
Feline Attractant, cis,trans-Nepetalactone: 
Metabolism in the Domestic Cat 

Abstract. cis,trans-Nepetalactone, the biologically active component of catnip, 
was force-fed to the domestic cat. When the '4C-labeled compound was fed, 86 
to 94 percent of the radioactivity was recovered in the urine, 1 to 2 percent was 
found in the feces, and 1 to 12 percent was collected as carbon dioxide. The ma- 
jor (50 to 75 percent) metabolite was a-nepetalinic acid, which was excreted in 
the urine together with small amounts of dihydronepetalactone, unchanged cis,- 
trans-nepetalactone, and several unidentified compounds. No marked physio- 
logical or histological effects were observed when 20 to 80 milligrams of cis,- 
trans-nepetalactone was administered orally. This is the first report on the metab- 
olism of a mammalian attractant. 

The olfactory response of the domes- 
tic cat Felis domestica to the methyl- 
cyclopentane monoterpenoid cis-trans- 
nepetalactone (1, 2), which constitutes 
70 to 99 percent of the essential oil of 
the catnip plant Nepta cataria, led us 
to study its metabolism and possible 
physiological and histological effects 
when ingested. The capacity for the cat 
to give the response is inherited as an 
autosomal dominant. The response has 
been characterized as (i) sniffing, (ii) 
licking, and chewing with head shaking, 
(iii) chin and cheek rubbing, and (iv) 
headover roll and body rubbing; how- 
ever, none of these automatisms was 
un:que to nepetalactone, since each of 
them can also be associated with nor- 
mal sexual or ingestive behavior (2). 
We now show that orally administered 
cis,trans-nepetalactone to the domestic 
cat results in the excretion of a-nepeta- 
linic acid (2-carboxy-3,a-dimethylcyclo- 
pentaneacetic acid) (50 to 75 percent) 
in the urine and that no marked physi- 
ological or histological effects were 
observed. 

cis,trans-Nepetalactone-14C was pho- 
tosynthetically prepared by administer- 
ing 14CO2 to selected Nepeta cataria L. 
plants (3). Preparative thin-layer and 
gas-liquid chromatography (4) of the 
steam distillate yielded pure compound 
which was used in the metabolism stud- 
ies. The cat, under manual restraint, 
was force-fed a gelatin capsule contain- 
ing either the 14C-labeled (three experi- 
ments) or the unlabeled (14 experi- 
ments) cis,trans-nepetalactone (20 to 
80 mg). Cats were starved for 24 hours 
before the capsule was administered; 
however, their hunger condition appar- 
ently had no qualitative effect on the 
metabolism of cis,trans-nepetalactone. 
In the experiment with labeled material, 
the cat was placed in an enclosed glass 
metabolism chamber, and the urine, 
feces, and expired CO2 were collected; 
for experiments with unlabeled material 
a conventional metabolism cage was 
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used. The cats represented three differ- 
ent parental lines. Three young, sexu- 
ally mature females, one sexually ma- 
ture male, and one sexually immature 
male were used. The urine was sequen- 
tially extracted with diethyl ether at 
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Fig. 1. Thin-layer chromatography tracing 
of ether extract of urine from a cat fed 
cis,trans-nepetalactone-4C. (A) Radioac- 
tivity profile; (B) ether extract; (C) stan- 
dard a-nepetalinic acid (NA) and dihydro- 
nepetalactone (DihiNep). 

pH 7 and pH 2, the yield being 80 to 
90 percent of the total radioactivity. 

Since the results were qualitatively 
the same with all animals, with no out- 
ward manifestation of any physiological 
response being observed when cis,trans- 
nepetalactone was orally administered, 
it was concluded that the age or sex of 
the animal apparently has no direct 
bearing on the metabolism of nepeta- 
lactone. Histologic examination of tissue 
at autopsy indicated the absence of 
permanent alteration or damage. 

Most of the radioactivity was ex- 
creted in the urine (86 to 94 percent) 
with a lesser amount recovered as ex- 
pired 14CO2 (1 to 12 percent) (5) and 
with a small amount in the feces (max- 
imum of 2 percent) (6). Approximately 
75 percent of the radioactivity was ex- 
creted during the first 24 hours, and 
excretion was complete after 96 hours. 
In one experiment, an animal was 
killed after 5 hours in the metabolism 
chamber, and about 60 percent of the 

4C was found in the blood. 
In thin-layer chromatography (7) 

(Fig. 1), the region of highest radio- 
activity in the ether extract corresponds 
to the area with the same Rp as a- 
nepetalinic acid, and one of the minor 
regions corresponds to the area with an 
R, similar to that of dihydronepetalac- 
tone. Upon conversion of the com- 
pounds to their trimethylsilyl (TMS) 
derivatives (8), RF values for the TMS- 
nepetalinate derivative and one of the 
compounds in the derivatives from the 
ether extract were identical. 

Results of gas liquid chromato- 
graphic analysis (5) of the acid-ether 
urine extract from a cat fed cis,trans- 
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Fig. 2. Proposed route for the metabolism of cis,trans-nepetalactone by the cat. 
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nepetalactone-l--C showed a large peak 
with a retention time of 60 minutes; 
this peak was absent in the chromato- 
gram of a control urine. Methylation 
with diazomethane (4) caused a change 
in retention time of the predominant 
peak, an indication that the major me- 
tabolite was a carboxylic acid. Further 
analysis (including chromatography 
with standard dimethyl nepetalinate) on 
Carbowax or Apiezon L indicated that 
the retention time of dimethyl nepeta- 
linate and the methylated unknown 
were identical. Radio-gas chromatog- 
raphy showed that the major radioactive 
peak was identical with the peak de- 
tected by the hydrogen flame ionization 
detector and mass spectrometry. Other 
radioactive peaks corresponded to re- 
tention times of unreacted cis,trans- 
nepetalactone peaks, dihydronepetalac- 
tone, and an unidentified compound. 

Mass spectra obtained with the com- 
bination gas chromatograph-mass spec- 
trometer (9) after the extract from 
urine was methylated indicated the 
presence of a-dimethyl nepetalinate, 
dihydronepetalactone, and unreacted 
cis, trans-nepetalactone. 

A sample of the ether extract from 
urine was subjected to silicic acid chro- 
matography (10) and gave the same 
elution volume as free a-nepetalinic 
acid (9 ml). Direct comparison with 
authentic a-dimethyl nepetalinate after 

methylation and analysis by gas-liquid 
chromatography concluded identifica- 
tion. 

The specific activity of the recovered 
t-dimethyl nepetalinate was 1.85 x 104 

mc/mmole as compared to 1.87 x 104 
mc/mmole for the administered uni- 

formly labeled cis,trans-nepetalactone- 
14C, indicating no significant endoge- 
nous dilution. Although the extent of 
formation varied among cats, the free 

(t-nepetalinic acid was always quanti- 
tatively the major metabolite (50 to 
75 percent). 

A probable pathway for the metabo- 
lism of nepetalactone by the domestic 
cat is shown in Fig. 2. Two routes are 

proposed: (i) the direct delactonization 
of nepetalactone to yield a-nepetalic 
acid which is subsequently oxidized to 

(r-nepetalinic acid, and (ii) the hydro- 
genation of nepetalactone to yield di- 
hydronepetalactone (11) followed by 
delactonization and oxidation to yield 
(-nepetalinic acid (12). Although a- 
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(r-nepetalinic acid, and (ii) the hydro- 
genation of nepetalactone to yield di- 
hydronepetalactone (11) followed by 
delactonization and oxidation to yield 
(-nepetalinic acid (12). Although a- 
nepetalic acid is implicated as a key 
intermediate in nepetalactone metabo- 
lism, the available evidence to support 
this view is inconclusive. 
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Our results provide the first evidence 
for the metabolism of an attractant by 
a higher animal. It should be pointed 
out that the metabolism of milligram 
quantities of attractant may bear no 
relationship to the few molecules re- 
quired to stimulate the olfactory re- 
ceptors and produce the psychophar- 
macological effects. 

G. R. WALLER 
G. H. PRICE 

E. D. MITCHELL 
Department of Biochemistry, 
Oklahoma State University, Stillwater 
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solution recovered from the traps was devoid 
of radioactivity; thus the respired radio- 
activity was 14C02. 

6. All of the final radioactivity was recovered 
in the ether extract of the steam distillate. 
Since this represented only a small portion 
of the administered dose, it was not studied 
further. 

7. Analytical thin-layer chromatography was per- 
formed on thin-layer plates (20 bv 20 bv 0.4 
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Collagen Gels: Design for a Vitreous Replacement 

Abstract. Clear, stable gels have been prepared from purified tropocollagen 
from calf skin; the collagen was solubilized with a proteolytic enzyme (Proctase) 
and stabilized by ultraviolet irradiation under nitrogen. These gels are clear, 
possess altered immunologic reactivity, and have properties of an ideal vitreous 
replacement. Implantations in rabbit and monkey eyes appear to be well tolerated, 
remain clear, and gradually disappear in about 2 months. 
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One of the problems in medicine 
and surgery today is the procurement 
of replacements for damaged human 
organs. Because of its biologic inert- 
ness and its structural stability, col- 
lagen can be altered in various ways 
to make it suitable for replacements. 
Tropocollagen, or molecular collagen, 
is a triple helical fibrous protein with 
nonhelical appendages that are critical 
determinants of its molecular interac- 
tion (1) and immunologic properties 
(2). Modification of these regions by 
proteolytic enzymes and by ultraviolet 
light leads to alterations in collagen 
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which render it suitable for hetero- 

implantation. Collagen films implanted 
in rabbit corneas (3) have been in place 
for more than 2 years with no un- 
toward reaction. We now report on the 
replacement of vitreous with specially 
prepared collagen gels. The human 
vitreous humor is a clear gel-like struc- 
ture located in the posterior part of 
the eye. In cases of a damaged vitreous, 
replacement with a clear gel could help 
restore sight. 

Collagen is extracted from calf skin 

by treating washed collagen fiber with 
Proctase (4), a proteolytic enzyme with 

SCIENCE, VOL. 164 

which render it suitable for hetero- 

implantation. Collagen films implanted 
in rabbit corneas (3) have been in place 
for more than 2 years with no un- 
toward reaction. We now report on the 
replacement of vitreous with specially 
prepared collagen gels. The human 
vitreous humor is a clear gel-like struc- 
ture located in the posterior part of 
the eye. In cases of a damaged vitreous, 
replacement with a clear gel could help 
restore sight. 

Collagen is extracted from calf skin 

by treating washed collagen fiber with 
Proctase (4), a proteolytic enzyme with 

SCIENCE, VOL. 164 


