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General Introductiont

The catnip response, glven by some but not all cats,

consistes of a series of stereotyped actions (Figure 1) re-

leases by an essentlal oll of the plant Nepeta cataria.

The presence of this oll results in an alerting response

by the animal which then orients towards the source and
attempta to localize it. The animal approaches the source,
usually dried leaves of the catnlp plant, sniffing regular=-
ly. The sniffing may be short or prolonged, depending upe
on the individual and the cilrcumstances, but seldom laats
more than a minute. Upon reaching the source the animal
commences to lick and/or chew the leaves. This is often
interrupted by shaking the head from silde to side and mo-
mentarily gazing vacantly in no particular direction. This
phasge may be absent, short or prolonged up to five minutes,
and some animals give no further response in which case it
is ordinarily most extended. The components thus far men-
tioned have been designated low intensity reasponses, and
cats which terminate the response at this point as low intenaity
reaponders.

The next lavél in the response sequence consists of
chin and cheek rubbing. The animal 1s usually oriented
toward the source, often in a crouched position. The neck
18 extended and withdrawn repeatedly, the chin being pushed

and drawn through, over or toward the source. The head
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Figure l. The catnip response of a domestic cat.
A. Sniffing and localization of leaves; B - C. Crouching,

licking and chewing; D. Licking and pawing; E - J. Rubbing
and rolling; K. Extension; L. Flexion.
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may be turned and the side of the asnout and the cheek
moved 1n a slmllar manner. This may ocontinue for as long
ad several minutes before giving way to the "head-over"
roll and body rubbing phase. These last two components
are the most stereotyped of the entire sequence. The head
18 rolled over completely with the body upright or partiale-
1y turned so that the cat 1s crouching or lying on its
8lde with the top of the head on the floor. The head is
then alternately turned sideways and upside down several
times. Finally, a seriss of flexions and extensions of
the trunk musculature results in the rubbing of the whole
body on one side. In the ﬁisheat intensity responders the
animal may flip from side to side by rolling over on its
back. Additional actlon which may occur during this
general sequence are digging or pawing, scratching, sali-
vating, washing or grooming, and rarely vocalization.

For the purpose of further study the response has been
broken down into four categories viz. 1) sniffing, 2) licke
ing and chewing with head-shaking, 3) chin and cheek rub-
bing and 4) head-over roll and body rubbing. These parti-
cular patterns almost always occur in thia sequence. The
number of stages through which an animal passes or ths come
pleteness of the reasponse, rather tban the vigor, duration
or any other parameter of any particular stage, has been
taken to represent an increasing intensity scale. Therefore,

throughout this thesis intenaity of response means complete-




nesa of response. Each succeeding stage generally, although

not necessarily, requirea a considerable increase in motor

effort. There also appears to be an inoreased motivational
requirement, for the transition from one phase to the next
is often preceded by intention movements which are charac-
teristic pf an effort to overcome inhibition. Further
discusslon of the behavior will be given later.

A nunmber of compounds have been 1dentified which

elicit a catnip-like response (Figure 2). These are
nepetalactone (I) (McElvain, et. al., 1941, 1942, 1955;
Meinwald, 1954); matatabilactone® (Sakan, et. al., 1959,
1960); a recemic mixture of 1r1dumrrme¢1n* (II) and 1so=-
iridomyrmecin (IIa) (Dolejs, et. al., 1960) which would
have the enol intermediate of the structure IIb; and

actinidine (III) (Sakan, et. al., 1959, 1960). Since the

# The response of Fellds to matatabllactone was kindly de-
goribed to me with the ald of a moving picture by Dr. Aklira
Fujino and by Dr. Hiroshl Kaneto, Department of Pharmacology,
Osaka University, in a letter of 12 September 1962. Accord-
| : ing to these authorlities, actinidine is somewhat more effec-
tive than matatabllactone in elicliting a response which 1s
identical to the catnip response except that flehmen (soe
Chapter 3) occurs. This latter pattern is absent in domes-
tic cats reacting to nepetalactone but is frequently eliol-
ted in lions, leopards and jaguars by catnip. The domestic
cat showed this response to ether extracts of tomecat urine.

t+ A sample of iridomyrmecin from the laboratory of Dr. M.
Pavan, Instituto 41 Anatomia Comparata dell' Universita d4i
Pavia, Pavia, Italy, was kindly supplied to me by Dr. E. O.
Wilson, The Bloioglcal laboratories, Harvard University.




Filgure 2. Molecules capable of eliciting catnip and

catnip-like responses. ©Starred numbers indicate active
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ring Juncture of these compounds can be ‘either of two
possible cis configurations or planar, and the asymmetric

methyl group of the cyclopentane ring can vary, it would

appear that the stereochenmistry of these molecules 1is

relatively unimportant in determining activity. If it is

assumed that the critical amount of information is carried

. by the “common denominator® of the effective compounds,

then at most the partlal structure IV would appear to be

sufficient. The unspecified stereochemistry and substitu-
ents of the molecule(a) probably contribute only to the
extent that it acts as a vehiecle for carrying the informa-
tion portion, i.e. determines those physical properties

of the molecule which make it a more or less suitable

odorant.
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Chapter 1. Inheritance of the Catnip Response in Domestio
Cats

A. Introduction

Slince cats were divisible into two groups according to

whether or not they responded to catnip it was deemed impor-
tant to determine as soon as possible if any genetic basis
for thls difference could be discovered. This not only

appeared to be a simple approach under the circumstances,

but also it was apparent that such knowledge would greatly
facilitate further study by bringing one important variable
- more or less under control. |
In the present consideration the response has been
broken down into the four components 1) sniffing, 2) licking
and chewing with head shaking, 3) chin and cheek rubbing and
4) head-over roll and body rubbing. As previously mentioned
these components almost invariably appear in the above se-

quence. In fact, among 58 responding cats, only three indi-

viduals ﬁaviated from this sequence and omitted the licking
and chewing with head shaking. These animals went immedi-
ately into the rolling phase. Among responding animals

the response may be inhibited for various reasons, necessi-
tating r#ﬁa&tad testing of non-responders before any conclu-

8lon may be drawn as to their status. Also, the response

is not manifested in kittens under six to eight weeks of

age and may not develop fully until three or more months of

age.
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B. Methods

The first step taken in this investigation was to
tabulate responders and non-responders among the related
cats 1n the colony and to extend the pedigree to 1nclude
anlmals outside the colony which were occasionally used
as studs. In this instance it was possible to gather
information on many other animals sired by these studs
8ince they were Slamese cata mated under strict super-
vision.® It was from this pedigree (Figure 3) that the
genetic basis was originally determined, but further
crosses of both related and unrelated cats have confirmed
the initlal conclusions. Aa yet there is insufficient
data for a statistical analysis.

Administration of catnip has usually been effected
by presenting dried leaves to the cat. Some animals were
tested with nepetalactone-containing atmospheres in an
olfactometer, the details of which will be reported more
fully below (Chapter 2).

C. Results and Discussion

From the pedligree, the significant crosses will be
seen to be those of animals No. 1 X No. 4 and No. 8 X
No. 9. In both cases two responders produced a non-
responder, indicating a dominant factor controlling the

# T am indebted to Mra. Carl F. Muckenhoupt of Newton High-
lands, Massachusetts, for her invaluable assistance in pro-
curing inforpation, testing many cats and permitting the use
of her animals for stud service.

=




Figure 3. Pedigree of the catnip response. Solid forums
represent catnip sensitive cats, open forms non-sensitive
i | cats and question marks sensitivity of cats not tested.
Squares indicate males, circles indicate females. See

| text for dianuaaian of numbered individuals.
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response. Among other contributions of the pedigree 1s
the exclusion of sex linkage. For example, responding as
a 8ex-linked recessive 1s precluded by the cross No. 1 X
No. 5, and responding as & sex-linked dominant is pre-
cluded by the cross No. 3 X No. 2.

The symbols chosen for this characterlstic are i+;
for responders or nepetalactone-sensitive cats and n for
non-responders or non-nepetalactone-sensitive cats. The
rather arbitrary designation of responding as the wild-
type is based principally on the supposition that non-
responding is the absence of some undefined sensory or
neural function. With respect to gene frequency some
introductory work has been astarted.®* These data are
summarized in Table l. The combination frequencles are
approximately .69 (58/84) for responders {p;+-2pq] and
.31 (26/84) for non-responders {qEJ. The gene frequencles
calculated from these figures are, therefore, approximately
.45 (p42) and .55 (qn). It should be noted that due to
an inabllity to test all cats under equivalent conditions

and to repeat the testing procedure, the value for respon-

# The animals used in this survey work are ln no way related
to those in the pedigree discussion above. The group con-
gisted of strays, etc. housed at the Angell Memorilal Hospl-
tal, M.S.P.C.A., Animal Rescue lLeague, and Massachusettis
General Hospital, Boston, to which organizations I wish to
express my thanks for their cooperation. No surglcal cases
or diseased cats are included in the data analyzed with re-
spect to the catnip response. Evidence will be presented in
a future paper to show that this sample 1s drawn from a ran-
dom breeding population.




Maximum stage

i i ke e ﬁ.'_-.-'-r.‘-#.-' o

i i LR L
i e o Dl e b B e o R il bl e s N i DS B o bt ol il ST B i o e it Ll

of reaponse Females Males Totals
Sniffing 5 3 8
Licking and chewing 13 (2) 18 (1) 31

- Chin and cheek 1 o 1
rubbing
Head-over roll, etec. e 11 (1) 18
Total responders 26 32 58
Non-responders 15 (1) 11 (2) 26
Totals 41 (3) 43 (4) 84

chewing.

brackets.

# Three animals from this group omitted licking and

Table 1. Response category distribution in 84 cats tested
with catnip. Bracketed figures indicate the number of
castrated animals included in the fizure preceding the
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ders must be taken as a minimum. It is tentatively assumed
that some partial responses are due to various inhibiting
factors resulting from the temporary and recent caging of
these animals in strange surroundings and in the vicinity
of strange cats,

The eight enimals grouped under sniffing (Table 1)
are considered responders on the basis of the rather com-
pulsive and prolonged sniffing which they displayed. In
testing a number of cats with tea leaves no extenslve
aniffing was observed. Further work i1s necessary to claril-
fy the rather unusual observation that only a single cat
which falled to give a total response did manifest chin
and cheek rubbling. There appear to be two classes of re-
sponders (Figure 4), partial (low intensity) and total
(high intensity), but it 1s impossible to separate a
possible genetic basis for this from environmental factors
without a uniform testing situation. With the exception
of the three individuals noted, all cats passed through
the steges preceding their maximum stage of response. The
degree of responding does not correlate with the homozygous
and heterozygous condition as Judged from che pedigree
since heterozygotea, No. 6 and No. 7, gave total responses.

Thus, polygenic modiflers may be indicated, i.e. expreasl-

vity. Expressivity occurs when other loci modify the action

of a gene in a non-epistatic manner. The present data do

not warrant any conclusions as to the degree of penetrance.
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There 18 no significant differance between mrales and fe-
males as determined by n‘ﬁ? homogenelty test fx? = 1.18,
P=oca. .70). 1
Finally, the behavior of the alternatives _+E and n
with respect to several other known locl in the cat has
been studied as far as possible from the pedigree and the
survey animals to determine whether linkage does occur.
From the pedigree it appears that this factor is indepen-
dent of Manx, Slamese, tabby and agouti, on the baslas of
its distribution in the progeny, assuming that crossing-
over is not significantly involved. However, the latter
possibility still exists since the data are too few. From
the survey cats there appeara to be no correlation to white
spotting, blue dilution, polydactyly or long hair. Of
course, in this small group recombinant chromosomes of

various types might completely mask any linkage effect,

which only future breeding will resolve. Continulng

efforts to understand the genetic determinants and relation-
ships of this response will yield information which will
make possible comparative studies of the genetic systems

in related speciles (see Chapter 5). Also, gene frequency
studies on different populations of domestic cats should
produce data which have a bearing on the adaptive signi-

ficance of the characteristic.
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Chapter 2. Behavioral Aspects of the Catnip Response

H

A. Introduction

A general description of the catnip response was

given in the introduction to this work. It will be the

purpose of this chapter to expand this description and to

consider such matters as the ontogeny and stabllity of the

response and to describe experiments which differentiate between
sensory and central aspects of the response.
B. Observations on Catnip-like Responses and Courtship

Display
Extensive peraonal observationa of both catnip re-

sponding and courting cats have revealed the striking

]
=

Y
¥y . —=

similarity of parts of these two bshavior patterns. The

W
i chin and cheek rubbing, head-over roll and body rubbing

e

Iﬁi components of the catnip response are virtually identical

¥ w

:?3 to certaln courtshilp patterns of the estrus female (descrip- i

C
g

tions of which may be found in Green, et. al., 1951; Ley-
hausen, 1960; Michael, 1961) although posturing (lordosis),

treading and tall deviation never occur and vocalization

occurs only rarely. The proestirus or estrus female will
interrupt a period of quiescence with a sudden alerting
Ll P reaction. This 1s then often followed by what might be

fairly described as a “vacuum catnip response.” That is,

the female commences to rub her chin and cheek on any avall-

able object and to turnm her head over and roll (Figure 5).
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These actions may be punctuated with coccasional grooming

activity. If these dleplays do not succeed in attracting

a tomcat they give way to more intense courtshlp patterns
gsuch as vigorous and loud vocalization.

The tomcat is persistent and aggressive, but ordin-
arily quite gentle, in his courtship of the female. He
will as a rule sit in an upright position a few feet from
the female and observe her display. He will make attempts
to secure a neck-bite and mount the female when in the
course of her rolling she presents herself in an advanta-
geous position. If mounting is tolerated by the female and
copulation occurs, the tomecat will do little more than sit
around waiting for every opportunity to remate. If, how-

ever, the female continuocusly rejects the male while she

peraists in her display, he will commence to dlsplay in a
gimilar manner. This appears to excite the female and she
often approaches the male and commences rubbing against

him or rolling beside him. Leyhausen (1960) describes the
chin and cheek rubbing of the sexually aroused male (Figure
6). Finally, personal observations suggest that this dis-
play of the male may be used as a general advertisement of
his willingness to mate and that the proximity of an eatrus
female is not necessary to provoke it. This conclusion was
reached when it was noted that a tomcat which had established

his territory in a residential neighborhood, often gave this

display at points which he marked with his urine. He was




Figure 5. "Head-over" roll courtship display of an estrus

female (from lLeyhausen, 1960).

B

Figure 6. Chin and cheek rubbing of the sexually aroused

male (from Leyhausen, 1960).

e "




el sl i el R R gl R L ol Sk

H ; L 5 i R T —— = 2 B

L e R iy LIS T -] T FW

an eatrus

ks o |

; .'r'fm s 'M.-".I""!"r-' "'.'E“I h'i"'l""u:\.-&. o Pty
ol sl ¥ -

.

. d "
;
%
¥ - " " ¥ ¥ ¥
] B i - P i g o P
. - ! e T TR 1
R v o . ]
A ¥ ¥ | e,
iy 0. L] ol
- . ]_ ok L «
T R L r
' _lr ‘.., v'-*; .u : ¥
¥, b o
el e R el 1o 0
o "I‘ . .
5 ; i A .r -
ol Aot : ;
L ¥ =
] _ - ¥ i o
LB i ol i o J F
- i vl Pl H},-"- AR [ S
(12 N ’
Y .
. II . -'..-'-l ; _|: II:-
" _ 1 =
Ly ! ) s i I_'I-.
5 by iy A
: : i -
o "‘ 3 .._.I‘ 4 ira ®:' = 3
'l.‘ u * - o e, T
" - i S =
= i _":"-._ S, .
* e 5 s
ly: aroused e £

e
P i
-
L ] . b

g
P




geen on numerous occasions to give a "vacuum catnip re-

sponse” at a given epot on a sldewalk and then to apray

a. nearby bush with his urine. He would then depart this

T =Y

area and repeat the ﬁrnuaduru at several other places in
his territory. Female cats in the neighborhood would

locate these "advertising sites" and often give catnip-
like responses at them. Thls was especlally true if the

female was in estrus. Further considerations related to

these observations will be dealt with in Chapter 3.

Ce Q_ﬂt ﬂgﬂﬂ[

Young kittena, before thelr eyes have opened, invari-
ably spit and withdraw from catnip. However, the same

response is noted upon the presentation of many strange

olfactory atimuli. DMore important 1s the fact that a

kitten of several weeks of age shows an even more pronounced

. i

Sl

:ﬁﬂ; withdrawal, including eye squinting, ear flattening, spitting
EE% and occasionally piloerection and back arching. Such a

¥ -

3::£ reaction appears to diminish in intensity upon repeated

presentation. These are similar to fear responses (Leyhausen,

1960), dbut importantly, kittens of this age do not react in

e e

this way to other strange odorants unless they are obviously

noxious (e.g. ammonia, formaldehyde, etc.). Thorpe (1958)

devotes some attentlon to the eliciting of fear responies
by familiar stimull in a strange context and by normal
stimull of inordinately high intensity, concluding that

thege are more effective 1n provoking fear and avoidance
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than completely alien stimull regardless of intensity.

Arguing backwards, it might Dbe guggested that catnlp

simulates some familiar stimulus in a strange context

and/or at an unusually high 1intensity (see the response

of tiger cubs described in Chapter 5). It should be

mentioned that an occasional adult cat shows typical
avoldance-withdrawal reactions to catnip. Those animals

which are genetlcally destined to become responders show ! ]
g helghtened curiosity towards catnip while those that

are genetically non-responders become gndifferent to 1t.

The fact that all kittens show a fear-avoildance response

which can be attributed to catnip although as adults

they may or may not be responders, suggesis that the

genetic dlfference between responders and non-reaponders
13 not due to a sensory difference. However, there 18

conflicting evidence om this point which will be discussed

= g

=T T 2 ]

below. Finally, of 39 kittens under twelve weeks of age,
only four gave total responses to catnlp. The youngest
of these was between gix and seven weoks old.* It is not

uncommon for the first responsae (aside from fear-avoidance)

4 to appear as late as four months of age.

| pe | D. Stability
: Even while obviously distraught or 1ll cats may give

| - S
b Elontd # Those figures have little statistical meaning since 1t 18
TR impossible to distinguish at this age between genetic non-

WAL responders and those animals which fail to respond because

of maturational factors.

l-‘-
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a high intenaity response, others tested on several occa-
aions have shown considerable instability. These latter
animals were all housed under sub-optimal conditions and |
the instability may have been due in most cases to upper i
respiratory infections which were endemic in this particular
research colony. A fow selected individuals that have been
maintained for periods of one to ten yeara under "optimal®

conditions are probably the most indicative.

A Manx female (No. 1)# which has been used as a breeder
for nine years has never falled to give a high intensity
response. Although the presentation of catnip to her has
been for the most part on a vVery 1rra3u1ar basis, probably
in excess of 100 responses have been observed. She has
peen maintained under a variety of conditions ranging from
a private home to a semall laboratory breeding colonye. The
game was true for a 5 year old son (No. 4) of this cat which
on one occasion for a period of several weeks was tested
almost daily and not snfrequently more than once a daye
This particular cat, although he was severesly 111 with
chronlic uremia, gave a full intensity responae one hour
preceding his death. Another son, three years old, also
gives a responae every time he 18 tested. An intimate

knowledge of the above cats, and others which have been

xept under both laboratory and domestioc conditions indicates

— T

— — i _— =

# These numbers refer %o those in Figure 3.
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that the response of an individual may be very stable or
predictable. Under more adverse conditions such as those
often found in animal shelters and research colonles, re-
sponses may be erratic for a number of reasons. Among
these reasons emotional state appears to be important.

Castratlon appears to have no effect upon the response.
Two out of three castrated males and two out of three spayed
females® have been observed to respond. An additlonal male
which was castrated at about four years of age contlinued to
respond with no detectable change for more than a year post-
operatively.

A female which had been characterized as a non-responder
since her only reaction to catnlip for two yeara was one of
4ndifference, suddenly gave a high intensity response. This
was Tirst noted in the seventh week of gestatlon and persla-
ted into the third week of lactatlonm, although becoming re-
duced to low intensity. By the sixth week of lactation it
had virtually disappeared. She again showed a low intensity
response during a gubsequent estrus. A second animal char-
acterized as a non-responder for about ten months, during
which time ahe was frequently offered catnip, also gave a

gudden high intensity response. This lasted for a few days

e E—— = ——i- —
e

# Tn the case of females it 1s often difficult without autop-

sy to determine whether the animals have been spayed. It was
impossible or undesirable to perform such autopsies in comneg-
tion with the routine screening of cats for responses.

15 ||
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during which she was suspected of being in mild estrus.

She then reverted to a refractory attitude toward catnip.

Wwhile the effect of castration seems to indicate that

no hormonal influence is invelved, these last two cases
are contrary to this interpretation. Chapter 3 deals with

attempts to resolve this conflict.

E. Experiments Differentlating Sensory and Central Com-

ponents of the Response

A complete catnip response geldom lasts more than 15

pinutes and usually considerably less time. Apparently

the animal 1s aatiaﬁad at the end of this time for another

AN O

= T i E—"-*l“""?@-“ -
T/ I

response cannot be evoked for at least an hour, perhaps
longer. The response may apparently be extended by inter-

rupting the reactlon. For example, competing stimuli such

as food, threat or sex may be used to divert the animal's

attention in the midst of a response for some minutes,

R e 0§

LEEEREFLE W
T 35 3

but apprnximatalj the same total time 18 spent in actual

; response. Such an effect may be due to an interruption of
the olfactory fatigue process. No experiments have been
conducted under circumstances where this possibility has

been eliminated, (¥iz. in a uniform nepetalawtone-contaln- |

ing atmosphere). ]
One of the £41rat questions to be asked concerned the

way in which nepetalactone jnduced a response. The facts
| that intenslive aniffing often preceded the response and that
ratory infectlons interfered with it or abolished 1t,

respl
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suggested that it was medlated through an olfactory input.
To test this hypothesis, toplcal xylocaln (24) was sprayed
and swabbed into the nostrils of several cats. The result
in £11 instances was an abolitlion of the responae. To con-_
trol for the distress caused to the cats by thies procedure,
a few individuals were treated gimilarly with a physiologl-
cal saline solution. In some cases an animal served as 1its
own control on alternate days. The controls responded nor-

mally in most cases. Finally, bilateral lesion of the

olfactory tracts of one cat which produced complete anoemla

eliminated the response. This 1ndividual had lesions else-

where, the olfactory tracts being unintentionally involved.

This animal (I/4) is described 1n more detall in Chapter 4

as are similar operations nol resulting in olfactory tract

lesions which do not jnterfere with the response. The evi-

dence seems to be strongly guggestive that the response is

mediated by impulses tnduced in the primary olfactory neu-

rons by nepetalactone by whatever pmenbrane phenomena are

involved in olfaction.

Among the more interesting aspects of the study of the

catnip response was the demonstration of a central component

and the ease with which 4t can be distingulished from senaory

components.

An olfactometer (Figure 7) was employed for these

tests. This device consists of a polyethylene bag on an

aluminum frame producing a chamber into which odorants can




be introduced. Two sources of purified filtered alr, one

of which is passed through a solution of catnlp tea, can

be independently controlled with respect to flow rate.

This control, coupled with dilutions of the tea, allowed

a wide range of concentrations to be effected. The stan-

dard air source is from the compressed alr line. This 1is
a flow meter,

passed through an oil, moisture and dust trap,

end an activated charccal filter and flow equilizer. The

test air source 1s from a tank supply and 18 also passed
filter and

T . e

through & flow meter and activated charcocal
This 1s then passed through a sintered

== - T

flow equilizer.

LS54

glass filter gubmerged in the catnip solution in an Erlen-

A second flask serves as a trap. A straight

—_—
E T

meyer [lask.

condensing tube is used as a primary mlxing chamber and a

gsecond baffled condensing tube as a final mixing chamber.

The tea 1s prepared Dy gteeping catnip leaves for 15 min-

O S el B oAl B
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water and then filtering. 20
used as a standard

utes in boiled distilled
in a liter of water was

grams of leaves

solution. A good responder reacts to the atmospheric comn-

by bubbling alir through this solution
No attempt has been

centration produced

at a 1 to 10 ratio with gtandard air.

made to determine the absolute concentration belng delivered

has been roughly estimated at one part

at this rate but this

nepetalactone in 109-'12)11 parts of air.

An atmosphere of nepetalactone which consistently

en cat was designated concentra-

elicits a response in a giv
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tion A for that individual. If a cat was put in a restraln-
ing tube (Figure 8) and placed in the olfactometer at its
concentration A for 15-20 minutes and then released in the
olfactometer, no response followed. The test alr flow rate
was then increased and, if neceasary, the standard air flow
rate reduced until a concentration, B, was found at which
response occurred. In some cases 1t was necessary to give gh
the cat an impregnated object or leaves to reach this thresh-
old concentration. If the subject was tested in the olfac- |
tometer at concentration A and allowed to respond and ter-

minate its response, no concentratlion B could be found which

would induce further reaction. Thils phenomenon was observed

in 20 out of 26 tests, employlng seven animals, all of which

were high intensity responding males. Omne animal, used in

5 of the 20 successaful tests, was especially consistent.

His concentration A was reached by delivering tesi air at

1 1iter/min. with standard air at 10 1iters/min. (1:10).

His concentration B was reached at approximately a 1:1 ratio

of teat and standard alr. The other animals were less con-

sistent and usually required a higher test air concentration

to reach their concentration B. This ranged from 2:1 to

pure test alr at 10 1iters/min., or the presence of dried

leaves or an object impregnated with catnip tea.
The interpretatlion of these findings 1is that under the

first set of conditlions (restrained) olfactory adaptation

has occurred and that this 1s overcom® by increasing the




catnip concentratlion. Under the second set of conditlons,

both olfactory adaptation and some "central speclfic fatigue”

(in the ethological gense) leading to inhibitlon of the

catnip reeponse has occurred. In this case an increase 1n

concentration is ineffectlve in inducing a response. The

most frequent cause of unsuccessful tests appears to have

1lure to olfactorily adapt the restral

a response (often weak) was glven upon

peen the fa ned subject

with the result that

release. A second cause of fallure was the inability to

elicit a response ln a gubject after release from reatraint, |

becaugse no concentration could be found which W
(il

presumably
It must be borne in

ctory adaptatlon.

would overcome olfa
jon is not equivalent to sensory

mind that olfactory adaptat
et. al., 195%; Moncrieff, 1956),

fatigue (Adrian, 1953; Halner,

entral phenomenon which occurs at some as yot

but 48 a ¢

unidentified higher level.
ural systenm

E Y

The locus of the specific catnip

fatigue may invelve a ne which 1s at a phylo-

genetically higher or lover &
in the seguence of neura

but 18 cer-

=T I F 4 &

S SN EEETuE

natomical level,
tainly later 1 events. Therefore,
13 modulated by

it would appear that the catnip response

activity of the system

jpnvolved 1n olfactory adaptation.




Figure 7. Schematic representation of the ¢ factometer:
ac = air cylinder; al - alr 1line; ofe = charcoal filtepr
and flow equalizer; ct ~ catnip tea; ef - oxhauset funnel:
£ - flow meter; fmo - final mixing chamber; if - inlet
funnel; odt - oil and dust trap; ot - overflow trap; PEC =
primary nlxing chamber; sgf - sintered glass filter; te -

teat chamber.

& A %E s e

Figure 8. Cat in restraining tube.
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Chapter 3. Hormonal and Pheromonal Aspects of the Catnip
| Response#®

A, Introduction,
Le Magnen (1952) has demonstrated that spontaneous

changes correlated with the reproductive cycle in the human
female result in dramatic sensitivity changes to certaln

odorants. Specifically, changes were noted for the "stale
urine” odor of certala steroids and for the synthetic musk

exhaltolide (a Ci5 lactone ). Threshold values were found

to vary by as much as a million times for these odors

[

while values for other molecules showed no gignificant

TE REE

1
J
[ 1]
s oo
. & 3 B
"y .
?EEEL: increase or decrease. The relationahip between the fluc=
o tuations and hormone levels were confirmed in cases of gona=
¥ T. dectomy and replacement therapye Greatest senslitivity was
N Uy
:*H.« found to relate to high estrogen level.
: gf: The implication made from this work was that these
' changes represented some premnant of a primitive aystem of

absence or

reproductive regulatlon which, because of the

repressiocn of concomitant behavioral signs 1n the human

female, would be difficult to study.
on the catnip response, which

A hormonal influence up

was suggested by preliminary observations of female cats

indicated a possible parallel to

during spontaneous eatrus,

——— e

*—

M

1th
# This investigation was gupported in part by a Public Hea
gervice fellowship (pumber MFH 18,52&) from the Institute of

Mental. Health, Publliec Health Service.
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the situation found in man. This initiated the present 'Lw
I

effort to reproduce under controlled conditions the phemno- il

mena which had been observed in cats during spontaneous .

estrus. In addition a search for catnip-like activity in

some compound produced by the cat was undertaken.

Be E‘E‘thﬂdﬂ
g1x female cats were
a with a tomcat 1in quarters adequate for normal

housed for the duration of these

experiment

reproductlve activities. These guarters were well lighted

the temperature belng P
cage with a floor space

and alr-conditioned, 34 at approxil-

nately 70° F. Two females ghered a

square feet and & head room of iwo feet. The male

of eight
ar but somewhat larger cage DY himself. In

occupied a simil

addition, each animal was allowed tlme to exerclese freely

in the room, usually alone, but sometimes 1n pairs. The

somales employed for this work were elither non-responders,

ity responders or high intensity responders with

low intens
with hormones (estro=-

respect to catnipe Each was injected

gonadotropinsg, 100 International

Units )* and gubsequent behavioral changes followed and

gens, 1l=2 me, and/or

towards catnipe
y was based princi=-

nael (1961) under

correlated with response

Evaluation of gexual receptivit

pally upon the responaes described by Mic

S

B
L mnqﬂn@ (eatradicl diprﬂpinnitﬂ and Equine (pregnant

mares' serumle
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1) early proestrus, 2) late proestrus,

the categories

%) estrus, and 1 and 2) metestrus. In early proestrus the

perineal tapping with a glass rod

- e g e

female cat will tolerate

and deviate the tall. No lordosis can be provoked at this

e —
I el

el T L B ol
—
=

but not violently re- ik

time and vaginal probing is firnmly,
a full

jected. In late proestrus perineal tapplng causes

postural response with lordosis and treading of the hind

feet. Vaginal probing 18 tolerated bul an after reaction

cannot be induced as & rule. In estrus the cat responds

much as in late proestrus, but with increased intensity.

pldly elicits a strong afte
but 1is d1stinguishable

Vaginal probing ra r-reaction.

g estrus

Metestrus first regemble
ity of causing an after-

by the difficulty or impossibil

The signs of gexual recep-

reaction with vaginal probing.

y disappear until a state of anestrus 18

tivity graduall
tomcat was

gopulation with the
ex to verify estrus.

aded according to the
nd chewling with head

reached. Finally, 4)

cccasionally used as an ind

Response to catnip was &r

1) sniffing, 2) 1licking &

n and sheek rubblng,

categories
and 4) head-over roll

shaking, J) chl
resented a#

In all cases catnip was P

and body rubblnge.
two oontin-

possible

dried leaves. pecause these eriteria rapranent

uous spectra of pehavior 1t

ntermediate srﬁﬂntinn:.

has been necessary and

to give 1 Also, individual differ-

when these have been noted.




concurrently with the above-mentioned experiments,

urine from male, anestrus female, and estrus female cats

wae collected. Thls was extracted with ether, evaporated

on filter paper, and blc-assayed for catnip-like activity

which had been observed extensively with

with animals
respect to thelr vehavior towards catnip. i
[ﬁj

G. Results
The injection of estrogen fnitiated a normal pattern H§¢
15.'. I |
1960; Michael, i

4 mating behavior (Leyhausen,
e dosage glven was calculated to pro- i
i :.Ir |

of courtshlp an
1961) except that th

duce a somewhat longer than normal estrus. 1In several

Tl
8 A |

EEEVE | |
;:ig i cases courtship display was manifested continuously for 30 _L
d days following the 1nitial injection. Jly 1
Eg;g E Tn the followln3 figures the {ntensities of the responses
;Eﬁ? E are graded according to the two sets of criteria outlined
;?;T % above. The open circles denote catnip response and the

% solid circles represent the state of sexual receptivity.
g wigures 9 and 10 show the reactions of twWo non-respon-

two separate

estrogen treatment on
indiffer-

ding female catls to
/2) panifested complete

trials. One of theae (VII
and after hormone

durlng,

towards catnlp prior 10,
{asplay and mating behavior

although her courtship d
The 8eco

ence

injection
nd female (Vi/4)

R - o i
mi =3

th occasionse.

were normal on bo
The two question-

1y the game manner.
curve re sult T

display from

responded 1n virtual
catnlp response

rom ambi-

able peaks 1n the

frarantiating courtship

guity in 4l spontaneous
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Figure 9. Sexual motivation (so0lild eircles) and catnlp

n circles) curves of a non-responding adult ﬁf

Vertical

response (ope

female (VII/2) following estrogen injection.

axis, intensity (see text, Dp. 22 ff); horizontal axis,

time in days. E = eatrogen injectlon. el
i i

otivation and catnip response curves

Figure 10. Sexual m
remale (VI/4) following estrogen

of a non-reaponding adult
gee legend of Figure

injection. 9 for explanation of Erﬂﬁh‘,fi
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a catnip responae.

Figure 11 shows the curve of a third non-regponding
remale (VI/3) which was immature. This cat manifested
dramatic changes in her catnip response following eatrogen

injection while her gexual motivation level remained rela=-

tively low.
Figures 12 and 13 depict the results of teatingltﬂn

#ull responders (IX/2 and X/1) with gonadotropic hormone

followed by estrogen. In both cases there was an inmediate

decline in the oatnlp response following gonadotropin in-

jection. The response was then restored to a greater or

lesser extent with the administration of astrogen. There

was a subsequent decline 1n the catnip response of X/1 as

this cat reached a high state of sexual motivation. Events

in the case of IX/2 were confused by the fact that this

animal apparently underwent a pseud opregnancy . One of

these animals was again tested with estrogen alone giving

the results depicted 1in Figure 14. 1In general it would

appear that 1if any change occurs spmediately following

1t is an increas® 41n intensity of the

estrogen injection
appear that this response

1t would also
courtshlip display reaches a

catnip response.

is suppressed as gpontaneous

pears that the threshold of son® non-responding

peak. 1t ap
1cally set at a level which cannot be

of stimulatlon. Furthermore,
at all, by

females 18 gemel

reached by any known degree

the threshold 18 not lowsered nuffiuiantly, 5 4




L B3P B »

E

ok e el e
. . - e a
" == =

|

F _"_-._:.,.__“_.__.__‘ud-a.

T

P e

gexual motivation and catnip response curves

ng immature female (Vi/3) following
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Figure 12, Sexual motivatlon and catnlp response curves
of a high intensity responding adult temale (IX/2) to
gonadotrophle hormone followed by estrogen injection.

GH =-gonadotrophlic hormone injection. BSee legend of

Figure 9 for further explanation of graphe it
I 1

and catnip responee curves
emale (X/1) to gonado=-
GH - -.

Figure 1lJe. sexual motivation
of a high intensity responding adult f

trophic hormone rollowed by esirogen injection.
|

gonadotrophlc hormone in gos legend of Figure 9 .

for further explanation of graphe

Figure 1%. gexual motivatlion and catnip responas curve of

animal IX/2

| gen injection alonee.
s gee legend of Fig
E

on repeat test with esiro

ure 9 for explanation of gruﬁh.
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estrogen to bring 1t within the range at which a reaponse
san be stimulated. However, other females have thresholds |
normally above stimulation put which can be lowered by |
estrogen to a point at which response occurs. It 1s atill |

unclear whether these thresholds are sensory or motiva-
)

tional.
Table 2 summarlzes the results of various tests for

catnip-like activity in urine extracts. The samples from

the adult females (poth anestrus pnd estrus) resulted only

in cursory sniffing and occasional £1ehmen#* and were desig-

nated negatlve responsessince many odorants will provoke

these reactions. A total of 21 such negative responses,

and no positive responses were given by the four animals

chogsen for the assaj. On the other hand, the sample from

the tomeat resulted in 16 positlve responses and 1 negas

ng the samd four subjects. These positive

tive response amo

prnlnnr_a;ed aniffing with flehmen,

regponses included intenae,

shaking, pawing, chin and

11cking and chewing with head-
a body rubbing, 1.9,

g, head-over roll an
The inten-

the catnlp response.
waa seldom as strong

cheek rubbilin
imilar to
g to these samples

responses very B8

sity of the response
as with catnip and gensitivity o the unknown active prineci-

oW
# This response® consists of & half gapﬂtf-ﬂ %: i::m:gliﬂﬁi
the olfactory 1nvestigatlon of an obJjec . The then termi-
tains a blank gxpression gor a fevw

nates it with a head shake.




negative responses

Tumber of

nositive and

of four cats

ngehizi® it
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ple was not found to be distributed among individuals 1n
the same way as gensitivity to catnip. That 1s, some cats

which responded vigorously and consistently to catnip were

indifferent to the samples, and vice versa. Further test-

ing of the adult male and female was interrupted by the

jatter coming into estrus and distracting the male whilch

wase housed in the same area. Subsequently, about two dozen

other cats have glven catnip-like responses to the samples

from the tomecat. However, as these animals were not avalla-

ble for prolonged study no tabulation of thelr responses

Finally, a fear avoldance respo
presentatlon of

was made. nee was noted
among several ipmature kittens upon the
were similar to

urine extract samples. These responses

those obtained with catnipe.

D. Discusslon

In addition to the general objections to the loosae

used for correlation in these gtudles

behavioral parameters
in presenting olfac=-

and the inherent difficulties involved

tory stimuli, at l1east three gpecific considerations must

4n order to snterpret data from these

nces in the gexual

which may be

be taken into account
are 1) {ndividual differe

Such differences,

testa. These

behavior of a glven cate.

can be attributed b
maturational factors,

genetic setting of

o a variely of causes, 2+Ke

great,
learning,

instinctive differences,

2) Differences related to the
It 18

R AL
the nhormonal influ=-

thresholds must be considered.
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ence upon one of thess thresholds which is of interest in
the present context. Speclal account must be taken of
gpecific fatigue (1n the ethological sense) of finally

3) the catnlp response and the possibility that equivalent
components (g.g. chin and chesk rubbing, head-over roll,
ete.) of courtship display may result in croas fatigue.
These remarks serve 1o ipdicate the complexity of varlables
which for various reasons it has been impossible to control
satisfactorily. In general the above experiments have
failed to demonstrate any simple effect of estrogen upon
olfactory sensitivity. This failure seems vest interpreted
ag resulting from the fact that the catnip response 18 an

unrelisble criterion by which to Jjudge gensitivity teo

catnip in that it fails to distinguish alterations of sep-

sitivity (olfactory) from motivational changes. This stems

not only from the fact that the pehavioral patterns elicited

by estrogen and catnip are 80 gimilar in some aspecta as to

make interpretations ambiguous, put that spontaneous court-

ship display may be a8 effective in causing & "hetero-

specific" fatligue to catnlp as the “auto—apecific“ ratigue
This would guggest th

ghould be substituted through

of catnip 1tself. at some *neutral”

reaponse, 8.8. 1ever-pushing,

operant conditioning for the catnip response in order to

measure sensitivity to catnip-
from the urine extr

1 explanation of the catnip

t
The results obtained act experimeni®

sppear to provide & hypothetica
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response,.” It 18 postulated that catnip coincidentally
mimics a pheromcne of the cat which 1s capable of elisi-
ting or reinforoing specifie postural displays of court-

ghip. Perhaps the pheromone will be found to share the

molecular "common denominator” of the actlve compounds

reviewed in the general introduction of this thesle. It

must be emphasized that olfactory aspects of reproductive

behavior in the domestic cat represent only & small and

rtolr used by this

non-essential portlon of the total repe

animal in its reproductive activities. That 1s to say

that olfactory atimuli are nelther necessary nor sufficlent
for reproduction (Sawyer, 1960). As & consequence, addl-

tional evidence of various sorts has peen sought to support
this hypothesis. This is presented in connection with

other studles describved belovw. i
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Chapter 4. Neurologlcal Correlates of the Catnip Response

A. Introduction
Harris (1959), Sawyer (1959) and Sawyer and Kawakaml

(1961), among others, have produced evidence from lesions,

hormone implantation and electrical stimulation that

r
centers” exist in the hypothalamus for the regulation of

sexual behavior and the trophloe control of the reproduc-

tive system. While ihere 13 some disagreement as 10 the

precise locallizatlon of the "centers” within the hypothala=

mus, which are apparently neural targets for ovarian hor-

mones, they have been clearly shown to be functionally,

1f not anatomically, geparable. pestruction of the beha~-

vior "center" results 1n cespation of all courtship and

reproductlive behavior, which cannot be restored or induced

with exogenous estrogen even though the trophic condition

of the primary and accessory reproductive organsé responds
£ the behavior

hormone treatment. gtimulation ©

normally to
nyntalliﬁa estrogen will br

"senter® with implanted ¢C

ing
absence of normally concom=

about behavioral egtrus in the
gtem. On the other

in the reproductive 87
nter" abolishes

{tant changes
the trophlc control "ce

hand, ablation of
reproductive gyste

m to exogenous

the normal responses of the
Addl-

leaving behavior

o1 (1962) hes demonst

al responses intact.

estrogen while
rated with autoradlo-

tionally, Micha
-hypothala=-

£ the mid

that certaln scells ©O

graphlo techniques
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mus have a preferential affinity for estrogen. Thede
researches are leading to a clearer understanding of the
neural control or influence on reproductive processes,
including hormonal-neural interaction in the pituitary
feedback mechanisme Figure 15 summarizes, in a much sim-
plified fashion, some of these relationships. Furthermore,
with the elucidation of a soparate "oonter" for reproduc-
tive behavior as & target for sex hormones, the question
ariges as to how the "senter" may be affected by the

numerous exogenous stimull which determine or modify re-

productive behavior. Evidence has been preeented which

suggests that the response to catnip is due to the fact

that the active principal (nepet.alactone) mimice a phero=

mons which elicits courtshlp display. How close this miml-

It is guspected that nepetalac~

ery 1s remalns to be seen.
pheromone in provoking

r it can ipnitiate

tone is far more offective than the

certain 1limited components of courtship fo
a strong response even uder 1nappropria.t-e conditiond. This

may relate to physical propart-ies of nepetalactone® (8B
volatility) which pake it a more powerful odorant than the
natural product although not necessarily & good substitute

Navertheleal catnip

for it under natural conditions.
th=

provides & convenient means for studyling the neural P&

romone to the

cted as an

ways involved in coupling the preﬂumed phe

behavior "center." The present gtudy was condu
attempt to trace these pathwayse
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Chapter 4. Neurologlcal Correlates of the Catnip Response

A. Introduction
Harris (1959), Sawyer (1959) and Sawyer and Kawakami
(1961), among others, have produced evidence from lesions,
hormone implantation and elecbrical stimulation that
i "senters® exist in the hypothalamus for the regulation of

| sexual behavior and the trophlc control of the reproduc-

tive system. While there l1s Bsome disagreement as to the
precise localizatlion of the "centers® within the hypothala-
mus, which are apparently neural targets for ovarian hor-
mones, they have been clearly shown to be functionally,

1f not anatomically, separable. Destruction of the beha-
vior "center" results in cessation of all courtship and
reproductlive behavior, which cannot be restored or induced
with exogenous estrogen even though the trophlc condition

of the primary and accessory reproductive organs responds

normally to hormone tpeatment. Stimulation of the behavior

i
i
"senter® with implanted crystalline estrogen will bring :

about behavioral estrus in the absence of normally concom-

1tant changes in the reproductive system. On the other

control ".onter™ abolishes

hand, ablation of the trophlc
of the reproductlve gystem to exogenous S

By e R =

the normal responsea

estrogen while leaving behavioral responses intact. Addl-

demonstrated with autoradio-

& tionally, Michael (1962) hes

graphloe techniques that certaln cells of the mid-hypothala~- E




nus have a preferential affinity for estrogen. These
researches are leading to a clearer understanding of the
neural control or influence on reproductive processes,
including hormonal-neural interaction in the pitultary
feedback mechanisme. Flgure 15 summarizes, in a puch 8im=
plified fashion, Somo of these relationships. Furthermore,
with the elucidation of a separate "senter® for reproduc-
+4ve behavior as a target for 8ex hormones, the question
arises as to how the "senter" may be affected by the
numerous exogenous gtimuli which determine or modify re=
productive behavior. Evidence has been presented which
suggests that the response to catnip 18 due to the fact
that the active principal (nepetalactone) mimics & phero=-

moné which elicits courtshlp display. How close this miml-

cry is remalns to be seen. I1U 1g suspected that nepetalac-

tone is far more effective than the pheromone in provoking

certain limited components of courtshlp for it can initiate

a strong response even uder This

may relate to physical propertl
volatility) which make 1t a more powerful

natural product although not necessaril

for it under natural conditions. Nevertheless catnip

provides a convenient meansd for studylng the neural path-

ways involved 1n coupling the presuned pheromon® to the

s an
behavior "ocenter." The present 8tudy was conducted &

attempt to trace these pathwayse.
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The conclusion that the catnip response 18 mediated
wholly by an olfactory input 18 based upon evidence discussed
previously. Thus, one or more of the possible routes from
the primary and gecondary olfactory areas to the hypothala=-

mus will be involved in the integration of olfactory stlmu-

14 and sexual behaviors At least three alternative pathways

from the olfactory bulb to the pre-optlc region of the hypo=-

thalemus and the septal nuclei have been described. One

consists of a direct {nput of bulbar afferents from the

nedial olfactory stria to the septal nuclei (or via the

olfactory tubercle)s. A gecond 18 comprised of an input via

the stria terminalis from the amygdales. The third route,

the most circuitous, 18 by Way of the formix from the pyri=

Finally, the peptal nuclel
reas of the hypothalamus

form and entorhinal cortex.

and indeed all rostral {pra-nptic} a
from, the medial

11 portlions

contribute fibers to, and recelve fivers

parently connects to &

halamus. Figure 16 s

forebraln bundle which ap
unmarizes

of the mid and 1ateral hypot

these relationshipse

B. Methods
All lesions prnduned 4n this gtudy were sanarntad with
a standard R.F. (radio grequency) leslon paker. Cats were
esthesls

placed 1in &
g to the stereotactio

ements made accordin

and electrode plac
Small

A jmone-¥arsan (1961).

coordinates of Jasper and
or cut, and

holes were drilled 4pn the skull, the dura matb

W W S
- - - - - -




i b i

Figure 15. Areas of the sex behavior "center” (BO) and

gonadotrophic control "center® (GC) in the hypothalamus

(adapted from Sawyer and Kawakami, 1961).

Figure 16. Alternate pathways from the olfactory pulb to

the rostral hypothalamuse
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the electrode lowered with the callibrated carrier of the
stereotactic instrument to a predetermined point. The
entire operation, lasting ideally about one half hour, was
performed under surgically clean (not sterlle) conditions.
Operated cats were observed and tested with catnlp
for various periods of time from a minipum of one month to
a maximum of six months. At the end of the observation
period, the animals were perfused with formalin under anes=
thesia and the bralns removed for histological preparation.
16 2 sections were prepared through an area including
the lesion sites. Two out of every ten sections were
stained and mounted for examination, a fiber and a cell

atain being used alternately.
All animals used were adult males which gave typical

hizh or low intensity catnip responses under various condi-

tions pr&c:-pera.tivalj'. Females were rejected from this series

of experiments because the absence of a response postopera=

tively could possibly occur t_.hrnugh gpontaneous OT induced

hormonal changes as well &8 by surglcal interference.

One final precautlion that was taken with all animals

ach with & variety of
In all but

was the postoperatlve teating of e

odorants to determlne that they could gmelle.
y to detect these odorants was

one case (I/&) thelr abillt
For example,

they withdrew to noxious
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o, Results and Discussion

Lesions in the amygdala and stria terminalis: (See Fig. 17.)

Operations on 81X animals were performed in this

series of experiments and will be discussed briefly as

gix case histories.
H

1) Animal I/4: |
a) Operation: bilateral lesions of the amygdala, :
30 August 1961. il 4|
b) Postoperatlve history: recovery good, no in- n-'1
terest in catnip from 31 August 1961 until 17 {1t
October 1961 (six trials). OCat showed no avol- 1
dance to noxious odorants (e.g. iso-valeris |
acid). Sacrificed for histology 17 October 1961. 1
o) Histology: large leslons in the emygdala reaching l
greatest bilateral extent in the anterior amyg= f
dala. Other irregular lesions, principally uni- A
lateral in the central, medlal and basal nuclel h
of the amygdala, the putamen and globus pallidus. \

The olfactory tract and possibly the stria ter- i
minalis were pilaterally jnvolved in the lesions. 0
I| "i

" e e — e o — . 13

r

2) Animal 1I-II1/42

a) Operatlocns bilateral lesions of the asnmygdala,
13 October 1961.

b) Postoperatlve history: recovery good, no interest i
! 16 October 1961 to 27 October 1961 (4 i

|

\

trials). Full intensity response 27 November )
1961 to 20 pecember 1961 (agvgralaﬁiigézé.tﬁﬁn h

eaponse 26 Janu i3

PesPORh 196 N e ggerificed for histo- 1 A

1

|

» March 1962 (10 trials).

logy 2 March 1962. 1ed4 description.

1able for detalle
¢) Histology: Unaval aﬂhawad obvious bilateral

Curso inspection i
1aa1n§§ tn the general area of he ek e b

of the pre-pyrifor®

§

X
3) Animal IV/2% chetbh |
no response 'k
i

a) Operation: pilateral
cortex, 6 February 1962.

: reco
rative history 1962 to 1 March 1962 (2




T ama—

B m———— = ._.

e A S A p— e = s iy 4 T e . 3 o5
R e e e e

nuclel of the amygdala) and involving caudate
nucleus in its entirety at this level,

4) Animal IV/33

a) Operation: bilateral lesions of the basal-
medial amygdala, 13 February 1962.

b) Postoperative history: recovery good, no ine-
terest in catnip 1 March 1962. Full responae
to catnip 5, 12, 26 March 1962. Sacrificed
for histology 26 March 1962.

¢) Histology: large bilateral lesions in the
posterior portion of the basal nucleus of the
amygdala reaching greatest extent at Fr. 10,0 -
11.0. The basal portion of the medlial nucleus
of the amygdala partlally 1nvolved in bilateral
lesions at Fr. 11.0. Hippocampal formation
unilaterally involved at Fr. 9.0 = 10.0.

5) Animal VIII/1t
a) Opsration: bilateral gsymmetrical lesions of
the stria terminalis, 27 July 1962.
b) Postoperative history: recovery good, no in-
terest in catnip 30 July 1962 to 9 September
1962 (10 trialag. gacrificed for histology

30 September 1962.

o) Histology: bilateral asymmetrical lesions of
the stria terminalis at Fr. 8.0 (left gide)
and Fr. 12.0 (right side). The lesion on the
right side 1nvolved a small part of the caudate

d the internal capsule, that on the

t of the caudate nucleus and &

6) Animal IX/13
) a) Operﬁtian: bilateral namatriual lesions of

xed alertness for rem ,
gﬁs::.hgndiffarant towards estrous female al

jor to surgerys
ity g maii;.prmdirfarent to cat-

rope
ﬁﬁlﬁaxﬁguﬂﬂﬁsg t.g 1 m:t-nbzrbigﬁa;gééﬂ trials)e
October .
rificed for histology 2
c) ?:Iiztulﬂgjl bilateral ﬂymT;trgﬁﬂi:ut;n:d 1;‘““
stria terminalis and small P e i

fornix and
was due to a #leak

duncular
1esion of egl;:g: g B mpocampUs
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Only limited, but notwithstanding, very interesting
conolusions can be drawn from this series of experiments.
The lesiona of the amygdala are inadequate to ascertain
whether or not any sub-uuclel of this structure are un=-
necessary for the maintenance of the catnlp response., It
is only obvious that large irregular lesions do not inter-
fore with it. On the other hand, lesions of the stria
torminalis which abolish the catnip response are best
interpreted as indicating that the input of the anmygdala
to the rostral hypothalamus is neceasary for the retention
of this response. No other fiber tract in the experimental

subjects has been interrupted in 1te entirety either unl-

or bilaterally and no bilateral ablation of anything more

than a very small portion of any nucled was detected (8efe

caudate nucleus). Finally, contributions to the stria

terminalis other than from the amygdala are relatively

unimportant although the eritical experiment which would

F
eliminate this possibility was unsuccessful 1o this serie

been
of operations, bilateral E]rmmat-rim.tl 1esions having

"1eaky" electrode. The question

generated by virtue of a

a - stria terminalls gequence

of whether or mot the amygdal
olfactory bulb is a8 yot

ges must arrive
still

represents the pathway from the
1g evident that impul

gmus from the amygdala (and
order to

unanswered. But it

in the rostral hypothal

possibly from the medial olfactory atria) in

initiate a catnlp respons®e

- N r—— = -
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tesions in the suprachissmatio nucleus?

1) Animal IV/11

a) Operation: bilateral as
yometrical le
the medial forebrain bundle, 2 Febru:;;n;‘;‘ig;..

b) Postoperative

historyt recovery good. No in-

terest in catnip 5 Febru
1962 (8 trials). " gl R

¢c) Histology: la

chiasmatic nucleus.

deflected oOr
apparatus.

2) Animal V/2:
a) Operationi

(4 trials).
May 1962.

¢) Histologys {ncomplete 1

Eidﬂl Optic

right of mid-llne.
4ous operatlon
recording electrodes) les
hippocampus (righ

lar but emaller leslons
1eft side but jpeluded th

From a prev

3) Animal V/43
a) Operation: D

matic nuc
b) Postoperatl

leus, 24 May 1962,
ve history: recovery good .
o 1962

rge bilateral lesion supra=
Electrode apparently
cat misplaced 1in atereotactio

bilateral lesions of the supra=-
chiasmatic nucleus, 2 May 1962.

b) Postoperative h
catnip response T Ma

jstory: catb blind. Typical
y 1962 to 24 May 1962

ggerificed for histology 24

eaion of SCh on left
chiasma partially destroyed to

ions vere found in

+ side) and amygdala.
were present on the

e optlic tract.

j11ateral lesions of

SCh intact at all levels.
(ehronic {mplant of

Simi-

the suprachlas-

No re-

sponse O catnip 25 May 1
for histology 29 June

(5 trials)e.
1962.
¢) Histology?

4) Animal VI/1%
a) Operation

chiasmatlc nucleus,

b) Postoperat

Sanrificed

obvious les
11ttle, if any, of the

H bilateral l1esions

sacrificed

jon in area of S5Ch.
nucleus left intact.

of the supra=
26 June 1962.

y 1962 to o4 July
truction of the

very

1 recove ood. No reaponse
ve Bie 62 4, E1962 (15 trials).

2 August 1902«
for histology ug supra-

« complete des
¢) Histology: COWP.E°C  “ine right sides Exten-

chiasmatic nuc
give, 7 jncomplete damage® ©

large midline

It would appear tha

leus
1esion 1n the

t the reglon of the

auprnuhinlmntiu




nucleus 18 important for the qatnip response. Unfortu-
nately the fundamental anatomical and functional relation-
ghips of this nucleus are virtually unknown. However, 1%
1g clear that it does not correspond precisely to the "sex
behavior cemter” of Sawyer and Kawakami (1961), although 1%
may be within this area. It also seems improbable that it
acts as a simple relay statlon in the sequence. More
probably its reception of extrinsic stimull (in this case

catnip) results in efferent impulses which "activate" the

"gex behavior center.® Hence the gimplest possible gystem,

teking into account the available evidence, 18 that deploted

in Figure 17.

A number of problems yet remeln to be aiscussed. These

revolve around what may appear to be mconsiat-ancies, but

which can fairly well be rationalized.

hat only evidence from nales

It will have peen noted t

qments, because females are

ntioned above. Yot

was admitted 1n the above exper

unreliable for the yarious reasons me

osed by various other workers and

the neural models prop
which have been yntegrated with the present data to produce
a unified hypothesis are pased upon work oa fomales. T4
aotion seems justified on & number of conpiderations o2
inferences. First, it is assumed that the gexes have much

® This gasunption rests

the same hypotbalamic wgpparatuee
to bohave

1e or remale may be made

on the fact that the ma
cos
as the opposite sex Y panipulating normone alencore




gecondly, in the case of
courtship behavior patte
although their intensity

y of these considerations,

priate experiments.

cats at least, many of the

rns in both sexes are 1dentical,
may differ. As a consequence
the model depicted in Figure 17

pay represent elther seX. Verification must awalt appro=
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Chapter 5. Taxonomic and Phylogenetlo Consideratio
the Catnip Response® : e

Ao Introduction

Evidence has been presented which was interpreted as f'

1pdicating that catnip and related actlve compounds mimlcked l

a pheromone of the domestic cat. The purpose of the present R
paper 18 o reveal investigatlons made to determine the | \

tagonomic scope of the catnip responae and to speculate

e, T -

upon 1its phylogenetlo implications. The taxonomy here

.
L-

followed for the viverridae, out of ignorance rather than ‘;

conviction, 1s that of Simpson (1945). For the Felidas, 1 1

however, Pocock's classification (1917) seems DOro KPPrO= § i

priate, that of Simpscon being to0 conservatlive in the 1ight

of ﬂubaequant. avidence (g-g. Iayhﬂuaﬁn- 1950)'

B, Taxonomic Limits of Catnlp Senaitivit :

The first endeavors nade were 1O define the taxonomio
vallable

To this end the &

1imits of the catnlp response.
y yere surveyeds

non-Felid Feloidea (viverridae and Hyenidae

Results of testing viverridae?
of the extant 8

genera, representling four
vea in the san® B

yod catnip 108 _
nlts of those® b

Viverrids, were tosted with dr
!tﬂd- The res

Graduate Committese for the
Harvard Universiltye
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tests are summarized in Table 3. The data are too scant
to draw any conclusions beyond the general one that
viverrids show 11ttle or no interest 1n catnip. The single
nositive response of a binturong (Arctictls binturong) is
vagsed upon the fact that this animal sniffed, pawed and
11cked the sample with head-shaking. The other binturong
gniffed the gsample intensely and ghowed prolonged interest.

one could not escape the impresslon that thls gnimal was

trying hard 10 ydentify a smell that it could not quite

place but recognized as familiar. One waber civit (Atilax

i palud \nosus ) sniffed, snoezed and ate some of the sanplee
(Civit-

head

The others showed only 2114 curiositys. one civit

tictus civet.t.a) gniffed the aample and then thrust ite
the motlon of chin

1 | forward in a manner Very gimilar to

| rubbing. Aside from the above-pentioned rogponses nothind

than
beyond sniffing was noted although thig was often nore

cursoryes

| Catnip tests of _Iﬂanidaa
| a male hyena "used to roll for r:atn‘.l
The particular animal had lived geveral
servation and upon testing was gound to DO

| feront towards the samplo.

= ’~ yndifrerent. A third animal was 1

s @ | ular fashion. It was Lecessary b0 %°

thes® eager
with bits of food (meat ). Yo gevoured

| one was thrown to hi® after hav
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This he avolded. The procedure was repeated several times,

and without fall he ate the plain meat and rejected that

with catnip. NO further testing of Hyenids was attempted.

pDistribution of Catnip Sensitivily among the Felidae
e three subfamilles, ViZ.

Ce

The 1iving Felldae compris

ynae (the so-called greater cats),
(the gso-called lesaer

Panther Acynonychinae

(the cheetas), and the Felinae

cats )o
catnip responses among the Pantherinaet To the sub=

1i0n (Panthera leo), tiger

jaguar (B. onca) and

family Pantherina® belong the
(P. tigris), leopard (E. parduﬂ).

snow leopard (Uncila uncia)e
results of teating 16 1iond, 5 of

| Table 4 shows the
14 of these

|
| which were retested after & L.month inte

rval.

individuals gave gpectacula

aimilar to that of domestic cats

i1ndividuals that d1d not respond we

|
L est animals tested (20 years and 9 woeks )
p 18 axtrﬂlﬂﬂ!

usion from this eayidence 18 that catnl

catnlp

concl
ng lionde

responé@ amo
g of 23 tigers to catnipe |
ot 1
lusive, 15 negatlve with respe : it
u {

¢ a catnlP prespons® and 8 whi ;

L}
At & 515““ it 3 g
f

pective OF only p“u'ny d

effective in provoking &
Table 5 depicts the respons®

Two of these were {nconc

to the typical components ©

complete responsese

gave var ious in
3¢ either inef

obvious thnt_uatnip

effective in eliciting 8
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Catnlp response
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Only eight Jaguars have been tested, but the result
indicate that this specles 1s characteristically “mu:“
to catnip. Seven animals (4 males and 3 females) gave
gtrong responses while one male showed only mild interest.
one consplcuous difference between the response of jaguars

and all other Fellds 18 the propensity 1fur this species

to tuck the head into the chest with the top of the head

Other epecles accomplish this head-over

roll position by turning the head laterally, which 18
It would te interesting and infor-
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on the ground.

also done by Jaguarse.
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of the female and the immediate willingness of

the part
the male 1O pount 1s due only to his familiarity with her.
A strang® remale would not be 80 treated, In the casesd of

the 8now leopards, no sounting activity had been recently

noted by the xeepers. 1The remales of both palrs directed

their catnlip responses towards the male, rolling in front

of him and rubbing against him. This impediately released

of the males.
tion that catnip mimics
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having been displaced by feral domestics or by hybridi-

zation with domestics (e.g. F. sylvestris). They also

are rather unspectacular animals from the show point of
view and 1little effort is made to obtain them for dlesplay
in zoological gardens. As a consequence, no comparison

of the specles in this genus is possible and probably

none will ever be practicable. Two bobcats (L. rufus)

and one European lynx (L. lynx) have been offered catnip.
L. lynx and one of the two L. rufus gave a full intensity
response., Once again, no great attempt Ia made to procure
lynxes for zoos, usually a paximum of one being displayed.
However, the fact that catnip has been used so successfully
for trapping bobcat and lynx that it is available commer-
cially expressly for this purpose suggests that reaponding
among these species 18 commonplace. Two servals (Leptal-
lurus serval) were tested with negative results. One

specimen of Pallas' cat (T. manul) was offered catnip

with negative results. Five pumas (P. concolor) were

tested for catnip responss. Two males gave full intensity

responses while one was yndifferent. One female gave &

weak response and one was inconclusive.

A group of closely related 0ld World lesser cats

1ncludes the gemera g;ionailurus. Protofelis, Zibethajilurus.

An 18 year old jeopard cat (Prionallurus bengalensis)
of two golden cats (Proto-

temmniki (African), gave &

showed no interest in catnip.

felis) offered catnip, one, E.
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full response while P. aurata (Asiatic) gave no response.

Two fishing cats (Zibethaillurus viverrensis) tested zave

inconclusive but probably negative results. One was ex-
tremely nervous while the other was very defensive.

Other New World lesser cats include leopardus. Per-

sonal testing of five ocelots (L. pardalis) proved four to

be responders and one to be a non-responder. Data gathered
by questionnaire gave four responders and 13 non-reespon-
ders.* Six margay oats (L. weldil) personally observed,
ylelded four responders and two non-responders. Three
additional non-responders were reported through the above-

mentioned questionnalre.

Herpallurus and Dendrailurus are two New World forms

of uncertain affinities. Four Jaguarundis (He jaguarundl)

were tested with negative results as was a single pampas

cat (D. pajeros). This latter animal, however, was of

such an intractable nature that the test must Dbe considered

inconclusive.
The clouded leopard (Neofelis nebulosa) is a somewhat

aberrant Asiatic feline. A single individual gave a proba-
ble positive response. This animal was so timid and ner-
vous that it would not go into a response while being

obaserved, although 1t approached the catnip leaves with

# The author has reservations about the validity of the
data gathered by thils method.




obvious ocurlosity. Subsequently the leaves were found strewn

about the cage apparently having been rolled in.

Discussion: In the absence of contrary evidence, 1t

would appear to be safely concluded that a typical high
intensity catnip response 18 given only by Felids. The fact
that both Pantherines and Felines are represented by several
species which characteristically give high intensity catnip
responses indicates that this character is a primitive one
shared by a common ancestor of such diverse forms as house-
cats and lions, or lynxes and snow leopards, etec. On the
other hand, the present pauclity of data allows no certain
conclusion to be drawn as to the inclusion or exclusion
from this group, of Acynonychinae (cheetas), although pre-
liminary results with three individuals were negative.
guch data would be of great interest from the taxonomie
point of view.

Within the Pantherinae, the lion (E. leo) and tiger
(P. tigris) are almost universally recognized as being the
most closely related species. The anatomical and other
evidence (Pocock, 1929; Merriam & Stock, 1930; Leyhausen,
1950) draw attentlion to this fact. It is therefore of some
interest to note that with respect to catnip the tiger dif-
fers greatly from the lion, the latter belng more typical
of the sub=family. These two speciles, which until very

precently were broadly sympatric, were never known to

hybridize 1n nature although they do so with great facility
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in captivity. In this connection a single "ligeress"

(female hybrid of a lion X tigress) has been reported to
be indifferent towards catnip.®* The responaes of her
parents, unfortunately, are unknown. XNo serlous explana-
tion of the reproductive barrier in the wild has ever been
offered. One immediately suggests itself from the present
Workes

It has been previously hypothesized that catnip and
certaln other moleculea mimic a pheromone of the domestic
cat which releases courtship display. This same argument
43 now extended to include all species which give such a
response. This would appear to be a reasonable assumption
jnasmuch as the catnlp response of these species also
resembles components of their courtship display where the
latter has been observed (Cooper, 1942; Leyhausen, 1950) .

Nothing can as yet Dbe said about the species specifi-
eity of the postulated pheromones beyond the fact that
nepetalactone shares a strong common functional capacity
with those of all species of Pantherines {with the exception
of the tiger) and with meny species of Felines. Nepetalac-
tone, matatabllactone (Sakan, et. al., 1959; 1960) and
actinidine (Sakan, ete &le 1959; 1960) have all been

systematically investigated to some extent! and no obvious

= =
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1
al compunication from Gera
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$ It was the quthor's privilege to view & short color moving
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of lion,

of Dr. Akiru Fujino of the responaes
'iagg:rinligugigﬂnr to matatabilactone and actinidine.
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differences in response to these molecules have been
noted from specles to specles. It would appear likely
that most specles produced a similar pheromone to elicit
courtship and utilize other parameters for conspecific
recognition. Only when such other parameters become
ambiguous would this primitive and presumably conservative
mechanism be altered to insure reproductive laclation.
Hence, among the Pantherinae, the two most closely related
specles (lion and tiger) show significant differences in
their response to nepetalactone while the most divergent
species (snow leopard and lion) are similar in this response.
Finally, it seema necessary to Alspose of one possi-
ble explanation for the catnlp response and in sc doing
add support to the contention that nepetalactone is mimioc=-
king a pheromone. Plants of the genus Nepeta are indiginous
to the 014 World (it is at present unknown if all or even
many of the specles produce volatile gubatances which are
active in eliciting a courtship-like response from cate ).
Yot various New World cats show a sensitivity to catnip
which is no less intenss than their 014 World relatives
(e.g. Jjegusr, pums, boboat, lynx, ocelot, margay cat, ete.)
This appears to rule out the possibility that the plant
plays an easential role in the reproductive affairs of

Felids. It has been noted, however, that at least ome

other plant, matatabl (Actinidia polygama), from Japan,

produces polecules which elicit catnip-like reaponses as




reported by Sakan, et. al. (1959; 1960). This, however,
does not serlously weaken the argument that the presence
or absence of "active"™ plants does not relate to the
retention or loss of sensitivity to nepetalactone and
related compounds. This 18 especlally clear where sym=-
patric species show a difference in sensitivity (e.g. lion

and tiger were broadly sympatric until a century ago).




General Conclusiant

The main hypothesis advanced in this thesis 1s that
catnip and certain other materials colncidentally mimic &
pheromone of the cat which is capable of eliciting or rein=-
forcing specific courtahip displays. The evidence suppor=-
ting this contention ia derived from many unrelated sources.

1) The catnip response and courtship dlsplay are
very aimilar.

2) Fleld observations indicate that catnip-like
displays occur at sites known to have been marked by the
urine of tomcats.

3) Catnip-like activity has been found in ether
extracts of tomecat urine.

4) Cross fatigue of the catnip response and court-
ship display appears to occur.

5) The “central neural gubstrate™ of the catnlp
response and courtship behavior appear to be intimately
related.

6) Mounting activity of two male snow leopards was
provoked by catnip responses of two females.

7) There is no correlation petween the distributiom
of plants having catnip-like activity and that of cats
which are sensitlve to them.

8) There 18 a striking difference 1in response to catnip

1ions and tigers which may be due to the unknown

between
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mechanism which reproductively ilsolated these two specles
in nature (but not in captivity).

No explanation other than the one here advanced has
been found to be consistent with all of the evidence.
Perhaps the most important aspect of this study 1s the
promise it holds that many fundamental problems of specl=-
ation among the Felids can be solved. It would also be
profitable to loock for, or look more closely at, similar

phenomena in other mammallan groups.
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Summary ¢

1) The gross motor aspects of the catnip response
in the domestic cat are described in detail. Four typical
stages of response have been identified, 1) sniffing, 2)
1icking and chewing with head shaking, 3) chin and cheek
rubbing and 4) "Lead-over® roll and body rubbing. These
represent an increasing intensity scale. Additional
patterna seen occasionally are digging or pawing, scratching,
salivating, washing or grooming.

2) The compounds thus far jdentified as eliciting &

catnip response are reviewed and their molecular "common
CHy

denominator™ pointed out. <:I:j

CHy
3) The analysis of an extensive pedigree indicates

that the catnip response {nepetalactone gensitivity) 1s
inherited as an autosomal dominant.

4) A survey of a random breeding cat population
(Boston, Massachusetts) showed 69% of the population to
be responders and 314 to be non-responders. From these
data a frequency of 45 responding (42) and .55 non-
responding (n) alleles was calculated.

5) The components of chin and cheek rubbing and "head-

roll and body rubbing of the catnip response and
cat are noted to be virtually

over"

courtship display of the
jdenticale




6) A fully developed catnip response usually begins

to appear at six to seven weeks of age 1n cata that are
genetically destined to be responders. FPrior to this
kittens often show fear and avoldance responses to catnip.

7) The catnip response is mediated by an olfactory
input, and it has been possible to distinguish a fatigue
of the catnip response from olfactory adaptation.

8) The effect of estrogen injection upom the catnip
reaponse in six female cats varied from nil (in animals
characterized as genetically insensitive to catnip) to a
dramatic increase of intensity 1n responders, Observations
indicate that estrogen causes aome immediate increase 1in
intensity of catnlp response among responding animals but
that the response wanes as spontaneous courtship diepiay
reaches a peak. 1his guggests that a "hetero-specific”

fatigue between courtship display and the catnip response

may OCCUr.
9) Catnlp-like activity has been found in urine

extracts from a tomcat. This rfinding has led to the hypothe-

gis that catnlp mimics & pheromone of the cat produced to

reinforce oOr release courtship display. 1t is speculated

that the unknown aubstance from tomecat urine will share

the nunfisuratiun-n% the common denominator of the various

anmpﬂﬁndi capable of eliciting a catnip-like response.

10) Catnlp gensitivity was abolished by the bilateral

of the stria terminalis and the iuprnuhinamntin

lesions
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nucleus. This evidence is interpreted as meaning that an
afferent supply from the amygdala, while not necessarily
in the direct pathway from the olfactory reglon to the
"gex behavior center,” is indispensible for the maintenance
bf this sensitivity. It 1s also supposed that the supra-
chiasmatic nucleus, while not coincident with the "sex
behavior center," 18 closely related structurally and
functionally to it and probably serves as an integrating
center for this particular extrinsic stimulus.

11) The results of testing 22 animals in the family
Viverridae (10 genera in 6 gub=families) indicate that the
typical catnip response is absent from this family. Three
individuals in the fanily Hyaehddae tested with catnip
ahowed no interest. It 18 concluded from these data and
observations that the catnip response 1is restricted to
the Felidae.

12) Among the Felidae in the gub-fanily Pantherinae,
all specles except the tiger characteristically give high
intensity, typical catnip responses. Only three cheetas
(sub-family Lcynonychlnas) have been tested. All were
1ndifferent. Numerous specles of the sub-family Felinae,
representing a diversity of forms, have glven responses.
From this evidence 4t is concluded that sensitivity to
c#tniﬁ 1s a primitive characteristic in the Felidae. The
1nt§rprotat10n of the absence of responses from cheetas

mist await confirmation as to their inclusion or exclusion




from the responding category.

13) The striking difference between the responses to
catnip of the closely related lion and tiger is explained
by suggesting that this difference may be related to a
rapraﬁuutiva isolating mechanlism.

14) The hypothesis that the catnip plant {or other
"active" plants) contributes to the reproductive habits
p could be found

of cats 1s rejected because no relationahl

between the distribution of the plant and animals which

are senaitive to 1it.
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