emotional factors were found to be the most important: withdrawn cats react 
poorly while friendly, outgoing cats react best. 

Genetics of the response 

Todd (1962), in a study of the catnip response using a documented pedigree of 
Siamese cats, found that the response is inherited as an autosomal dominant gene. 
He also observed a random sample of 84 cats from the Boston area and found 
that one-third of the population did not respond to catnip (i.e., q2 = 0.31 in the 
Hardy-Weinberg equilibrium). 

Distribution of the response 

Hayashi (1968), who tested a wide range of animals (dogs, rabbits, mice, rats, 
guinea pigs, fowls, and cats) with powders of Actinidia polygama and N. cataria, 
found that the catnip response is induced in cats alone. Todd (1963) tested 22 
animals from nine genera (one to five individuals per genus) in four subfamilies 
from the Viverridae (Arctictis, Atilax, Cryptoprocta, Genetta, Herpestes, Ichneu- 
mia, Nandinia, Paguma, and Viverra) (Anderson and Jones 1967) and three 
individuals from one genus (probably Crocuta) of the Hyaenidae, but did not find 
the typical catnip response. Within the subfamily Pantherinae of the Felidae, 
Todd (1963) found the typical catnip response in- 16 lions (Panthera leo) (14 
positive responders, 2 negative responders), 23 tigers (Panthera tigris) (8 incom- 
plete responders, 13 negative responders, 2 inconclusive responders), 18 leopards 
(Panthera pardus) (14 positive responders, 4 negative responders), 8 jaguars (Pan- 
thera onca) (7 positive responders, 1 negative responder), 4 snow leopards (Pan- 
thera uncia) (4 positive responders), and 1 clouded leopard (Neofelis [Panthera] 
nebulosa). Within the subfamily Acynonychinae of the Felidae, he found that 3 
cheetahs (Acinonyx jubatus) did not respond to catnip. Within the subfamily 
Felinae of the Felidae, he found the typical catnip response in the 2 bobcats (Felis 
[Lynx] rufus) (1 positive responder, 1 negative responder), 1 European lynx (Felis 
[Lynx] lynx), 5 pumas (Felis [Puma] concolor) (2 positive responders, 2 negative 
responders, 1 inconclusive responder), 1 Asiatic golden cat (Felis [Profelis] tem- 
mincki), 5 ocelots (Felis [Leopardus] pardalis) (4 positive responders, 1 negative 
responder), and 6 margay cats (Felis [Leopardus] wiedii) (4 positive responders, 
2 negative responders); no catnip response was observed in 2 servals (Felis [Lep- 
tailurus] serval), 1 swamp cat or jungle cat (Felis chaus), 1 Pallas' cat (Felis 
[Octocolobus] manul), 1 leopard cat (Felis [Prionailurus] bengalensis), 1 African 
golden cat (Felis [Profelis] aurata), 2 fishing cats (Felis [Prionailurus] viverrina), 
4 jaguarundis (Felis [Herpailurus] yagouaroundi), and 1 pampas cat (Felis [Lyn- 
chailurus] pajeros). Hill et al. (1976) found that lions (5 positive responders, 6 
partial responders, 1 negative responder) and jaguars (3 positive responders) are 
extremely sensitive to catnip, while tigers (5 negative responders), pumas (4 neg- 
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ative responders), leopards (4 partial responders, 4 negative responders), and 
bobcats (2 negative responders) gave little or no response. They also found that 
both males and females of the same species test alike, while reproductive-age 
adults are more sensitive than either aged or immature animals. 

CHEMISTRY 

Nepeta cataria 

Hixon (1922) first reported on the presence of a lactone and a sesquiterpene in 
catnip oil but did not characterize them further. McElvain et al. (1941, 1942) 
later described a compound named nepetalactone in catnip oil. Meinwald (1954a,b) 
verified the structure of nepetalactone (Fig. 1), and McElvain and Eisenbraun 
(1955) determined the cis-trans arrangement of the molecule. Later workers found 
the cis-trans isomer (nepetalactone or 4aa,7a,7aa-nepetalactone) to be 70-99.9% 
and the trans-cis isomer (epinepetalactone, isonepetalactone, or 4aa,7a7a/5-nep- 
etalactone) to be 0.1-30% of the essential oil (Bates et al. 1958; Bates and Siegel 
1963; McGurk 1968; Nelson 1968; Regnier et al. 1967a,b; Sakan et al. 1965). 
Also reported from N. cataria (Fig. 1) were dihydronepetalactone (Regnier et al. 
1967a,b; Sakan et al. 1965), isodihydronepetalactone (Nelson 1968; Sakan et al. 
1965), neonepetalactone (Regnier et al. 1967a), and 5,9-dehydronepetalactone 
(Sastry et al. 1972). 

McElvain et al. (1942) showed that nepetalactone is the physiologically active 
component of catnip oil by testing 10 African lions with pledgets of cotton soaked 
with nepetalactone. The seven adult lions responded similarly to nepetalactone 
as to whole catnip; the three lion cubs did not respond. The activity of the cis- 
trans isomer (nepetalactone) was clearly demonstrated by Bates and Siegel (1963) 
on domestic cats, but the activity of the trans-cis isomer (epinepetalactone) could 
not be ascertained. Dihydronepetalactone, isodihydronepetalactone, and neonep- 
etalactone were also shown to induce the catnip response in domestic cats (Sakan 
et al. 1965). 

Other Nepeta Species 

Nepetalactone, epinepetalactone, and dihydronepetalactone were reported to 
form 12.2% of the essential oil in N. cataria var. citriodora (Becker) Balb. (N. 
citriodora Becker) (Regnier et al. 1967b). One study of another cultivated species, 
N. mussinii Spreng. ex Henckel, showed nepetalactone forms 16.7% and epinep- 
etalactone 70.0% of the essential oil (Regnier et al. 1967b), but later studies 
(Eisenbraun et al. 1974, 1980; McGurk 1968) found that the major isomer in this 
species is cis-cis (4af/,4a,7a3-nepetalactone) (Fig. 1) rather than trans-cis (epinep- 
etalactone). Nepeta nepetella L. (N. lanceolata Lam.), another cultivated species 
reported to attract cats (Gamier et al. 1961), contains 76.5% nepetalactone, 1.6% 
dihydronepetalactone, 0.6% epinepetalactone, 0.4% neonepetalactone, and traces 
of 5,9-dehydronepetalactone (Bicchi et al. 1984). Thus it is no surprise that the 
hybrid of N. mussinii x N. nepetella (N. x faassenii Bergmans ex Steam) elicits 
a similar response (Meikle 1963; Perry 1972; Steam 1950). Nepeta sibthorpii 
Benth., a native of Greece, is known to excite cats (Niebuhr 1970), although no 
chemical studies have been done. Natives of India, N. hindostana Haines, with 
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Fig. 1. Nepetalactone and its isomers isolated from Nepeta species. The isomers cis,cis-nepeta- 
lactone and 5,9-dehydronepetalactone have never been tested on cats, and the activity of epinepeta- 
lactone is questionable. 

7.5% nepetalactone (Purohit and Nigam 1959), and N. leucophylla Benth., with 
3% nepetalactone (Baslas 1970; Gupta et al. 1971), may also attract cats. 

"RAISON D'ETRE" OF NEPETALACTONE 

Eisner (1964) noted that nepetalactone is chemically related to certain other 
cyclopentanoid monoterpenes that have been isolated from insects (Cavill and 
Clark 1971; Plouvier and Favre-Bonvin 1971; Roth and Eisner 1962; Weatherston 
1967; Weatherston and Percy 1970; Wilson 1963). Some of these compounds, 
nepetalactone included, can repel other insects (see, also, the discussion below of 
the defensive secretions of dolichoderine ants, a stick insect, rove beetles, and 
leaf beetles). Therefore, Eisner concluded that nepetalactone protects catnip against 
phytophagous insects. 
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Fig. 2. Some of the physiologically active compounds isolated from Actinidia polygama. 

OTHER ORGANISMS 

Actinidia species 

Actinidia polygama (Sieb. & Zucc.) Maxim. (silver vine, mata-tabi) and A. 
kolomikta (Rupr. & Maxim.) Maxim. (miyama-mata-tabi) of the Actinidiaceae 
are deciduous scandent shrubs native to Japan and China (Liberty Hyde Bailey 
Hortorium 1976; Ohwi 1965). Horticulturists have repeatedly noticed that cats 
are attracted to these two species (Fairchild 1906; Hottes 1947; Slate 1954; Wil- 
kinson 1946), and Hazama (Yoshii et al. 1963) described a "matatabi" reaction 
similar to the catnip response reported by Todd (1962). Hottes (1947) related the 
story that the Chinese disposed of surplus cats after attracting them with a stupe- 
fying smudge prepared from these plants. 

Sakan et al. (1959a, 1960a) first identified actinidine (a monoterpenoid alkaloid), 
matatabilactone, and beta-phenylethyl alcohol (Fig. 2) from leaves and galls of 
A. polygama. The structure of actinidine (Fig. 2) was later confirmed by Fujino 
(1960) and Sakan et al. (1960b,c). Gross et al. (1972) also isolated actinidine from 
A. arguta (Sieb. & Zucc.) Maxim. 

Matatabilactone, first thought to be a mixture of dihydronepetalactone and 
possibly isodihydronepetalactone (Sakan et al. 1959a), was later identified as a 
mixture of iridomyrmecin and isoiridomyrmecin (Murai 1960; Sakan 1967; Sakan 
et al. 1959b) (Fig. 2). However, dihydronepetalactone, isodihydronepetalactone, 
and neonepetalactone have since been isolated from A. polygama (Sakan 1967; 
Sakan et al. 1965) (Fig. 1), and Nelson (1968) confirmed the presence of all five 
compounds in the matatabilactone fraction. Actinidine and the five compounds 
of the matatabilactone fraction are physiologically active in cats (Sakan et al. 
1959a, 1960a, 1965), while beta-phenylethyl alcohol induces salivation (Sakan et 
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Fig. 3. The alkaloid of Torssell-Wahlberg isolated from Valeriana officinalis. 

al. 1960a). Interestingly, beta-phenylethyl alcohol is one of the most widely used 
perfume ingredients (Arctander 1969), and certain perfumes and cosmetics have 
long been known to attract cats (Buffon 1756). 

The above lactones from A. polygama are all 7-methylcyclopentapyranones 
(i.e., with a 6-membered lactone ring). Sakan et al. (1967a) isolated two more 
compounds from A. polygama that attract cats but are 4-methylbenzofuranones 
(i.e., with a 5-membered lactone ring): actinidiolide and dihydroactiniolide (Fig. 
2). After synthesizing actinidiolide, Demole and Enggist (1968) verified its struc- 
ture. Dihydroactinidiolide is frequently reported as a trace compound in other 
essential oils: black tea (Camellia sinensis (L.) Kuntze, Theaceae) (Bricout et al. 
1967; Ina et al. 1968), cured tobacco (Nicotiana tabacum L., Solanaceae) (Bailey 
et al. 1968; Kaneko and Ijichi 1968), the floral absolute of cassie (Acaciafarnesiana 
(L.) Willd., Mimosaceae) (Demole et al. 1969), a spikerush (Eleocharis parvula 
(Roem. & Schult.) Link ex Buffon & Fingerh., Cyperaceae) (Stevens and Merrill 
1980), heated mango (Mangifera indica L., Anacardiaceae) (Sakho et al. 1985), 
and the red imported fire ant (Solenopsis invicta) (Glancey et al. 1984). 

Valeriana species 

Valeriana officinalis L. (common valerian, garden heliotrope) of the Valeria- 
naceae is a herbaceous perennial native to Europe and Asia (Liberty Hyde Bailey 
Hortorium 1976; Ockendon 1976). Torssel and Wahlberg (1966, 1967) isolated 
N-(2-p-hydroxy-phenyl)ethyl-actinidine (Fig. 3) from dried valerian roots and 
stated that it yielded actinidine on pyrrolysis. Gross et al. (1971) confirmed the 
presence of this alkaloid and, in addition, reported actinidine in their extract; 
Johnson and Waller (1971), Cionga et al. (1976), and Janot et al. (1979) also 
found actinidine. Thus, actinidine may be the chemical basis for the attraction 
of cats to valerian roots reported in popular works (e.g., Grieve 1967; Wilder 
1936; Wood 1854). Grieve (1967) also stated that valerian roots are equally 
attractive to rats, and that the success of the Pied Piper of Hamelin should be 
attributed to V. officinalis. Valerian roots, in addition, are used to attract members 
of the family Canidae to traps (Bateman 1971). 

Valeriana celtica L., a native of the Alps (Ockendon 1976), has 1.3% nepeta- 
lactone in its essential oil, and this species of Valeriana also attracts cats (Bicchi 
et al. 1983). 

1988] 219 

This content downloaded from 140.142.214.159 on Sun, 15 Nov 2015 01:27:31 UTC
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


ECONOMIC BOTANY 

0 

CH3 CH3 0 

Dolicholactone C Dolicholactone D 
Fig. 4. The lactones isolated from Teucrium marum. 

Teucrium marum 

Teucrium marum L. (marum, cat thyme) of the Lamiaceae is a subshrub native 
to southern Spain, Southern France, Italy, and Yugoslavia (Tutin and Wood 1972). 
This species has long been known to attract cats (Farrer 1930; Gams 1927; Gamier 
et al. 1961; Loudon 1836). Pagnoni et al (1976) and Beaupin et al. (1977, 1978, 
1979) found two new 7-methylcyclopentapyranones in T. marum (Fig. 5): doli- 
cholactone C (Fig. 4) was found to form 4% of the oil from Sardinian plants but 
only trace amounts of the oil from Corsican plants, whereas dolicholactone D 
(Fig. 4) was found to form 76% of the oil of Sardinian plants but only 17% of the 
oil from Corsican plants. Neither compound in its pure form has been tested on 
cats. 

Boschniakia rossica 

Boschniakia rossica (Cham. & Schlecht.) B. Fedtsch. in B. Fedtsch. & Flerow 
(oniku) of the Orobanchaceae, parasitic on the roots of Alnus spp. (especially A. 
maximowiczii Callier in Schneider), is native to northern Europe and Asia and 
northwestern North America (Kartesz and Kartesz 1980; Ohwi 1965; Rix and 
Webb 1972). Sakan et al. (1967b) isolated two compounds from this species that 
are attractive to cats: boschniakine and boschnialactone (Fig. 5). Sakan et al. 
(1969) also isolated onikulactone from B. rossica and found that it induced the 
catnip response in cats. 

Menyanthes trifoliata 

Menyanthes trifoliata L. (buckbean, bog myrtle, mitsu-gashiwa) of the Meny- 
anthaceae is found in shallow water of bogs and ponds of the Northern Hemisphere 
(Kartesz and Kartesz 1980; Ohwi 1965; Tutin 1972). Sakan et al. (1969) isolated 
mitsugashiwalactone (Fig. 6) and found it also induced the catnip response in cats. 

Tecoma and Campsis species 

Tecoma stans (L.) Juss. ex Humb., Bonpl., et Kunth (Stenolobium stans Seem., 
yellowbells) of the Bignoniaceae is a small tree or shrub indigenous from Florida 
to the West Indies and South America (Pelton 1964). Dickinson and Jones (1969) 
and Dohnal (1976) isolated boschniakine and actinidine from T. stans. The at- 
traction of cats to T. stans is unknown. 
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Fig. 5. The physiologically active compounds isolated from Boschniakia rossica. 

Campsis radicans (L.) Seem. ex Bureau (Tecoma radicans (L.) Juss., trumpet 
creeper) is a vine of the Bignoniaceae indigenous to North America from Penn- 
sylvania to Florida, west to Illinois and Texas (Liberty Hyde Bailey Hortorium 
1976). Gross et al. (1972) isolated boschniakine from C. radicans. The attraction 
of cats to C. radicans is unknown. 

Myoporum desertii 

Nepetalactone has also been reported from Myoporum desertii A. Cunn. ex 
Benth. of the Myoporaceae, a shrub widespread in dry inland areas of Australia 
(Sutherland and Park 1967). The attraction of cats to M. desertii is unknown. 

Other plants 

Nemophila menziesii Hook. et Arnott (N. insignis Douglas ex Benth.), or baby 
blue-eyes, of the Hydrophyllaceae is a procumbent annual native from California 
to Oregon (Constance 1941). Earle (1922), Finbert (1960), and Wilder (1936) 
reported that cats are partial to baby blue-eyes, but no further reports exist in the 
literature. 

Additional plants that have been reported to attract cats include: Origanum 
dictamnus L., or dittany of Crete, of the Lamiaceae (Elliott 1966); Valeriana phu 
L. of the Valerianaceae (Loudon 1836); Lippia javanica (Burm. f.) Spreng. of the 
Verbenaceae (Schaller 1972); and Viburnum opulus L., or cranberry bush, of the 
Caprifoliaceae (Necker 1977). 
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CH3 0 

Mitsugashiwalactone 
Fig. 6. The physiologically active compound isolated from Menyanthes trifoliata. 

Dolichoderine ants and other insects 

Ants of the genera Dolichoderus, Iridomyrmex, and Tapinoma, subfamily Dol- 
ichoderinae (Formicidae) (Smith 1951, 1958, 1967) have yielded various com- 
pounds known to attract cats: D. diceratoclinea scabridus, an Australian ant, 
isoiridomyrmecin (Cavill 1960; Cavill and Hinterberger 1960) (Fig. 2); I. humilis, 
the cosmopolitan Argentine ant, iridomyrmecin (Cavill and Houghton 1974; Ca- 
vill et al. 1956a, b, 1976; Fusco et al. 1955) (Fig. 2); I. nitidus, an Australian ant, 
isoiridomyrmecin (Cavill and Clark 1967; Cavill and Locksley 1957; Cavill et al. 
1956a,b) and isodihydronepetalactone (Cavill and Clark 1967) (Fig. 1); I. prui- 
nosus analis, a North American ant, iridomyrmecin (McGurk et al., 1968); I. 
purpureus, the common meat any, dihydronepetalactone (and/or isodihydronep- 
etalactone) and iridomyrmecin (and/or isoiridomyrmecin) (Cavill et al. 1984); 
and T. sessile, the North American odorous house ant, isoiridomyrmecin (McGurk 
et al. 1968). 

In addition to these ants, rove beetles of the genera Cafius, Creophilus, Gabrius, 
Hesperus, and Philonthus, family Staphylinidae, produce actinidine in their de- 
fensive secretions (Bellas et al. 1974; Dettner 1983; Jefson et al. 1983). Creophilus 
maxilosus also produces dihydronepetalactone in its defensive secretion (Jefson 
et al. 1983). 

The defensive secretion of the coconut stick insect, Graeffea crouani, includes 
nepetalactone (Smith et al. 1979). 

Defensive secretions of several species of chrysomelid (leaf beetle) larvae and 
adults yield plagiolactone, epiplagiolactone, and gastrolactone (Pasteels et al. 1982, 
1984) and are structurally similar to iridomyrmecin/isoiridomyrmecin. These may 
induce the catnip response but have never been tested. 

CHEMICAL CONSIDERATIONS 

Fourteen compounds from those species that have been shown to elicit a unique 
behavioral pattern, known as the catnip response (or, alternatively, the matatabi 
reaction), in the Felidae have been listed. Each can be placed in one of three 
classes of chemical compounds. The 7-methylcyclopentapyranones (IUPAC, In- 
ternational Union of Pure and Applied Chemistry, name), also called methylcy- 
clopentanoid monoterpenes or simple iridoids (Plouvier and Favre-Bonvin 1971), 
include nepetalactone, epinepetalactone, dihydronepetalactone, isodihydronepe- 
talactone, neonepetalactone, iridomyrmecin, isoiridomyrmecin, boschnialactone, 
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onikulactone, and mitsugashiwalactone. The 7-methyl-2-pyrindines (IUPAC 
name), also called monoterpenoid alkaloids (Plouvier and Favre-Bonvin 1971; 
Wildman et al. 1969), include actinidine and boschniakine. The 
4-methylbenzofuranones (IUPAC name) include actinidiolide and dihydroactin- 
idiolide. Beta-phenylethyl alcohol also induces salivation. 

In addition to the above 14 compounds, 10 others that are structurally similar 
deserve further investigation if possible. Two 7-methyl-2-pyrindines that should 
be investigated for physiological activity in cats are 4-noractinidine (Sakan et al. 
1967b) and tecostidine (Hammouda and LeMen 1963) from Tecoma stans. The 
nepetalactone isomers 5,9-dehydronepetalactone from N. cataria and N. nepetella 
(Bicchi et al. 1984; Sastry et al. 1972) and cis,cis-nepetalactone from N. mussinii 
(Eisenbraun et al. 1974, 1980; McGurk 1968) should also be tested on cats. The 
activity of epinepetalactone was never ascertained (Bates and Siegel 1963). The 
two dolicholactones from Teucrium marum (Beaupin et al. 1977, 1978, 1979; 
Pagnoni et al. 1976) have never been tested on cats. Plagiolactone, epiplagiolac- 
tone, and gastrolactone from chrysomelid larvae and adults (Pasteels et al. 1982) 
would undoubtedly show activity but have never been tested. 

The structural similarity of the 7-methylcyclopentapyranones and the 7-methyl- 
2-pyrindines prompts the question of whether the indoles may behave physio- 
logically in the same manner because of their structural similarity to 4-methyl- 
benzofuranones. Beta-phenylethyl alcohol is also noted to be structurally similar 
to phenylpropenes. Literally a plethora of chemical compounds could be suggested 
for future research, but the above structural similarities are indicated because 
methylindoles, indole akylamines, and phenylpropenes are recognized as hallu- 
cinogens (Farnsworth 1968, 1969; Hoffer and Osmond 1967; Schultes 1969a,b). 

FUNCTION OF THE CATNIP RESPONSE 

Thus the question arises of whether the compounds active in the catnip response 
function as hallucinogens (Carley 1969; Superweed n.d.). Actinidine, the mata- 
tabilactone fraction, and beta-phenylethyl alcohol are cholinergic (Hano 1967; 
Yoshii et al. 1963) and hence can be classified as hallucinogens (Hoffer and 
Osmond 1967). If the above analogy between 4-methylbenzofuranones and in- 
doles is correct, this cholingeric effect may not be surprising because many indoles 
are recognized as inhibitors of acetylcholinesterase (Hoffer and Osmond 1967). 
Jackson and Reed (1969) reported cases of human responses to the smoking of 
catnip. In these instances, catnip was used in cigarettes or pipes or a liquid extract 
from the plant was sprayed on tobacco to make "one appear happy, contented, 
and intoxicated." Catnip has also been reported to be employed as an antispas- 
modic in humans (Morton 1974). 

An extract of Actinidia polygama apparently induces addictive behavior and 
continual stimulation may produce brain damage in cats (Leyhausen 1973). In- 
traperitoneal administration of catnip oil elicits effects of a depressant nature in 
mice and rats (Harney et al. 1978). Sherry and Hunter (1979), Sherry and Koontz 
(1979), and Sherry et al. (1981) found that catnip tea induces light sleep periods 
in young chicks but the activity is relatively weak, variable, and not dose-depen- 
dent. Hatch (1972) found that the catnip response in cats is prolonged by mor- 
phine, chlorpromazine, and histidine. Drugs that shorten the response include 
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atropine sulfate, physostigmine, neostigmine, pilocarpine, mecamylamine, meth- 
ysergide, and pentobarbitol. Those that abolish the response are hexamethonium, 
amphetamine, 5-hydroxytryptophan, atropine plus methysergiede, and diphe- 
nylhydantoin. Atropine methyl nitrate, N-(2-chloroethyl)dibenzylamine, pro- 
pranolol, and chlorpheniramine do not affect the duration of the response. These 
results indicate, according to Hatch, peripheral nicotinic and central muscarinic 
cholinoceptive and serotonergic facilitation of the catnip response, with a prom- 
inent voluntary component. Inhibition of the response seemingly involves central 
muscarinic and nicotinic cholinoceptive mechanisms linked with an adrenocep- 
tive component. 

The restrictions of the catnip response to olfactory stimulation of cats, however, 
raises some questions as to the hallucinogenic nature of the physiologically active 
compounds. Smell-not taste or circulation-prompts the catnip response (Ha- 
yashi 1968; Todd 1963), and the vomeronasal organ is not involved (Hart and 
Leedy 1985). Oral administration of nepetalactone also apparently does not induce 
the catnip response (Waller et al. 1969), but the ventromedial nucleus of the 
hypothalamus (which is involved in regulation of eating) responds to olfactory 
stimulation by catnip and valerian (Campbell et al. 1969). The unilateral ablation 
of the amygdala (which affects sexual behavior) has no effect on the response of 
cats to Actinidia polyama (Katahira and Iwai 1975). Additional pharmacological 
studies involving injection or cerebral application of actinidine, the matatabilac- 
tone fraction, or beta-phenylethyl alcohol affect blood pressure, etc. (Hano 1967; 
Yoshii et al. 1963), but apparently these compounds do not induce the catnip 
response via these routes of administration. Caution is necessary in interpreting 
pharmacological studies because the responses elicited by hallucinogens may vary 
from animal to animal with the same species and from species to species, as well 
as by the dosage and means of administration (Hoffer and Osmond 1967). 

Thus, because each automatism in the catnip response, when evaluated sepa- 
rately, is part of normal ingestive or sexual behavior (Leyhausen 1960, 1979; 
Todd 1962, 1963), the question arises whether these compounds cross-react with 
a naturally occurring social odor in the Felidae. Sources of social odors in the 
Felidae include anal glands, facial glands, interdigital glands, supracaudal glands, 
urine, and feces (Macdonald 1985). 

Anal gland secretions, combined with urine, are commonly used for scent mark- 
ing in carnivores (Eisenberg and Kleiman 1972; Ewer 1968, 1973; Macdonald 
1985) and in the male domestic cat prior to sexual behavior (Kling et al. 1969; 
Macdonald 1985; Rosenblatt and Scheirla 1962). The anal glands of the domestic 
cat have been characterized as having apocrine and holocrine components and 
containing a mixture of fatty and serous materials and cellular debris (Greer 1966; 
McColl 1967). The chemistry of the anal glands of the domestic cat is unknown 
except for two aldehydes and 2-piperidone (Preti et al. 1976), but the anal glands 
of the lion contain abundant fatty acids, including iso-valeric acid (Albone et al. 
1974; Albone and Gronneberg 1977). The odor of a male cat is sufficient to induce 
mating behavior in an estrous female cat (Michael 1961), and valeric acid induces 
mating behavior in anestrous cats but not in castrated female cats (Liss'ak 1962). 
Turning again to the Viverridae, a primitive (but diverse) family closely allied to 
the Felidae (Anderson and Jones 1967; Ewer 1973; Leyhausen 1965), the civet 
cats, or species of Viverra, secrete skatole (3-methylindole) and macrocyclic ke- 
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tones in their anal glands (Dorp et al. 1973; Lederer 1950). Utilizing an ether 
extract of urine from a tomcat, Todd (1963) was able to induce the catnip response 
in male and female cats. Todd did not state, however, how the urine was prepared 
without contamination from anal gland secretions. 

The chemical composition of the facial glands, interdigital glands, supracaudal 
glands, and feces of the domestic cat has not been analyzed. Interestingly, though, 
in the Canidae, Albone (1975) isolated dihydroactinidiolide from the supracaudal 
gland of the red fox, Vulpes vulpes. The supracaudal gland, or dorsal Schwanzorgan, 
of domestic cats was described by Schaffer (1940) and further discussed by Mac- 
donald (1985) as an elliptical mass of largely sebaceous tissue on the dorsal surface 
of the tail near to the root and sometimes reaching downwards on both sides of 
the tail in both males and females. Other than supplying a source of social odor, 
the function of the supracaudal gland is unknown. 

In retrospect, then, although the compounds that elicit the catnip response may 
be shown to be hallucinogens under appropriate conditions, caution should be 
exercised against interpreting this property as their sole means of normal action 
in cats until additional research is performed on possible naturally occurring social 
odors in glandular secretions, urine, and feces. In particular, the supracaudal gland 
of the cat needs further investigation. Also in need of investigation is the atmo- 
spheric concentration of the various compounds necessary to elicit a catnip re- 
sponse. The compounds eliciting the catnip response may be supranormal stimuli 
that produce more intense reactions than those normally found (Hart 1974; Ley- 
hausen 1979). 

ACKNOWLEDGMENT 

We thank the University of Delaware for a publication grant to the junior author. 

LITERATURE CITED 

Albone, E. S. 1975. Dihydroactinidiolide in the supracaudal scent gland of red fox. Nature 256:575. 
, G. Eglinton, J. M. Walker, and G. C. Ware. 1974. The anal sac secretion of the red fox 
(Vulpes vulpes): its chemistry and microbiology. A comparison with the anal sac secretion of 
the lion (Panthera leo). Life Sci. 14:387-400. 
, and T. 0. Gronneberg. 1977. Lipids of the anal sac secretions of the red fox, Vulpes vulpes, 
and of the lion, Panthera leo. J. Lipid Res. 18:474-479. 

Anderson, S., and J. K. Jones. 1967. Recent mammals of the world. Ronald Press, New York. 
Arctander, S. 1969. Perfume and flavor chemicals (aroma chemicals). S. Arctander, Montclair, NJ. 
Bailey, W. C., A. K. Bose, R. M. Ikeda, R. H. Newman, H. V. Secor, and C. Varsel. 1968. The 

isolation from tobacco of 2-hydroxy-2,6,6-trimethylcyclohexylideneactic acid y-lactone and its 
synthesis. J. Org. Chem. 33:2819. 

Baslas, R. K. 1970. Chemistry of Indian essential oils-Part IX. Flavour Industr. 1:475-478. 
Bateman, J. 1971. Animal traps and trapping. Stackpole Books, Harrisburg, PA. 
Bates, R. B., E. J. Eisenbraun, and S. M. McElvain. 1958. The configurations of the nepetalactones 

and related compounds. J. Amer. Chem. Soc. 80:3420-3424. 
, and C. W. Siegel. 1963. Terpenoids. Cis-trans- and Trans-cis-nepetalactones. Experientia 
19:564-565. 

Beaupin, C., R. Granger, J.-C. Rossi, J. Passet, and L. Peyron. 1977. L'huile essentielle de Teucrium 
marum Linnaeus de Corse. Rivista Ital. Essenze, Profumi, Piante Off., Aromi, Saponi, Cosmet., 
Aerosol 59:369-373. 
, J. C. Rossi, J. Passet, R. Granger, and L. Peyron. 1978. Monoterpenes cyclopentaniques: 
synthese des dolichodials et de leurs analogues structuraux. Rivista Ital. Essenze, Profumi, 
Piante Off., Aromi, Syndets, Saponi, Cosmet., Aerosols 60:93-96. 

225 1988] 

This content downloaded from 140.142.214.159 on Sun, 15 Nov 2015 01:27:31 UTC
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


ECONOMIC BOTANY 

, , , , and . 1979. Cyclopentanic monoterpens: synthesis of doli- 
chodial and of some structural analogs. Pages 269-271 in VII International Congress of Essential 
Oils, October 7-11, 1977, Kyoto, Japan. 

Bellas, T. E., W. V. Brown, and B. P. Moore. 1974. The alkaloid actinidine and plausible precursors 
in defensive secretions of rove beetles. J. Insect Physiol. 20:277-280. 

Bicchi, C., M. Mashaly, and P. Sandra. 1984. Constituents of essential oil of Nepeta nepetella. P1. 
Med. 50:96-98. 
, P. Sandra, M. Schelfaut, and M. Verzele. 1983. Studies on the essential oil of Valeriana 
celtica L. J. High Resolution Chromatogr. & Chromatogr. Commun. 6:213-215. 

Bricout, J., R. Viani, F. Miiggler-Chavan, J. P. Marion, D. Reymond, and R. H. Egli. 1967. Sur la 
composition de l'ar6me de th6 noir. Helv. Chem. Acta 50:1517-1522. 

Buffon, G. L. L. de. 1756. Histoire naturelle, generale et particuliere, avec la description du Cabinet 
du Roi, vol. 6. L'Imprimerie Royale, Paris. 

Campbell, J. F., D. Bindra, H. Krebs, and R. P. Ferenchak. 1969. Responses of single units of the 
hypothalamic ventromedial nucleus to environmental stimuli. Physiol. & Behav. 4:183-187. 

Carley, W. M. 1969. Move over tabby: youths find catnip has psychedelic jolt. Wall Street J. 19 
February: 1. 

Cavill, G. W. K. 1960. The cyclopentanoid monoterpenes. Rev. Pure Appl. Chem. 10:169-183. 
, and D. V. Clark. 1967. Insect venoms, attractants, and repellents-VIII. Isodihydronepe- 
talactone. J. Insect. Physiol. 13:131-135. 
, and . 1971. Ant secretions and cantharides. Pages 271-305 in M. Jacobson and D. 
G. Crosby, eds., Naturally occurring insecticides. Marcel Dekker, New York. 
, D. L. Ford, and H. D. Locksley. 1956a. Iridodial and iridolactone. Chem. & Industr. 1956: 
465. 
, , and . 1956b. The chemistry of ants. I. Terpenoid constituents of some Aus- 
tralian Iridomyrmex species. Austral. J. Chem. 9:288-293. 
, and H. Hinterberger. 1960. The chemistry of ants. IV. Terpenoid constituents of some 
Dolichoderus and Iridomyrmex species. Austral. J. Chem. 13:514-519. 
, and E. Houghton. 1974. Volatile constituents of the Argentine ant, Iridomyrmex phumilis. 
J. Insect Physiol. 20:2049-2059. 
, , F. J. McDonald, and P. J. Williams. 1976. Isolation and characterization of doli- 
chodial and related compounds from the Argentine ant, Iridomyrmex humilis. Insect Biochem. 
6:483-490. 
, and H. D. Locksley. 1957. The chemistry of ants. II. Structure and configuration of irido- 
lactone (isoiridomyrmecin). Austral. J. Chem. 10:352-358. 
, P. L. Robertson, J. J. Brophy, R. K. Duke, J. McDonald, and W. D. Plant. 1984. Chemical 
ecology of the meat ant, Iridomyrmex purpureus sens. strict. Insect Biochem. 14:505-513. 

Cionga, E., V. Popesco, 0. Contz, and L. Boniforti. 1976. The alkaloids from Valeriana officinalis: 
identification of actinidine. Pages 299-302 in A. Frigerio and N. Castagnoli, eds., Advances in 
mass spectrometry in biochemistry and medicine, vol. 1. Spectrum Publ., New York. 

Constance, L. 1941. The genus Nemophila Nutt. Univ. Calif. Publ. Bot. 19:341-398. 
Demole, E., and P. Enggist. 1968. Synthese des (±)-loliolide, (+)-actinidiolide, (±)-dihydroactini- 

diolide et d6rives a partir d'acide homosafranique. Phytooxyg6nation sensibilis6e de homosaf- 
ranate de methyle. Helv. Chim. Acta 51:481-494. 

, and M. Stoll. 1969. Sur les constituants odorants de l'essence absolue de Cassie 
(Acacia farnesiana Willd.). Helv. Chem. Acta 52:24. 

Dettner, K. 1983. Vergleichende Untersuchungen zur Wehrchemie und Driisenmorphologie abdom- 
inaler Abwehrdriisen von Kurzfliiglern aus dem Subtribus Philonthina (Coleoptera, Staphylin- 
idae). Z. Naturforsch. 38c:319-328. 

Dickinson, E. M., and G. Jones. 1969. Pyrindane alkaloids from Tecoma stans. Tetrahedron 25: 
1523-1529. 

Dohnal, B. 1976. Investigations on some metabolites of Tecoma stans Juss. callus tissue. Part II. 
Chromatographical analysis of alkaloid and quinone compounds. Acta Soc. Bot. Polon. 45: 
369-381. 

Dorp, D. A. van, R. Klok, and D. H. Nugteren. 1973. New macrocyclic compounds from the 
secretions of the civet cat and the musk rat. Recueil Trav. Chim. Pays-Bays 92:915-928. 

Earle, A. M. 1922. Old-time gardens newly set forth. Macmillan Co., New York. 

[VOL. 42 226 

This content downloaded from 140.142.214.159 on Sun, 15 Nov 2015 01:27:31 UTC
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


TUCKER & TUCKER: CATNIP 

Eisenberg, J. F., and D. G. Kleiman. 1972. Olfactory communication in mammals. Ann. Rev. Ecol. 
Syst. 3:1-32. 

Eisenbraun, E. J., C. E. Browne, R. L. Irvin-Willis, D. J. McGurk, E. L. Eliel, and D. L. Harris. 1980. 
Structure and stereochemistry of the 4a/,7a,7a3-nepetalactone from Nepeta mussinii and its 
relationship to the 4aa,7a,7aa- and 4aa,7a,7af-nepetalactones from N. cataria. J. Org. Chem. 
45:3811-3814. 
, R. L. Irvin, and D. J. McGurk. 1974. The chemistry of the nepetalactones from Nepeta 
cataria and Nepeta mussinii. Paper 149 in VI International Congress of Essential Oils, San 
Francisco, California, September 8-12, 1974. 

Eisner, T. 1964. Catnip: its raison d'etre. Science 146:1318-1320. 
Elliott, R. 1966. Of marjorams and dittanies. Bull. Alpine Gard. Soc. Gr. Brit. 34:198-205. 
Ewer, R. F. 1968. Ethology of mammals. Plenum Press, New York. 

1973. The carnivores. Weidenfeld & Nicolson, London. 
Fairchild, D. 1906. Cats as plant investigators. Science 24:498-499. 
Farnsworth, N. R. 1968. Hallucinogenic plants. Science 162:1086-1092. 

1969. Some hallucinogenic and related plants. Pages 367-399 in J. E. Gunckel, ed., Current 
topics in plant science. Academic Press, New York. 

Farrer, R. 1930. The English rock-garden. T. C. and E. C. Jack, London. 
Finbert, E.-J. 1960. Les chats. Libr. Hatchette, Paris. 
Fujino, A. 1960. Chemical components in matatabi. III. The structure of actinidine [in Japanese]. 

J. Chem. Soc. Japan, Pure Chem. Sect. 81:1327-1332. 
Fusco, R., R. Trave, and A. Vercellone. 1955. Ricerche sull'iridomirmecina, l'insetticida naturale 

secreto dalla Iridomyrmex humilis Mayr. Chim. & l'Industr. 37:251-258. 
Gams, H. 1927. Teucrium. Pages 2522-2537 in G. Hegi, ed., Illustrierte Flora von Mittel-Europa, 

vol. 5. J. F. Lehmanns, Miinchen. 
Garnier, G., L. B6zanger-Beauquesne, and G. Debraux. 1961. Ressources m6dicinales de la flore 

Frangaise. Vigot Fr6res Editeurs, Paris. 
Glancey, R. M., J. Rocca, C. S. Lofgren, and J. Tumlinson. 1984. Field tests with synthetic com- 

ponents of the queen recognition pheromone of the red imported fire ant, Solenopsis invicta. 
Sociobiology 9:19-30. 

Greer, M. B. 1966. Anal sacs of the cat (Felis domesticus). Amer. J. Veterin. Res. 27:773-781. 
Grieve, M. 1967. A modern herbal. Hafner Publ. Co., New York. 
Gross, D., W. Berg, and H. R. Schiitte. 1972. Uber das vorkommen monoterpenoider Pyridinal- 

kaloide in Actinidia arguta und Tecoma radicans. Phytochemistry 11:3082-3083. 
, G. Edner, and H. R. Schiitte. 1971. Uber monoterpenoide Valeriana-Alkaloide. Arch. Pharm. 
& Ber. Deutsch Pharm. Ges. 304:19-27. 

Gupta, Y. N., K. K. Baslas, and R. N. S. Chauhan. 1971. Chemical examination of essential oil 
from the plant Nepeta leucophylla. Indian Oil Soap J. 36(9):257-267. 

Hammouda, Y., and J. LeMen. 1963. Sur la t6costidine: nouvel alcaloide du Tecoma stans Juss. (4e 
memoire). Bull. Soc. Chim. France 1963:2901-2902. 

Hano, K. 1967. Actinidia polygama-its pharmacological studies on the effective components [in 
Japanese]. Tampakushitsu, Kakusan, Koso 12(1): 10-16. 

Harney, J. W., I. M. Barofsky, and J. D. Leary. 1978. Behavioral and toxicological studies of 
cyclopentanoid monoterpenes from Nepeta cataria. Lloydia 41:367-374. 

Hart, B. L. 1974. The catnip response. Feline Practice 4(6):8, 12. 
, and M. G. Leedy. 1985. Analysis of the catnip response: mediation by olfactory system, not 
vomeronasal organ. Behav. & Neural Biol. 44:38-46. 

Hatch, R. C. 1972. Effect of drugs on catnip (Nepeta cataria)-induced pleasure behavior in cats. 
Amer. J. Veterin. Res. 33:143-145. 

Hayashi, T. 1968. Motor reflexes of cats to Actinidia polygama (Japan) and to catnip (U.S.A.). Pages 
351-358 in N. N. Tanyolag, ed., Theories of odor and odor measurement. N. N. Tanyolac, 
Istanbul. 

Hill, J. O., E. J. Pavlik, G. L. Smith, G. M. Burghardt, and P. B. Coulson. 1976. Species-characteristic 
responses to catnip by undomesticated felids. J. Chem. Ecol. 2:239-253. 

Hixon, R. M. 1922. Phytochemical notes. No. 88. Oil of catnip. J. Amer. Pharm. Assoc. 11:96-98. 
Hoffer, A., and H. Osmond. 1967. The hallucinogens. Academic Press, New York. 
Hottes, A. C. 1947. Climbers and ground covers. A. T. de la Mare Co., New York. 

1988] 227 

This content downloaded from 140.142.214.159 on Sun, 15 Nov 2015 01:27:31 UTC
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


ECONOMIC BOTANY 

Ina, K., Y. Sakato, and H. Fukami. 1968. Isolation and structure elucidation of theaspirone, a 
component of tea essential oil. Tetrahedron Lett. 1968:2777. 

Jackson, B., and A. Reed. 1969. Catnip and the alteration of consciousness. J. Amer. Med. Assoc. 
207:1349-1350. 

Janot, M.-M., J. Guilhem, 0. Contz, G. Venera, and E. Cionga. 1979. Contribution a l'etude des 
alcaloides de la valeriane (Valeriana officinalis L.): Actinidine et naphtyridylmethylc6tone, 
nouvel alcaloide. Ann. Pharm. Franc. 37:4i3-420. 

Jefson, M., J. Meinwald, S. Nowicki, K. Hicks, and T. Eisner. 1983. Chemical defense of a rove 
beetle (Creophilus maxilosus). J. Chem. Ecol. 9:159-180. 

Johnson, R. D., and G. R. Waller. 1971. Isolation of actinidine from Valeriana officinalis. Phyto- 
chemistry 10:3334-3335. 

Kaneko, H., and K. Ijichi. 1968. The aroma of cigar tobacco. Part I. Isolation of 2-hydroxy-2,6,6- 
trimethylcyclohexylidene- 1 -acetic acid lactone (dihydroactinidiolide) from ether extract of cigar 
leaves. Agr. Biol. Chem. 32:1337. 

Kartesz, J. T., and R. Kartesz. 1980. A synonymized checklist of the vascular flora of the United 
States, Canada, and Greenland, Volume II. The biota of North America. Univ. North Carolina 
Press, Chapel Hill. 

Katahira, K., and E. Iwai. 1975. Effect of unilateral lesion of amygdala on unmanifested response 
to matatabi (Actinidia polygama) in cats. Tohoku J. Exp. Med. 115:137-143. 

Kling, A., J. K. Kovach, and T. J. Tucker. 1969. The behaviour of cats. Pages 482-512 in E. S. E. 
Hafez, ed., The behaviour of domestic animals. 2nd ed. Williams and Wilkins Co., Baltimore. 

Lederer, E. 1950. Odeurs et parfums des animaux. Fortschr. Chem. Org. Naturstoffe 6:87-153. 
Leyhausen, P. 1960. Verhaltensstudien an Katzen. 2nd ed. Paul Parey, Berlin. 

1965. Uber die Funktion der relativen Stimmungshierarchie (Dargestellt am Beispiel der 
phylogenetischen und ontogenetischen Entwicklung des Beutefangs von Raubtieren). Z. Tier- 
psychol. 22:412-494. 

1973. Addictive behavior in free ranging animals. Pages 58-65 in L. Goldberg and F. 
Hoffmeister, eds., Psychic dependence. Definition, assessment in animals and man. Theoretical 
and clinical implications. Springer-Verlag, New York. 
. 1979. Cat behavior: the predatory and social behavior of domestic and wild cats. Transl. 
B. A. Tonkin. Garland STPM Press, New York. 

Liberty Hyde Bailey Hortorium, Staff of the. 1976. Hortus third. Macmillan Publ. Co., New York. 
Lissak, K. 1962. Olfactory-induced sexual behaviour in female cats. Pages 653-656 in J. W. Duyff, 

ed., XXII International Congress of Physiological Sciences under the auspices of the Interna- 
tional Union of Physiological Sciences, vol. 1. Lectures and symposia. Part II. Symposia XI- 
XXII. Abstracts Symposium I.P.N.S. Leiden, The Netherlands, September 10-17, 1962. Ex- 
cerpta Medica Found., Amsterdam. 

Loudon, J. C. 1836. An encyclopaedia of plants. Longman, Rees, Orme, Brown, Green, and Long- 
mans, London. 

Macdonald, D. W. 1985. The carnivores: order Carnivora. Pages 619-722 in R. E. Brown and D. 
W. Macdonald, eds., Social odours in mammals, vol. 2. Clarendon Press, Oxford. 

McColl, I. 1967. The comparative anatomy and pathology of anal glands. Arris and Gale Lecture 
delivered at the Royal College of Surgeons of England on 25th February 1965. Ann. Roy. Coll. 
Surgeons England 40:36-67. 

McElvain, S. M., R. D. Bright, and P. R. Johnson. 1941. The constituents of the volatile oil of 
catnip. I. Nepetalic acid, nepetalactone and related compounds. J. Amer. Chem. Soc. 63:1558- 
1563. 
, and E. J. Eisenbraun. 1955. The constituents of the volatile oil of catnip. III. The structure 
of nepetalic acid and related compounds. J. Amer. Chem. Soc. 77:1599-1605. 
, P. M. Walters, and R. D. Bright. 1942. The constituents of the volatile oil of catnip. II. The 
neutral components. Nepetalic anhydride. J. Amer. Chem. Soc. 64:1828-1831. 

McGurk, D. J. 1968. Studies of volatile compounds from ants. II. Degradation studies and structure 
proof of cis,cis-nepetalactone. Ph.D. Thesis. Oklahoma State Univ., Stillwater (Diss. Abstr. Int. 
30B: 1046-1047). 
, J. Frost, G. R. Waller, E. J. Eisenbraun, K. Vick, W. A. Drew, and J. Young. 1968. Iridobial 
isomer variation in dolichoderine ants. J. Insect Physiol. 14:841-845. 

Meikle, R. D. 1963. Garden flowers. Eyre and Spottiswoode, London. 

228 [VOL. 42 

This content downloaded from 140.142.214.159 on Sun, 15 Nov 2015 01:27:31 UTC
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


TUCKER & TUCKER: CATNIP 

Meinwald, J. 1954a. The structure of nepetalactone. Chem. & Industr. 1954:488. 
. 1954b. The degradation of nepetalactone. J. Amer. Chem. Soc. 76:4571-4573. 

Michael, R. P. 1961. Observations upon the sexual behaviour of the domestic cat (Felis catus L.) 
under laboratory conditions. Behaviour 18:1-24. 

Miller, P. 1759. The gardeners dictionary. P. Miller, London. 
Morton, J. F. 1974. Folk remedies of the Low Country. E. A. Seeman Publ., Miami. 
Murai, F. 1960. Chemical components in matatabi. II. The structure of matatabilactone [in Japanese]. 

J. Chem. Soc. Japan, Pure Chem. Sect. 81:1324-1326. 
Necker, C. 1977. The natural history of cats. Dell Publishing Co., New York. 
Nelson, D. L. 1968. Methylcyclopentane monoterpenes of Nepeta cataria and Actinidia polygama. 

Ph.D. Thesis. Purdue Univ., West Lafayette, Indiana (Diss. Abstr. 29B:4104-4105). 
Niebuhr, A. D. 1970. Herbs of Greece. New England Unit, Herb Soc. Amer., Boston. 
Ockendon, D. J. 1976. Valeriana. Pages 52-55 in T. G. Tutin, V. H. Heywood, N. A. Burges, D. 

M. Moore, D. H. Valentine, S. M. Walters, and D. A. Webb, eds., Flora Europaea. Vol. 4. Univ. 
Press, Cambridge. 

Ohwi, J. 1965. Flora of Japan. Smithsonian Inst., Washington, DC. 
Pagnoni, U. M., A. Pinetti, R. Trave, and L. Garanti. 1976. Monoterpenes of Teucrium marum. 

Austral. J. Chem. 29:1375-1381. 
Palen, G. F., and G. V. Goddard. 1966. Catnip and oestrous behaviour in the cat. Anim. Behav. 

14:372-377. 
Pasteels, J. M., J. C. Braekman, D. Daloze, and R. Ottinger. 1982. Chemical defence in chrysomelid 

larvae and adults. Tetrahedron 38:1891-1897. 
, M. Rowell-Rahier, J.-C. Braekman, and D. Daloze. 1984. Chemical defences in leaf beetles 
and their larvae: the ecological, evolutionary and taxonomic significance. Biochem. Syst. & 
Ecol. 12:395-406. 

Pelton, J. 1964. A survey of the ecology of Tecoma stans. Butler Univ. Bot. Stud. 14:53-88. 
Perry, F. 1972. Flowers of the world. Crown Publ., New York. 
Plouvier, V., and J. Favre-Bonvin. 1971. Les iridoides et seco-iridoides: repartition, structure, 

proprietes, biosynthese. Phytochemistry 10:1697-1722. 
Preti, G., E. L. Muetterties, J. M. Furman, J. J. Kennelly, and B. E. Johns. 1976. Volatile constituents 

of dog (Canis familiaris) and coyote (Canis latrans) anal sacs. J. Chem. Ecol. 2:177-186. 
Purohit, R. M., and S. S. Nigam. 1959. Chemical examination of the essential oil derived from the 

leaves of Nepeta hindostana Roth. Saugar, India (City) Univ. J. Pt. II, Sect. A 8:46-49. 
Regnier, F. E., E. J. Eisenbraun, and G. R. Waller. 1967a. Nepetalactone and epinepetalactone from 

Nepeta cataria L. Phytochemistry 6:1271-1280. 
, G. R. Waller, and E. J. Eisenbraun. 1967b. Studies on the composition of the essential oils 
of three Nepeta species. Phytochemistry 6:1281-1289. 

Rix, E. M., and D. A. Webb. 1972. Boschniakia. Page 294 in T. G. Tutin, V. H. Heywood, N. A. 
Burges, D. M. Moore, D. H. Valentine, S. M. Walters, and D. A. Webb, eds., Flora Europaea, 
vol. 3. Univ. Press, Cambridge. 

Rosenblatt, J. S., and T. C. Scheirla. 1962. The behaviour of cats. Pages 453-458 in E. S. E. Hafez, 
ed., The behaviour of domestic animals. Williams and Wilkins Co., Baltimore. 

Roth, L. M., and T. Eisner. 1962. Chemical defenses of arthropods. Ann. Rev. Entomol. 7:107- 
136. 

Sakan, T. 1967. Matatabi (Actinidia polygama Miq.)-The isolations and the structures of its bio- 
logically active components [in Japanese]. Tampakushitsu, Kakusan, Koso 12(1):2-9. 
, A. Fujino, F. Murai, Y. Butsugan, and A. Suzui. 1959a. On the structure of actinidine and 
matatabilactone, the effect components of Actinidia polygama. Bull. Chem. Soc. Japan 32:315- 
316. 

, A. Suzui, and Y. Butsugan. 1959b. The structure of matatabilactone. Bull. 
Chem. Soc. Japan 32:1154-1155. 

, and . 1960a. Chemical components in matatabi. I. The isolation of the 
physiologically active principles, matatabilactone and actinidine [in Japanese]. J. Chem. Soc. 
Japan, Pure Chem. Sect. 81:1320-1324. 

, and . 1960b. Chemical components in matatabi. IV. The conversion of 
matatabilactone into actinidine [in Japanese]. J. Chem. Soc. Japan, Pure Chem. Sect. 81:1444- 
1445. 

1988] 229 

This content downloaded from 140.142.214.159 on Sun, 15 Nov 2015 01:27:31 UTC
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


ECONOMIC BOTANY 

, A. Suzui, Y. Butsugan, and Y. Terashima. 1960c. The absolute structure of 
actinidine. Bull. Chem. Soc. Japan 33:712-713. 
, S. Isoe, S. B. Hyeon, R. Katsumura, T. Maeda, J. Wolinsky, D. Dickerson, M. Slabaugh, and 
D. Nelson. 1965. The exact nature of matatabilactone and the terpenes of Nepeta cataria. 
Tetrahedron Lett. 1965:4097-4102. , , and . 1967a. The structure of actinidiolide, dihydroactinidiolide and actinidol. 
Tetrahedron Lett. 1967:1623-1627. 
, F. Murai, Y. Hayashi, Y. Honda, T. Shono, M. Nakajima, and M. Kato. 1967b. Structure 
and stereochemistry of boschniakine, boschnialactone, and boschnialinic acid, an oxidation 
product of boschnialactone. Tetrahedron 23:4635-4652. 

, S. Isoe, S. B. Hyeon, and Y. Hayashi. 1969. Biologically active C9-, C,o-, and C1- 
terpenes from Actinidia polygama, Boschniakia rossica, and Menyanthes trifoliata [in Japanese]. 
J. Chem. Soc. Japan, Pure Chem. Sect. 90:507-528. 

Sakho, M., J. Crouzet, and S. Seck. 1985. Evolution des composes volatils de la mangue au cours 
du chauffage. Lebensm.-Wiss. & Technol. 18:89-93. 

Sastry, S. D., W. R. Springstube, and G. R. Waller. 1972. Identification of 5,9-dehydronepetalactone, 
a new monoterpene from Nepeta cataria. Phytochemistry 11:453-455. 

Schaffer, J. 1940. Die Hautdriisenorgane der Saugetiere. Urban & Schwarzenberg, Berlin. 
Schaller, G. B. 1972. The Serengeti lion. Univ. Chicago Press, Chicago. 
Schultes, R. E. 1969a. Hallucinogens of plant origin. Science 163:245-254. 

1969b. The unfolding panorama of the New World hallucinogens. Pages 336-354 in J. E. 
Gunckel, ed., Current topics in plant science. Academic Press, New York. 

Sherry, C. J., and P. S. Hunter. 1979. The effect of an ethanol extract of catnip (Nepeta cataria) on 
the behavior of the young chick. Experientia 35:237-238. 
, and J. A. Koontz. 1979. Pharmacologic studies of "catnip tea": the hot water extract of 
Nepeta cataria. Quart. J. Crude Drug Res. 17:68-72. 
, T. W. Robinson, and K. Powell. 1981. Catnip (Nepeta cataria): an evaluation of the cold 
water and acetone-pretreated hot water extracts. Quart. J. Crude Drug Res. 19:31-35. 

Slate, G. L. 1954. Dual-purpose vines for edible fruits and ornamental value. PI. & Gard. 10(1):72- 
75. 

Smith, M. R. 1951. Family Formicidae, subfamily Dolichoderinae. Pages 833-838 in C. F. W. 
Meusebeck, K. V. Krombein, and H. K. Townes, eds., Hymenoptera of America north of 
Mexico-synoptic catalog. U.S.D.A. Agric. Monogr. 2. 

1958. Family Formicidae, subfamily Dolichoderinae. Pages 139-141 in K. V. Krombein, 
ed., Hymenoptera of America north of Mexico-synoptic catalog. U.S.D.A. Agric. Monogr. 2, 
First Supplement. 

1967. Family Formicidae, subfamily Dolichoderinae. Pages 363-365 in K. V. Krombein 
and B. D. Burks, eds., Hymenoptera of America north of Mexico-synoptic catalog. U.S.D.A. 
Agric. Monogr. 2, Second Supplement. 

Smith, R. M., J. J. Brophy, G. W. K. Cavill, and N. W. Davies. 1979. Iridodials and nepetalactone 
in the defensive secretion of the coconut stick insects, Graeffea crouani. J. Chem. Ecol. 5:727- 
735. 

Stearn, W. R. 1950. Nepeta mussinii and N. x Faassenii. J. Roy. Hort. Soc. 75:403-406. 
Stevens, K. L., and G. B. Merrill. 1980. Growth inhibitors from spikerush. J. Agric. Food Chem. 

28:644-646. 
Superweed, M. J. n.d. Herbal highs. Stone Kingdom Syndicate, San Francisco. 
Sutherland, M. D., and R. J. Park. 1967. Sesquiterpenes and their biogenesis in Myoporum deserti 

A. Cunn. Pages 147-157 in J. B. Pridham, ed., Terpenoids in plants. Academic Press, London. 
Todd, N. B. 1962. Inheritance of the catnip response in domestic cats. J. Heredity 53:54-56. 

1963. The catnip response. Ph.D. Thesis. Harvard Univ., Cambridge, Massachusetts. 
Torssell, K., and K. Wahlberg. 1966. The structure of the principal alkaloid from Valeriana officinalis 

(L.). Tetrahedron Lett. 1966:445-448. 
, and . 1967. Isolation, structure and synthesis of alkaloids from Valeriana officinalis. 
Acta Chem. Scand. 21:53-62. 

Tutin, T. G. 1972. Menyanthes. Pages 67-68 in T. G. Tutin, V. H. Heywood, N. A. Burges, D. M. 
Moore, D. H. Valentine, S. M. Walters, and D. A. Webb, eds., Flora Europaea, vol. 3. Univ. 
Press, Cambridge. 

230 [VOL. 42 

This content downloaded from 140.142.214.159 on Sun, 15 Nov 2015 01:27:31 UTC
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


1988] TUCKER & TUCKER: CATNIP 231 

, and D. Wood. 1972. Teucrium. Pages 129-135 in T. G. Tutin, V. H. Heywood, N. A. 
Burges, D. M. Moore, D. H. Valentine, S. M. Walters, and D. A. Webb, eds., Flora Europaea. 
Vol. 3. Univ. Press, Cambridge. 

Waller, G. R., G. H. Price, and E. D. Mitchell. 1969. Feline attractant, cis,trans-nepetalactone: 
Metabolism in the domestic cat. Science 164:1281-1282. 

Weatherston, J. 1967. The chemistry of arthropod defensive substances. Quart. Rev. Chem. Soc. 
21:287-313. 
, and J. E. Percy. 1970. Arthropod defensive secretions. Pages 95-144 in M. Beroga, ed., 
Chemicals controlling insect behavior. Academic Press, New York. 

Wilder, L. B. 1936. The fragrant path: A book about sweet scented flowers and leaves. Macmillan 
Co., New York. 

Wildman, W. C., J. Le Men, and K. Wiesner. 1969. Monoterpene alkaloids. Pages 239-278 in W. 
I. Taylor and A. R. Battersby, eds., Cyclopentanoid terpene derivatives. Marcel Dekker, New 
York. 

Wilkinson, A. E. 1946. The encyclopedia of trees, shrubs, vines and lawns for the home garden. 
Blakiston Co., Philadelphia. 

Wilson, E. 0. 1963. The social biology of ants. Ann. Rev. Entomol. 8:345-368. 
Wood, J. G. 1854. Sketches and anecdotes of animal life. George Routledge & Sons, London. 
Yoshii, N., K. Hano, and Y. Suzuki. 1963. Effect of certain substances isolated from 'matatabi' on 

the EEG of cat. Folia Psychiat. & Neurol. Jap. 17:335-350. 

This content downloaded from 140.142.214.159 on Sun, 15 Nov 2015 01:27:31 UTC
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp

